TI TLE POLYMERLZATI ON OF ETHYLENE This application clainms the benefit of

U.S. Provisioenal Application No. 6UiQRget8aBeed RdpfEkdd Decenber 17, 1996 .

FI ELD OF THE WRBITI2ON Sel ected iro I npl exes of - PCT/USY7/23556
2, 6- pyri di necar boxal dehydebi s(i m ne yIpyrldlnebls(lnlnes) are
catalysts for the 10 polynerization of € Al so dlsclosed hereln
are novel 2, 6- pyr|d|necarboxaldehydebls(ln1nes) and

2, 6- dlacylpyrldlnebls | m nes) ...and cobalt and | e \PLEXES, NOVEL
conpounds FI COBALT
| mpor t ant itens 0 connerce ' ons o? tons elng pro uced annually
These polyneys are used in a nyrlad of ways, from | ow nol ecul ar wei ght

pol yet hyl ene (PE) being used as & E*%éhCBQtég&dzgﬁéﬁg?ﬁh@ase to higher
nmol ecul ar wei ght 20 grades bheing | di ng resins,

etc. In nost cases, eth9FEad F§°poﬁyﬁepréétu§ﬂm?kf&ﬁﬁeﬂ@st often a
transition neta, 6-qﬂpﬁﬂﬂﬂné&aﬁbﬁﬂhﬁl§eh He&esqahalnxé%t)s atny in cost per unit

Hoabl o nEEdp{%dé‘en%%%??ﬁxﬁéﬁﬁﬁ%ﬂé?(% hO8) PRk RIS ot EngP
catal yst, el®. Rikﬁm%ﬁ%hété@ﬁn@icﬁahYlﬁpértaﬁééooﬁq@ﬂ%ﬂﬁﬁdzﬂ@@ﬁ@@h?Feneovel
new pol yneri zat of-ppt diyab&adbox8088h abesbgm&@e%qum L. Sacconi, et

certain cobal t 2 4 %&?gagﬁnéga‘fﬁ Eh8sFa; ABRCHaAALE, S PRL8 Slmpd exes
cobal t Qonplexé%foﬁUQMeCQmBouudaeetylpyr|d|nebls(|n1nes) disclosed in this

ref erence are cIalnEd herein. 35 r:g;phprmgﬁlggnmmmnuuaﬂ J. Am Cheém
Soc., vol. f24 andLor LI ons Soc., _vol.

79, p 2733 738'r ﬁﬁss9ﬁtﬁE§¥§SBF 6£?tépﬁortant f@ems Y commeérce,
2, 6-di acet yl pyM#M%@m feny beingepraducedomnan@ldobal (Thasasprelbymers

t hese trident atfrd \g9ed@sin dNByriad of ways, from low molecular weight
polyethylene (PE) being used as a lubricant and mold
release, to higher molecular weight grades being used for

20 fiber, films, molding resins, etc. 1In most cases, ethylene
is polymerized using a catalyst, often a transition metal
compound or complex. These catalysts vary in cost per unit
weight of PE produced, the structure of the polymer
produced, the possible need to remove the catalyst from the

25 PE, the toxicity of the catalyst, etc. Due to the
commercial importance of polymerizing ethylene, new
polymerization catalysts are constantly being sought.

L. Sacconi, et al., J. Chem. Soc. (A), 1968 p. 1510-
1515 report the synthesis of certain cobalt complexes of

30 2,6- -diacetylpyridinebis(imines). Nane of these cobalt
complexes or the 2, G-dlacetylpyrldlnebls(1m1nes) disclosed
in this reference are claimed herein. :

P. E. Flgglns, et al., J. 'Am. Chem. Soc. ,'vol 82, p-
820-824, and/or F. Lions, et al., J. Am. Chem. Soc., vol.

35 79, p. 2733-2738 report the synthesis of certain 2,6-
diacetylpyridinebis(imines) and certain iron and cobalt
complexes of these tridentate ligands. The structures of
the tridentate ligands réported in these references is
different from those claimed herein, and all of the iron and
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40 structures of the tridentate Irgands reported in these- references is
-different ﬁﬁ@gﬁ@ﬁgﬁe claimed herein, and all - -of the iron angefivEi¥REEdsSHEET
WO 98/ 27124 PCT/ US97/ 23556 gobal t
conpl exes contain 2 nDIecuIes of the 2, 6 di acetyl pyri di nebis (imnes).
Japanese Patent Application 89-045,712 reports the conpound [err] 5 T. W
Bell, et al., J. Am Chem Soc. vOI 113, p. 3115- 3122 (1991) reports the
conpound [err?obﬁHtJ99E9é§6ePaFentaApp2|maﬂesnlgg-@¢8U&§32Aﬁnnts t he- 10

conpound and @pacéeyl1 degagghg lﬂinggrs | atter conpound |n whi ch two
. Y X )

nol ecul es of the 2 di acet m_ne), ,are present in the conpl ex.
None of these conpdaRage §Fe¥égépheépﬁ }5% lopg89= 035,733 Fepakds HRMARY

- OF THE | NVENR@rpdund i nventi on concerns a first process for .the

pol ynmeri zati on of ethyl ene, gampet S oy oyt enper at ure of
about -100[err]C to about +2} Jormula [err] 20
with ethylene and: 2 WO € :

PCT/ US97/ 23556 (a) a first

capable o abstractrng X and\alkyl group or a hydrrde T
1, et al., Am. Chem. Soc., vol. 113, p. 3115-

3122 (1991) reports the compound -

and Japanese Patent Application 02f078,663 reports the

10 compound
QL L
N)\K"J/k\\u
/ .
. r

and an iron[II] complex of this latter compound in which two

[4

molecules of the 2,6-diacetylpyridinebis(imine) are present’
in the complex. None of these compounds are claimed herein.
15 ~_ SUMMARY OF THE INVENTION
This invention concerns a first process for the
polymerization of ethylene, compr151ng, contacting, at a
temperature of about -100°C to about +200°C, a compound of
the formula

20

with ethylene and:



group fromMto formWK , (WRerr]) or WH and which is al so capabl e of

transferri i sgpraiKyl group or a hydride to M 5 . provided poztusy¥eIsss a

weakl y coordinating anion; or (b) a conbination of second conmpound which is
capabl e of transferring an alkyl or hydride group to Mand a third conpound
which is a neutral Lewis acid which is capable of abstracting X, a hydride
or an al kyl group from1l0 Mto forma weakly coordi nati ng ani on; mhereln M
is Co or Fe: each X i $3dnaafisst mompound)Wor whish titmata trhevitoa bl Lawiser of

" negative 15 Q{rat@ecapabial dfaabsaraetaagoas Afdedurl 1t arb*&g;r% OLatﬂég&hf@ée

f F t L
?ndgpeﬁdg:ﬂ I ﬁﬁa.ggogggae EPoéé ) L@%z t)E'E grar h?dr%%r%?FChg;gaﬁllsﬁert
functi.onal greARable of transfazpemy andaﬂiﬂce'dr raup eacla |h}d:hpﬂmdeﬂbl M,

hydr ogen, shyctrmﬁi@da tRati RET t:.§ @C&éﬂ? SSSEHJ.HthHg gtned
or” substitute err]

hydrocar byl ; err]an err

al>/kyl 25y i Al ]so g]f’ng’ogéﬂg gf‘ﬁnl e aSESRﬁ&Jﬁ@“'@P“Pﬁ’e "fl'bﬁ‘?ﬂllhs[err]
wherein: M i Fapakke Fef Bnansferrlngeanhanyi ar hydrdide3 groufd 98/ 7474 a .
PCT/ US97/ 2358 1rd Scdmpdugid dnise 1524 asetggaahewgbshgf JHAL L ye charges

on said anion OI' I on to the o n.state a_Fe or Co atom

present in (I93P2%R%r? }?{fﬁg‘?‘]’th’?ﬂ Rierd] ’é" 8cPT i PR ePprkdenOEPURy FsEenN,
5 hydrocdfbyM Mt@tmwevdeaﬂy];lyocaobgtinabingnanment functional group;

Rlerr] and R[ err] areypasdiqndependent|y hydrogen,
¢ M is Co or Fe;
each X is an anion;
- n is 1, 2 or 3 so that the total number of negative
15 charges on said anion or anions is equal to the oxidation

sate of a Fe or Co atom present in (II);
R} ’ R? and R® are each 1ndependently hydrogen,

hydrocarbyl, substituted hydrocarbyl, or an inert functional

group; :

20 R* and R® are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted
hydrocarbyl, |

R® and R are aryl or substltuted aryl; and
R? is alkyl.
25 Also disclosed herein is a compound of the formula
wherein:
M is Co or Fe;
30 each X is an anion:;



hydrocarbyl, an inert functional group or substituted hydr ocar byl; 10
Rlerr] and I%B@r +84%€. each i ndependently hydrocarbyl, 15 SUbivtlrmsbmbs%
hydr ocar byl an |nert functional group; Rerr], R[err] . Rjerr], .Rerr],
Rlerr] and Rerr] are each independently hydrogen hydr ocar byl , substitut ed
hydr ocarbyl or an inert functional group; 12 17 Rlerr] and Rlerr] . are
each i ndependently hydrogen, 20 hydrocarbyl, substituted hydrocarbyl or an
inert functional groupn drsd lpr @vicded,t fsat that tthe doternymbé&f eof] negative
Rlerr], Rerr]chiegesl onR[sE‘arlrd an@o‘ﬁr olp B[Iﬁrcfr]s H eéc#dnal B&gﬁg%hi}ﬁggoaf e

vrcrnal to one another, taken to et er % formar

i nvention incl §§85¢ °c,for?p(ﬁ?n(?ro sent in\W39gy 27124

PCTI US97f 1 3556 [err] wied; eRh arR!eRr]are leaetr ]lmiﬁbé?{cwrrt]lyartey@w@en,

i ndependentdy dr I dr \/

| ndepender Ag rog degoaly A ggﬁhtggghydﬁgeﬁ%j%n nfa[rP Jhn%PE £8ntLEGhaL
hydrocar byl , aff F’HBr't functr onal group or substituted hydrocar byI 10
Rlerr], R[err] Rl err] Réndn&[ r? rdrearea cmcindepepdedely | yydydgeaar byl

substituted hy r is ly ,
Rerr], R[err]ﬂg(8 EQ)‘:EYCI %&[err%fEangﬁggc%% dgengerﬁl[ ‘%yﬁtg%#d

hydr ocar byl , shbdrpraroyl Wydrocarbyl or an inert 15 functronal group; and
provi ded th:at any two &f Bgerr], Rlerr], Rerr], Rerr], Rerr], Rerr],
Rlerr], Rerr], Rerr] and R[err] t hat fAre vigt nal to one anot her, taken

t oget her may forma ring. This inventioy al sp concerns a second process for
the

R12 . (x) ;
R’ is
’ R13
R17 R“
Qe Rys (XI) ;

R® and R'® are each independently hydrocarbyl,
15 substituted hydrocarbyl or an inert functional group:;

Rg, Rm, Rn, R14 R» and R!® are each independently
hydrogen, hydrocarbyl, substltuted.hydrocarbyl or an inert
functional group:

R!? and R' are each independently hydrogen,

20 hydrocarbyl, substituted hydrocarbyl or an inert. funct:.onal
group; - _ ) _
and provided that any two of g, r?, R, R', RY, RV _
R™, RY, R'® and RY that are v1c1nal to one another, taken
together may form'a ring..
25 This J.nvent:r.on includes a compound of the formula
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20 Upolynerization of ethylene, conprising contacting, at a tenperature of
about - 100fgs 5p -about +200[err]C, a Co[lI], Co[lll], Fefptirlosornysed!! ]
conpl ex of a trléentate ligand of the fornmula 5 WO 98/-27124 . |

PCT/ US97/ 23556 [err] with ethylene, wherein: Rerr], Rerr] and Rerr] are
each independently hydrogen, 5 hydrocarbyl, substituted hydrocarbyl, or an
inert functional group; R err] and Rerr] areg eachmlndependently hydrogen
hydrocarbyl, an inert functional group or suRlstit it ed hydrocar byl ; and 10
Rlerr] and Rlerr] are aryl or substituted arynd provided that a Co[ll],

4 @

Co[II1], Fe[ll] or Fe[lll] atom al so has kangé ikt an enpty coordination
site or a ligand that may be displaced by sai hyl ene, and a |igand that
may add to said ethylene. 15 Thits i i oh al so includes a conpound
of the fornula [err] 6 WO 98/ 27124 R :
PCT/ US97/ 23556 [err] 5 wher ei n:/
Rl err] are each independently hydr
hydr.ocarbyl, or an inert functional gr

\S Co or Fe; Rerr] , Rerr] and
rocarbyl, substituted
to - Rerr] and R err]

are each independently hydrogen, hydrécar an gnert functional group or
substituted hydrocarbyl; R err] and errd ar yl or substituted aryl;
R R
R Rss

wherein: _
R', R? and R® are each independently hydrogen,
5 hydrocarbyl, substituted hydrocarbyl, or an inert functional
group; :

R and R’ are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted
hydrocarbyl; |

10 RF, R™, Rn and R are each independently
© hydrocarbyl, substituted hydrocarbyl or an inert functional
group; _ .
Rg, Rm, Rn, rRY, R and R'® are each independently
hydrogen, hydrocarbyl, substituted hydrocarbyl or an inert
15 functional group; ' .
and provided that any two of R?, R’, Rlo R*?, Rlz, R13,
R14 R“, R'® and R that are vicinal to one another, taken
together may form a ring.
This invention also concerns a second process for the
20 polymerization of ethylene, comprising contacting, at a
temperature of about ?100°C to about +200°C, a. Co[II],
Co[III), Fe([II] or Fe[III] complex of a tridentate llgand of
the formula

12



Tlerr]is hydride or alkyl or any other anionic Iigand 15 into which .
.ethylene can in ; Yis a neutral |igand capable of bei ngpgiginasd by

et hyl ene oﬁwgggiﬁéﬁt coordi natbion site; Qis a relatively nbd?coqrdinating
anion; P is a divalent gpolyethylene group of the fornmula 20 (CH2CH2)
wherein x is an integer of 1 or nore; and T[err] is an and group. WO
98/ 27124 PCT/ US97/ 23556 Thi s

i nvention al so concerns a third process for R*fhe polynerization of ethylene,
conprising, contacting, at a tenperatur?,of out £100[err] C to about

+200[ err] C, ethylene and a conpound of the fo M [err] 5 10 wherein: Mis
Co or Fe; 8 WD 98/ 27124
PCT/ US97/ 23556 Rlerr], Rerr] and R err] /are
hydr ocar byl , substituted hydrocarbylr
and R[err] are each independently hydrog
functional group or substituted hydrocar
or substituted aryl; T[err] is hydride any other anionic |igand
into which ethylene can insert; 10 IS é;peutral | i gand capabl e
of being displaced by ethylene or a vacant acordin8tion site; Qis a
relatively non-coordinating anion; P is a giyalent (poly)ethylene group of
the formul a . '

. with ethylene, wherein: :
Rl, R? and R® are each independently hydrogen,
5 hydrocarbyl, substituted hydrocarbyl, or an inert functional

group;

2ach i ndependent |y hydrogen,
rt functional group; Rerr]
hydr ocar byl , an inert

and Rlerr] and Rferr] are aryl

QD
>

Rf and R® are each independenﬁly hydrogen,
hydrocarbyl, an inert functional group or substituted
hydrocarbyl; and '

10 _ R® and R’ are aryl or substituted aryl;
' and provided that a Co[II], Co[III], Fe(II]) or Fe[III]
atom also has bonded to it an empty coordination site or a
ligand that may be displaced by said ethylene, and a ligand
that may add to said ethylene.

15 This invention also includes a compound of the formula
- - <+




-(CH err]CHerr])x- wherein x is an integer of 1 or .
I s. o ggnrdigr oup. BRI EF. DESCRI PTI ON OF TEE DRAW NGS RrQU/pe®/23ssand 2
are two different views of the X-ray cryst.al | ographic structure,

Tlerr]

conpound nade in Exanple 7.
Herein, certain terns are

is a unival ent gr-oup cont ai

stated, it is preferred th
about 30 carbon atons.
hydrocar byl group which co
groups is subjected The 3
interfere with the process.
substituted hydrocarbyl gr
I'ncluded in the neani ng of
* By "(inert) functional
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conditions to which the co
functional 9 WD 98/ 2712
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descri bed herein that the
in. Exanples of functional
i odo), ether such as -OR[ e
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DETAI LS OF THE INVENTION
* A "hydrocarbyl group"
| f ‘'not ot herw se
ein 25 contain 1 to

| " herein is neant a
tuent groups which are
pound contai ni ng these
do enot substantially

, 1t is preferred that -
about 30 carbon atons.
aromatic rings. 35
group ot her than

rt under the process

up i s’ s@bjected. The

r
Y

1

d

(¢

A

g

terfere with any process
Ioresent may take part
o, chloro, bronmp and
dr ocar byl or

i onal group may be
Rlerrg, Rerr] Rerr],
to the netal atom

Rerr], Rerr],

substituted hydrocarbyl, or an inert functional

_R‘ and R’ are each independently hydrogen,
an inert functional group or substituted

R® and R’ are aryl or substituted aryl;

7! is hydride or alkyl or any other anionic ligand

Rerr], Rerr], Rerr],

5 wherein:
hydrocarbyl
group;

;0
hydrocarbyl,
hydrocarbyl;

L5

into which ethylene can insert; :
Y is a neutral ligand capable of being displaced by

ethylene or a vacant coordination site;

Q is a relatively non-coordinating anion;
P is a divalent (poly)ethylene group of the formula

20 ~(CH2CH32) x—

2 .
T is

wherein x is an integer of 1 or more;

an end group.

and



10 ‘and R17 which are shown as coordinating to the nmetal atom that is they.
shoul d not di's hgﬁ% the desired coordinating group. * - By rrieMyisse
alunlnun1co is neant a conpound in which at | east one—al kyl ,group is
bound to an 15 aluminumatom Qher groups such as al koxi de, hydride, and
hal ogen may al so be bound to al um num atons in the conpound. * By "neutral
Lew s base" is neant a conpound, which is not an ion, which can act as a
Lewi s base. ExanpleThes inventdopodlds Icmldedezsetileut&.rdarpmssuférdehe 20

and organi c ni C S
can act as a Légigﬁgnéa@&n 3 %‘Eh&lgﬁ‘é‘ C%?dp r%sélzlrfe% um andc95|%er
cations. * Bi}eF‘Eﬁaﬁﬂi%ley%ﬁé@Gltdr‘ﬁ&ol ﬁgt?oﬁbﬂé&kr"§°95cco%FEYﬂi&f1ien&}"d a
ani ons .are neagbmpboad aifi ¢he zf&ra;ﬁe_ageneral ly referred to in the art in
this manner, and the coordi of such anio i*s known and has
i nstggnce W Bgck., et al., Chem
Rev., vol. 88 p. 1405-1421 1988) and S\ H fgtares, Chgm 30 Rev., vol.
93, p. 927-942 (1993), both| of whi ¢ §by i ncl udeq by reference.
i ' m /£ he al um num corpounds in the

i mredi atel y precedi ng paragfaph and /X 1 n§l udi ng. Bpe’rT] 1X, Rerr]AdX,
RlerrJ]Ad[err]X, and 19 " " retm-Rery] ifs alkgyl.  Cther
usef ul noncoordi nating 35 - BAF (BAF = tet]raki s(3, 5-
rr], PFerr], :
8\ (R[err]S err])[err]N and

PCT/ YS97/ 23556 * By an
n site that does

trifluoronethanesul fonate, -
(Cerr]Flerr])[err]B . 10
enpty coordination site is
not have a |i.gand bound to
proximty o the enpty coor

VD 98/ 2712
ant a pot eRti al coordl nat i

4

Tnation site, the et hyI ene
(VII)

10 - - o

wherein:
M is Co or Fe; .



5 nol ecul e rray' coordinate to the metal atom * By a l'igand that may add to
ethylene is gpant_g,ligand coordi nated to a metal atominto WfhsdBasss

et hyl-ene ml%@?éﬂ%or a coordi nated ethyl ene nolecul e)- may inmsert to start
or continue a pofymerization. For instance, this may 10 take the form of
the reaction (wherein L is aligand): [err] Note the simlarity of the
structure on the left- hand srde of _this -equation to conpound (IX) .(see

bel ow). Conpounds usef UR' ARy aganad aeeetachnindepeaddncalalhtydfogarpl exes
are diimnes ofy e nedj, %[e di.acylp the’
general formnul afde%fyv%g%e n %?EPQ‘?@& nygfoegdgﬁﬁérb ébexea%eﬁ%n ticnal
i ndependent | y WRyen, 20 hydrocar byl, substituted hydrocarbyl, or an

|hn§rt fulrolc]r | onal group, Rﬁ[aa'rd ]R aadeRbeE:h] laﬁ@p@mﬁmﬂd,e %ry, hydrggen,
rocar ti gpna LOgal a
R%/err] an)d/ er dngtgréea“j:y€¥ QH l%&get U?R%tgggﬁi %P%’/ﬁgnﬁ¥ Be ﬁﬁ-‘

reaction of a 5 formul a V\D 98/ 27124

PCT/ US97/ 23556 [err] WIE(ﬁ1 a’ndmﬁpaﬁedaeylt be Eﬁbﬂﬂl%uﬂe@rhlﬂﬁerr] or

H N wh d dent
Py ogen. hyd car byl | B BN AR By 145 U TR SR e gRar
group, Rerr] &m¢R %@@a@tﬁymmmlweh?dr ogen, hydr ocar byl or

substi tut edohydrocar byly ﬂearﬂe@th.ehﬂ[pi dnd@' €apable Ny ErvERHBY iisPlaced by
substituted hy err and ar-e. ryI or substituted

aryl . These re E‘t?\ t{'}/ear o?t a‘l’?&]e rb?/tgl%ncﬁf‘ 55<yl ic acids, such as
form c acid. Reactions @ueh @srelm’@evehe m¢@e@lmﬂtgxginpnegnl 6.

Preferred CO”DOUHdS of @ of4nd ad{daferdtnd( E&pré’ﬂﬁ'f (bi‘) the ForhiaRd
are those of co fj’s” %otethat 1)), is b I % whether
present in 15 Fr S ()1 ( 'ﬁ%r E/f)m:('f‘?( angnex ).
(rery, andlﬁencern | is (alnl)enCKIgWPuGVII) (IX) and (XI1)

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 are two different views of the X-ray
crystallographic structure of the cdmpound made in Example
7. ' _
20 DETAILS OF THE INVENTION
Herein, certain terms are used. Some of them are:
e A "hydrocarbyl group" is a univalent group

containing only carbon and hydrogen. If not otherwise
stated, it is preferred that hydrocarbyl groups herein
25 contain 1 to about 30 carbon atoms.

e By "substituted hydrocarbyl"” herein is meant a
hydrocarbyl group which contains one or more substituent
groups which are inert under the process conditions to which
the compound containing these groups is subjected. The

30 substituent groups also do not substantially interfere with
the process. If not otherwise stated, it is preferred that
substituted'hyd:ocarbyl groups herein contain 1 to. about 30
carbon atoms. Included in the meaning of “substituted” are

- heteroaromatic rings. ' ' _

35 ] By “(inert) functional group” herein is meant a
group other than hydrocarbyl or substituted hydrocarbyl
which is inert under the process conditions to which the
compound containing the group is subjected. The functional

9



that match the formula of (I111), it is-preferred that: R[err] , R[err] and
Rlerr] are radrqgen and/or R err] and Rlerr] are hydrogen- 7Bk

trifl uor on®¥ 2 . and/ or- Rlerr], Rerr], Rerr], Rerr], err and
Rlerr] is each i ndependent |y hal ogen, al kyI containing 1 to 6 carbon at ons,
or hydrogen, and it is nore preferred that each of these is hydrogen;

and/ or 25 ' Rlerr] and R err]Jare nethyl; and/or R err] and R err] is

each i ndependgidigys haigaeao ﬁ’B@nyubgﬁaﬁ‘_EKﬂl%ﬂhéé?f@geleQhGa?@r lg%
B

and it is it gf é\l"rgglFE{[ Fgrﬁ%'elrarsr]e é’\%sent

speci.a refe ea
.containing 1 {e{ ’r'b%?ldati’g a{wlaaﬁ:t % TR
Rlerr] 30 amay - tpalg@ypam: inbutS]xar(tphesbofhfﬂxetn.]mahdg&[aaps] w|cllmteh

A A O e M g
phenyl h;idrdg’hﬁ-lr §| Ky g&!ﬁﬂ: ﬁFEyl &lﬁbﬁ#e&‘t&%’é‘p $2 aI
especi ally predfsss ahtdmlaicbatﬂne thma:i]::.amail Ryeoup msyabéyheamnaalcnblagtloﬁr

carbon atons,; é&orhs SRER REager w¥d RPatp® IErrJ &”]Q‘" RERES lru rc:%lonal
I - propyl ; R[err err| are edch i ndef endent Z g g t hi oal kyl

hydr ogen or Pc%?f? i RRE 1CPQFFLRAFB OO ab BREICERY FFORSMRESeSEZORILY
preferred tha:thai[ arthd gnoups etn |camsownds todeaenieatRY, 187r afenrdt, ethyl .

10 i sa dlvl+a1c}g "G0e0RSh a4 | dookilar (1Y) c6 Ve k) 888n(XI 1)

that rratchth orrru It
Rlerr] are eddif nﬂ‘?/“ d?%’éa‘?b?ﬂ’lagﬁb%?t%‘F%ﬁrﬂ9d?’8€£%§? &F‘gan

I nert functlcyndupg.roup Rlerr] Rerr]; Rerr], Rerr] , Rerr] and Rerr].
are each independently ZOprgﬁ O‘gffkyf'yéliﬁﬁf‘ﬁmlcoxﬁﬂ:‘@éﬁ&!"u.’r.EdeXﬂEoﬁar byl or

an inert functional group;
compound in which at least one alkyl group is bound to an

15 aluminum atom. Other groups such as alkoxide, hydrlde, and
halogen may also be bound to aluminum atoms in the compound.
e By "neutral Lewis base" is meant a compound,
which is not an ion, which can act as a Lewis base.
Examples of such compounds include ethers, amines, sulfides,
20 and organic nitriles.
¢ By "cationic Lewis acid" is meant a cation which
can act as a Lewis acid. Examples of such cations are
sodium and silver cations.
L By relatively noncoordinating (or weakly
25 coordinating) anions are meant those anions as are generally
referred to in the art in this manner, and the coordinating
ability of such anions is known and has been discussed in
the literature, see for instance W. Beck., et al., Chem.
Rev., vol. 88 p. 1405-1421 (1988), and S. H. Stares, Chem."
30 Rev., vol. 93, p. 927-942 (1993), both of which are hereby
included by reference. Among such anions are those formed
from the aluminum compounds in the immediately preceding
paragraph and X , including R3A1X", R"nglClX', R¥A1c1,X”, and
“Rliuox'", wherein RY? is alkyl. Other useful noncoordinating
35 anions include BAF  ({BAF = tetrakis(3,5-
bis (trifluoromethyl)phenyl]borate}, SbFs, PFs, and BF, , .
trifluoromethanesulfonate, p-toluenesulfonate, (RgS0.};N,
and (CgFs) (B .

10



~ .
R[err] and R[err] are each independent!|y hydrogen, hydroc arbyl,

substltute\cliw@ysh& rbyl or an inert functional group; 25 p(maswlzpssew ded
that-any t c? Fgrr] Rlerr],Rerr], Rerr],Rerr] Rlerr], Rerr], Rerr]

and Rlerr]that are vicinal to one another, t aken t oget her may forma ri ng.
Specific preferred conpounds (I11) (and also in (r)y, (rr)y , (rv)y o, (v I)
(IX) and (XIl)] are: 13 WO 98/ 27124

PCT/ US97/ 23556 Rl err], H erBy ,arR[epty ﬂadinaﬂ.emrhféeis]madnl&[ arr] are

hydrogen, and B wtﬂfrcgmeﬁal oo BLebt Iy Rugral 1R
d
E[[gm gn ,R[EELI r@hyd?@{fer#-ﬁﬂﬁ?‘] ﬁﬁﬁ[r&zi?f\a%%?w erxoltaq

Rlerr], Rerr] erﬁrnrz]t o flerenpt@rcodmdivatibhesite, REger btnipiend

E[yﬁiéé,eﬁ[“ L Rﬁ%ﬁ” 4y Jagd ?ﬂ?@%ﬂ% e ey @é?i“ R[JH ]a?;epheny|
Rlerr], R[err] Rlerr], M erBy aFl[ie?arf] W%ﬁfrWaR[%ﬁi ]tCR[%‘FtPX ener iF, me@dnt a
Rlerr] are hydn@.@m %ﬂﬁ{iﬂed ReTd Imet BT 4 toRNTh i} SFiicR' &ni elahgrmélne

Rlerr], Rertl (4 ) copiifatpd iinyesh didesaiélbafotpoercas

err]lare h dr
E[[err} R e%lr] stRrdr dr aahtREne Ja MW&#W\FIOR{ erfqr imgeapge, this may
Rlerr], Rl ej§], +Bker ihN#irl .deftHe ddfition R{vﬂﬁéz}é\ﬂd &g rd areghydyagen, 4
5 R[err] and R[err] are nethylthio CH[err]S , andecmemrr], Rerr],
Rlerr]Jand Rerr] are i-propyl; R egr], Retsl, R @ 1/ R[err] R[err],
Rlerr],Rerr],Rerr] and R[err]are rogen, 15 R[err]and R[err] are
1-tmdazolyl, and Rerr], Rerr], P%dr]and Rlerr] are i- propyl;

err], R err Lr J r h
Jnr] e ekl S of ) ek Tion | ot ngnas
and Rlerr], R efrFhimy aqyatiemrter qempaund p?%)yl sef - - Rerr],
Rerr], R[err]OI Rl ecompddmis lusefar rals 1R[gHrids rREm:rri J.rR[:arasr]; aR{iecbbaand

err] are r § r
Reerr] &W EBgﬁﬁ‘.ex%I[se dde Q:fl[q.tr&[rx‘aesr]d?% raar%vhdﬁggb %ﬁ&xé‘f&e&ﬁ& bk

are t- buty Meri zati on processes ‘descr] eln, It
) -d:.acylpyr:.dlnes of the general formula

(IV)
wherein R!, R? and R® are each independently hydrogen,

20 hydrocarbyl, substituted hydrocarbyl, or an inert functlonal
group, R* and R® are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted
hydrocarbyl, and R® and R’ are aryl' or substituted aryl. _

(IV) ._may be made by the reaction. of a compound of the

25 formula ' '

11



can be seen fromthe results that it is preferred that- there be at | east
‘sone steri cg ﬁ%ﬁi g caused by the tridentate 25 |igand abgy, Qﬁa&@6°r Fe.
atom Therefore, #ﬂ is preferred that groups close to the netg§ atom be -
relatively large. It is relatively sinple to control steric crowding if
(I'r1) is the tridentate |igand, since control of steric crowding can be
achieved sinply by controlling the size of Rerr], Rerr], -Rerr] 30 and

Rl err] These groups may al so be part of fus®d ring systens, such as
9-anthracenyl. In the first polynerizationiprogess it is preferred that X
is chloride, brom de and tetrafl uoroborate I't al so preferred that Mis

Fe[1I], Fe[lll], or Co[lIl]. 35 In the st pol ymeri zation process
described herein an iron or cobalt co (I'')\is contacted with ethylene
and a neutral Lewis acid Wcapabl e of abst \act' ng X-, hydride or alkyl from
(I'l) to forma weakly coordi nati ng ani on, 4 V\098/27124

PCT/ US97/ 23556 nust al kyl ate or be capabl iong a hydride ion to the
metal atom or an additional alkylating agent or an agent capabl e of adding
a hydride anion to the netal atom must be present. The neutral Lewis acid
is originally uncharged 5 (i.e., not ionidVI) Suitable neutral Lewi s aci ds
i ncl ude SbF[erw}thAa[eombBu@WhefetheAformuaayH}NRﬁnﬂ:BENRF;]whSQb&@bhé R?

cationic Lew s I B

trlfluoronethaﬁggu fo%%?gﬁgégFng %ﬁgﬁﬁf%% f?%ﬁ%%ﬁaPﬁ%é%é%?f?yﬁérr]]
'[B(C[err]F[errf?FéFFFPte | hydggsar Métaﬁ€e§n|ﬁnﬁﬁFcﬁuPFF}° grionn AR’
catalysts 10 ahdcR® raqulzschh£n¢§p§mm§mtrﬁ Ry deodém) ?&técagb 10bra
cationic Lew sggg s peot ai A

group al ready % ﬁ@é@ﬂ%&ﬁ hg&kgéfrg?f ﬂ a&grﬁtra %3\% s*ayc‘?%o%%lggyf
cationic LemnSSB?SE%BH§F€dhX€F8C5F§BlaIﬂ?ﬁa?esa%ﬁ Rid@Fea amdk i to the
metal or a sepsmhseltﬁtedlhxyatlnmheSehydacdnagsageatofﬁeﬁre&tﬁuydediby

causes an gl kylgy eyfme QxeasdesteﬂbsgOgsrmgdsglaontHsagt&%tqs

preferred that errjcontail ns nor e referredafhat
Rlerr]is nethyt ﬁ§|descr1bed in Examples 1-6.

Preferred compounds of formula (IV) and compounds in
which (IV) is a ligand are those of compound (III) [note
that (ITII} is a subset of (IV)], whether present in '

15 compounds such_as (L), (II), (IV), (VII), (IX) and (XII).
In (III), and hence in (I), (II), (IV) (VII), (IX) and (XII)
that match the formula of (III), it is preférred that:

R', R? and R® are hydrogen; and/or
R' and R® are hydrogen and R? is trifluoromethyl;
20 and/or
' R’, R, R™, R, R' and R' is each independently
halogen, alkyl containing 1 to 6 carbon atoms, or hydrogen,
and it is- more preferred that each of these is hydrogen,
and/or '
25 ‘R'® and R a:e'methyl; and/ox
R’ and RY is each independently-halogen, phenyl or
alkyl containing 1 to 6 carbon atoms, and it is it .
especially preferred that each R® and R" is alkyl containing
_ 1-6 carbon atoms, and it is more preferred that Rr® and R

30 are i-propyl or t-butyl (but both R’ and R'? or both R'? and

R’ can’t-bg t-butyl in the same compound); '

12



For instance, 'a.I kyl al umi num conpounds (see next 20 par-agraph) my

al kyl ate (Iwo”dg@ge\/er, not all al kyl al um num conpounds mayChessi23s560 :
enough Lewis acids to abstract X- or an al kyl- group fromthe netal, atom In
that case a separate Lewis acid strong enough to do the abstraction nust be.
present. For instance, in Exanple 37, 25 polynethyal um noxane is used as
the "sole" Lews acid, it both al kyl ates and does the abstraction fromthe

metal atom In Exanpl esr'60aaadr¥l its' iecidhy lialdapendent ky | 164 B6géhe phbakl, .

atom but is ngt strong_eng Lewis acid t st.ract. an i fr t.he .
nmetal atom so%é'ﬁgrt% n'(s ’Fo?\g@hlj % %3'5;%‘?%,?3&8 E( %%é???F?gP il @?‘rr% ,ln-v\dss'
al so added to Espesiadiy ipeefonted WhabueacheRst rodgBr’ Lewias d
B(derr]Flerr] dotddii®gente ¢dendol yedms 7o4ha@ni €085 MOkePpReFRErel that
preferred neutrak Le%ngrﬁC|d,.@p|ch ﬁsn al kylate the netal, is a selected

al kyl al uni humfcordB8n ., SFCh 1gPERPEYI A, 35 Rlerr]Aid[err], Rerr]Ad,
and "Rlerr] A O' (al kyl & urincbRaress ,eatter shdepeadehitiy bakogepontdiinaigyl,
to 25 car bon ?th%@no &f&{ aPl Wyl é&xt?amﬁxi‘iﬁ’@_nl aEQrTsl- g&béabhefadstl;%ianai Y ym
conpounds i ncl ude ne al um poxan ichyis i goner, W, e

98/”12)71.24 _espe_ciahﬂy prePerz:‘eeie éhat lj-?' a.ncla %E&gﬁ?%’g%gg&gﬁ&%nt\é\g
formul a ( MeAl Ohlyeindgen (df emefhflerr]) 2A1 O, C[err]H[err]AlCl[err], and

((CH err]) grr] CHCHgrdd H&r{iﬁ)-, “@&@'hm&élﬂﬁs(fwhmﬁwaﬁimr glvmy, berx)
used to bond hydrj de I%MEE% 0 tQﬁbq§;al M 5 #f t he, secon

pol yneri zati on c@gg”de & REHL S LoTmRta o6 (F1Dh cbhptaxPEefaTres
ei t her ‘added t &hiate pol ynerization process or. formed in situ in the

process. In fact, m)re;iﬁhqr; one such conpl ex may be forned during the
course of the process, for instance forgationg@ef an initial 10 conplex and
then reaction of that conplex to forma

such a conpl ex. Exanpl es of such conpl ex
situ include [err] 15

ended pol yner cont ai ni ng
ich may be fornmed initially in

|ivi

15 R’ is

(XI);

Ra-and R are each independently hydrocarbyl,
substituted hydrocarbyl or an inert functional group;
rR®, R, R, R, RY and R!® are each independently

200 hydrogen, hydrdcarbyl, substituted hydrocarbYl or an inert

functional group; . S

R*? and R' are each independently hydrogen, _
hydro¢arbyl, substituted hydrocarbyl or an inert functional
group; ' | B : -

25 and provided that any two of R®, R’, RY, R*, RY, RY,
R“, R'®, R'® and RY that are vicinal to one another, taken
together may form a ring. o _ -

Specific preferred compounds (III) [and also in (I},
(II), (IV), (VID), (IX) and (XII)] aze:

13



20 wherein Rerr] through Rerr], and Mare as def i ned above, T[err]. is

hydri de ox r.. any other anionic ligand into which 16, 27124 ..
PCT/ US97/ %ggéiiltzﬁyl ene can insert, Y is a neutral |igand ‘e’%’é’%ﬁé’%o bei ng

di spl aced by ethylene or a vacant coordination site, the "parallel Iines"
are an ethyl ene nolecule coordinated to the netal, and Qis a relatively
non- coor di nating ani onir 5 Conpl exes may be added directly to the process-
or formed in situ. Fpk, igftadcer? (\AH & @6 NE , .reactign,of
(1) with a nasutral Le FU‘:Zci xpzsu bs\ﬂas)cﬁﬁlaﬁﬁ Rgl tr?n%d%t%%gﬁ%%ﬁhd.angAﬁo‘t her
met hod of forhi'ng §u hl'as%zoh'p ex fn gt } s 4B8i REtAYsaitable iron or
cobalt conpound such Bobd&t RO, R1,I]R &ceRVI,aaéf,o eaﬁaeglﬁg&rg)l@d&ger(,l )

and an al kyl rll afid Wi CoPPOERLordt Nl MRt algssakts J rch_ani-gns simlar
to acetyl gcetonate are: preseps, E?]d Whi cHun%'IFe rldé{nhi)\\,/&ég g§§r Q&Eﬁyan Wi th
the Lewi s’or Bronstedf dcjfis Fot FrsfanceRmet B mdl | deB an& Coabdx§l aeee

(such as acethudrdgen, nRy ane lﬂéedrepmethgﬂll,aahxd R dheYREr @ & igHed A ;
soluble in the procesgt iug? g4 i gspreferged thmat fihesgispr ecur sqe net al
salts be at |east soﬁ\ﬂhn?'sgf'u@% %@pt ﬁe’ glipéeés frreﬁcii‘u Af taéﬁ"{t e 3r€

et hyl ene pol R oPMAS ot Krte® tABRI2B c@FS dxPRAPWeE in a form such
as [err] wherein R erR)], ®i;oRyh By er', AW, art,Qrdt cares R ianed rakavRyerand
P s a diyal @it ahBORY) #EOYhERRy P! ObRaOR® L 182! OpTULA Y (T oL ] C'j%g-gr 1 25
wherein x is an integar ot 1 p¥ r;ore,_oa'n'q1 [ 1] LS an en%r%r‘bu mid 2§ L
exanpl e the groups |istre& tok TFerrR abdve: RTho&e 04 |Rd ket lnydaogeni| |

note that (I R)‘ asdj R’ essemethypehyoe(CEBH)3i nin B, Se?tal R¥d ahiqvirdl S0l

At is preferg_egl,rrowl;M be in +2 oxidation state in (M1), (VM1l) and 17

' ) R?, R?, R3, R®, R, R, R*, RY and R!® are hydrogen,

15 R! and R® are l-imidazolyl, and RS, Rlz, R and RY are i-
propyl; B ' . '

R, ®’, ®’, RY, R™, RY, R™ and R!® are hydrogen, R

and R® are methyl, R® is - trifluoromethyl, and Rs, Rlz, R and
RY are i-propyl; and '

0 R, R, R} R’ RY, R™, R?, R™, R', R and R are
hydrogen, R'_1 and R’ are methyl, and R® and R are t-butyl.

_ 'In the polymerization processes described herein, it
can be seen from the results that it is preferred that there
be at least some steric crowding caused by the tridentate:

25 ligand about the Co or Fe atom. Therefore, it is preferred
that groups close to the metal atom be relatively large. It
is relatively sj_.mple to control steric crowding if (III) is
the tridentate ligand, 'sinc':e control of steric crowding can
be achieved simply by controlling the size of r®, r?, RV’

30 and R'®. These groups may also be part of fused ring
systems, such as 9-anthracenyl. .

In the first polymerization process it is preferred
that X is ¢chloride, bromide and tetrafluoroborate. It is
- also preferred that M is Fe[II], Fe[III], or Co[II].

35 In the first polymerization process described herein an
~iron or cobalt complex (II) is contacted with ethylene and a
neutral Lewis acid W capable of abstracting X , hydride or
alkyl from (II) to.form a weakly coordinating anién, and

14



WO 98/ 27124 _ ; : PCT/ US97/ 23556 (I X)

. Conpounds 98/7?7?1 VI1), (I1X) and (XI1) may or nmay not be su»a:tmzsmms from
an erivironnent ‘simlar to.that of the polynerization process;* but they may
be detected by NWVR spectroscopy, particularly one or both of [err]H and
[err]C NMR, and 5 particularly at |ower tenperatures. Such techniques,
especi ally for polynerization "internedi ates" of these types are known, see

for instance Vb:&hétPaueruaﬁeploizcabi @ap%’l%%m a‘cﬁme;:iaalrl FX@EPLEA to the
e g St oot 4 B
"activators" tocpsﬂbhrsr pieadﬂ#yllgenehmr&dehrafd%lﬁﬂrﬁhezaﬁw ptbemspust be

Except for the pﬁeseelltent &hlenntelaereaomm,s Taf&cprﬁetﬁslgcﬂfﬂl%%nﬁcﬁﬂfgéae

third proces uch as t [ re r.e at.d on

erc. . hmy b thiedne 8O Bontad -t B EARE S SROPRE GRS AETAR, FpEThtees
and pref erred c%hEls;t i Ansh fbrhetmse Pgndcﬁeml)ar eardl sBFpr efSu¥ttabiercahionic
third polyneri zgbi,08 BERE8SSr BRomlskeln@diAds) ThIdARId WuHNIOCESSEFeREr €I N,

e 20 L emer at e ot i e SO SS PURIET LesLn | Bl e Ut
150[ err] C, nor eIpr theseblipstboges- 36 @hu.@haddllt) 1Goice raimd. Lathecat &)y ehe

pressure at zwml&ﬂl&ﬂeraehx%r rz;'ﬁet bR skhcedls ed;fwtﬂae N i 'ééf&" or a
at mospheric pressure

yt MPa 25 bein ta ble ran
pol yneri zat i on 5?5%85%85?'%'?‘& ﬁ‘rn§§°ﬁétﬁ a1lcﬁ' ’He | g:e ‘&Fa’r‘? o} alkyl
| i qui ds,® parti cotahygdrageogirougr gdmeedy ponded Tee tdwt ate,tsal fAtxem the
etfyl ene, and p&éue;ﬁxl ﬁaeu@%c*aa ¢! ubbet%mrasqléwse Jr) glesfdd e LE also

but obviously 3 ese I| not re nt t ol ynerization from
occurring. Sui t%g‘lé BFESi @ %éﬁuaeﬁng e S8 p§ly§e SRRALPCe

hal ogenat edishydabkplbbigsg amrdhydeiding Iay@nmcarslamse&xecrﬁ.ra:- Asswses an
sol vents i ncl ud;Jﬁiefxa %ou§>%#ea9de&eeb%ezseeom%5 bonded e RS atom.

pol yneri zati ons o“initi carriged o]r]t in the oI|d state

(aseuming (11): (111 Fo(F9) PaPIEREPR EBas Bol iqqRiaing of thot sreebon acond,®
supporting (11)and|hbye( pYeferred t)mabnRé sishtethyl s tetisyki | i ca or :

For instance, alkyl aluminum compounds (see next
20 paragraph) may alkylate (II). However, not all alkyl
aluminum compounds may be strong enocugh Lewis acids to
abstract X or an alkyl group from the metal atom. In that
case a separate Lewis acid strong enough to do the
abstraction must be present. For instance, in'Example 37,
25 polymethyaluminoxane is used as the “sole” Lewis acid, it
both alkylates and does the abstraction from the metal atom.
In Examples 60 and 61 triethylaluminum alkylates the metal
atom, but is not a strong enough Lewis acid to abstract an
anion from the metal atom, so another (stronger) Lewis acid,
30 B(Cg¢Fs)3, was also added to the polymerization. Without the
stronger Lewis acid B(CGF5)3preeent, the polymerization does
not proceed.
A preferred neutral Lewis acid, which can alkylate the
metal, is a selected alkyl aluminum compound, such as R! 3Al.
35 R“AlClz, R}%AlCl, and “RY7a10” (alkylaluminoxanes){ wherein
R is alkyl containing 1 to 25 carbon atoms, preferably 1
to 4 carbon atoms. Suitable alkyl aluminum ¢compounds '
include methylaluminoxane (which is an oligomer with the
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18 WD 98/27124 ' PCT/ US97/ 23556.

al um-na, agd mi]gltvmththe Lewi s (such astor i nst :
al kyl al um num conpound) or Bronsted .acid and exposing it to -ethyl gne.- The
support may ‘al so be able to take the place of the Lewis or Bronsted acid,

for instance 5 an acidic clay such as nontnorillonite. Another nethod of
maki ng a supported catalyst is to start a polynerization or at |east nake

an iron or cofahbraaMHsmala AMINY] 9! efituar,A2h JOrRs, Aachgn A i n such
as cycl opent ezecgi aq zgo%; such as " silica or alum na.’ These -
"het er ogeneou al & @é@ y 10 be used to catal yze polynerization in the.
gas phase or the | Mgtiad plysizeideBy sgoh @isadably magnbet haedt ite ddnd ene is

transported tgy QQ@.H%CE ttrg,et@l%t Hesly particle while the ethylene is in
the gas phase Pre 5%: 0 hese types of heterogeneous catalysts are

found in Bkanpl es |5§°°n P ¥MEHL Z5t ife RRASARS 92T OHPPT OR_EGER 2
descri bed herebbadh:l gaeronsnpllexmefs (df) dish\dishemreidatieco Tty may

range in nole i i<@O "‘I{HH i ched s
nostly decenegB \Q?'oz\%?rl :NPOS:Ieasrg \Xmglrg tﬁgg yet héerenelﬂ(;l :pnzggcv\ea%@es hpj(l)
hi gher nol ecu éFtV\eF"ﬁ’l‘?te f@'aﬁ’ol% FACEN &S (R4F3}Rg gthe

pol ymer w t h eodegkee fofthaopreriszat ifax (:ﬂa)tam‘cealﬁumnaﬂlmr oran initial

P erar) Yo 208 GO e ealFi o gF fa%ne;w%%gga%%g ofibeRga!

(nmononer) uni
pressures gi veR ﬁﬂepﬁ’&d@?rp%&%nﬁﬁé‘%ﬁl SRR Sabbr evi at i ons and terns
are used Br anchi ngxampdesr iofd saght kompliekes ehicts maly gfeomxwa 1000

nmet hyl ene groyﬁg}__??ﬁ&%maol?é_%r 1nNlggor 1 ect ed for 'end groups. is

determ ned by Dispersity - weighf aver age nol ecul ar
wei ght divided by number average nol ecWar vv%ght (Mi)} DSC - differential
scanning calorinetry FW- fjornul a yei gh GC/ gas chropat ography 35 .
GPC - gel perneation chrongtograph ==N,
. ) s\
T
N--eemenoe §<Y Q
- --N'\'
# R

15 ‘ (VII)
and '

- (xxr) |
20 wherein R! through R’ v and M are as defined above, T is
hydride or alkyl or any other anionic ligand into which
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[er'r] H - heat of fusion (of polyethylene) M - nunbe'r aver age nol ecul ar

wei ght MeGhoessmklanol 19 WD .98/ 27124 PCT/US97/23556 -
PCT/ US97/ 23556 PNMAO - pol yrret hyI al unmi noxane RT - roomtenperature THF -
tetrahydrofuran Tm- nelting point 5 Turnover # - the nunber of

nol es -of et hyl ene pol ynerized per nole of cobalt or iron conmpound present.
Structures were determ ned by X-ray crystall ography using a R gaku RU300
i nstrument w thtawlle-nhXICSri rage gil atte iceteectenrtusl Nl gand capableonf bedng

structure was
refinement by ?8% qgggcﬁ?l @%@%ﬁ%%r@ﬂ@?%rw Ses o?tgg Ehe

het er ogeneous cBRX Y SRR YLERR REApnatee EPokhe
Absoprtion (| Grptadal wnds Q 115 a relaltiveley E»cmmim:dix’mat:&pqpaaﬂlua for

pol ymeri zaty oncppy Pl%h‘e%b%é/ ¥t Féc*éfe% gl?gﬂ:} péc?sntgt)% %dé’@éﬁs% “8: g %Qheﬁ‘.lﬂ

tubés. In genera ex (0

di ssol ved or sPhFMi-ed FoF &Wt‘aé’é’l%erft Lngey he frred Bie %@%pﬁé?@ﬁlPPa§ﬁ
vvaﬁ ][ hen br ?)ugloltloowlllta 20 nderiradd Uesdst iaeid egqu afsiran dlkghedluabhumi th
et hyl ene, plac r I f thy d; st d
vi gorously. ﬁgmétg glrd ca?ﬁ ﬁ’tlézgén%ﬁ:g%?ﬁt %s%%\/\%lg?h%\cﬁdﬁ %&gﬁ]dg? 48! SEER
pol yneri zat i ontfa@dgdinGned Sd tabdEe dd Orp@ny GAR3Ad | IRPIURA aiu%ﬁ‘gﬁ‘éﬁaalt
pressures Yﬂere[ﬂmmealclétqll%&e'daafalt@ G enExzimpleed 8yt o[l Javeend dmeapkgtedure

601 acet yi pyr | 3t ABgpLn %°h%°“2=% o OERS ey, e WA s
bot t om f 1 ask, Sll!}léaé'f 28 @cexwlagﬁa@@eyﬁpyﬁedm%ma@@qwhw@mynbﬁe)
and 75 nL of neéhoteld wer ecplcrdon wikht the28.ewi®f o Aroristid@tdyiani | Foe
instance metal halides and carboxylates (such as acetates)
15 may be used, particularly if they are slightly soluble in
~.the process medium. It is preferred that these precursor

metal salts be at least somewhat soluble in the process

medium.
After the ethylene polymerization has started, the

20 complex may be in a form such as
— _ _ .

(IX)

wherein R' through R’, M, and Q are as defined above, and P

is a divalent (poly)ethylene group of the formula - (CHzCH2) «~
25 wherein x is an integer of 1 or more, and T? is an end

group, for example the groups listed for T! above. Those

'skilled in the art will note that (IX) is in essence a

polymer containing a so-called living end. It is preferred

that M be in +2 oxidation state in (VII), (VIII) and
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(FW135.21, 0.0612 nmole) and three drops ‘of formc acid were. added and t he

sol ution o at RT under nitrogen for 16 h, -at which bﬁﬁ] h84d OW
preeci pi tavt%e) %@g‘(‘)bserved This 35 was filtered off and vvg gﬁw t}h cold-

met hanol . " Collected 5.42 g (44.5% yield) of a yellow solid whi ch was
recrystal Iized frommethanol with a m ni mum anount of nethylene chloride to
yield 4.10 of the pure title 20 WO 98/ 27124

PCT/ US97/ 235 tyrat p or i naI flask

stirred for Eﬁd@ly %gr nc-@ %c%/b{ ersgc&i/ﬁ eéggpe%'#(gd m s Fl’f‘?grgagoff
and washed wPeh %mmmoﬁromn @W@W@ %JdmmrtczgtMWél the This
materi al was polyrmediaitidn Zzetbdas sy, dut Thldy Mmdf b’@'dé’é’é&ié@t@%slw

Bfa)”] '7_" gl(\/{? (%%@ctgg%:eﬂ%pa%fcu( a’rl.y@rie orzsr.goth ol_P ’IHZ |_{21101}5{,6 91(13
2, 6-Di acefyl Wrrtdq%lkﬁ%l(m ww Lemoenasuaes i nmSuwoh teechniquées, a 200 ni
round bot t omefsipasitaldyP £b©0fp yire dizatalon p»irmfaﬂ@edfawe’ls% J—@ tWefd 22ypoL €)

and 50 nmL of ol were aced. Next r

met hyl ani | i ngn%F%%rf’Goseeop%’ﬁ%%a&c%g%édﬂ%@%%ﬁ MW?W%e drops of
formc acid 88d 2303 Gsolaanenialdy Exampdesatl 95-298 unddrchiits dysrebpr f our
d, at which ih@u@@dawlﬂgﬁea‘teq,&ad fornmed. The reaction was then refluxed

for 24 h, GC analy, [ nd reacti o nconpl et e. Refl uxi was
continue® for a t ?f )df dtg&t‘[\; nf“%? i’p?p rorh®} He? ’bﬁge
mxtyre via P8t onarp ot adlysaisdt ogr a‘plq:y:lmtdﬁa” Ltg:hmlt;mmmzaé Lmtrmalene

‘colum (el uted Wi thihexaral /ﬂéﬁi'za%(i%'fnal? o%Q»st) | gagddt Hn of an oil.
The oil was then g)l\éstalllz from nmet hor| e CoIIected

nol / et hyl ene [}
07510 (A S0aERe Y Ut Khe pRTcRRse, BRE B rkom)the
2.12(s, 6H),thizd( progiss,6.susht aszla)e;npems(ute w)ess&&ez @@(ld(me?dﬂ)zaﬂlcﬁ?(t
1H), 8.5(d, REMiukaBRE ,Smdy BeDeReekuhBy bisdifdgbithe? firiieRHd Mdlnd

polymerization processes, and preferred conditions for those
- processes are also preferred for the third polymerization'
process. ' _ |

In all the polymerization processes herein, the

20 temperature at which the ethylene polymerization is carried
out is about -100°C to about +200°C, preferably about -60°C
to about 150°C, more preferably about -50°C to about 100°C.
The ethylene pressure at which the polymerization is carried

| out is not critical, atmospheric pressure to about 275 MPa

25 being a suitable range.

The polymerization processes herein may be run in the
presence of various liquids, particularly aprotic organic
liquids. The catalyst éystem; ethylene, and polyetHylene
may be soluble or insoluble in these liquids, but obviously

30 these liquids should not prevent the polymerization from

' occurring. Suitable liquids include alkanes, cycloalkanes,
selected halogenated hydrocarbons, and aromatic - :
hydrocarbons. Specific useful solvents include hexane,
toluene and benzene. '

35 The ethylene polymerizations herein may also'initially
be carried out in the solid state {[assuming (II), (III)7(IV)
or (VII) is a solid] by{.for'instance; supporting (II),
(ITI) (IV) or (VII) on a substrate such as silica or
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In a 100 niL round bottom flask, O0.48 g of 2, 6- diacetylpyfidine (FVV163.18,
0..00295 nol egy m? of 2- 30. am nobi phenyl (FW 169.23, 0.08&2us9o£5336
“and. 20 nL of ne anol were placed Three drops of form c acid were ,added -
and the resulting solution stirred under nitrogen. A precipitate formed
after one day. This was filtered off, washed with cold methanol and dri ed.
Collected 0.84 g (61% 35 vyield) of pale yellow solid. ~'H NVR (ppm
SEDClS)Exarzrpllg( Z 2%Ij)uml§’l§( %c@ﬂatfn&-&g wER eHOH ewls 76hcnlh wd. BYM,
PCT/ US97/ 23556 21“6“1%7}‘?%%& M’d&‘f’f%‘éﬂ‘%"“nd) or Bronsted aCld and
(2, 6- d||sopropylmxgqﬁmngrm§ da1etﬁyiener(nmhbtmmppnrtlmay alls38bg ablz &o

pyrldlnedlcarbox I 3, f
2, 6-diisoprop Iaﬁ'l |ne 17%§§Q§2th%0%4@gm es Eémsgeg g;& ff’r J'nhano
were placed. Thr & Qﬁc#%%rﬁQFQuﬁ§1W@9¥F H°%hﬂetheA§8FHFFoWEth°d of

stirred.. A precmaikiaie & supmgbmiddicatalyst iSttorsogrves polbymnendédation or

G ed Joi ect Ed%%' Q%awéﬁd‘{s%ﬁ’? S o?f“’aé&??l*“ 5?‘?%%’30 (2ABEhe3" Rigtin o
(ppm - CDC13), 1.2 gozm) aO'(yrﬁ n sueh FSZ(‘FNC enger@%tonlﬂ) sugpggfts such
2H), 8.4(d, 2H) aEX&mMntéSdk éidﬁﬁﬁkﬂ)ﬂﬂh&Séﬂrﬁﬁwsré neous” catalysts may

6- di i sopropyl,phe ) flas

di acetyl pyr| i@neg%F{x?fg %%%%{lwlbféﬁ %%ejdﬁ &%Og%f BBL % 1:?'
Next, 4.32 g of ZiGvdiq oyl &Y 19af Riage 74s zgear@totzmaﬁn%més?taﬁéese is
drOIOS of formc aeadxs\wze:emdﬁd coﬂﬁcaplvtﬂﬁmrtwswtaxyw particoeewniglt the

The next ror ni 9o ilebts, BLYD Al SR 2 LR E S0 Opgaggqukgr

20 one nore day-befo net N

and drying. Col | &&t é@t@we@e@@ﬁ FRLALYSHS Fren %ur@y@r |Evpmpleg. 4

reveal ed thagsboth thanmaQ BMehNGadiynE i friashigroesSses edestribed herein
oligomers and polymers of ethylene are made. They may range
in molecular weight from oligomeric olefins (see Example 32,
which is mostly decenes), to lower molecular weight
polyethylene oils and waxes, to higher molecular weight

20 polyethylenes. One preferred product is a polymer with a
' degree of polymerization (DP).of-about 10 or more, _

preferably about 40 or more. By “DP” is meant the average
‘number of repeat (monomer) units in a polymer molecule.

25 - In the Examéles, the pressures given are gauge
pressures. The following abbreviations and terms are used:
Branching - reported as the number of methyl groups
per 1000 methylene groups in the polymer. Not corrected for
end groups. It is determined by 'H NMR. |
30 : Dispersity - weight average molecular weight divided
by number average molecular weight (Mn). '
DSC - differential scanning calorimetry
FW - formula weight
GC - gas chromatography
35 GPC ~ gel permeation chromatography
AH - heat of fusion (of polyethylene)
Mn - number average molecular weight
MeOH - methanol
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~ . - '
The solid was then placed ina flask with 200 nL 25 nethanol and the

nethanolawggmgﬁ_yght to a boil. The solid was not sol ubl pergRefak& of orm
was adde e hot stirring mxture until the solid went-into,solution. A

further 4.50 g of 2,6-diisopropylaniline was then added and the sol ution
heated to 50[err]C. After a total of 7 d of heating, a 30 precipitate
formed which was filtered, washed wth cold nethanol, and dried. Collected

1.28 g of a yell ow sopmap F e{ﬁg@é{@thgkggg a further 2.48 g of the
pure title product 5[% rr] N%ﬁm n} . 1.2(d, 24H), 2.28(s, 6H),
2.8(m 4H), 70572% Gt'a'i'f-ﬁeBS(d 2H). 35

Exanple 6 2, 6-Di acet?ﬁbyT|tntmﬁh¥d(dﬁmeam butyl phenylimne) I'n a 200

round botton1f|ask g tyl pyridine (FW163.18, 0.0122
ﬁ?@
nol es) mag dlssolved ln 22
3

127
PCT/ US97/ 23556 25 i ‘fr%‘(%n’bl “E'ﬁ%% r Phimoled oL pAEPYARPRI ne (FW
149. 24, 0. 024®kymeass) zed S dnales of dcnha;ﬂt aci irowreompldedd Arpseaitpi tate

started to form afdwer, 3 a4 we@eqéﬁig{r‘j_e,gg%}/?}; }‘e‘lf%};e&lﬁﬁﬁggg%ggﬁﬁr ature

overni ght. The preC|§%{aIe nol
and then dri & %% %@V% AFREHRARY Wit 30 RAKIS| i@ageTRAakRR
reveal ed t he dedlearan weinp MiKo t hadhanbomi neTheostcuctibe absvedslddd by

(3,5, 167 kb g s BPSERANNP, 20 % L pelondnion o

2-t-buty|anlg , et h ano
m Xt yre was TR G % QQBFlﬁgqﬂﬁ?%ﬂQﬁw§‘addlng chloroformuntil al
solids had d|ssolwm¢alﬁtanakykdsIdﬁaheﬁeﬂngeMEbHSthuﬁnyﬁmbth@réeaCtIOn

-??glme(rjrezﬁaﬁ(r)?@r@ m%?m el RPN o o REL S Ror

product. [elF Nﬁ?% sCDCl[err]) 1.4(s,18H), 2.4(s, 6H), 6.55(d, 2H)
7.1(t, 28, 7. 2(t,In2H)h,e Extnpd es?Hthe’ adiaraltds fbrd (bl iddrifxeddherdn( 2,
G‘Exacetylpyﬁtdhﬁggksaﬁaﬁ %Pa ethylene pressure were run in Schlenk
tubes. 1In general the metal complex (or metal compound and
ligand) was dissolved or slurried in dry “solvent” under
nitrogen. The stoppered flask.was then brought to the
20 desired reaction temperature, flushed well with ethylene,
placed under a pressure of about 34.5 kPa of ethylene and
stirred vigorously. The other catalyst component(s) were
then added and the polymerization was allowed to proceed.
Polymerizations run et'higher pressuree were done in a
25 Parr® 100 ml stirred autoclave. The procedure was similar
to that used in the Schlenk tubes (above).
.Example 1
-2,6-Diacetylpyridinebis(2,4,6-trimethylphenylimine)'
In a 200 mL round bottom flask, 5.0 g of 2,6-
30 diacetylpyridine (FW 163.18, 0.0306 mole) and 75 mL of
methanol were placed. Next 8.28 g of 2,4,6-trimethylaniline
(FW 135.21, 0.0612 mole) and three drops of formic acid were
.added and the solution stirred at RT under nitrogeén for 16
~h, at which time a yellow precipitate was observed. This
35 was filtered off and washed with cold methanol. Collected
5.42 g (44.5% yield) of a yellow solid which was '
recrystallized from methanol with a minimum amount of
methylene chloride to yield 4.10 g of the pure title

. 20




20 ~diisopropyl phenylimne)]cobalt[ I'll dichloride In a dry, :
oxygen-fr esvasgerpher e CoCl [err] (anhydrous, 0.240 g) was dipcaaisewehsss a

m ni num of dry THF. 2; 6- Diacetyl pyridinebis(2,6-diisopropy phenyl i m ne)
(0.893 g) was added and the solution turned dark and a brown 25
precipitate formed. The mxture was stirred at roomtenperature for 3 days
‘after which the solid product was filtered off, washed with pentane and
dried. Yield 1. @gﬂgoufldrr]l'HeNlﬁth@:@DPewa]scpp.m]cb i eotrg ofigildall fPisXHind

b;8kfe§%f | Pr-$¥Brredlfo? 41da 'PrMG@Legéhh Ar_g%ve%ﬁé4zé§%$ ?g which
Py- Hp) , 116 5 ("éaéAF’-zFEFPFCé}gEP?nH[ QPPF)’-d YRE hgnqlhe Gobleeted
conpl ex was det®+&3 ngd(bpokheay20:. §8t glikdd)aphThisThatexipQuidasd S

triclinic, Rr (f\@cr srallf gd7§§(}%$ ? § 1’(f1éf§1§§ 37 a]]? Ang
E)?r'[]hl S ﬁIS)I egﬁl ? ghgi\/ﬁrr nzF?SiQFei ékéﬁ Eﬁanﬁﬂé{%)@[;@ (3, \@)%/QHLQSL
PCT/ US97/ 23556 {fm,ﬁ Diaces yLEy;i 8l Bedj sea) 6-

di i sopropyl phenylimne)]iron(ll]dichlori ;{génﬂg diy, oxygen-free at rmsphere
FeCl[err] (anhydro s _0..100g) was S& urri dry THE. 2 6 S

Di acetyl pyri di nebi :
the solutiae slowy Imrmezlodmk nﬂdna bbtueonr emaakt, apeof gr 6Ed2 'ale i Xt ur e.

55T b o ERREPIROERIGE (8 9E1E b Gabhetel gl S R 1
(CDlerr] O [ef rFieqhangl Weps piacedicNerer 1 3)§5 920f52cahloro6), -10. 3
(1 i 6Ar;fH[ irrL atetyldreiline (Bw01{1260) Fo:62ESrhble)-Rad aaaedl Ro1@dRed by
The sgructtrjre[g?{r]%e HO%S(&f f’grﬂgrg%ge e%r?ﬁ.lngéé Sé&u%e” ﬁslsg")lx‘l 5‘%‘%6}%
and is S|n1FarFFbQﬂﬂ?¥xﬂkﬂ¥° K ﬁ%urn%deathE}ehptems noThsecipisate
is triclinic, MBael rfoxmdd. 2)Th@.feébﬂﬁ&&z&asbtﬁeﬂorgﬂﬂﬁﬁéd €or 24 h. GC
8.714(1) AngStr Q1 A4S indicated that reaction was incomplete. Refluxing
was continued for a total of 1 week. Solvent was stripped
from the reaction mixture via rotovap. Flash chromatography
200 through a basic alumina column (eluted with hexane/ethyl
acetate 20:1) lead to isolation of an oil. The oil was then
crystallized from methanol/methylene chloride. Collected
0.21 g (4.2% yield) of pale yellow crystals. 1H-NMR {ppm,
CDCl3): 2.12(s, 6H), 2.32(s, 6H), 6.95(t, 2H), 7.13(d, 2H),
25 7.30(d, 2H), 7.92(t, 1H), 8.5(d, 2H).
. Example 3
2 6- Dlacetylpyrldlnebls(2-b1phenyllmlne)
_ In a 100 mL round bottom flask, 0.48 g of 2,6-
diacetylpyridine (FW 163.18, 0. 00295 moles), 1.0 g of 2~
30 aminobiphenyl (FW 169. 23 0.0059 moles), and 20 mL of
methanol were placed. Three drops of formic acid were added
and the resulting solution stirred under nitrogen. A
precipitate formed after one day. This was filtered off,
washed with cold methanol and dried. Collected 0.84 g (61%
35 yield) of pale yellow solid. 'y NMR (ppm, CDCl3): 2.15(s,
6H), 6.8(d, 2H), 7.15-7.50(m, 16H), 7.75(t, 1lH), -8.10(d,
ZH) . . .

-Example 4
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91.72(2), _{err] = 114.14(1), [efr] 83. 25(1)[err] Exanple 9

(2,6-Dia B¥hi di nebi s(2,6- 20 PCTIUSO723556
d||soprog§?gﬁenyl|n1ne)]|ron[llI]trlbron1de In a dry, oxygen- ree.

at nrosphere FeBr3 (anhydrous, 0.321 g) was slurried in 10 n dry THE. 2, 6-
D acetyl pyri di nebi s(2, 6-diisopropyl phenylinmne)  (0.340 g) was added and
the solution slowy turned dark orange bromn 25 The nlxture was. stirred

at RT for 3 d Hfé-egymidifedCa¥ed Y _
precipitate the preodgu C [ 5o :
dried. Yield O. 6209' %Eggnﬂ‘ll!‘ Zpgnggbottom tlask, 0.28 g of 2,

[2,6-Di acetyIByFiéinéﬁnsézbohhédethe (FW 135.12, 0.00207 moles), 0.73

met hyl phenyl i gEng) b‘cahakb%&bb nshmihée(bﬂ gﬁr ¥9,0%Y 989214 fn%d.aetsrf_?, d ‘23156

g?gtgf;[Lyrlgnneéls%ﬁtgﬁp8io- rﬁe?ﬁ?Fﬁagn;EPﬁFﬁe%rg%glg%gléfm¥§ agsl aans

and the sol ut3ddeduanddthecsnlunilon stienedrechpptratéplaated fobedrivdtNiG

Wafi st Idrlrjedzzﬁ iln { OrS@lgi‘iﬁgaﬁﬁﬁc&‘ﬂtfﬁ'néaeo\f@k‘ﬂﬁshef t BfieS Aol MAS
IrD?JT;J 6297/ 2355%"4‘:3??‘3 n8 gen’f'ﬁﬁﬁegd‘ﬂbﬁht‘6°biie’EFBPP§P$ gRe grdedet, which was

filtered of f Cobbeotedi @h8pegt 49E. asndyﬂeleu om al gale2¢81JowEsannlae 11y
(2, 6-Di aq@tylml thpgbi 6

trinmet hyl phe%y%p%aeiégogaﬂggfliﬂéﬂc or| A n a(lafyw)kygen ?r'ge(mét r%gphere

Cod [err] b s%o‘H/‘éd 2R a nininumof dry THF. 2,6- -
Di acetyl pyri di nebi s(2, 4, 6-tri met hyl pheEgxamplee)s (0.460 g) was added and

the sol ution turned e3iRaRe¥d py-46e8aLEY (B, SR oY i YA O
was -stirred at ro teni)ﬁ&%#re for 2—d achl Wit ire

filtered off, was rWtW% Lakand- Urg cof 7 6-d 0. 480 g.
15 diacetylpyridine (FW 163.18, 0.0122 moles) was placed in 50

mL of methanol. Next, 4.32 g of 2,6-diisopropylaniline (FW
177.29, 0.0244 moles) and 3 drops of formic acid were added.
The solution was stirred at RT overnight. The next morning
a white precipitate had formed. Stirring was continued for

20 one more day before filtering off the solid, washing with
cold methanol and drying. éollected 3.63 g (61.8% yield) of
a pale yellow solid. NMR revealed that both the monoimine
and diimine product were present.

The solid was then placed in a flask with 200 mL -

25 methanol and the methanol was brought to a boil. The solid
was not soluble, so chloroform was added to the hot stirring -
mixture until the solid went into solution. A further 4.50
g of 2,6-diisopropylaniline was then added and the solution
heated to 50°C. After a total of 7 d of heating, a

30 precipitate formed which was filtered, washed with cold
methanol, and dried. Collected 1.28 g of a yellow solid.
Further heating yielded a further 2.48 g of the pure title
product. ‘H-NMR (ppm, CDC13): 1.2(d, 24H), 2.28(s, 6H),

_ 2.8(m, 4H), 7.05-7.25(m, 6H), 7.92(t, lH), 8.5(d, 2H).

35 - o '~ Example 6

: 2,6-Diacetylpyridinebis (2-tert-butylphenylimine) -
In a 200 mL round bottom flask, 2.0 g of 2,6-
diacetylpyridine (FW 163.18; 0.0122 moles) was dissolved in
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Exarrpl e 12 15 i : (-2, 6-Di acetyl pyri di nebi s(2- bi phenyli m ne)
cobal t[I1] d{6 64/®71h4le 1 n a dry oxygen-free. at nosphere CoCl [ecrﬂus?mﬁsﬁdrous -
0.135 g) was dissolved in a mninumof dry THF. 2, 6-.

Di acetyl pyri di nebi s(2- bi phenyl i mi ne) (0.500 g) was added and 20 the

sol ution darkened and a brown precipitate forned. The m xture was stirred
at RT for 2 d after which the volune was reduced and pentane added. The

g( odulct Y/gszg i l22red oFf mevBahEd. wngxaeetaaebaactl Qr-lt%gtgﬁlxﬂ: dh 50hg. (FW

ampl e in rboxa ehi s

di i sopropyl phen]y‘}?h?%{a)orogggain?f%?}] Flogg IO% ggawc %ﬁhﬂe M$1%é added.
at nospher e COCIQepr#cianngueoagargeWQngOMSa(#|t§§o|3@emnn a Thenisakutpkoniry

THF. 2,6- Pyri d&é‘@dé€§f:P@aahéebbﬁgﬁbtémbgraﬁuébl %%&amghlahenwem;r@cﬁ&tate
(0.256 9) was added a d thg Pgl ution d rkegsd ﬂg tur een
(0]

m xture was st if3®df 5r qwaphe 9‘8It ?“rdeort}bee‘d dried.

pentane added. .Cdllbeq:teduat 88ag KVS%eyedldifpfwaslyecllth lsotle.ldz,end'mmMR
pentane and drigg, Qezﬁogxds o be mostly the monoimine proditX € lthe

2 -
(2 ot aceti gy P S e e e

dry, oxygen-frexo@imbsphask.CdCDfegrdf(2Anhynbydandli6s, ghewhardilssandd in
a mni mum g@ drctyeré;E of; §orQEéC§E§&W§#Q' gadka(?- ‘thUMhEB%@"dafB wo&&é%

g) was add sol ution ene reci of
D oty he THed b BBEOLE! 5l ¥ LRGP GRE QR RO RN R Lo Ao Ag had

added. ‘The proouucssamseml thedroM hwaheedomumb past aeduaed andedherield =
0.%6 g. Exa”p'ﬁr igof Eykgygfgbﬂ§?£§£g hort0solids. These were
but yl phenylimne)]1ron
isolate and recrystalllzed from methanol and a minimum
15 amount of chloroform, yielding 2.8 g of product. H-NMR
(ppm, CDC13) 1.4(s,18H), 2.4(s, 6H), 6.55(d, 2H), 7.1(t,
2H), 7.2(t, 2H), 7.45(d, 2H), 7.9(t, ‘1H), 8.4(d, 2H).
Example 7
(2,6-Diacetylpyridinebis (2, 6=
20 diisopropylphenylimine)]cobalt[II]dichloride
In a dry, oxygen—-free atmosphere CoCl2 (anhydrous,
0.240 g) was dissolved in a minimum of dry THF. 2,6-
Diacetylpyridinebis(2, 6-diisopropylphenylimine) (0.893 g)
was added and the solution turned dark and a brown
25 precipitate formed. The mixture was stirred at room
temperature for 3 days after which the solid product was
filtered off, washed with pentane and dried. Yield 1.02 g.
IH~-NMR (CD,C1l,) & -84.1(4, iPr-CH), -18.4 (12, iPr-CH),
-17.0 (12, iPr-CH,), -8.5 (2, Ar- ~-H, or Py- H;), 4. 5 (6,
30 N=C(CH,)), 9.9 (4, Ar H,,), 49.6 " (l, Py- Hp), 116.5 (2, Ar—Hp

or Py-H,)).
The structure of the cobalt complex was determined by
X~ray crystallography. The compound is tr:.cllm._c, Py (No.

2), a = 9.786(1), b = 20.741(1), c = 8.673(1)Angstroms, o =
35 91.69(1), B = 113.97(1), y = 83.62(1)°. Two views of this
" molecule are shown in Figures 1 and 2. ' '
ExamEle 8
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In a dry, oxygen- free at nosphere Fed [err] (anhydrous 0. 085 g) was

slurried %ﬁﬁ HF (10 nl). 2,6- : "1

Di acetyl pyri i s(2-tert-butyl phenylin ne) (0. 285 g) vvas a[(’js(?e and the
" solution darkened and a blue precipitate 15 formed rapidly. The mxture

was stirred at RT overnight after which pentane was added. The product was

filtered off, washed with pentane and drred Yield 0.30 g. Exanple 16

[26D|acetylpyr|d|neb|s(2 6- 15 P

di i sopropyl phenyl i m ne) cobal x _ _

at nosphere CoBr2 (anhyd=c: S ! 8 m). 2,6-
Di acetyl pyri di nebi s:(n2 2b-dhiy swmd-mmeylamnd@hez{eﬂ %ﬂ.ﬂ)(dﬁy@ﬂd&d and '

the solution gar %(r?e V}E%Tasrll-@fl\é%nqr erﬁ‘trb a‘{ld &c‘ﬁsﬁ'h re tate formed. The
at ght

m xture was stirre over ni e VO urre was reduced and

pent ane wa$ a@&é&eWYﬂQW%ﬁW@cﬁmﬁqﬂﬁﬁwhﬁqylm Pt H7Hedt ane
and dried. VYiwalsdaddedbar@ theamdlation3Glowly turned dark [d”Rd a blue

6- D acetyl pyr| o] I I

(acet oni %/rr)%/e#er&ig’(lt eat(tr?ea%lorg'r 5‘30Pat “ﬁ'r}‘eeyﬂc#r y,ﬁgyyge.érﬁlf Jel'l %%f)rg her e
Cod [err] (anhpmPeFaturegddr)3 \ﬂ@s’sarasf%rvedurqh zaiqnpnﬁqu%eemr frltered '
AgBF4 35 (2. 24%,0washedddect peatiahe s@dartd;qrwtr mlerid)\mrmgrg THiaaMr

sol i.d AgCiywa cbeep‘ée% by, ofg It r(%tlﬁud(@;pygh Cgh i Bek@” Fé}ﬂéwstﬁf 3t he,

acetonitrr e was r etroved and die add he s uti,on was shaken
“and the et her 2JeEar®EdPY 28a) - ‘\ﬁD 12"'7'1 r CHJ , =5.1 (12, iPr-CH,), 14.6
PCT/ US97/ 235564 Thax-igk, r 2pent €11, seyeHal, t19e% (Bt iAr-e soki @ypiHEHlluct

(i ssol ved in' et hyERs SCEHGE o6 theptashl ey °V?' el by x-
di i sopropyl ph&ayl cryssr liegraphy) aasl a@deéntldag: \t@ é;h@ eabaldd eompienn.
This was $§1rhgdef @h BxdmplleRB.af tge WomPldund is tricliniec, P; (No. 2), a
= 9,789(2), b = 20.740(5), c = 8.714(1)Angstroms, a =
91.72(2), B = 114.14(1), y = 83.25(1)°. |
| Example 9
[2,6-Diacetylpyridinebis (2, 6-
20 diisog;opylgheny;imine)]iron[III]tribromide-
In a dry, oxygen-free atmosphere FeBr3i (anhydrous,
0.321 g) was slurried in 10 ml dry THF. 2,6-
Diacetylpyridinebis(2,6-diisopropylphenylimine) (0.340 g)
was added and the solution slowly turned dark orange brown.
25 The mixture was stirred at RT for 3 d after which the volume
| was reduced and pentane added to precipitate the product,;
which was filtered off, washed w1th pentane and dried.
Yield 0.620 g. . '

'Example 10 _
30 .~ [2,6-Diacetylpyridinebis(2-chloro-6-
' methylphenylimine)lcobalt[II]dichloride
In a'dry, oxygen-fréee atmosphere CoCly  (anhydrous,
0.062 g) was dissolved in a minimum of dry THF. ' 2, 6-
Diaéetylpyridinebis(2-chloro-6-methylphenylimine)-(0.205 g)
35 was added and the solution turned green and a green :
precipitate formed. The mixture was stirred at RT for 2
days . after which the volume of the solution was reduced by
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the sol vent was.renoved and pentane added. The solid was filtered and

washed 3 tlwmssmm.h pentane .and.dried. Yield 0.271 g of a redqhfseyesss li'd.
10 Exanpl e 18 In a dry, oxygen-free atnosphere

Co( acac) 2 (0 03 mmol ) was dissolved in 25 m dry toluene. 2,6- '

Di acetyl pyri di nebi s(2, 6-diisopropyl phenylimne) (0.045 nmmol) was added and
the solution placed under 34.5 kPa of ethylene 15 at roomtenperature.

PMAO (0.7 nl) (B2Efwand Abentahel added L&zprevapiadded thel brod©OUShich was

t Th t t
TG0l orr 1. Sol 1 met Y PEER UPSRER AEn, dEab SRR aRb LE el LN Rt &

run for 16 h at which tinme the surface oExampl@ tlure had fornmed a 20 solid
pol ymer crust thus preventing [f2yei-ndia qeal\Ipsid izdiri bl s (16 f §act i on vvas

term nated by addition 0% HCT r.oduc
filtered, onad el | w%%ﬂa%%ﬁ%lw%ﬁeil&“algwm

pol yet hyl ene. Turnovk} &:dr¥]osxyasncfpecHatnospliere WhEi294 ahBRArow
trichl orobenzemlﬂcﬂfﬁ)erwalé: dwédp&éwlﬁmea%ﬁﬂﬂﬁﬁﬂ)of Jﬂy(‘?f-i@) =2,6-

131.85[err]C, I n, a at nosphere
the cobal t corrpﬂ_{ex préelj';?%g’d%rrh n% fﬁ“@gﬂmp?xg\gémaf‘ggol(@ed & s
m 30 dry tol W&%e asdded rRnddthe isnlyt -‘GQ;IIEdtWQd gueénk@#adod gileginene at
room t empenal Up?edi"ﬂ‘i@a(tgréh&dﬂnlied 9. 51'%! %l\(ﬂtmf'etﬁéye@@lr%aoatw@% oflded

Wi vi gorous gtirring. €. SO on. dar kened a e erature :
i ncreased. SO|I% S&V&ﬁa ?aﬁﬁﬂl#%ra&t} %‘ %‘% Pﬁ?é‘b?ng VE%CEt W@sSed for
35 16 h at whi éiltiened ffeamshad weisth éerﬁnaamdi yemdoen t aneofnkie Qi 2d%
HC1 (15 m). Yheirolo.go Ryoduct was filtered, washed well wth MeOH and
-acetone and dri-ed. Yield 1.85 g pol yet hy] ene. TH nover #: 1099 nol

CH err]=CH err]/nol Co. 27 VO 98] 2712#ample

PCT/ US97/ 23556 Mh=4364 (GPC tr ZhﬁoDDbgﬁZghgzrizﬁﬁebmgcg-poIyethylene
standard), dispersity = 3.0pipHahyDERns) 1238b8LeNTTEFai A A% 4

In a dry, oxygen-free atmosphere CoCl2z (anhydrous,
0.135 g) was dissolved in a minimum of dry THF. 2,6-
' Diacetylpyridinebis (2-biphenylimine) (0.500 g) was added and

20 the solution darkened and a brown precipitate formed. The
mixture was stirred at RT for 2 d after which the volume was
reduced and pentane added. The product was filtered off,
washed with pentane and dried. Yield 0.500 g.

' : _ Example 13 _
25 [2;6-Pyridinedlcarboxaldehydebis(2,6-
diisopropylphenylimine) Jcobalt[II]dichloride
In a dry, oxygen-free atmosphere CoCl2 (anhydrous,
0.072 g) was dissolved in a minimum of dry THF. 2,6-
Pyridinedicarboxaldehydebis(2,6-diisopropylphenylimine)

30 (0.256 g) was added and the solution darkened and turned
green. The mixture was stlrred at RT for 4 d after whlch
the volume was reduced and pentane added. The product was
filtered off, washed with benzene and pentane and dried.

_ Yield 0.26 g.
3s _ L Example 14
(2,6-Diacetylpyridinebis{2-t-
'bdtylphenyllmlne))cobalt[II]dlchloride
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J/'g. Exanple 20 5 In a dry, oxygen-free atnosphere the cobal t conmplex. . =

. prepared i dﬁﬁﬁ e 16 (0.06 mmol) was slurried in 25 nl dﬁ*ﬂﬁ§§ and
t he’ solutlg% p gg%d under 34.5 kPa of ethylene at roomtenperaturg. &NAO

(0.8 M) (9:5 wt% Al in foluene, Akzo) was added with vigorous stirring.
The solution 10 darkened and the tenperature increased. Solid polyner
rapidly precipitated. The reaction was allowed to run for 16 h at which

time the surface of rphg Gt UL . :
preventing fu;:é igapo yrrerrfytz to%g%%ﬂT@éﬁgggﬁo%?Hé}emﬁ rm afgeﬁdﬁg%%i tion

e
of MeOH 10% H @15Has dIATeLYEM) ey apf“dﬁﬂetu%vﬁsft day it washied wel |
with MeOH and Béetemylayd idhiinethisYieltebnta phemyl Liatimd)en . SRE npV eva

4307 mol CH2=Ch@4eml aﬁe éhMT-s%Q%%lQQDQagtkr AN %g%)%n%%%g’ﬂgfé%‘]eié %f_ 226

pol yet hyl ene s}_anda | iper Si t
Jig. 200 ormed rapid Ekéfﬁp‘r"é yes Frardef g Rferrerright
at nosphere t heafokal th.ambentpmepaaed addebBx anTihe bd:o(dﬂzd}?: Wwa® ! §iVesred

slurried in 254 d u a &S t er Pa of |
et hyl ene at roo%fe%gﬁglﬁu?@%h %%5:?8' %Hd kquf@ % eli% toqguen 25 Akzo)

was added with vigorous stirring. The SEEEEE&E_&ér kened and the tenperat ure
increased. Solid polymer rapiti)yeiDiecetyperidihebiepZ+ton was all owed to

run for- 16,1 at which timeytic)sHEhdeemthe) 1E.-BntirdA1A8d Jaded a sol i d

pol ynmer crust thus Ereventrn U ther—potrymet+Zat + o, action was
termnated by addit Bnaofir%mﬁ‘le%ﬁéfeelatﬁpfphe?ﬁeF&Sﬂ?nﬁﬁfﬁ?}@ﬁmsms
filtered, washedoasl i)was MeQraed aaetepeTard (dnl ).Yiel,é5 46 ¢

I b obenzcbeie gy AR AL SRR sty MBS,
Tm (DSC) = 1322¢ded| gpd ezseltz irg. dE%EﬁﬁPé EEdI A &laeypr e
at nospher etst hefdafméﬂl kapidapl.exTheenakedrenwEsagplieréd 6@ &3 BWoniw:
slurried in 25 @leQrMnléﬁ pentane was added. The product was filtered
- off, washed with pentane and dried. Yield 0.30 g.
Example 16
{2,6~ Diacetylpyridinebfs(iﬂg—
20 dllsopropylghenyllmlne)]cobalt[II]dlbromlde
In a dry, oxygen-free atmosphere CoBr2 (anhydrous,
"0.190 g) was slurried in dry THF (10 ml). 2,6-
Diacetylpyridinebis (2, 6-diisopropylphenylimine) (0.419 g)
was added and the solution darkened to an olive green and a
25 precipitate formed. The mixture was stirred at RT overnight
after which the volume was reduced and pentane was added.
The solid product was filtered off, washed with pentane and
dried. "Yield = 0 65 g. |
- Example 17
30 ' ' ' [[2,6- Diacetylpyridinebis (2, 6-
' dllsopropylphenyllmlne)]cobalt[II]bls(acetonltrlle)]
bis(tetrafluoroborate)
In a dry,'oxygen-free atmosphere CoClz'(anhydrous,
 0.848 g) was dissolved in 20 ml dry acetonitrile. AgBF,
35 (2.543 g) was added and the solution stirred overnight. The
'~ solid AgCl was removed by filtration through Celite® and
_most of the acetonitrile was removed and diethyl ether
added. The solution was shaken and the ether decanted.

26




VIO 98/ 27124 . : ' PCT/ US97/ 23556 t ol uene
and the sol uwbgg,zﬁzaced under 34.5 kPa of ethylene at room t eQIuUssUassEs
PI\/AO(O 8m) (9.5 W% A in toluene, Akzo) was added with vi ‘gor ous :
stirring. The solution darkened and the tenperature increased. Solid
polynmer 5 rapidly precipitated. The reaction was allowed to run for 17 h
at which tinme the surface of the m xture had formed a solid polyner. crust
thus preventing fll¥iheétaporspratiodhisenerahetimast PBRihad selhdnaredusy
addi tion of MeOHrkbaiMdd (15¢ciddd 2The ol ymer pr oduct was fi I tered, washed

well with 10 MOCH an ce nd dried ethlene
Tur nover #. 8495 nol %elrg pﬁ?-%%%% &e ﬁ g% bgﬁ ﬁié.ssolved
120[ err] C, pol yetlﬁylﬂ@féiis]t%eﬂfuéorm%per%d meqetym;meblssz Herr]C

[err]H =226.3 Jid.i Sorap J.mJ.ne) | (0 AL88 Vg )owseadaésetet gR¥RNQr @lear
the cobalt conpl exéj? red 006

Ie 7 0.
di acet yl pyri di nebi l‘Eﬁltosrb‘pr H’éﬁ’ﬁ/l Eﬁlﬁﬁj n%ro nﬂ% ngérf&e& hiichy
in 50m dry tol udie selvent 9L tTampyRd o mtaQQZadﬁﬁdof Bhhykedddawas

room tenperat ure fjn &R larid wﬁﬁ&f'ﬁv@xmefl\m& énfhde (8nd WYl | ¥ield
t ol'uene, Akzo) V\@ S ded th vi ous Stl];eﬁt e tenperature increased
to a maxi mum of #3[ ﬁé?‘gg’cﬁqvﬁhﬁﬁ te was stirred for 1 h at
constant pred8ure (172 kPa) after whi ch t iBwa m’e_erb&ctlon was term nated by

addi tion of i-PrOH 10%HEd (A5 MHiygeHloermee 9N P& oglbicd c4@f,f icht. eBefimol
washed weII W th Neaé and .ace oneﬂed dr | ed Y ef]%ﬁe Fgcpofyet(hyl ene. o_)

Turnover #: 5418¥3%0/iEFEveLaR ene.??zg-)
~trichlor obenzeneplhyaz{t@rlrﬁﬁlqmiqmtﬂ;ﬁ,eﬁreizsztmmlm@lphhmmbxmng) £04015. mifunl )
(DSC) = 133.7[erihs #ded Znd thjé G013t ion placed under 34.5 kP QEX@'EH!VQene

24 In a dry, ygen-free atnosphere the_iron ex pr
Exanpl e 15 (& 01g SIOPWFEMRSFHASEE - n ARG cl:l‘r—{/ I{‘Jcﬁ ukh ’ﬂgtﬁ% iBI EPF‘Hﬁne'
pl aced under 1382AkRa)ofwast ladderk wHit R iigorouarst bt ond averhe PsDutRor kayned

(9.5 wt %A in 3greled WORE tHKZUMPAS tfifi@cid’&fébé/écgoé&uss@*d rrlsfwndTgelymer

tenperature incréased to Xi rrum err The reactjon m xture
st |mr)red at const§ﬁ?gﬁlrlé’sﬁﬁeg=al(% ) f act:.on was allowed to fun for
16 h at which time the surface of the mixture had formed a

20 solid polymer crust thus preventing further. polymerization.
The reaction was terminated'by addition of MeOH/10% HCl
(15ml) . The polymer product was filtered, washed well with
MeOH and acetone and dried. Yield 4.3 g polyethylene.
Turnover #: 5109 mol CH2=CH2/mol Co. Mn=4294 (GPC,

25 trichlorobenzene, 120°C, polyethylene standard). Tm (DSC) =
131. 85°C, AH = 244.7 J/g.

Example 19
In a dry, oxygen-free atmosphere the cobalt complex
prepared in Example 17 (0.06 mmol) was dissolved in 25 ml-

30 dry toluene and the solution placed under 34.5. kPa of

ethylene at room temperature. PMAO (0.8 ml) (9.5 wt% Al in
toluene, Akzo) was added with vigorous stirring. The
solution darkened and the temperature increased. Solid
polymer rapidly precipitated. The mixture was stirred for

33 16 h at which time the reaction was terminated by addition -
of MeOH/10% HCl (15 ml). The polymer product was filtered,
washed well with MeOH and acetone and dried. Yield 1.85 g

.polyethylene. Turnover #: 1099 mol CH2=CH2/mol Co. '
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min at which tlrre t he reactlon was term nated by addition of 29 VO

98/ 27124 - : PCT/ USQ?/ﬁ%ﬁﬁQ,ﬁﬂgggO—v 10%
HC1 (15 m(?m"ﬁfb pol ymer . product was fi.ltered, washed weld wth MeOH and

acetone and dried. Yield 88 g pol yet hyl ene. Turnover #:. 28088 nol
CHerr]=CHerr]/nol Fe. Nh = 3076 (GPC trichl orobenzene, 120[err]C,
pol yet hyl ene standard), 5 d| spersity = 31 m (DSC) = 132.2[err]C,
[err]H = 233Ma=2B64 BGRQ & Zchlorabkngzeney daild fir,eQOéMmiml@rtethe cobal t

conpl ex pr epgequlaqogxarglsepers(leOQj JR! ) Mes(sday rd exhd ne ), MH ok y246.4

t ol uene and the soluti‘on placed under 172 kPa of ethylene at 10 RT in a
Parr[err] audd@l-ave. PMAO(O 6 M) (9.5 wt% A in toluene, Akzo) was added
with vigorous stirri ng The tenper at uBxamplresd®d to a maxi mum of 43[err]C.

The reaction m xtyte . t Iy {%s d-Free Lo AL PIESSAT € &g&glgga)

after V\/mchtlrretherea ‘i on termnted y addition o 10%
HCL (15 m ). prepanssl yifeExamplisc ﬁat“g?%‘d) ‘\’lﬁassﬁe]d“’i/ﬁ?dvxi"f‘hbﬁ’/e’ﬁa_‘é
acet one and déoil@eéneYiazidl thle kcg,quﬂqretﬂi;dc&rtb uridem@4er5 4hkP&H65R3etbiylene

CH2=CH2/ rol legpgr é,,,{yte%f,%%% tri d“(‘doed‘%fﬂ 2@[&5%]&1 £g xsmghene

standard), = 132
Exanpl e 26 | Akzodr yasoadsad midd a’tlfﬁ%rpﬂﬂesr & HHeF id¥hal (T rb%ni)‘?é'i ?Bpar ed in
Exanpl e fp(04@kkendd Janbtid Wenpataduursd ircriasddl ueawl kdpohemenl uti on

pLaced, under B3R eI IM S 2t o b Aol b OBl fed PIBCHLA. foi!)

(9.5 wt % Al Fuene VI goy ous Stll’l’lﬁg ﬁg
tenperat ure ilfcheadedish time rﬁhﬁ SFUrARGs (9 the ARt ER RRFCROFRRE fhe
Teaction was sbqura RASImdY @it itiuOTpie VAP FHEhd ool yme Fheapbbyner

11719 ol yeth ter%%%@fhﬁ%jsné*ﬁemé‘“ %%ﬂ%%ﬁﬁ*e%e %T‘;err?@dﬂd' o
= 4733 (@PC, (@5rdN.or G RASMEDFRAMAE Yt vk witn
di spersity =MeoBd anBﬂa(dMnea}Edldﬁﬁd]ciﬁxdwﬂ@ bdlgetExhepée 27
Turnover #: 4307 mol CHy=CH2/mol Co. Mn=5094 (GPC,
trichlorobenzene, 120°C, polyethylene standard), dispersity
= 4.0. Tm (DSC) = 130.9°C, AH = 226 J/g.
20 Example 21
In a dry, oxygen-free atmosphere the cobalt complex
prepared in Example 14 (0.03 mmol) was slurried in 25 ml dry
toluene ‘and the solution placed under 34.5 kPa of ethylene
at room temperature. PMAO (0.8ml) (9.5 wt% Al in toluene,
25 Akzo) was added with vigorous stirring. The solution
darkened and the temperature increased. Solid polymer
rapidly precipitated. The reaction was allowed to run for
16 h at which time the surface of the mixture had formed a
solid polymer crust thus preventing further polymerization.
30 The reaction was terminated by addition. of MeOH/10% HCL (15
"ml). The" polymer product was filtered, washed well with
MeOH and acetone and dried. Yield 5.46 g polyethylene.
Turnover #: 6487mol CHp=CH2/mol Co. Mn=5031 (GPC,
trichlorobenzene, 120°c, .polyethylene standard), dlsperSLty
35 ="6.2. Tm (DSC) = 132. 0°c, AH = 252.7 J/g.
' : Example 22
In a dry, oxygen-free atmosphere the iron(II) complex
prepared in Example 15 (0.03 mmol) was slurried -in 25 ml dry. -
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In a dry, oxygen-free atnmosphere the cobalt conplex 35 prepared in Exanple
7 (0.06 "mRblsmeess! urried in 25 m dry toluene and the solp@,@gmﬁbgged
under 34.5 kPa of ethyl ene at RT. PMAO (0.6 m) (9.5 Ww%A- in |

t ol uene, Akzo) was added with vigorous stirring. The sol ution darkened and

t he 30 WD 98/ 27124 PCT/ US97/ 23556
tenperature increased. Solid pol rapidly precipitated. The reaction
was allowed to 4 andnthe ‘é'hl?‘i‘ nelagedsunfgse34t 5t kfaniof \wtthazhe

formed a sol i damolnowm tcem;sérad:wse premm' 00 éuﬁtwerwpg' WEBN 'Az.l.atz.'rprtol%e,

t 5a 10% HCl
Lgﬁgn{e?np\rlvgzuct ktng{sn} ter %’é(d%’?% I‘Plg%%.o'é\ftﬁ MEOEEnd iggt gﬁé‘%{?'ﬂrl ed.
Yield 5.21 g p&'l%réﬁem% the rrperatup®obnaveadefier r folide pojlymer Co.
M = 10014 s@@aptﬂdlthﬁé@ﬁﬁiﬁ&d.lmf!@é rz}&c@%bfe&ay'snfo%@”@@ %n , for

di ty = 4. 0.01%

o: Z]E)?Lsenés (no brzl:i)?cﬁes*j/ ‘%‘?g Wesr%f% 5%%‘1%;[%?? f]('iel\WEBESt Peﬁﬂ f%rmed a
(trichl or obenz8fdidh Foleme)cristartius I e vent ing, foryiyen- podgmatieatiene
the iron(l11) chepleadsodnearatnihdeedhe &d&@t@@nn@@&ze 1%'%“&1&'16%'5”

25 mM dry tolu t he sol utlon aced und r.34.5 kPa of y

room t enper at urg"? I\/% %‘ cg:l%t;)/owﬁ ‘ﬁ"lf‘b?ﬁ%‘?{ue w?\ﬁ'iﬁ é‘iaﬂ'&éé‘
with vigor&s MePHr |ar1i’@ %Qnﬁ Lﬁnd)rdnieﬁd@neﬁth.alw =l=h'é l&nqpepalyeehylene

i ncreased. Sol rdrpoherers 20 g4ePind1y dyze;@j HY A e e . S stirred

for 17 h at whj he reacti ated by ad-gtlon of . MeOH 10%
HO (15 m). k’r%écé& gm tl(}\rkagaf PP?XF& sFandardy + HAERSF ey
acetone and drFed3-Yi @Sﬂg $d13letNGl AY. =T@2foded /. 1188 nol - '
CH2=CH2/ nol Fe. 25 WNMh=2699 (GPC, tr| chiggghanwene, 120[err] C, pol yethyl ene

the ironti 1) compl eXopPepiiid SYRERTERE 85 TIE T e“ﬁié§§+€?§$€é’5‘${a625
M dry prepared in Example 7 (0.006 mmol) and 2
diacetylpyridinebis (2, 6- dllsopropylphenyllmlne) (0.006 mmol)'
were slurried in 50ml dry toluene and the solution.placed
under 172 kPa of ethylene at room temperature in a Parr®
20 autoclave. PMAO (0.6 ml) (9.5 wt% Al in toluene,-Akro) was
added with vigorous stirring. The temperature increased to
a maximum of 43°C. The reaction mixture was stirred for 1 h
at constant pressure (172 kPa) after which time the reaction
was terminated by addition of i-PrOH/10% HCl (15 ml). The
25 polymer product was filtered, washed well with MeOH and
acetone and dried. Yield = 9.12 g polyethylene. Turnover
#: 54181 mol CH2=CHz2/mol Co. Mn = 7725 (GPC,
- trichloxobenzene, 120°¢, polyethylene standard), dispersity
= 4.1 . Tm (DSC) = 133.7°C, AH = 251.6 J/g.
30 .~ - . Example 24
In a dry, oxygen -free atmosphere the lron(II) complex
: prepared in Example 15 (0.0l mmol) was slurried in 40 ml dry
toluene and the solution placed under 138 kPa of ethylene at
RT in a Parr® autoclave. PMAO (0.7 ml) (9.5 wt% Al in
35 toluene, Akzo) was added with vigorous stirring. The
temperature increased to a maximum of 56°C. The reaction
mixture was stirred at coristant pressure (131 kPa) for 19
min at which time the reaction was terminated by addition of
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30 toluene ';and the solution placed under 34.5 kPa of ethylene at RT. PMAO
(0.7 m) % Al in toluene, Akzo) was added wth vi L T1 Ng.
The sol W%o%agﬁ ned orange and t hen darkened and after ais%ll‘#i"”?;nélséi ation
time the tenperature increased. Solid polyner rapidly precipitated. 35 The
reaction was allowed to run for 16 h at which tine the surface of the

m xture had forned a solid polynmer crust thus preventing further
pol yneri zat i drPrty ¥&adiGlon( Masnller miThe qmbbymezﬂcbtmdmcef whBOL10ekd, (15

m). The pol wayhedl wen\/\Q@é{ Mt and t
PCT/ US97/ 23556 pé%qb}' was f| I teredan vvaas Y one ﬂl%%(}l YJ'alacet onedand

dried. Yiel & ré"rﬂ-:"er‘lﬁn'rﬁﬁﬂeer #‘.‘o. 2@‘6?%/“‘01 Fe. Mn =
CH[ er r ] =CH[ e R0[7/6n0IG B, ﬂ\nﬂﬂmc(lﬁ?ﬁerte,i dﬂofmbmmhym&{@rgﬂﬁdard) ,

pol yet hyl §ned§_ts§,@qv:-ylc{-) Ligper sigqy _T [err]H =
229.0 J/g. Exanple 30yln a dry, oxygesgﬁfre?%étj%oa)s:ﬁhere t he c% #tﬁg conpl ex
prepared in Exanple 10 (0.015 mol) wEXamRYeiZH in 25 ml dry tol uene and

the sol ution pI acdeh enaary 34::@ddﬂa-ﬂn‘ee1&tmtdbﬁr%1€e ahd[espdLx & éQ 4 nl)

(9.5 wt% Al VI | r r| n
sol uti on dar Ilé%n(?mn%izd?t??perat ure | ncrease)d ol df 19 IEhlydry
precipitated® H@“reeé’é’lq dhendelntione Plagedimrdar ﬂ-7731 @avmf-cﬁtltlj/hene hat

surface o4 tR® hnnxtbuPedm® dwroekave 15 BMAD d({Poé ymEY csustwthump&ﬁvegu ng .
further poly | 0 e acty t d hy. addition,of M 10%
G (15 ) hhaell,DRkaB1" e AU YA VR SnG R and
acet one and HPF‘B&raW’é]ed 1@%3@%%@hwwummfn&3eﬁ-# Thma:emgtlon

" CH2=CH2/ no| ®hxtiired@s( GRCrr2d toirckl or eterzeiaant?risddze ppiwzatmé)ene

he cobal§ cogtn pLchachle ERERRrSel (et P (IR GE
dry 25 t b uehs 593 595 §6Hutlitanma) acea"hen@é’rlmrSPlFP&luﬁt &i3s/ | Binktered,
washed well w1th MeOH and acetone and dried. Yield 11.1 g
polyethylene. Turnover #: 56523 mol CHz=CHz/mol Co. Mn =
7840 (GPC, trichlorobenzene, 120°C, polyethylene standard),
dispersity = 3.0. Tm (DSC) = 132.7°C, AH = 251.9 J/q.
20 : - Example 26
In a dry, oxygen-free atmosphere the cobalt complex'
- prepared in Example 7 (0.016 mmol) was slurried in 50 ml dry
toluene and the solution placed under 689 kPa of ethylene at
RT in a Parr® autoclave. PMAO (0.4 ml) (9.5 wt% Al in
25 toluene, Akzo) was added with vigorous stirring. The

temperature increased to a maximum of 75°C in 6 min at which
time the reaction was terminated by addition of i-PrOH/10%
HCl1 (15 ml). The polymer product was filtered, washed well
with MeOH and acetone and dried. Yield 11.1 g polyethylene.
30 Turnover #: 18963 mol CH2=CHz/mol Co. Mn = 4733 (GPC,
trlchlorobenzene, 120°C, polyethylene standardy), dlsperSLty
= 2.85. Tm (DSC) = 131.4 °C, AH =244.7 J/g. :
' a " . Example 27
In a dry, oxygen~-free atmosphere the cobalt complex
35 prepared in Example 7 (0.06 mmol) was slurried in 25 ml dry -~
toluene and the solution placed under 34.5 kPa of ethylene
at RT. PMAO (0.6 ml) (9.5 wt% Al in toluene,  Akzo) was
added with wvigorous stirring. ‘The solution darkened and the
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at RT. -PMAC. (0.8 m) (9.5 %Al in toluene, Akzo) was added wi th vigorous
stirring. wides/F@ad't i on darkened and the tenperature increapenusSuiisss
pol ymer rapidly precipitated. The reaction was allowed to run for, 17 h at
which time the 30 surface of the mixture had formed a solid pol ymer crust
t hus preventing further- pol yrrerl zation. The reaction was term nated by
addi tion of MeOH 10% HCL (15 ni é The l, product was filtered, washed
wel | with MOt SRS EREEBReLRAASAPPEY. SOLEPAPE LY L, GApdeti dHeC RtF HERRr
#: 3921 nol JBh&HreackiGh| was] Akbbwed. thhz@87 fo@PT7 t iathlwlyindte nzime, the

120 C, | ' dak 3

126 [2 grlrzl1 pol yet bykengeStRBIAL Qturdl AREM Ehikhed % gaﬁéagg;% ust \é&us
oxygen- f r ee  atRESPRRFLREhEUEEBEF | PEANPLEEL2BLER R ed THE ERAGRIOM #49. 05
mol ) was Sl urtéeeminat2d by dd;utsbbueoe MeOHVDOSECAt i(QS placed THelgio Bimér
kPa of ethyl S Gl LOWLLCERELALUAC: WEMRO Bel 1MLk chOvRON U] ddLdfldISlIcy

5 Akzo). was a I"ut éne

tenperature i rt¥&8Qed. ¥ EﬁﬁﬁdspgiyﬁePoixﬁFBV}eBPec|SPF&PEGr e @Q&iumphms
stirred for 11:H12=€¢H2\hnch ¢cod e Mibe=rEG0LE O(GRAS teiahmateﬂehyeax@dl ti2e%cof

NECH/IO%)HG d L. 1 Tur
mol CHlerr]= f% %%+ %% st%ﬁdgrﬁL;QQEEQ P%%g ? % deg%ne as t?ﬁf%éﬁ%ﬂt
product . dPi gcﬁﬁ?-?% aP eS%hial §- PlgearMﬁﬁbﬁlnanoPéﬁlfh§ epglisnd njce hYjanaigs )

(CDC [err]) angrdGribibbe ghsthéb¥r-RMROEpekiGRfE (T riichl okdtinZ@H&, C at ons
was faound tol%aq follomnng 3-nmethylene olefin (1.2%, 4+ nethylene 15
olefin (0.8% a-olefin (9.0%, trans-2-olefin (16.0%, cis-2-olefin
(5.6%, trans-3- oIefln (30.2%, cis-3-cEx2mple62899, trans-4-olefin

-(ﬁl- 199, remainder f &l @ty NSokPgSfy £rBasgemes aaiecbherrmkaar(qmm @&{mseﬁ,
Gorr] 350, HEEPa Sy %Sﬁ%ﬁéﬁfg £, D8Rl FOTRS L o a S
of the crude rt&deignm st he %%k#%#@@wpbﬁgﬁdau§ﬁgﬁl3#6 nkPéngﬁhﬁt®WL§Rﬂr]
conpounds presaNtrddin tbemesigtaed . Prodact (01 8. ml) (9.5 wt% Al in toluene,
Akzo) was added with wvigorous stirring. The solution
darkened and the temperature increased. Solid polymer
20 rapidly precipitated. The mixture was stirred for 17 h at
which time the reaction was terminated by addition-of
MeOH/10% HCl (15 ml). The polymer product was filtered,
washed well with MeOH and acetone and dried. Yield 2.0 g
- polyethylene. Turnover #: 1188 mol CH2=CHz/mol Fe.
25 Mn=2699 (GPC, trichlorobenzene, 120°C, polyethylene
standard), dispersity = 134.
- Example 29
In a dry, oxygen—-free atmosphere the iron(II) complex
prepared in Example 8 (0.056 mmol) was slurried in 25 ml dry
30 toluene and the solution placed under 34.5 kPa of ethylene
at RT. PMAO (0.7 ml) (9.5 wt%-AlIin'toluene,-Akzo) was
added with vigorous stirring. The solution turned orange
and then darkened and after a short initiation time the .
~ temperature increased. Solid polymer rapidly precipitated.
35 The reaction was allowed to run for 16 h at which time the
surface of the mixture had formed a solid polymer crust thus
preventing further polymerization. The reaction was
. terminated by addition of MeOH/10% HCl (15 ml). The polymer
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Exanple 33 In a dry, oxygen-free atnosphere the cobalt conplex 25 prepared
i n Exanpl e 9889,1 ~rmol) was slurried in 25 nm dry tol uenep@ygsd?ssss

sol ution pl'aced under 34.5 kPa of.ethylene at RT. PMAO (0.8-nl) (9.5 wt% Al
in tol uene, 'Akzo) was added with vigorous stirring. The solution darkened
and the reaction was allowed to run for 17 h at which time the 30 surface
of the mxture had fornmed a solid polyner crust thus preventing further

pol ynmeri zat i onprédatateaes i M edsr Marsiteeﬁ'vtgﬂ.'laddittﬁ MeaH AveDHidOtohE]l agds

M) The pol yaesepr.oduglerees f9d e gfi el lngiddu QR angogsehpe
i -

and dried et
CH err] CH[err?ﬂRDFHQJ%OR e 7§8= PFBhFﬁ%ﬂﬁé?ﬁ%??nzﬁﬂ@E 120°,
pol yet.hyl ene spalidr@n:ctlx)yleuluecr;qset:rasnld‘a)r:d=)t 2 A spexanitye SAHB3 Tm OIS 24124
PCT/ US97/ 23556 1 ki %°ér yAHogyggg 6r §¢gat nosphere the iron(l ) conpl ex
prepared in Exanple 8 (0.01 nmml’) wad slurried in 70 m tol uene, cooled to
-12[err] C and pl aced under 34.5 kPa of &EX@mRdi® 30 pMAO (0.8n1) (9.5 w % Al
in tol uenel, _ g\kzo) wan diddetﬁx:yig&eh-\cfir@@r @itmoHpherenthe Afdbarl tsev@mpl ex
m nutes sol i iyl c

. ge%@edﬂ% EaR 380 01 BhAGCAR S1ilihg PS5 m

reaction was t nat ed after mnutes by .addi'tion

(20m ). The pBFYmEPlyenguand\dder sedatd@n Rddced wadeLniddn vikia 08

acet one gn@b dr eetyleleclad ©°5, 1gPM1§@ (Oudn@yer ($.5 &68@1@23&3&(@% nol
Fe. No branc { e 4

trichl orobenze}r}ggoizy @ 9‘?8% %ﬁttglt P\’fl %nqlgh%t 5# ngeerss?qtqztlo 9. Tm

(DSC) = 134. O[éar}cened[ érlsi] mhe 1?9?‘?95,5@“1‘5(&#&3?@35@‘115 solid pozlymer
gadimac\e/it g : 40t rzialiumyogseg&ibmt@ttéunelmlef l(rﬁa?tld)![rﬁhmﬁr QEI?.?)MI@I&EMG |1ﬂlﬂlgﬁoli'9 na
0. 00106 rml g énétgwﬁﬁ@h Lt%‘t%h)aéhgl s\‘k/%:fécel Stone ¥‘l g‘r&@% ff“\z/'\'[’%ezé
solid polymer crust thus preventlng further polymerlzatlon
The reaction was terminated by addition of MeOH/10% HCl (15
ml). The polymer product was filtered, washed well with
MeOH and acetone and dried. Yield 3.26 g polyethylene.
Turnover #: 7746 mol CHz=CH2/mol Co. Mn=420 (GPC,
20 trichlorobenzene, 120°C, polyethylene standard), dispersity
= 2.1.
Example 31
_ In a dry, oxygen-free atmosphere the cobalt complex
prepared in Example 11 (0.06 mmol) was slurried in 25 ml dry
25 toluene and the solution placed under 34.5 kPa of ethylene
at RT. PMAO (0.8 ml) (9.5 wt% Al in toluene, Akzo) was
added with vigorous stirring. The solution darkened and the
temperature increased. Solid polymer rapidly precipitated.
The reaction was allowed to run for 17 h at which time the
30 surface of the mixture had formed a solid polymer crust thus
preventing further polymerization. - The reaction was
terminated by addition of MeOH/10% HCl (15 ml). The polymer
product was filtered, washed well with MeOH and acetone and
dried. Yield 6.6 g polyethylene. Turnover #: 3921 mol
35 CH=CHz/mol Co. Mn=697 (GPC, trichlorobenzene, 120°C,
polyethylene standard), dlspersity 2.5. '
Example 32
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“"washed with

20 dii sopropyl aniline (FW 177.29, O. 00248 nmol ) was added. This reaction

_solutlon ﬁ%%_ﬂ?d overnight. A precipitate formed and wpgrfushisssgd of f,
met hanol and dried under vacuum Collected 0.17 g.. The

filtrate was place back inside the original vial-and stirred for 1 nore

day. 25 More precipitate formed and was filtered off, washed and dri ed.
Col l ected another 0.16 g. 1H NWR (ppm CDC [err % 1.2 (mul tiplet, 24H),
2:85 (nultiplet, 4H) I a.-drys ¢xxgenpieee sHpospheresthyl éPbalEHFOHE&%mI e
36 30 [2 akéumﬁaﬂthmﬁléIlzﬂgnm0$yhmw1)dwagbsﬁﬁrEZea ln 25 ml dry

at mospher o, Cod e "m”eﬁwﬁ%ba%‘mﬁm fuadef 177 RPYOSE- e cRi1ene

2, 6-Di acet yl - 4- a&nﬂﬂQﬂnﬁﬁﬂR¢ﬁﬁ?ﬁM¢cﬂrﬁﬂﬂ% {28 ®BLUi $3p% ophE) Aphdmytiodiuesie,
?gr god;jgg% %‘g’aﬁklé@e@a%"%dci@i lsnpiﬂ:ﬂ 'ﬁb&w@ﬁds@fjﬁﬂﬂléé ed. rhéf E%%u%tl'ornr [I_ng
y V,0 ol ution reduced an ane .a he
solid product we I?ﬁqnteé{ cgft?sh \L/k\b m%‘fﬁe p’erh?ﬁ?ﬁseoﬂ %?gi’jd p?
0.166g9. 34 Woapd/ Ayl precipitated. The mixture was stirred for 17 h at
E’% }Jg»)%?; fggg?e%gnraﬂ & ide I{%@ @%&’ctwngﬁb f¥ o Bh 4R dyeaaézagtqeh?bltf(l 1)
|ss in ol uene
and pl aced undeﬁegﬂm@ &[é} Je)n’eng) %]0%6111 ?%H‘%Fe?rc’g 5+(0.8m)
(9.5 W% Al 10n Talrmever Akzo)7 125 mﬂddtﬂzmQHzAmcgerm.s QRiirgomgrs dke linéar

reaction mxtur gl RRAd Ul ark v cﬁs@@raéy{ haEs ca2e0mall

reaction was term nated after % HC1

pol ynef product lg;gseafr 1 SIRa r?7%“ ‘i/é’?‘?ﬁﬁ/e d@% lfcjceé%‘g nHS TBRe
drbgg (G;EF|? d4s&g:bdﬁnannnf dﬂlgd?%ibrwﬂth}zfim#:mbfer%;é;?msChas Kound
17 rig & 13 Sme MY VI YO R 51 % 4Q'&E%h§ﬂ€he
= 16.5. Tm (PSC) ,=133. J

-bis [(2 6qg||é8'5rf&|5’y %ﬂﬁ@%g é:l%lq)ca oxam lgély (ll\'lkebfl)

cis-2- ole in (5.6%) trans 3 olefin (30. 26), cis-3-olefin
(6.5%), trans-4—olef1n (21.1%), remainder of olefins (9.3%).

Based on gas chromatography analysis, the approximate weight
distribution of the oligomers is: C,, - 63%; C,, - 25%; C,, -

20 9%; C,, - 3%. Based on the gas chromatography of the crude
reaction mixture there was also a significant amount of C,
compounds present in the original product mix.

' Example 33
In a dry, oxygen~free atmosphere the cobalt complex

25 prepared in Example 13 (0.06 mmol) was slurried in 25 ml dry
toluene and the solution placed under 34.5 kPa of ethylene
at RT. PMAO (0.8 ml) (9.5 wt% Al in toluene, Akzo) was
added with vigorous stirring. The solution darkened and the
reaction was allowed to run for 17 h at which time the

30  surface of the mixture had formed a solid pol&mer crust thus
preventing further polymerization. The reaction was
terminated by addition of MeOH/10% HCl (15 ml). The polymer
product was filtered, washed well with MeOH and acetone -and
dried. Yield 3.6 g polyethylene. Turnover #: 2138 mol

35 CHp=CHz/mol Co. Mn = 766 (GPC, trichlorobenzene, 120°C, .
polyethylene standard), dispersity = 2.4.° ' '

' “Example 34
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| nsi de the dry box under nitrogen, 10.0 g of 2,6- pyridi nebis(carbonyl
chloride)gﬁf¥¥ %?4 .0.049 nole, Aldrich Chenical Co., 97% -and-75 ni of dry-
THFE were 2™ si de a 300 nL round bottom flask along BEHUSP723556¢

magnétic stir 20 bar. The flask was seal ed under nitrogen and brought
outside the dry box and then attached to a nitrogen bubbler. Then 12.4 g of
triethylamne (FW 101.2 0.1225 ol e) was added quickly. Wiile stirring
vi gorously, 17.38 Thd ?y'cﬁ¥¥ﬂﬂﬂ(ﬁﬂﬂ%nﬁ¢m¢§9%¢v9 ulrg. 22onQIT98 compdexwas
added v:ja adZ@él;udelglri UEwaEhp LéDLE | rtg Gh&rluﬁéig) ti Q8 §1u§£9§de|¥8t her B
occurred and & r i_at.e or ting_m xture
was stirred for 3%1rgeu'lro ('e&d%é&aéglte@:gd ?‘H gé‘ ge%d[ert ?4&3@%"“ ‘ﬁ%
NEt 3. HO, the e&t’é’&%ﬁat ePMAIq’le(Chqnilr)at@vﬁay‘}s‘hs&bdﬂqm@k\hqmehra}ggb)aw&slt
gortaln|ngSSlHddkdﬂhlqﬁﬂvﬂ@bﬁﬂhsMktl \Mifté!Ffb@@%£ﬂ1ﬁfhutggesolld
iltrate was | ed i.nsi the refrigerator
crystalli zatlg% ilﬁ p#he%lq}p a }n\%an? |sgt o148 g?]eac‘ﬂ?? e%lr’fﬁl ‘F va’Eﬁﬁm
Coi | ected 15. FRaGtdPm Wad ttemyinated Afar ikl himinyten ity waddibbernbeat ed
and cool ed buMeoti/1@% drc135(Fouwyed. THeE prllyy aﬁ%&&emarh@ J‘r/féeéﬁ tlhe
remai ning res Kk I_nmu anDunt nmef hano arge
R St L AR M ISH R S

excess of hexane and
Col | ect ed19 3. §E!r@°81era #wm 16833 mel Cﬂzssﬂz/mtm 9@/ 27824branching could

PCT/ US97/ 23555elueuuatreewe:a_4dad thige3g-RMRJUHHS =t %@@oﬁu ﬂggth one THF

| ecul dubl et, 24H) |
3. 15(mul ¢ fgf;t&&%h;“ '?%%g shEs| 420y bolSEhpLeh . ptaniprag) o  ciispansity
1H), 8.55(douBl &t 2-2@m §)0(=s|1ﬁgl 8tC. brdHd= 28y .184ampl e 39

N, N -bis((2,6- d||sopropyl)phenyl]pyr|dgngmgig 3k s(i m nochl oride) Inside

the dry b under nigr tne TO product, from Exanpl e 40 (FW
485.7, 0. %86 ol es)éwgg'?ﬁ%%‘iﬂg. il LUOT *fh fp ReRLs nB eB-neck

flask. Next 300 ni . dusopropyl)phenyllmme]
- In a 20 ml vial, 0.247 g 2,6-diacetyl-4-

trlfluoromethyl—pyrldlne (Fw. 232.19, 0.00106 mole) and 5 mL
of methanol were placed. Next 0. 440g of 2,6-
20 diisopropylaniline (FW. 177.29, 0.00248 mol) was'added.
This reaction solution was stirred overnight. A precipitate
formed and was filtered off, washed with methanol and dried
under vacuum. Collected 0.17'g.' The filtrate.&as place
back inside the original vial and stirred for ‘1 more day.

25 More precipitate formed and was filtered off, washed and
dried. Collected another 0.16 g. lH-NMR (ppm, CDCl3): 1.2
(multiplet, 24H), 2.85 (multiplet, 4H), 7.1-7.25 (multlplet,
6H), 8.7 (s:.nglet, 2H) .

. ' -Example 36

30 ' [2 6-diacetyl-4- trlfluoromethylpyrldlnebls{(2 6~

dllsopropyl)phenyllmlne}]cobalt(II)chlorlde
In a dry, oxygen-free atmosphere, CoCly (anhydrous,
0.040g) was dissolved in dry THF. 2,6-Diacetyl-4-
trifluoromethylpyridinebis[(2,6- dlsopropyl)phenyllmine]

35 (0.170g) was added and the éolution'turned'brown/red; After
stirring for 3 days the volume of the solution was reduced
and pentane added. The solid product was filtered off,
washed with pentane and dried. Yield = 0.166g. |
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of dry toluene was added followed by 12.2 g of PO (FW 203.22, 0.0601
nol e) . Thewglggﬁlﬁzwas seal ed under .ni trogen and brought out sn(nwsdmssﬁy box: -
where a condenser-and 15 nitrogen bubbler was attached to -one neck of the
flask and an adapter going to a KOH solution was attached to another neck
of the flask. Nitrogen was slowy passed in through the condenser and out

t hr ough the adapter and bubbl ed throughg;‘ag KeH3sol ution. The.reaction was .

then heated to 20 8Q[err],C f whi ch, HCl f
reaction and was neg‘{‘ral E@dof’ﬁy‘?ﬁﬁ'gﬁgf’cag g’h&#ecﬁ&?t CtQ%é'&r:e :)%%\é ex
stri pped of scpmnaraddmhsxaapheniiﬁg(Q@DBdumé-)re@sysltlalﬂqlzaﬁfxroniﬂ'Hﬁl
Col | ected 4. 3%meﬁeyshh0y1§ebadun&s£r]atrF B"Vlﬁpfaoraiﬂ Y llieS dt0 Asorur e
product. [err] H NVR 2 é nk 2(', }\pl et og‘oad I—%
2.85(nul tipl etterm_ﬁrat?ug ¢si AYRBt | 65—5‘ 8(?1(i5r| EJ‘ L “ﬁt‘?i’o&yf ¢) was
2H) . Exanpl e 4dded wDkthevhgbrysi stier2ng-bi Fhe, Naazu&on mixture turned .
di i sopropyl phegyld gaf bkl QOEHEOE%ﬁ%XEQt re_ inldteasdd), PROYEdEEon was

at nosphere t he conpoun epared I e 39 (0.4 pl ace n THF
(10 m) and NBERtR2abed @fgﬁéslédﬁe’ay FHEiEEen, OF &!&?"‘K\A&S%ed*’fgt g’fﬁ
for 3 days at THe cholimert peodott dsasefiltemevded washieid wedtli mtzmdvid_zm and

fiprate ex\sapogééegnéoaﬂaya $8q. Tokvel Hag. @idedﬁ'}%o%ér fghe spj
iltered and evapor at ectyum i ndi ca_@l d t hat

ryness
t he reactlon ies2= CoyeMiyir Q)pﬁ‘FP HFtHf'E ?‘;’c’ eRZ8EEdo 5% F!
12H), 1( doulpest eﬁﬁﬂ.ené stafidard\D &Béﬁét%él.ty 16.5. Tm (DSC):

PCT/ u397/ 2355 et H, i pl et, 7.Q(triplet, 2H),

7. 1(goubl et, gl—% 1;%6 4 8%%? (r}y)% }.{ar%anpl e 41 S, S - Di net hyl
pyridine-2, 6-biLs[N, N'(2 6- 5

di sopr opyl ghenyl, Neaieq (8 ,0idi isrip)osildigHdiyThb pridind y2 a6 ddycarboxamide

gXH;/:genSf e at ”fﬁprfﬁsid%&keai}(ﬁaﬁygﬁaaé nd+28Qeh, Wap @ sYred gn dry

2, 6-bi s(N, N[ ermyrr@ueeméésasagm%eﬁwysaﬂsbx.<.%Wdo?ﬂ4oape]°(1@ e, Aldrich

Chemical Co., 97%) and 75 mL of dry THF were placed inside a
300 mL round bottom flask along with a large magnetic stir
20 bar. The flask was sealed under nitrogen and brought
" outside the dry box and then attached to a nitrogen bubbler.
Then 12.4 g of triethylamine (FW. 101.21, 0.1225 mole) was
added quickly. While stirring vigorously, 17.38 g of 2,6-
diisopropylaniline (FW. 177;29, 0.098 mole) was added via a
25 dropping funnel. During the addition a large exotherm
occurred and a white precipitate immediately formed. The
resulting mixture was stirred for 3 hours, then filtered
through a frit to remove the NEt3.HCl, the precipitate. The
- filtrate was passed quickly throﬁgh a frit containing silicé
30 gel which was washed well with warm THF. The filtrate was
reduced in volume and placed inside the refrigerator for
'crystallization. The precipitate was isolated and dried
under vacuum. Collected 15.17 g of a White solid. The
remaining liquid was concentrated and cooled but no solids
35 formed. The solvent was then removed and the remaining
residue was taken up in.a minimum amount of methanol with a
large eXcess_of hexane and placed in the refrigerator for
recrystallization. Collected 13.91 g of a white solid. A
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g, 2 eq) was added and the solution turned green. After 10 stirring for 3
days a brownr %gﬁﬁg had precipitated fromsolution. The vol usgy ,?é 97886

sol uti on WP 4 d and pentane added The solid product was f.iltered off,
washed with pentane and dried. Yield = 0.252g.. Exanple 42 15 "In a
dry, oxygen-free atnDsphere t he cobalt[ll] conpl ex. prepared in Exanple 41

(0.03 mmol) masd? led in 23 gbﬁtoluen and Ela ed under ,34.5 kPa _of
et hyl ene at roo %ﬁ%efﬁYﬁ?ée f?(Brg FCE9t8 REoPUFSi HLEH QBfe THEKz0)
was added with mohecolle sbrrystgllibéngeactHeNMRi Xppme CDChed: 20 bl ue/ green

and the tenperaj L Uﬁ?éHBEEQZEGdZtﬁI}‘e 56%9%9@&% ke ghpal 9dz%fereé:11%é“ 4,

ddi t f Me %o B (150 h
3e|i Qf?hombcrfzyégéEéﬁaﬁ tana%ar.é§293vﬁgﬁétz éH33g8 5?&#ﬁ8@éﬁ¢# 2768

mol CH[err]3CH @r0)5imgl€n, Broad, 2H). Exanpl e 43 I nside
a dry box under nitrogen, 36.0 ng of thegggohah gmpound prepared in
Exanpl e 7 was weighed into a vial and_toﬁuen' 5 ) was added. The
sol uti on was shaken un RS yi) phapylipyzadine2,6-
supported MAO (0.5g, 30 14. 3 Wt . @6Ab;s¢lm¢noahlbsmqumas added to the via

and the sol ution shakea;har 78 BED: pIRAALLTA PEREeh| | 19180, g/aE e (.

t ol uene until the washings

pent ane. TM?[NR%EE?CEa§r8W| Haﬂﬁd§r49aégﬂn1éﬁé gtopeezﬁﬁsmﬂéeé)dﬁ?ﬁbPlaCEd
freezer. Coll ecirsifed423560 ml ebundl bdttoint theskahaed f£RaB8%. Al Naxt RERHL

Cransferred ot a%?iﬁ%l“%%e“@ﬁsSé%%?‘ﬁggw?ﬁeﬁﬂf 1918 8 BEREIT TR ¢ he
drybox and adde#P3? 024600mP68% m°l€t)98Tb?1§ was saled under nitrogen
CPT/ US97/ 23556 aid dbycudhrgasaedidethet digpebbyl phatane tondefieewl akar r
it o] EEAEn FIBSAFRCARS MEReSHplte, S 400 Bnif iy b
the pressure wed®r ajagtey going to a KOH so ution was attached to another
neck of the flask. Nitrogen was slowly passed in through
the condenser and out through the adapter and bubbled
through the KOH solution. The reaction was then heated to
20 80°C for two hours during which HCl evolved from the
reaction and was neutralized in the basic solution. Next
the reaction was stripped of solvent and the remaining solid
was recrystallized from THF. Collected 4.39g of a yellow
solid. lH-NMR confirmed this to be pure product. IH-NMR -
25 {(ppm, CDCl3): 1l.2(multiplet, broad, 24H), 2.85(multiplet,
4H), 7.22(singlet, 6H), 8.1 (triplet, 1H), 8.55(doublet, 2H).
' ' - Example 40
-§,S8’-Dimethyl Pyridine-2,6-bis{N,N' (2, 6-
diisopropylphenyl)carboximidothioate]
30 In a dry, oxygen-freé atmosphere the compound prepared
in Example 39 (0.427g) was placed-in THF (10 ml) and NaSMe
(0.228 g) was added. The mixture was heated at 60°C for 3
days at which time the solids were removed by filtration and
the filtrate evaporated to dryness. Toluene was added and
35 the solution filtered and evaporated to dryness. The 'H NMR -
spectrum indicated that the reaction was complete. 4 NMR
{ppm, THF-dg):- 1.05(doublet, 12H4), 1.1l (doublet, 12H), 2.3
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5 and the _reaction quenched with MeOH.  The pol ymer was renoved, filtered,
~washed W {fp sgplzpanol then acetone, and dried. Collected 2. BOTASYH23556

pol yet hyl ene. Tm(DSC,  10[err]C/min,. N2) = 134.8[err]C, [err]H = 182.7 J/g.
Turnover # = 8263. Exanple 44 10 , I nside a dry box under nitrogen,
36.0 ng of the iron conmpound prepared in Exanple 8 was wei ghed'into a vial

and toluene (1 ed n sha nt,i | cat al yst
was partly di sésollrnv%]dg\gs ?ggé éu%;éﬁ“?%gfﬁ% 3@@9 h’]‘.iﬁjr{% l ey, %]H)'Gr ace
Davi son) was dddetAewepiat, vAH) - andbtand1? Qébﬁpﬁé‘n §Iﬁéken for 20 min. The
solids were filtered, washed with tol ueggaﬁgu_bl gtthe washi ngs were col orl ess

and then washed twi ce wth peqpt an JThe duct S dr| d er_ vacuum and
stored i nside the drybox é..sccg’c?‘.egb“ ?‘.l%%:l‘ LBe 5&—#—&6&% cont ai ned
13.5% Al aAd 0. 4@45epropyl oybtmidptyicate] eobaddad If)ghlaxider 5

nL of cycl ohexane arwl &rapgf ebk Sehnfﬁeél dtﬁ@%ﬁé'r@ 5c6‘€l§ éhﬂ roli¥s
slurry was renpve from h ox.and dde de assed

o1 '
2,2, 4-trimeth p—‘b} S l%ﬁ Fed phPy F%aﬁf‘gr u%dgr Rr"f“F tor
was. seal ed, st3 Gtnigs Q&&ta( £ cf~dhsophepybhpheayli Gazbwamdpmémﬁh@e@ WMEH

ethylene to 1. M’ae?ﬁf&sé §9d8!inaﬁ@etlﬁ)ée§§!ﬁ€1%5tﬁ§h865%§e@ﬁd t Fter
reacti on uéenc ed W

met hanol  tflen SRS geg_% ;—égs ptoggg‘é?\é\%ollgng (éf bﬁ%}:ért?g'l%eﬁ%&‘?e r'rf]‘?%?D\gCt "
-10[err] d m n, Muthans ] )The 1861 ¢herof Ghe Taohotépn#was2geducedampid 45
| nside a dry %&H}?&ra&ééog%e 3§o£’1<§f9ﬁ>9$d&l?€ ﬁQQakhEQ%QU%Cfﬂor%r% in
Exanpfe 7 was “wei ghed into ac\{ uia - gk was added.
sol ution was $HHePEREIRE 23R ‘ﬁ%‘ taI@%? a/a éa? § di ssol ved. Dry
_ cycl opentene (.10 eq, 0.046 m) was addeExdmplewdd by silica supported MAO
(0.5g, 14,3 wt. %A, acy, DOXy o) A& éﬂﬁo§BhHEéOEh§hE‘BSQlft I iblex
The sol | ds Wer(;:ef Ialrteeci en(.jn Eﬁggefeva{h(éo(syeneof tvlnlas sfurrled in %%/ %3. 24
PCT/ US97/ 23558 T€P xamp
toluene and placed under 34.5 kPa of ethylene at room
temperature. PMAO (0.8ml) (9.5 wt% Al in toluene, Akzo) was
added with vigoroﬁs stirring. The reaction mixture turned
20 blue/green and the temperature increased. The reaction was
terminated after 16 hr. by addition of MeOH/10% HCl (15ml).
The polymer product was filtered, washed well with MeOH and
acetone and dried. Yield = 2.33g. Turnover #: 2768 mol
CH=CHz2/mol Co: -
25 Example 43
Inside a dry box under nitrogen, 36. 0 mg of the cobalt
compound prepared in Example 7 was weighed into a vial and
. toluene (15 ml) was added. The solution was shaken until the
catalyst was partly dissolved. Silica supported MAO (0.5g,
30 14.3 wt. % Al, Grace Davison) was added to the wvial and the
~solution shaken for 20 min. The solids were filtered, washed
with toluene until the washings were colorless and then
washed twice with pentane. The product was - dried under
vacuum and stored inside a drYbox freezer. Collected 0.473
35 g of solid. It contained 13.0% Al and 0.52% Co.
The above solid (160 mg) was slurried in 5 mL of
cyclohexane and transferred into a disposable 5 mL syringe.
- The slurry was removed from the drybox and added to 150 mL
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washi ngs were colorless and then washed twice with pentane. The product was
dried under. vacuum and stored inside a drybox freezer. 472 ¢
of -purple WORZ124 | ¢ cont ai- ned 14.5% Al and 0. 7% Co. 5 %%233%8

solid (160-ng) was slurried in 4 nL of cyclohexane and transferred into a
di sposable 5 nL syringe. The slurry was renoved fromthe drybox and added.
to 150 nmL of dry, degassed 2,2,4-trinmethylpentane in a 600 mM Parr[err]
react or under t¢¥1‘ger#e%%5¢%a%:t1)(4V\b%l%%@|%bipest¢m¢| hgy a0680mit @arafd

thent' Eeat ed t&e’ﬁﬂ@df]xﬁltd’élﬁi dgi@ﬁ&éléﬁ zedrmtfb.s&bal—e@ﬁs; Qeél@erk’/gscé’:frtrﬁthO
mn e I’ESSU S re S e 3 enched wW

pol yner \R/as r e EV: f?rﬁa‘? %@%’ﬁ%‘g ?ﬁrﬁg #o?r?ﬁ‘%‘ﬁrééﬁfioﬁéthand
dried. Coll ecteéaxnlasn 5 bdh yﬂmyl e%t;emﬂ@sgnmperp#aﬁung ¥8s Mpdealpd-
135.6[err] €, Afd i Qea]étglon é’mﬁ%d %vrtl?&léOHExaf‘?ﬁ)é ep4Pyhasi Qﬁsa dry

"box under nltro en 0 epared” i n  Exanp

was wei ghed i fft ?ﬁ? IP’aﬂge’f%% cl'( &ﬁ%é&&%‘ag{‘i heR §8?EPP8H \ﬁ&g
shaken unti | tdm.em Caklactedad. Parg |of (ﬁqﬂsxoét/leﬂl_eMxtTr@(BSm PRACY/ mBn,
(Akzo, 12.9% N,)i & halguere, Al = mgrzqv;e@"/ngr ade; 1o vdYAQ whaegs$ol ution is
clear) was added and the sol ution shak«ig or. 1 B n. Dehydrated silica (0.5
g, XPO 2402, Grace Davison) was added t | and the sol ution shaken
for a furtider 10 25[mam:ie Thadsplbak weder fidtsrgsh, véghedngi 68 theudmen
until the ws@oﬂgﬁu PP LS Ahnd X E‘é‘é"@%‘se%éi(’]&ﬁf% é@oPE”H‘QE ahfBe

product was dri nsi reezer

nde vac um and e
Col | eéted 0. 66® {ﬁ |"ta$tc?rf°§ﬁ4r 2"*9‘- %R %l%fhd"%ﬁ 3¥aken yptil the
The above sol lcdt(ammmasquaxsdly rdiessalived .l $iflicye | sipperieedndA0 (0.5qg,

| Eiﬁgiieéﬁﬁdahggo TSP T TR IR, WIS Slded e dind COPAE ahlOEhg 10
m Parr[eft] F td‘P%rﬁfg_k &P é['é'tetosr ]vikfkss’f%ﬁ “ikkeredng 35

started and t helshleehtve(tlt d:cﬂﬁ{mer Juntddd giveeseastiizags werte etdiydbehess oandO

MPa. After 30:Heh WRSHILSSH& WA erAshil anﬂhwepf@cﬁféﬂ Qe SUEREEG duiil P

Th | r \ il r h han hen
zl\i/g(?t-ione :ngo rreumwaa%J esrtr:Doree% J.nsn.td% ef‘:?me \%sy}% zteezreezt. aCc? leci(:aed 0.502

g of solid. It contained 13.5% Al and 0.40% Fe.

20 The above solid (160 mg) was slurried in 5 mL of
cyclohexane and transferred into a disposable 5 mL syringe.
The slurry was removed from the drybox and added to 150 mL
of dry, degassed 2,2,4-trimethylpentane in a 600 ml Parr®
reactor under nitrogen. The reactor was sealed, stirring

25 started and then heated to 35°C and pressurized with
ethylene to 1.0 MPa. After 30 min the pressure was released
and the reaction quenched with MeOH. The polymer was
removed, filtered, washed with methanol then acetone, and
dried. Collected 1.1 g of polyethylene. Tm(DSC 10°C/min,

30 Nz) = 135.6°C. Turnover # = 2800.

' Example 45
Inside a dry box under nitrogen, 36.0 mg of the cobalt

compound prepared in Example 7 was weighed into a vial and
toluene (15 ml) was added. The solution was shaken until

35 - the catalyst was partly dissolved. Dry cyclopentene (10 egq,
0.046 ml) was added followed by silica supported MAO {0.5g,
14.3 wt. %'Al, Grace Davison) and the solution shaken for 10
min. The solids were filtered, washed with toluene until the
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WO 98/ 27124 _ R PCT/U897/23556 dried.
Col.l ect ed 2‘2(8%8@ 2l polyethyl ene. Tm( DSC, 10[ err] G mn, N errdpuse7238864C,
[err]H = 18 7 Turnover # = 7516. Exanple 47 The cobalt conpl ex
prepared in Exarrple 7 (3.3 ng) was 5 wei ghed into a vial and dissolved in
dry dichl oronet hane (5 m). PNAO(44n1 Akzo 9.5 mt % Al) was placed I n

500 mi dry tol ug&%mﬂ#gc | GEEd L1 Ssaaregeﬁugggbéghtwgsf D F e

room t enper at ur ex was adde € sane
reactor was predif iBERAYEE 4‘33%/%“1@‘ YRder eYh?PBﬂeandTF\éOF@écﬂ-mndﬁasa

allowed to run fd):rybb:mﬂ:eézd\fu crcdn@ctsédobmmrg\/\as pdfpleedoligd.nt afenal

cooling coils t tgp&) r After 4 mn the tenperature
had reached 38. %[D%q%lépéd'lff:& eg!p |on \;e\‘;a?%]ueénched by ‘addi ti on of MeOH 10%

HC1l sol ution3and the Tﬁtﬂﬁqumhdt@% 'Fg)on‘r'éél slioniedasned WLt PEMeOH
and finally acetcyrs ohukatid ethd ¥ itk fe Hfhd! tha(@gpoéébﬁ@ sr Q‘he%%'l?»g

120 C | ndar d di

133[§[relrr]cpfe¥ffhsy UG U FdnreR o G Audlax &d afdedhth 150 m
The iron conpl erfpdsiar é%?gafﬁ%@lrﬁ)l?e ‘B-t(zzarmwlmstm ghedai AP8 mlviPalrrénd
di ssol ved in drh&e@c&.lazonﬁmgflmzi 0. ﬁMQé&:ﬂai wdkZ8e 91 a¥t Yol ) riRg

pl aced in 5 m_,dr and |rred aut ocl.ave _under

ni trogen at ooﬁ]tta épec%beﬂdt o%)‘;]% PIHHIU 5D WA (he |
same tinme the r@&éwéenmsi:q)rle-sﬂét&a-zed\ﬂ@ﬂ@mm tie eﬂt@ﬁs\mee Wae reaeaised
was allowed to pud fee Zdldti¥d gudidie£ARldHMEDE ST PHE OB

t enperdture had _increase 9 The .react.i b addltlon f
MeOH 10% HCL soF&f‘H"é’ﬁ%z %#‘?Fee’if% neq feidh 3% Rt {}b?%t%/ﬁﬁ £opgshand
with MeOH and f dmdleldy adstldresctad 1d-r5 egzlofvlpesﬂcy&tmaeg T (PSPC, 10°C/min,

trichl orobengeng,) 120§ 861, k€c,pakyat mgheneﬁ?andqrd}},we}l&m; yrpersity =
3.7. Tm(DSC) = 133. 1[err]C [err]H = 225 0 nover # = 781, 539.

Exanpl e 49 35 In a dry, oxygen- fre ;‘Lg\ fe the cobalt[I1] conplex
Inside a dry box under nltrogen, 36.0 mg of the cobalt

compound prepared in Example 7 was weighed into a wvial and
toluene (15 ml) was added. The solution was shaken until the

20 catalyst was partly dissolved. Next 0.6 ml PMAO~-IP (Akzo,
12.9% Al in toluene, an “lmproved” grade of PMAO whose
solution is clear) was added and the solution shaken for 1
min. Dehydrated silica (0.5 g, XP0-2402, Grace Davison) was
added to the wvial and the solution shaken for a further 10

25 min. The solids were filtered, washed with toluene until the
washings were colorless and then washed twice with pentane.
The product was dried under vacuum and stored inside a
drybox freezer. Collected 0.660 g of solid. It contained
9.16% Al and 0.36% Co: . , . 5 '

30 The above solid (160 mg) was siurried in 4 mL of
cyclohexane and transferred into a disposable 5 mL syringe.
The slurry was removed from the drybox and added to 150 mL
of dry, degassed 2,2,4-trimethylpentane in a 600 ml Parr®
reactor under nitrogen; The reactor was sealed, stirring

35 started and then heated to 35°C and pressurized with
‘ethylene to 1.0 MPa. After 30 min the pressure was released
and the reaction quenched with MeOH. The polymer was
removed, flltered, washed with methanol then acetone, and
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prepared in Exanple 7 (0.03 mvol) was dissolved in 25 m toluene and pl aced

- under 34.5 kPa of ethylene at roomtenperature. Et[err]Alfdyrlér454%, 2M.in
" hexane, MUHTIF* was 40 WO 98/ 27124 _ S o

PCT/ US97/ 23556 added wi th vigorous stirring. The reaction m xture turned
green and finall y bl ue/ bl ack and the tenperature increased. The reaction

was term nated after 16 hr d I on OH/ 10% HC1 (15 b ol yrrer
product was (Ai8ted Ctl %%%%l%?'hﬁtlgvﬁ W%@FW%&:H@H %‘F\d Elg géf‘)‘
Yield = 1. 59NzTur=nd\3§r 4#2C,1 882 =mdB 4CH[ di/g]-=CHvemdviem|# @.75IMh. = 4350 ( GPC,
trichl orobenzene, 120[err]C, poI yet hyI% f@nﬁ-ﬁl‘ds) di spersity = 17.6.
Exanpl e 50 10 In a dry, h??éﬂ?ﬁerethe iron[l1] conpl ex
prepared i n Exampl&'® ?@%83%%" REERATRYG i B FFRMRLS 7 t 6 udnBI) cHBFed
to -12C ampd pieasg&tédlrﬁetroé’adf wdlPami didygdlrsd iPMYXY (dichhdromnéthane%o sl
in tol uene, Gfledy il h AUAPTOUS (3 1A NYradd oS8V ER2L 0BT R1SOl T

15 p0| yner V\B.S VISI Stll’l’ln ecame erratic reaction

terninated afef tJSB]OJQﬁ?l and \iiaged ik &t ok i Sigt FERE AWipetRverupder
quenched by addidddenh aft MIH l¥ingdda (k] ) . Thd heokpl iy neompl odueaswadded

filtered, wa = 8.

Tur nover #: %&%pfﬁs%’ %%ﬁa%err rqugag E?\ggsbr%%g%ugd tg @%dﬂga

det ect ed 19r ofiitthe ethbgRe . wemmr%@rbums (Pl et ctR syuRr °He?e€‘€-@daFn ~
[err] G- NVR an@i Sind cXd ivetdrdsvay eadmist hda. td'mrSteﬂda]:artosli.hgt cbbis

| ow Mh fraction pr Y to Al. M =
7458 *( GPC, 2§°t rcoéﬁsreér‘fob%g%%gg Eegsﬁ%&epo&/ {%ﬁnen aeléards)
-di spersity =tEmpemafpsc)had 1%‘:?@@ F5Ekem w3 quenched
(2, 6-di acety -atddifdﬂﬁ[ C&Etﬂédmoﬂlmﬂblﬁhﬁ;:ﬁon and the polymer

S oopnel¥! )&*éé@[yeeéer% RN *{}' 8&3&"'%@%%}?3%% § Gpd HindilgRReteshe
2, 6- Elacetylamd dried. Yield = 60 Mn (GPC, trlchlorobenzene,
120°C, polyethylene standard) = 8913, dispersity = 2.4.
Tm(DSC) = 133.3°C AH = 226.8 J/g. Turnover # = 445,508.
' Example 48

20 The iron complex prepared in Example 8 (2,0 mg) was
weighed into a vial and dissolved in dry dichloromethane
(5ml). PMAO (3.4ml, Akzo 9.5wt% Al) was placed in 500 ml
dry toluene and placed in a 1 L stirred autoclave under
nitrogen at room temperature. The cobalt complex was added

25 and at the same time the reactor was pressurized to 39 MPa
with ethylene. The reaction was allowed to run for 2 min
with water cooling after which time the temperature had
increased to 94°C. The reaction was quenched by'addition of"
MeOH/10% HCl solution and the polymer filtered from

30 solution, washed with MeOH and finally acetone and dried.
Yield = 64.5 g. Mn (GPC, trichlorobenzene, 120°C,
polyethylene,standard) = 11979, dispersity = 3.7. Tm(DSC) =
133.1°C AH = 225.3 J/g.  Turnover # = 781,339.

' _ Example 49

35 In a dry, oxygen-free atmosphe;e the cobalt{II} complex
prepared in Example 7 (0.03 mmol) was dissolved in 25 ml
.toluene and placed under 34.5 kPa of ethylene at room .
temperature. Et;AlCl (0.75ml, 2M in hexane, Aldrich) was
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trifluoronethyl pyr| di nebis ((2,.6-diisopropyl) phenylimne] (0.096 g) .was
added and %%gﬁ Jtion turned dark bl ue/ green. After stirripweyfi€fndssgays

t he sol ven S’ renoved and the 35 'solids taken up in dry-CHerr]C[err].
The solution was filtered and the vol ume reduced and pentane added. The
solid product was filtered off, washed with pentane and dried. Yield =

0. 085g. 41 WD 98/ 27124 - PCT/ US97/ 23556 Exanple 52 In a
dry, oxygen- fré@qaﬁnﬁﬁﬂﬁn%}QQRPQﬁﬂﬁﬂ%{4499txwﬁﬂ%xr%ﬁ%%h9%dmiﬁtE%&nﬁPéﬂS@
(0.0028 mmol ) meml @nd mindlﬁﬂrﬂlwkébli&weatedaﬂdeti@np@katuea Rhagedsed.

nder 700 kPa t e af tykr Parr ocl av
PNROG | P (0.5 msé f%a?gvh%& A Atset%{he%ee]é) ‘$ e l%gld':’e-‘él W$UE<’7°80P§US
stirring. The ledrl&c%ur*@]i n@r%a@dd- t(ﬂ'l’%[&qlr}]@r T?l@oql%'éw@ﬂ fiiktearedwas
stirred fors 10waisheal weQ/sbalth Meh WrRl (aEQaQ:d‘rFEl)ar?dt&flé‘&“ chyiemg &he. sq.

Lﬁf‘%{e?”p?’iéui g S By L Sl M0 e LB b

Yield = 4.2g p&WGMWWHMO\Z&O %€, M&&Wlmmdmsto dEspepkéty

53 15 | n=aigry,. oxygen-free atnosphere the iron[l'1] conplex prepared
in Exanple 51 (0.0015 mml) was slurrie ian 0 nd.dry toluene and the
sol ution placed under 700 kPa of ethyle ina 100 mM stirred Parr

aut ocl ave. 10 PVAO- | PI0 a5 dry), (oxygenaixes atmaspheye thek ZoyombEI hddedpdekh
20 vigorous Sbkébh&@d ﬁh@;xtaﬁmq%rfstwroe om%@&ﬂq tvﬁhﬁ@ﬁifﬂ-ﬁ-d fhego m1
reactlon mxtu 1has stirr at, cqns 670 kPa)
after ‘whi ch t| 1pgRe, o £00 i&‘;&i’s 3&% %ﬁF%fgd-}’f‘{ 5%4 18% HCL
(10 nl). The pethypdener.odPMAONAL .0 mldr @, 5vvasﬁed&l/\em tMJtLtBMO-Ahad) was
acet one and drh&éede@Lc% A goround stiRYIRLNY IMter sBVWemin 448743 nol
CHo= CH2/nDI Exang wa% visible and stirring became erratic. The
reactlon was terminated after 180 min at which time stirring’
had stopped. It was quenched by addition of MeOH/10% HCl1l - .
{20ml). The polymer product was filtered, washed well with
MeOH and acetone and dried. Yield = 6.61 g. Turnover #:

20 84130 mol CHy=CH2/mol Fe. No branching could be detected
from the lH-NMR. Methyl end groups (no branches) are
detected in !3C-NMR analysis. No olefin ends are visible.
This indicates that the low Mn fraction present probably
arises due to chain transfer to Al. Mn = 7458 (GPC,

25 trichlorobenzene, 120°C, polyethylene standards),-dispersity
= 73. Tm (DSC) =-133.6°CQ AH = 224.0 J/g.

~ Example 51
[2 6~ dlacetyl 4-trifluoromethylpyridinebis( (2,6~
dllsopropyl)phenyllmlne}]1ron[II]chlorlde

30 . In a dry, oxygen-free atmosphere, FeCl2 (anhydrous,
0.020g) was dissolved in dry THF. 2,6-Diacetyl-4-
trifluoromethylpyridinebis[(2,6-diisopropyl)phenylimine]
(0.096 g) was added and the solution turned dark blue/green.
After stirring for 3 days the solvent was removed and the

35 solids taken up in dry CHzCl,. The solution was filtered
and the volume reduced and pentane added. The solid product
was filtered off, washed with pentane and dried. Yield =
0.085g. L
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In a dry, oxygen-free at rmsphere t he cobalt[ll] conpl ex prepared i n Exanpl e
7 (0.008 m*ml%mP s slurried in 50 mM. 30 toluene, cooled to_-x é 8@%& and
pl aced und O BR824 by of et hyl ene. PMAO (0.2m ) (9.5 vvt%AFCT s ne
Akzo) was added with vigorous stirring. After several nmin solid ponrrer was
visible. The reaction was termnated after 23 mn at which tinme stirring
had stopped. It was quenched by 35 addition of MeOH 10% HCI (10 m). The
pol ymer product was filtered, washed wel ExggpheNB@H and acetone and dried.

{EEE? - 2. ﬁ?g Turnnwealgg 10859gé@¢f£3%eétﬁogbgéké]EHE'cGBaanIi)4E@m%lex
) rc or er ne

PCT/ US97/ 23556 é?%??%s g %%é$§ ?@ {6 8%%5 ?bs 3 SigfrgférppCSOml
[err]H = 196.2 x;tQ&@ﬁp¢e356 the sobati¢n|plaoadurderepPesPanodxanpl e 7

(0.07 5 nmok) @ éﬁ@la@d45ﬂcdi&héOieetﬁﬁn§t§99e§lEBrE@eBMGBeHQQeat-
500[ err] C unde ter which

r s,added sol ut rre
the solids werd& %g &3 ga@%b Pﬁ%t? aﬁaiﬁ??ﬁd R%HB)pVéau@FdﬁQ% a
yel | ow powder. With ankdgrdes s'@rmmg.’BZ%hé/&etnpﬂlaB%e1Dncreaseaiheo 55°C. -
oy pnt ana oo U SN B Rt e SO 485y Bod0f6 TR priBBnakuptcl
Al |nytoluene ﬁf?ﬁ? 95@@ %é%ﬁt?f%ﬁ?r?q+ﬁp ﬁ%@ t%ﬂ%e?%?ﬁ£é°8fwﬁﬁe
reaction nﬂﬂtum@nmmnaﬁadmbyﬁaddxtﬂihrpfrﬁBQEAhQ%oHCMaSIQSmbMencmhé bplymer
addi tion of 'Vegivo’eﬁxéd"(r‘r!raé 191ﬂéré’<§‘d ﬁi‘%é@'ﬁé‘ﬁ. @i@ﬁ%&oﬁ H&&r SQetWﬁ@hﬁﬁd

13045 ol G cPiady YT ks Rt ane . TFurpaeet i -4480ema1g

Exanpl e 56 20 CHZ‘CHBﬁamnﬂxﬂd{ll] conplex prepared in exanple 7 (0.07
mol ). was di ssel ved in dichl oroet hane angk ash (glghydrated at 500[err]C .

N2 Th I 2 h af which th
gg?gren ) W?Sl g\?\,idgdrlé"mﬁ? ol utl an%bvalsf[ﬁﬁe atmosphere thetféon[iltg] cor%plex
prepared in Example 51 (0.0015 mmol) was slurried in S0 ml

dry toluene and the solution placed under 700 kPa of
ethylene 45°C in a 100 ml stirred Parr® autoclave. PMAO-IP
(0.5 ml) (12.8 wt$% Al in toluene, Akzo) was added with
20 vigorous stirring. The temperature increased to 60°C. . The
reaction mixture was stirred for 10 min at constant pressure
(670 kPa) after which time the reaction was terminated by
addition of MeOH/10% HCl (10 ml). The polymer product was
filtered, washed well with MeOH and acetone and dried. Yield
25 = 5.0 g polyethylene. Turnover #: 118793 mol CH2=CH3z/mol
Fe.
Example 54
In a dry, oxygen-free atmosphere the cobalt[II] complex
prepared in Example 7 (0.008 mmol) was slurried in 50 ml
30 toluene, cooled to -12°C and placed under 34.5 kPa of
ethylene. . PMAO (O;Zml) (9.5 wt% Al in toluene, Akzo) was
added with vigorous'stirring. After several min solid
polymer was visible. The reaction was terminated after 23
min at which time stirring had stopped. It was quenched by
35 addition of MeOH/10% HC1 (10 ml). The polymer product was
filtered, washed well with MeOH and acetone and dried.
Yield = 2.46g. Turnover #: 10959 mol CH2=CHz/mol Co. Mn =
41600 (GPC, trichlorobenzene, 120°C, polyethylene
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and the solids‘dried. The product was a yéllom/green 25 powder. |ICP

- anal ysis: % = % U6 = 37.3% The supported cobalt Comﬂiﬁhéﬁ ed

above (100 ﬁ@?gﬂgﬂg§6 mol) was slurried in dry pentane (10 i .and pl-aced
under 34.5 kPa of ethylene. PMAO (0.6 nl, 9.5wt% Al in toluene, Akzo) was
added with stirring. The tenperature of 30 the reaction m xture

increased. After 16 _h the regaction.ywas_qyenched by, it f 0%
HCL (10 nl) and W “%Fﬁgr r‘BBEEFlfw'?’I regeg%-wg'é‘he‘&aﬁ%& = g %/EJ\%%%d‘ '
finally acetone B9@.2rJéd. Yield = 1.62g. Turnover # = 10310 nol

CH err]=CHerr]/nol Co. Tm(DSC) = 136.8C. ghtl119%sl J/g. 35

Exanple 57 In a dry, oxygen-free_atnosphe ound prepared in '
Exanpl e 39 (0.322 g) WA fPReLRIIR] TRRmPigxPrensdFachd is &xammigeri vERi 98 of
ig}?aggl?ZgOSgOngblMaeaaddﬁdsolVb& 430dicW@2§?%Eh&ﬁe and SiO; (dehydrated
PCT/ US97 55 ] Xt ° t 1 t [ 1 t

. solids were reng%édygs ??ﬁ??ggigq gﬁﬁgt%égééltrg g g$g§%$8 egg?ogg%%%géiéy%

Pent ane was added QoﬁgﬁéroWh9°§th€ gR4idreweseufildireresod vashed grelhfwikh
whi f,h time the adE Sandadrsedidi Thedproahetlowadget gaaaofﬂi bb@fd%ia- wesded

W th pentane an tog,gLve Le aple In a dry,
oxygen-free atn%?%%%fgiiécfgng]Béé%%%ﬁ?%%?, 630?%'9) was di ssolved in dry
THF. The |idé@nd prepafkd supeeifpfecsbalt. geupdpxnprenaged andvehel&ingi on

]Eur ned ?/el | ow. ﬁd.t@cust:gmbiﬁgwésr s.ﬁuﬁlﬁiédaiﬁr a?@ %)@lhitﬁpbaénlaf %ﬂ.iagiécﬁgﬁihedr
bent ane"added. T SoFT8 FEoRbarLBRET; PBPLaCsR: undnda ik Rpait el Sene
driced. Yield = ®la® wpsi gdded| vithf sthsripgaul Ihgqtemperature of the
: o reaction mixture increased. After 16 h the reaction was
15 quenched by addition of MeOH/10% HC1l (10 ml) and the polymer
product filtered, washed well with MeOH and finally acetone
and dried. Yield = 1.8g. Turnover # = 13945 mol CHy=CHz/mol
Co. Tm(DSC) = 131.7°C. AH = 178.6 J/q.
Example 56
20 The cobalt[II] complex prepared in example 7 (0.07
mmol) was'dissolved in dichloroethane and Si0O; (dehydrated
at 500°C under N;) was added. The solution was stirred for
2 h after which the solvent was slowly removed under vacuum
and the solids dried. .The product was a yellow/green '
25 powder. ICP analysis: %Co = 0.33%, %Si = 37.3%.
The supported cobalt complex prepared above (100 mg,
0.0056 mmol) was slurried in dry pentane (10 ml) and placed
under 34.5 kPa of ethylene. PMAO (0.6 ml, 9.5wt% Al in
toluene, Akzo) was added with stirring. "The temperature of
30 the reaction mixture increased. .After 16 h the reaction was
quenched by addition of MeOH/10% HCl (10 ml) and the polymer
product filtered, washed well with MeOH and finally acetone
and dried. Yield = 1.62g. Turnover # = 10310 mol
CH2=CH3/mol Co. Tm(DSC) = 136.8°C. AH = 193.1 J/g.
35 ' ExamplelS? | '
In a dry, oxygen-free atmosphere the compound prepared
in Example 39 (0.322 g) was placed in THF (10 ml) and the
sodium derivative of imidazole (0.300 g) was added. The
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WO 98/ 27124 - PCT/ US97/ 23556 [err] Exanple 59 In a dry, :
oxygen-free atnngﬁhere the iron[l1] conplex 5 prepared in %gﬁﬁﬂ?? (0 03 -
mrol) was in 25 m toluene and placed under 34.5 KkPa © erne

at roonrtenperature. PMAO (0.6 m) (9.5 W% Al in toluene, Akzo) was added
with vigorous stirring. The reaction mixture turned red/brown and the
tenperature increased. The 10 reaction was termnated after 16 h (after
whi ch time t hemax§sredwasudeasedpaty §8r Chi@rr di0nsRYsvat tid alok igme tthe

flask) by addi sbdndefl wk@Hrba¥vEdlbylEidkratIon pedy the FiQdxdrdvas

filtered, wash a and dr |eI
Tur nover #: 29§§a§§FaEﬁFe?Pr%gﬁngrT/%%%gage %%sTnﬁg%8)¥ Eiffﬁ%i&]é%lld
[err]H = 190. 9apAgthExsedusien sgoaddeyersighen afites Haime ttee oil
cobal t[I1] g£onph@xsbLeRargdd.n E;sarrP&edﬁc(:Owe% rﬂmlt)er\eas dla%‘l‘féd/%ﬁm 25 m
tol uene and pl aced_under 34.5 Q ethylene at room 20 tenperature.
B(C[err]F[err]?% gﬁ GQaﬁﬁbﬁrﬁﬁ ﬁeﬁé) was, added with vigorous stirring.
No vi si bl e change occurred ‘Next AIEn3 (0. Q9 {\n 3 mM toluene) was.
Ack and the tenperature
by addi tion of 25
gred, washed well wth

& 4670 nol
WO 98/127124
pol yet hyl.ene st andards),
= 240.5 J/g. Exanple 61 In a
conpl ex {5 prepared in Exanple 7
pl ag€d under 34.5 kPa of

NbCH/lO@bHCl (15 m). The pol yner
MeOH and acetone and dri ed. Yield =3.99¢
CH err]=CHerr]/nol Co. M1 = 7233( GPC,
PCT/ US97/ 23556 trichl or obenzene, 120
di spersity = 3.3. Tm (DSC) = 135. 3C.
dry, oxygen-free atnosphere the cobalt
(0.03 Mol ) was-dissolved in 25 m Engen
4

et hyl ene at room NL——F

(XIII)
. Example 58
10 In a dry, oxygen-free”atmosphere FeClz (anhydrous,
0.015 g) was dissolved in dry THF. The ligand prepared in
example 59 (0.060 g) was added and the solution turned
yellow. After stirring for 3 days a brown solid had
prec1p1tated from solution. After 7 days the volume of the
15 solution was reduced and pentane added. The solid product
was filtered off, washed with pentane and dried. Yield =
0.046 g beige solid of the formula
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tenperature. AIEt3 (0.23mml in toluene) was added with vigorous stirring
The m xturggdgggnd to a deep purpl e solution. Next, B(C erp¢tiossndssdserr]
(0.09 mmol in toluene) was added. 10 The sol ution turned dark blue. The -
reaction was termnated after 16 hrs by addition of MeOH 10% HA (15 m).
The polynmer product was filtered, washed well with MeOH and acetone and
dried. Yield = 6.4 g. Turnover #. 7557 nol CH err]/mol Co. M =
6777(GPC, trichlorobenzene, 120[err]C:u 5 pf vé ene standards), . '
di spersity = 3.4. Tm (DSC) = 134. 3C. \ J/g. 46 WD 98/ 27124
PCT/ US97/ 23556 CLAI M5 What is claine _
pol yneri zati on of ethyl ene, conprising; at a tenperature of
about. -100[err]C to 5 about +200[err]C, the formula [err]
with ethylene and: (a) a first conpoung whi ch hs'a neutral Lewis 10
acid capabl e of abstracting X and al k p-or"a%ﬁydrlde group fromMto
formWK , WR -or WH and which is also ansferring an al kyl
group or a hydride to M provided that W coordi nati ng ani on

or (b) a conbination of a second co i's /] capabl e of
transferring an al kyl or hydride grofjp t a—4 hi rd conmpound which is a
neutral Lewis acid which is capable o bst ' , a hydride or an

al kyl group fromMto forma weakly coordi ng\i Al O wherein: 20

Mis Co or Fe; each X is an anion; nis 1, so that the total nunber

of negative charges on said anion or anion§&1§7eqUal to the oxidation sate
of a Fe or Co atom present in (11); 25 Example &perr],RlerrJand Rerr] are

each'independently'k&gﬂéﬁ§¥&’ oxygen-free atmosphere the iron[II] complex
' 5 brepared in Example 58 (0.03 mmol) was slurried in 25 ml
| toluene and placed under 34.5 kPa of ethylene at room
temperature. PMAO (0.6 ml) (9.5 wt% Al in toluene, Akzo)
was added with vigorous stirring. The reaction mixture
turned red/brown and the temperature increased. The
10 reaction was terminated after 16 h (after which time the a
solid crust of polymer had formed over the top of the flask)
by addition of MeOH/10% HCl (15 ml). The polymer product
was filtered, washed well with MeOH and acetone and dried.
Yield = 2.51 g. Turnover #: 2982 mol CH2=CH2/mol Fe.
15 Tm(DSC) = 131.5°C. AH = 190.9 J/g.
Example 60
In a dry, oxygen-free atmosphere the cobalt[II] complex
prepared in Example 7 (0.03 mmol) was dissolved in 25 ml
toluene and placed under 34.5 kPa of ethylene at room
20 temperature. B(CgF5)3 (0.09 mmol in toluene) was added with
vigorous stirring. No visible change occurred. Next ALEt3
(0 09 mmol in 3 ml toluene) was added. The solution turned
dark green then blue/black and the temperature increased.
The reaction was terminated after 16 h by addition of
25 MeOH/10% HC1l (15 ml). The polymer product was filtered,
washed well with MeOH and acetone and dried. Yield = 3.9 g.
Turnover #: 4670 mol CHy=CHz/mol Co. Mn = 7233 (GPC,
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hydr ocar byl , substituted hydrocarbyl, or an inert functional group; R err]
and R err] are each independently hydrogen hydr ocar byl , vl
functtodﬂb9gpdﬁﬁ,'or substituted 30 hydrocarbyl; 47 G@?6§§§?%§%
PCT/ US97/ 23556 Rerr] and Rlerr] are aryl or substit ut ed aryl; and R err]
is alkyl. 2. A process for the polynerization of ethylene, conprising
contacting, at a tenperature of ahout -100[err]C to 5 about +200[err]C, a
.Co[11], Co[l FFj-chigrobenzenss| |1|2|°] CooPplyethiviens iffandards) gaAUSBPIEhEY
formil a [err¥ BLB.whmh (&SC) end 35w38Cei nAHLG: 240.5 J/Rerr], Rerr] and

Rlerr] are each independently hydroge%xagﬁﬂ%oqﬁfbyl substituted

hydr ocar byl , or an |nert functional_ g and err% are_each
i ndependent |y hydE8gén d5%,doFySiesy] re&n&ﬁﬂﬂﬂPhﬁﬁﬁnﬁhﬁuHOEﬂ upl bl complex

substituted prepudedcdnbExanpld R qOr.j03anthd)erwds &fﬁsﬁfMe@Mﬁ@StﬁlUt ed

L oy

bonded to it an enpty co ion site - or I'spl aced
by sai d et hytemperat@re.| i ddifid32d O R3rmedy laum ens)d v@shyacéqhed ‘Witlthe
process as r@gbeduish stlididinly .or TheWngitiute RiiRinded TA& dedip PSLBYd 24

PCT/ US97/ 23528 85 6h .l Hede a%@tc%l?%f) | (@9 Rmb1 MHERRINLY fygr 988LRY"
10 The solution turned dark blue. The reaction was terminated
after 16 hrs by addition of MeOH/10% HCl (15 ml). The
. polymer product was filtered, washed well with MeOH and
-acetone and dried. Yield = 6.4 g. Turnover #: 7557 mol
CH2=CHa/mol Co. Mn = 6777(GPC, trichlorobenzene, 120°C,
15 polyethylene standards), dispersity = 3.4. Tm (DSC) =
134.3°C. AH = 235.3 J/g.
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substltuted hydrocarbyl or an inert functional group; Rerr] , Rerr],
Rlerr], R[erwogﬁﬁﬂ] and R err] are each independently 5 hyé-mjgmssg
hydrocarbyl substitut-ed hydrocarbyl or an inert functional -group; ,. :
R err]and R[err] are each independently hydrogen, hydrocar byl , substi t ut ed :
hydr ocar byl ‘or an inert . functional group; 10 - and provi ded t hat any

two of Rlerr], Rerr], Rerr], Rerr], Rerr¢rimsr], Rerr], Rerr],
RlerrJand Rl err] that W v4 CI m;eo ane, another, t aken together may form a

ring. 4. The process as F e t% cI"aﬁmB whereln Rlerr], Rerr] and
Rlerr] are hydrogen; 115 R[Pernqocqqsarﬁqr Werpglymeeizaticd cof] eahy LRnei,s
each lndependent kv , ddtacAMA G kér@p@rsaimrbftaasutotlookc to

hydrogen is_each in t |y, hal qgen, phenyl | kyl
cont ai ni ng 1{ égc?é"rtbRL? Sl’rsa RPEPPPR nd’I}Re[é F9LZch | ndependent | y

hal ogen, phenyl, 20 hydrogen, or alkyl contafning Igsto 6 carbon atons; and
Rl err] and R[err] are each |ndependentlyghydro en of alkyl containing 1 to
6 carbon atons. 5. The process as recite M4 wherein Rert],
Rlerr], Rlerr],Rerr]Rerr], and R are ea drogeh., 25 6. The
process as reC|ted in cIa|m4 wherein R e r] err], g%err], and Rlerr]
are each al kyl containing 1-6 carbon THEPr d®ess as recited in
claim4 wherein Rlerr] and Rlerr] are each ogen of nethyl. 8. The
process as recited in claim4 wherein: 30 Rferr] Rlerr], Rerr],
Rlerr], Rerr],Rerr], Rerr],Rerr]and Nhydrogen and Rlerr]
R[err],F?[err],R[err], Rerr], R[err] R[err] a R[e\) ] are nethyl; Rerr],
Rlerr],Rerr]Rerr], R[err],R[err], Rerr], Rerr] and Rl err] are hydrogen,
Rlerr] and Rlerr] are chloro, and Rerr] , R[err(}iI)_ Rlerr] and Rlerr] are
met hyl ; 49 Wy 98h2ét841ene and:

Rrerr]. . Reerr], Reri] o B i;;a@%«i e e
Rlerr] R[erry)angcpgeppPagﬁ@ i pacting X and alkyl group or a hydride
group from M to form WX, WR?® or WH and which is also
capable of transferring an alkyl group or a hydride to M,
provided that WX is a weakly coordinating anion; or
(b) a combination of a second compound which is
15 capable of transferring an alkyl or hydride group to M and a
third compound which is a neutral Lewis acid which is
capable of abstracting X, a hydride or an alkyl group from
M to form a weakly coordinating anion;
wherein: '
20 M is Co or Fe;
each X is an anion;
n is 1, 2 or 3 so that the total number of negative
charges on said anion or anions 1s equal to the oxidation
sate of a Fe or Co atom present in (II);
25 Rl, R? and R’ are each independently hydrogen,
hydrocarbyl, substituted.hydrocarbyl,'or an inert functional

group;

r? and R’ are each independently h)}drogen,
hydrocarbyl, an inert fu.ncti'onal group, or substituted
30 hydrocarbyl;
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Rlerr] ,Rerr] , Rerr] ,New]'maﬂ, Rlerr] , Rerr] , Rerr] and
Rlerr] are dro en R[err] and R err] are nethylthio, and éHr]
‘R err} and‘% S i-propyl; Rerr], Rerr],Rerr], R[errgff{&{%rr
Rlerr] are hydrogen 4 5 R[err] and R err] are 1- |n1dazolyl and
Rlerr] , Rerr] , Rerr] and Rerr] arei-propyl; Rerr], R[err]
err],9[err err rr err err] and err] are hydroge
E[[err} aLd R][errR][ ar]e tfw‘l"‘]d zBrI?EjaRF]eFF}’ RFeFPPSt%é‘FPF éﬁd’lR{@ﬂqg are
i -propyl; or R[err]R[ernf°,;R[enk}1, R[err] , Rlerr], Rerr] , Rerr],

Rerr], R[err] and Rlerr] ] ar and
Rlerr] and Rlerr] ar e;'e't b%t@x{°c€gléj‘l%% roc %gé‘?g%ﬁ%ﬁéﬁ of ?tﬂﬁnﬁ.g)ﬂa wherein
X is chloride, SWR%esHg tceqntaacrmg)boaetae tq@eraturqoof alheubroéeesca%o
reci teddl nlcibalThrasbumetrzma?csalad ctaf{tlgr]al dele{\mn]a}cmv\thulsnarmalﬂeéﬂxﬁplr&mmex
compoun ces e m ein said al ky
aluntnuntconpouﬁ (ﬁﬁﬂ ?éﬁ?ﬁﬁ 4D&§;€hﬁ2é, %f%rocess as recited in
claim4 wherein sald 20 tenperature is about -30[err]d® to about I00C. 13.
The process as recited in claiml1l or 2 whgtein eésure of said ethyl ene
i s about atnospheric pressure to about 275\ MrPa. .NThe process as recited
inclaiml or 2 wherein 25 polyethylene wt average DP of 40 or nore is
produced. 15. A conpound of the fornula [eyr] & WO 98/ 27124

PCT/ US97/ 23556 wherein: Rlerr], Rerr[R Rl erp}¥ are each independently
hydr ogen, hydrocar byl , substituted hydr.oca |/ or an inert functional 5
group; ‘Rlerr] and R err] are - each independ¢nt!| y\hydrogen, hydrocarbyl or
substituted hydrocarbyl; Rerr], Rerr]: Rlerr] are each

i ndependent |y hydrocar byl , substltuted hydrocarsyl R7an i nert functional
. R

with ethylene, wherein: _ :
10 Rl, R? and R® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert functional
group; - | _ )
R! and ®° are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted
15 hydrocarbyl, and
R® and R’ are aryl or substltuted aryl;
and provided that a Co[II]}, Col[III}, Fe[II]) or Fe[III]
atom also has boﬁded to it an empty coordination site or a
ligand that may be displaced by said ethylene, and a ligand
20 that may add to said ethylene.
‘3. The process as recited in claim 1 or 2 wherein:
" R® is '

Rs R10.

(X):
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10 group;_ R[err] Rlerr],Rlerr], Rerr], Rerr],Rerr] and Rlerr] are each
I ndepend rogen, hydrocarbyl, substltuted hydr ocar nert
function 8% p; ‘and provided that any two of R[err], R[gplrrfl%ai err]
Rlerr], Rerr], Rerr], 15 Rerr] , Rerr], Rerr] and Rl err] that are
vicinal to one another taken together may form a ring. 16. The compound as
recited in claim15 wherein: Rerr] , R[err;uand Rlerr] are hydrogen;
Rlerr],Rlerr] , Rlerr] , Rerr], Rer] a&nd Rerr] is each independently
20 hal ogen, alkyl containing 1 to 6 cg atons, or hydrogen; Rerr],
Rlerr] ,, Rerr] and R err] is eacr%uadependentdwy haI ogen, phenyl or al kyI
containing 1 to 6 carbon atons; R err] Rierr] are each independently
hydrogen or al kyl containing 1 to 6 caybon\atons. 25 17. The
conmpound as recited in claim16 whereifm R efs], R{ﬁrr] Rlerr],Rerr] ,
Rlerr] and R[err] ar seacg[gmdro%en 8 T e coppound as recrted in claim
16 or 17 wherein ?] Y hydroeashydy kyl -
containing 1- Subatb@nt&ﬁomydrsearbyl o:tQan 'Elmzm)rﬁmwuic&SaI egtdbeg;in claim
16 wherein R[err] andpR eg¥] ate ggéh Ri&dr. 16r t%g [ Ss
16 remte?f Rlnh R GR’* Lﬁ Ri%erk P@ é&[ZQdFEggﬁ% ‘%ﬁ?
Rlerr] d &[‘%?F?geﬁre P@&PS@EHY and Rk rt]u éer,d]roqq[ré}yl] ¥ AR impBEr ]
Rl err] R err]fumEtiohalagadoRperr] are nmethyl; 35 Rl err]
Rlerr]Rerr] Rerr] & 12r r el e
hydr ogen, andREQera]r d E‘[}e érrjle? h%&% 1nd5%§f1%ntf? hg{ﬁ P}E ‘Rl.err] and
R[err] ar e Ie)b‘f%‘f@ vbsgg):§§§§4hydrocarbyl or an inert functional
"PCT/ US97/ 2355cdyprr], Rlerr], Rerr], Rerr], Rerr] ,Rerr] Rerr] ,

Rierr] arod R{err]anar rBY aeaeehi eLkl 2pd B&ewhﬁﬁe;@m' AL LA Ll
Rerr] , r grrxflsan grr] are |-propyl er'r] err] REer’r] ,
Rlerr] , rp{ R['er efr], ak o Ane ARAPRR, bakederr]

and R[ err] artmglﬂ-lmen mayrdf&[:mra]riﬁiberr] R[err] and R[err] are net hyI or
1 2 3 9 10 411 pf4 pr&éess a§6rec1ted in claim 3 wherein:
R? , R? and R® are hydrogen,
15 Rg, Rm, Rn, R“, R * and R is each independently
halogen, alkyl conta:.n:r.ng 1 to 6 carbon atoms, or hydrogen;
R® and R is each independently halogen, phenyl or
alkyl containing l to 6 carbon atoms; : '
R'? and RY is each independently halogen, phenyl,
20 hydrogen, or alkyl containing 1 to 6 carbon atoms; and
R' and R® are each independently hydrogen or alkyl
.containing 1 to 6 carbon atoms.
S. The process as recited in claim 4 wherein R® ’ R

11' 'R“, RS Y an_d R® are each hydrogen.

R
25 6. The process as recited in claim 4 wherein Re, R!?
R, and R!” are each alkyl containing 1-6 carbon atoms.
7. The process as recited in claim 4 where:r.n R' and R®
are each hydrogen or methyl. _
8. The process as recited in .claim 4 wherein:
30 | Rl, -Rz, R:_’, Rg, Rn, R and R'® are hydrogen, and R‘,
10 B R¥™ and R' are methyl; T '

Rs, RB' R , Rlz' R T
T 3 ", RY, R" and R'® are hydrogen,

r', r?, R, R’, R, R, R
8 13 4 ] 12 “ul7
R™ and R are chloro, and R, R°, R“ and R"' are methyl;
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Rlerr], Rerr], R[err] Rlerr], R[err] Rlerr], Rerr], R[err]and R err]
are hydrogen,” R and R[err] are nethyl, and Rerr], and -
Rlerr] are MQ? ‘J A conpound of the formla [err] 1&%&&#‘%M is
Co or Fe; each X |s an anlon nis 1, 2 or 3, so that the total nunber of
negative 15 charges on said anion or anions is equal to the oxidation
state of a Fe or Co atom present, m,(ll# Rierrly Rigrr],,and Rert] aje
each |ndependentl  hydr oyen R ny8roddrb BubsRi tuRed H’ydr 0B&Ib\R"; oR ‘amnd

i nert functionalR'greye; hglrogen, andeéIrﬂ.uanﬁlR[aﬁfd ]RléVSrGaEhpropyl,

| ndependent |y hydrogen, draca lnyl 9 oi it Lunc 1@nal odp or
substi t ut ed hydrqcartc)iyl EKIIyerpH R, R, }( #‘ Sgﬁ%gﬁ’&r‘w%

]
98/ 27124 R® are methylth.l.o, and REFI‘ &EQ?R&%E&@ [RrrprRerr]
and Rlerr] age qa-c;}kdp'pppendently hydrocar byI substltut ed hydrocar byl or a

functional group; R err] R gpgr] gerr nrr ;,4R[ rrj

each independently 5 hyg%dg?h ﬁy’dr stb lﬁa R%r’-' hyérqg?n,
inert functionaR gaodpR Rager L- amddR{zgly}.ar andaBh, iR eande'md lehydregen
hydr ocar byl , suly hydrocarbyl or an inert functional group;

,1OR[ érlr] 12R[ erlf)] : Rl er r;fdeip?Eog aﬁ'r; gﬂr"Of i err] R%err%l \ﬂ%q%

to one anot Aer, R'akad Rogerhemetxhylfoanda?su rRJ 28 'Elmei (R)npmnadlagropgllt edr
in (;I aim21 wherel n: R[qilr] R[§$r]R9an§IR[ Q{]-Iil ﬁ%‘-’e Igyﬂrqglén % .nd RY are
¢ hydrogen, R* and R® are methyl, and R® and R are t-butyl.

9. The process as recited in claim 4 wherein X is
chloride, bromide or tetrafluoroborate.

15 10. The pfocess as recited in claim 4 wherein said
neutral Lewis acid is an alkyl aluminum compound.

'~ 11. The process as recited in claim 10 wherein said
alkyl aluminum compound is polymethylaluminoxane.

12. The process as recited in claim 4 wherein said

20  temperature is about -50°C to about 100°C.

13. The process as recited in claim 1 or 2 wherein a
pressure of said ethylene is about atmospheric pressure to
about 275 MPa. |

14. " The process as recited in claim 1 or 2 wherein

25 polyethylene with an average DP of 40 or more is produced.

15. A compound of the formula '

R”
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15 err] Rlerr], Rerr], Rerr], Rerr], and Rerr] is each .
mdependeng}q %b{% al kyl containing 1 to 6 carbon at onspcefsiysisssgen;
Rl err] ? err] and Rl err] is each independently hal ogen, ~phenyl, or
al kyl contai'ning 1 to 6 carbon atons; and R err] and R err] are each
i ndependent |y hydrogen or al kyl 20 containing 1 to 6 carbon atons. 23. The
conpound as recited in claim?21 or 22 \/\/nereée err], Rerr],Rerr],
Rlerr], Rlerr] , and Rlerr] are each hydrogen.”24. The conpound as recited
in claim21 or 22 wheheFRiRterr], R[err] Rlerr], and Rerr] are each al kyl
%Fnt ai ni ng é[6 carbon ZEIﬂLRﬁT&ndZ& afbeeﬁQHDQhﬂ!@p%%dl’e@x@ltyedxy%rddéh,m 24

err] an er Qun eci t

H cﬂgcﬁﬁﬁpl ygﬁﬁggﬂfgﬁﬁﬁehpfh’ﬁé% er? L{ncé dc?nal

in claim?2l wher err

Rlerr] are Aydrd%f¥P’and Rlerr] 30 Rerr],Rerr], R[err] R[err] R[err] ,
Rerr] and Rlerr] are gbtipd RRheel ach dhidepedlattly HiefsdenR err],

, d
C:[?j;r) béé?%é;i&ﬁ 98%%@4 eé{l%j géﬁﬁlgé? gfir?r’?’%&l}ﬁy?n so o Loare
erR are ceath fpdependensdy], Rlerr],

Rlerr], Rerr] ,hﬁﬁsé&rbyB[ egaﬂ;seﬂautBaehyhraearbydr egcan Rheird skl eid]
are rrethyl and err] and Rlerr] are phenyl; Rerr], Rerr], Rerr],
Rerr], éPr] % FiLerrl F”]15 R[errl R[err] and R[err] are
hydr ogen, and R[err]R fR[Fbrr]R 1R[Br r7] FiandaREleRri aeneeqaqdrr dmdepaidently
Rlerr], Rlerr] HydFrdgel ehiiir&&&EbY1, RE@bstitRECH hyaRdcRk®y1] o @n inert
hydrogen Rlerr nétl e are e hylthro and R err], R[err] Rl err] and
Rerr] are i- r%‘}ﬁff %[[‘5' Err] Rerr],Rerr], R[e; rr] gi[er{3
and Rlerr] are hydroa}ed pf@ud?damat%[emy]tﬂoe0£ R o&zow Bnd Fﬂl errR7,

Rierr], R qsr] p*andrH, erﬁlfasedlﬁ”l tHEQp)ilre Ri%ital Reone a!?{&rrrér hREA]
err are, drogen Rlerr] and Rerr] are

Rerr] ,Rerr], er and
methyl, and R &39¢ }%’érﬁy FBr3 1T  Rerr] are i-propyl: or Rerr],
Rerr],Rerr], R er r}6. R[ The | compeund  aR vecited] énr ]:laqneﬂ-ﬁ] wRearedn :and
R err] hydrogen, R[err]R’anq{i’RgﬁarEaé_@e n;ei.@]yb eﬁnd Rlerr] and R[err] are
-butyl. 15 27. IIJ’IG E{lbOCI?ﬁS 354 rezaste H“C'las' %’a%:h‘“’@.%r epen tiy
20 halogen, alkyl containing 1 to 6 carbon atoms, or hydrogen;
Ra, Rlz, R? and Rr’ is each independently halogen,
phenyl or alkyl contaln:r.ng 1 to 6 carbon atoms:;
R* and R’ are each independently hydrogen or alkyl
containing 1 to 6 carbon atoms. - .
25 17 The compound as recited in claim 16 whereln R ’
R, R'?, R, R! and R'® are each hydrogen.
18. The compound as recited in claim 16 or 17 wherein
R®, R}, R, and R! are each alkyl containing 1-6 carbon
atoms. '
30 19. The compound as recited in cla:r.m 16 wherein R' and
R® are each hydrogen or methyl.
20. The process as recited in claJ.m 16 where:.n
_ R', R?, R, R®, R*, R and R'® are hydrogen, and RY,
Rs, Ra, Rm, Rlz, Rn, RY and RY are methyl;

35 : Rl, Rz, R3, R®, Rm, r', RY, R and RS are hydrogen,
R' and R® are methylthio, and R®, Rl', R and RY are
i-propyl; ' '
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contains 1 to 4 carbon atons. 28. A conpound of the fornmula 20

W08/ 27124 _- PCT/ US éﬁés}%

wher ei n: %?89785' or Fe; Rerr], Rerr] and Rerr] are ea?:‘il I A epenhently
hydr ogen, - hydr ocar byl , "substi t ut ed hydrocarbyl, or an inert functional
group; 10 R[err] and Rlerr] are each independently hydr ogen,

hydr ocar byl , an inert,f unati gmal_jogr Qup oL1isu ${It d y {pcarby rrj
and Rlerr] arg aryl g‘?’ stost Frutd %T 0t£T|_’e Itk%ﬂ%ﬁe’émy
ot her ani oni & | Agan& Isr'BniolMdchowlhyl and Ban RnseR aﬂdsRa aeet r al

l'i gand capablje-grodigl Ng di spl aced by ethylene or a vacant coor di nation

site; - Qis a relativeliy nan-goor o NaQ.AN QY Plgsadyealen

(poLy) et hyl. eng group, ?‘h g rﬁ.ﬁ' §2 g% gr r'la-l[ 37¢ RS ¥iseqenan
integer of 1For andr &' aarmla 'Iéfhelroz]o,l sandh lbndPg aret Rf‘hearemneuhdlas or
recited in claim28 vﬁergl‘zn r55 Rr? ‘ﬁ@985(1271ﬁ14 qu:F? LS9/ R85 8 Rffddoden,

[err] R err] _ss err [5] each I ndepend ntIy.
hydr ocar byl , ¢ 52‘5 hﬁt%ﬁeh‘?ﬁFﬁzﬁfbﬂ% # 'a:}gll nef't onaolFeg?'oH OPEferr],
Rlerr],Rer r]. R[ erd]. H ezonipaunt Rjfertte afermakd | ndependent |y :

10
| wherein:
M is Co or Fe;
each X is an anion;
- n is 1, 2 or 3, so that the total number of negatlve
15 charges on said anion or anions lS equal to the oxidation
state of a Fe or Co atom present in (II);
R', R? and R® are each independently hydrogen, .
hydrocarbyl, substituted hydrocarbyl, or an inert functional

. group:

20 R' and R’ are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted
hydrocarbyl;

R® is _
_ R? R0
R® R
| . R®? (X);
25 R’ is -

0 W



hydr ogen, hydrocar byl , substituted hydrocarbyl or an inert functional
group; 10 O R[err] and R[err] are each mdependentlypbymsmsﬁ
hydrocarbyl BRI ¢ ut ed hydr ocar byl an inert functional “groupj a 9
10 11 - 12- 13 and provided that any 'tvvo of Rlerr], Rerr], Rerr],
Rlerr], Rerr], Rerr] Rerr], Rerr], Rerr] and Rerr] that are vicinal
to one another,. taken 15 together may\forme® ring. 30. The corrpound as
recited in claim?29 wherein: Rerr], (
Rlerr], Rerr], Rerr], R[err],R['err7 |s each |ndependently

hal ogen, al kyl containing 1 to 6 caruo —¥* hydrogen; 20

Rlerr] and R err] is each independently N , phenyl or alkyl contai ni ng .
1 to 6 carbon atons; 12 17 Rlerr] apd Ri®rr] is each independently

hal ogen, phenyl, hydrogen, or al kyl comini rﬁj’ 1 tdX&)carbon atons; and

Rlerr] and Rl.err] are egshaﬁardlgpeg @n%‘hhmhﬁg’gﬁﬂ“ﬂfﬂovﬁ%‘?ﬁﬁﬁm ng 1

to 6 carbon atons. 3]1. ound as recited’i err],

Rlerr],Rerr], FRstitured /p draﬁar érP]r & SUOsHi IRt SFAPPEE - 32, A

process for t]tre pol ymer RzatRr y/) emits, c:m*rm‘?sarg eamhtandepgndahtay

tenperature 0 00 bo I c&tJBQ

conpound of thel%Pa(;}rJJ?r%Tz1:lI 5}1?&?:1:\,\35:833 gtrﬂ"g%g%‘%d %g, iS IaDEF é‘? J.nert

Rlerr] are eachfin@ebena nnguﬁydrogen 15 hydrocarbyl substltut ed
hydrocarbyl, or an lnerklﬁ‘mrx}ﬁa&rgr@m@n Sldependently hydrogen,

: hydrocarbyl, substituted hydrocarbyl or an inert functional

group;
10 - and provided that any two of Ra, Rg, Rm, Rn, Rl_z, R
R“, R, R'® and R'” that are vicinal to one another, taken
together may form a ring.
22. The compound as recited in claim 21 wherein:
Rl, R? and R’ are hydrogen}
15 Rg, Rm, Rn, R“, R"'s, and R!® is each independently
halogen, alkyl containing 1 to 6 carbon atoms, or hydrogen;
Ra, Rn, ‘R*? and R is each independently halogen,
phenyl, or alkyl containing 1 to 6 carbon atoms; and
R' and R® are each independently hydrogen or alkyl
20 containing 1 to 6 carbon atoms.
23. The compound as recited in claim 21 or 22 wherein
rR?, R, R, R, R', and R are each hydrogen. '
24. The compound as recited in claim 21 or 22 wherein
Re, Rlz', R13, and Rn are each alkyl containing 1-6 carbon
25 atoms. . |
25. The 'compound as recited in claim 24 R* and R® are

each hydrogen or methyl.
26. The compound as recxted J.n claim 21 wherein:
R, R, R, R, rt ’ R andR are hydrogen, andR,
30 - R%, R%, R, R'?, RY, R'™ and RY are methyl;
Rl, Rz,: R3, Rg, _R_m-, 'Rn, R“, R and _Rls are hydrogen,
R® and R'® are chloro, and RY, R®, R!? and R' are methyl; -
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Rlerr] and i?[err] are each independently hydrogen, hydrocarbyl, an inert
functional group or substituted hydrocarbyl; Rerr] and R el | or
subst i t ut edWQI9§RTI2S, T[err] is hydride or alKkyl ori’éﬁﬁgﬁﬁgésy
anionic ligand into which ethylene can insert; Y is a neutral |igand
capable of being displaced by ethylene or a vacant coordination site; Qis
a relatively non-coordinating anj ong 104 11 12 P_isS a6l vajgent 17
‘(pol y) et hyl ene group -of Bt heRforku| & « (%HZCﬁZ)'x-RWI'\e&ei'n%( i sRanang &erd i
1 or nore; and Ayeropens &l end B cipe r@hyhe amod®Rsansks R*2catedphenylai m
32 wherein 15 said congoungzi o3 VEE) . p84.55Thelpr ogldsspbls a8i t gdqi RIClagiem
32 wherein said corrpou% fsﬂ(’l %.’ 55) %;h'e Pbr’o?@s's as’reci't gj fnclaim32
wherei n said cohyetrgens @rd R, 2B, R ang RTharp, 4cBECPYL recited in
claim32 whegein: RerrRsrterrd, Rl errY’,i 8125 R, R andRRfrirenby&egeh,
are each i ndepegde A% 11Y¢ [ gf0) , sttt dr r L7 { nert
functi onal gr'oug; %éS% aq%l;g%l%r&;géesdsﬁ&asﬁelgtbggiang%:{{dalﬁm gé}vélerei n
sai d .conpl ex i sLoPrPR¥ddes part of a heter;gfneous catal yst on a solid
support. 48. The procesgtasgr?eded’j ¥, artt AR¥ar RFFednaiR f natbehgdsogen,
i quid phase. 49s Th ocess, as I ec t [ iam 322 whgseL o 4( ¥b) , X) or
(XI'1) is part of & tlggr o%re%zlbtfgmcqgatcﬂﬁl&gjl’ onanr%aa%dl %g 'suppo??f:l ¥ aid
_ 10 i-propyl:; ' _ .
R, R?, R}, r°, RY, R, RrY, R and R!® are hydrogen,
. R' and R® are methyl, and R?, Rlz, Rlsland RY are i-propyl; or
RI, Rz,’ Rs, R9’ Rlo' RlJ.' RIZ’ R14’ RIS' R16 and R17 are
hydrogen, R* and R’ are methyl, and R® and R’ are t-butyl.
15 27. The process as recited in claim 1 wherein R*’
contains 1 to 4 carbon atoms.

28. A compound of the formula

20
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50. The process as recited in claim49 carried out in the gas or liquid
phase. 5lyq pyocess .as recited in claima45, 47 or 49 wherehe.sakd solid
support i.s si |ca or alumna. 52. A catalyst conposition cenprising a
conplex of 'a Co[lI], Co[lll], Fe[ll] or Fe[lll] atomwi th one nol ecul e of a
tridentate |Iigand sel ected fromthe group consisting of a 2,6-

pyri di necar boxal dehydebi-s(iffri ne) aqg a 2, 6-di cylpyrldlne- _
bis(imne), in which the tifidentate |igand ®uses st¢ric crowdi ng about the
Co[I1], Co[Ill], Fe[ll] or |Fe[lllIR 5,3/. The cat @l yst conposition of
claim52, characterized in{that \ er aonpr|5|n a co-catalyst. 54.
The catal yst' conposition off claim haracter ﬁd tn that the co-catalyst
is a-neutral Lewis acid, afcatiensi Le ji-S-.2CL Oy a ronst.ed acid. 55. The
catal yst conposition of cl & m 54, argcteri zetd | that the co-catalyst is
an al kyl al um num conpound{ 56. Th¢ ca alysp'conp05| ion of claimb55,
characterized in that the &l kyl ' ynpound i sfan al kyl al um noxane.
57. A heterogeneous catal y$t conpri si t helxeat al yst| conposition of claim
52 on a substrate. 58. A catalyst co osition adaptefd for the

‘pol yrmeri zation of ethylenel_conprising a conplex of _[Co[ll], C?[III Fe[l1]
or Fe[lll] atomw th one nolecule of a tridentate |igand selected romthe
group consisting of a 2,6 perdlnecarbox-‘§F&§hydeblsilnlne) and a
2,6-diacy|pyridinebis(inine), inwhich whe tridentate |l "gand causes steric
crowdj ng about the Co[lI], 5¢ 471 The prog%ss as rgcited in claim?2
wherein said conplex is or bgcones Lhet er ogerjeous catal yst on a
solid support. 48. The procegs as redl in bla|n1 7]carried out in the
gas or |iquid-phase. 49. The |proges eci t edsi4r Cl &i m 32 wherein (v),

(I'X) or (XIl) is part of a heteroge ougﬂtatalxs 4 sol¥d support.

5 - wherein:

M is Co or Fe; -

R', R? and R® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert functional
group;

10 R® and R® areieach independently hydrogen,
‘hydrocarbyl, an inert functional group or substltuted
hydrocarbyl,

R® and R’ are aryl or substituted aryl;

Tt is hydride or alkyl or any other anionic l;gand

15 into which ethylene can insert; '

Y is a neutral ligand capable of belng dlsplaced by
eéthylene or a vacant coordination site;

Q is a relat;vely-pon—coordlnatlng'anion;

P is a divalent (poly)ethylene group of the formula

20 -(CHzCHz)x wherein x is an integer of 1 or ‘more; and

T? is an end group.

29. The compound as recited in claim 28 wherein:

55
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50. The process as recited in claim49 carried out in the gas or liquid _
phase. 511w3@ﬁ?ﬁ{90955 as recited in claim45, 47 or 49 wherein said solid
support is Si c% or alum na. 52. A catal yst conposition cBgBUss1I§s5a
conplex of a Co[II], Co[lII], Fe[ll] or Fe[lll] atomw th one nol &cul e of a
tridentate ligand selected fromthe group consisting of a 2, 6-

pyri di necar boxal dehyd is%inine) and a 2, 6-di acyl pyri di ne-

bis(imne), in whicht e™ri dent at e l i gand cgiyses steric crowdi ng about the
Co[I1], Co[IlI], Fe[ll] or Fe[lll] atofm 53} The catal yst conposition of
claim52, characterized in that it furtNier Lonprising a co-catal yst. 54.
The catal yst conposition of claim53, terized in that the co-catal yst
is aneutral Lews acid, a cationi@ ~e-RUr a Bronsted acid. 55. The
catal yst conposition of claimb54, chara 1zed in that the co-catalyst is
an al kyl -al um num conpound. 56. The cataly conposi tion of claim 55,
characterized in that the al kyl al um num co®found(Xk;-an al kyl al un noxane.
57. A heterogeneous cai’alyst conprising the catal yst conposition of claim
52 on a substrate. 58. A catal yst conpositign adapted for the

pol yneri zation of ethylene, conprising\a conplex of Co[ll], Co[llI], Fe[ll]
or Fe[lll] atomw th one nol ecul e of entate |igand selected fromthe
group consisting of a 2,6 pyridi n® ek gadfydebi s(imne) and a ,
2, 6-di acyl pyridinebis (imne), i-n whichthe tridentate |igand causes steric
crowdiczng about the Co[lI], 60 Co[llA], Xe[ll] or Fe[lll] atom and in
which the Co[ll], Co[lll], Fe[ll] or #®&[III1®s at oqxalso has [i] an enpty

byl ene, Snd 1 1] bondeditoR ( 2key eashaLAnsEndiRY rY R oo
het er ogeneousSREESL Rt edoRyAroragbyheoFaral 80 FyoSTtiione lofgrdupim 58 on a
substrate. 60. The cafalpsh, edhpedf)intt ahdary® anee dfadH ain@eS2ndbnely
l'iydrogen, hydroc_arbyl, sub_stittited hydrocarbyl or an inert
functional group; - |
10 R* and RY are each independently hydrogen,
hydroca'rbyl, substituted hydrocarbyl or an inert functional
- group: _ _ :
and provided that any two of rR®, rR?, R!?, R, R%?, Rnl,
rR™, R, R and RV that are vicinal to one another, taken
15 together may form a ring. | L
30. The compound as recited in claim 29 wherein:
R', R? and R are hydrogen;
rR%, rY, R, R“,'R15 and R is each independently
halogen, alkyl containing 1 to 6 carbon atoms, or hydrogen;
20 R® and R is each independently halogen, phenyl or
alkyl containing 1 to 6 carbon atoms;
R*? and RY is each independently halogen, phenyl,
hydrogen, or alkyl containing 1 to 6 carbon atoms; and
R' and R® are each independently hydrogen or alkyl
25 containing 1 to 6 carbon atoms. ' o
31. The compound as recited in claim 30 wherein'jo
rR', RY, R™, RY, and R'® are each hydrogen.
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58, charactérized in that it is @hicSHRIHXB&RARakEE[!1] or Fe[l11] atom 61,
The het er ogeneous cat al yst corrp05| 57 or 59, rctrmsamasss zed in
‘that- the W‘gﬁﬂﬂg‘f conposi tion-is ’l!wmmawn Fe[11] or*Fe[ll.] atom

62. A process for the polynerizat e, conprising the step of

contacting, at a tenperature of about -100[err]C to about +200[err]C, an
active polymerization gatabyst th eth ne har agt e In that the
active pol ymeri zation %at% ygf‘dwgnp?’f% %acgh c{)ﬂé?gﬁnéfn% F‘]ydr}e(; 117,
Fe[I11] or Fe[ hlyld]rcn:tarbyml,t rswbstrmem@tkeydrgmubgébegreanf Aaenth @Qﬁ}pmal
consi sting of 84 pyri di necar box- al dehydebi s(i m ne) and a 2,6-

di acyl pyri di nébi s(i'm ng), ich the, tridentat an auses steric
crowdi ng about the Co[RI ]a“dC(?[ I FFF eagh fpdgp l]%” ' The
process of scl &Jyrazﬁﬁzamm,acamrirzenltlfumdmaiomhb gavupyst eubp(ts'ittli’txﬂd is as
set forth in g@ é‘%ﬁ The process of claim62, characterized in that
t he catal yst cdnposi s, ag set forth in "‘b m.53. 65. _The process of
claim62, characteriz&d i@md ﬁat arpe2&¥t-aPyst &T’dﬁéﬁtﬁdoﬁ’ﬁ sl’as set forth in
claim54. 66. The prareds ofyddialendd? alddydr aot eany eskher tamionhe daganyst

conposition i iln%_%{ iﬁi %kﬁré%ﬂﬂ?&é aldn SPhsddy; The process of cl a| m 62,

characteri zed st conp omélon i s.as 2# forth .in clalc{n
61 68. 1¥he .process %fl%l%uW‘B’EraJehH%‘? r$3BabLR PR PetRg SisRLAS
conposi tion i athylimy afie e ouscant atgstdasaskonf sith;in claim57. 69. The

process of claim®62, Cé]%?c#eféfggl+@1§g?é%lgiaﬁqu%ﬁuﬁ CQRReR;tion is as

set foerth in cIa|m58 he™pr ocess acter ?&%Ié‘:’tr@
the catal yst conpositiBni$ sa adivakenfelrety) ehh¥igae gEOUBR: Of,
59. 71. The progeseH9f <!|héréfn £hbs aan eintedernofhat orhmocratalayst

conpdsitiqg IS as slat forthelnragr%lﬂ; 60. .

33. The process as rec1ted_in'claim'32 wherein said

compound is (VII).

34. The process as recited in claim 32 wherein said
compound is (IX).

20 35. The process as recited in claim 32 wherein said
compound is [XII).

36. The process as recited in claim 32 wherein:
6 _ _

R is
. Rs o R1o
25 R’ is
RIT RM
/e Ris - (XI),-

R® and RY are each independently hydrocarbyl,
substituted hydrocarbyl_br an inert funct:.on_al_ group;
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72. The process of claim62, ch A el h4Sfled Replabat the catal yst conposition
I S a heterogeneous catal yst as sejj ' [ gl m 61. 73. Tq; §§%6of.
any one of WOM8RE1282-70 in which _ Eﬁarm et hyl ene is rﬂg'réé %‘ " The .
process of claim71 in which an ol o | ene is made. - 75. The
process of claim72 in which an oligomer of ethylene is made. 76. The
process of any one of clajnms ,82-7( in i a pol r of ethylene is nade
with a degree of pol yrrer%zratﬂlgn Bgra&gw Rﬁ‘g éfld'nﬁ}qer%rﬁ.eam'e independently
claim 71 in whi tydrpeyTehy@toetbyyEpesubsondatedt hydrdedr®e10for an inert

pol-ymeri zati on QRQU 40 re. 78. The process of claim72 in which a .
pol ynmer of ethyﬁ%ﬁe |%5%%£e8&?€ﬁ;@ degree of - polyneri zation of about 40 or

nmore. 62 R™ and R" are each independently hydrogen,
5 hydrocarbyl, substituted hydrocarbyl or an inert functional

group; _ .
' and provided that any two of R®, R®, R, RY,- R¥?, RY},
R#, Rw, R*® and RY that are vicinal to one another, taken
" together may form a ring.
10 -37. The compound as recited in claim 36 wherein:
Rl, R? and R® are hydrogen; '
t rR?, RrR'’, RY, R“, R¥® and R is each independently
halogen, alkyl containing 1 to 6 carbon atoms, or hydrogen;
- R® and R13 is each indépendently halogen, phenyl or
15 alkyl containing 1 to 6 carbon atoms;
R and R is each independently halogen, phenyl,
hydrogen, or alkyl containing 1 to 6 carbon atoms; and
R' and R® are each independently hydrogen or alkyl
containing 1 to 6 carbon atoms. . h _
20 38. The compound as recited in claim 37 wherein Ra
R, RrY, R“L Ru, and R'® are each hydrogen.
39. The process as recited in claim 32, 33, 34 or 35.
wherein said temperature is about -50°C to about 100°C.
40. The process as recited in claim 32, 33, 34 or 35
25 wherein a pressure of said ethylene is about atmospheric
pressure'to about 275 MPa.
41. The process as recited in claim 32 wherein
polyethylene with an average DP of 40 or more is produced.
42. The compound as recited in claim 28 which is
30 {(VII).. | o
43. The compound as recited in claim 28 which is
(XII). S
44. The compound as recited in claim 28 which is (IX).
45. The process as recited in claim 1 wherein said
3§ compound is or becomes part of a heterogeneous catalyst on a

solid support.
46. The process as recited in claim 45 carried out in

the gas phase or liquid phase.
- | 58
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47. The process as recited in claim 2 wherein said
complex is or becomes part of a heterogeneous catalyst on a

solid support.

48. The process as recited in claim 47 carried out in
the gas or liquid phase.

49. The process as recited in claim 32 wherein (VI),
(IX) or (XII) is part of a heterogeneous cétalyst on a solid

support,.

50. The process as recited in claim 49 carried out in
the gas or liquid phase. _

51. The- process as recited in claim 45, 47 or 49
wherein said solid support is silica or alumina.
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