WO 02/ 16033 PCT/ US01/ 24032 PCOLYMERI ZATI ON USI NG LATE TRANSI TI ON METAL
CATALYST COVPLEXES FORMED IN SITU FIELD OF THE | NVENTI ON The invention is
di rect ed wovwaiass t he formati on of polyners and copol yner BC/akeig4bz2t e
transition netal polynerization catalyst conplexes which are forned in
situ. BACKGROUND Pol ynmers and copolyners may be formed fromolefmc
nononmers by using organonetal lic catalyst technology. Commonly used
organonetal lic catalysts include Ziegler-Natta cat aI sts and netal | ocene
catal ysts. Despite P%YR@MMWNHSQIN(B ess of Group 4 (Ti
and Zr) Ziegler- NMWAE@AM‘&ST@@NH’ICEXEBYE@RMED IN)SVEiUef ins, the
search for new catalysts and polynerization techni ques continue. Mre
specifically, the chem cal industry strives to obtain even greater control
over product properties and extend the famly of products to new nonomer

combi nations. Catalysts that tolerate a variety of functional groups are
of parUcﬁM&f@MMD hey not only open up new product

_;I)_ossihbi i tiOIesI but also all ow the use of cheaper | ess pure nononer feeds.
o this en ate transitiaon netals are, general re tolerant of polar
groups than thdh éélil‘feylﬁpﬂéﬁélilftep@ﬁt E Q%ﬁgo lygersand| catal ysts

have been used to a. | (9] Many of
these pr octaaymer Bing Tt Fos i elehne BRI ZEGHE Sl ReBiTass

conpl exes PEkdisShel ques such as atomtransfer radical polynerization
(" ATRP") art'e(fol ze an ?nltlator such as an al kyl halide, a Goup 11 netal
conpound such as CuCl, and an am ne such as 2,2'-dipyridine WO 02/ 16033

PCT/ US01/ 24032
BACKGROUND

Polymers and copolymers may be formed from olefinic monomers by
using organometallic catalyst technology. Commonly used organometallic
catalysts include Ziegler-Natta catalysts and metallocene catalysts. Despite the
technological and commercial success of Group 4 (Ti and Zr) Ziegler-Natta and
metallocene catalysts for polyolefins, the search for new catalysts and
polymerization techniques continue. More specifically, the chemical industry
strives to obtain even greater control over product properties and extend the
family of products to new monomer combinations. Catalysts that tolerate a
variety of functional groups are of particular interest because they not only open
up new product possibilities, but also allow the use of cheaper, less pure
monomer feeds. To this end, late transition metals are generally more tolerant of

polar groups than the early transition metals.

Late transition metal catalysts have been used to a limited degree in
polymerization processes. Many of these processes use free radical techniques
and preformed catalyst complexes. Other techniques such as atom transfer
radical polymerization ("ATRP") utilize an initiator such as an alkyl halide, a

Group 11 metal compound such as CuCl, and an amine such as 2,2’-dipyridine



-2 as taught by Matyjaszewski in W96/30421, herein incorporated by
reference. The ATRP process uses an initiator in lieu of a cocatal yst
(e.g., nwayd/i160ad unoxane, a.k.a. "MAO'). The am ne in ATRECT/ASug®EW2 0
solubilize the nmetal conpound in nedia. Furthernore, ATRP is known to

pol ynerize only styrene and acrylates and is not known to polynerize ot her
monomers such as ethylene. Recently, +ibvel late transition organonetallic
catal ysts have been devel oped which are useful in form ng pol yners and
copol ymers having hydrocarbyl polar functionality. Mre specifically, US.
Pat ent 6, £334ugby MatiFHastevesky iretW@P6/3 0421 chereiminoorporated bybypfarehes: ence,
details group 11 (Cu, Ag and _ Au) containing catal yst co oiitions havi ng a
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polymerization technique disclosed in US Patent 6,037,297 teaches the prepara-
tion of a solid and isc;lated complex. The complex is a single compound that can
be put in the container and stored on the bench top. Such a complex would not
yet be considered an active catalyst by one skilled in the art. For the complex to
be used as a catalyst for polymerization, the complex must be mixed with an
activating cocatalyst, such as MAO, to create an activated catalyst which can be
used to polymerize monomers. Thus, there are two discrete steps which are
undertaken to create the active polymerization catalyst which makes the

production of polymers and copolymers less efficient and more expensive.
Hence, there is still a need to improve the efficiency of processes for

catalyst formation and polymerization. Additionally, processes which allow the

incorporation of polar monomer groups are advantageous.

SUMMARY OF THE INVENTION

The instant invention provides a novel olefin polymerization process

based on the use of a group 11 transition metal halide, a nitrogen containing
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activating cocatalyst (e.g., MAO which forman activated catal yst

conposi t ivomo2/me033 t u. This activated catal yst conpositi onPCHUSOIE3032s€d t O

pol ymeri ze ol efins and copol ynerize olefins with polar nononers. Unlike

ATRP, the instant invention does not use an alkyl halide initiator but

I nstead uses a cocatal yst. Further, unl3ke US Patent 6,037,297, the

i nvention teaches that use of a prefornmed netal conplex is not a

pr er equi s:dte More specifically, the netal conplex nay be forned in situ by
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monoxi de, cyanate, ol efns,” a neutral coordinatlfg
noi ety  Drocess. The invention also provides a method for polymerizing olefins as well

as copolymers having polar monomers incorporated therein.

In one embodiment, the invention provides a method for producing an
activated catalyst composition in situ and producing polymers therefrom
comprising the steps of: (a) simultaneously contacting a composition having the
formula MXZ, with L and an activating cocatalyst; wherein M is selected from
the group consisting of Cu, Ag, and Au; X is selected from the group consisting
of halides, hydride, triflate, acetates, borates, C, through Cy; alkyl, C; through
Cy2 alkoxy, C; through C;, cycloalkyl, C; through C;, cycloalkoxy, aryl,
thiolates, carbon monoxide, cyanate, olefins, and any other moiety into which a
monomer can insert; Z is selected from the group consisting of halides, hydride,
triflate, acetates, borates, C; through C,, alkyl, C, through C;, alkoxy, Cs
through Cy, cycloalkyl, C3 through C;, cycloalkoxy, aryl, thiolates, carbon

monoxide, cyanate, olefins, a neutral coordinating ligand, and any other moiety
into which a monomer can insert; n equals 0, 1 or 2; L is selected from the group
consisting of monodentate nitrogen-containing ligands and bidentate nitrogen-

containing ligands; and, (b) contacting olefinic monomers under polymerization



into which a nonomer can insert; n equals 0, 1 or 2; L is selected fromthe
group consisting of nonodentate nitrogen-containing |igands and bidentate
ni t rogenwa@oni@sini ng |i gands; and, (b) contacting ol ef ui i BCTDR@MENR under
pol yneri zati on WO 02/ 16033 PCT/ US01/ 24032 -4 conditions; wherein said

ol efinic nmononers are selected fromthe group consist- ing of acyclic
aliphatic olefins, olefins having a hwdrocarbyl polar functionality,

m xtures of olefins having at | east one olefin with a hydrocar byl
functionality and at |east one acyclic aliphatic ol efin; whereby polyners
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In one embodiment, the invention provides a method for producing an
activated catalyst composition in situ and producing polymers or copolymers
therefrom. Tt should be appreciated by those skilled in the art that use of the
general term "copolymers" includes terpolymers and other polymers having

various combinations of different monomer units.

In the first process step of the instant invention, a composition having the
formula MXZ, is simultaneously contacted with L and an activating cocatalyst.
Referring to the formula, M is selected from the group consisting of Cu, Ag, and
Au; X is selected from the group consisting of halides, hydride, trifiate, acetates,
borates, C, through Cy; alkyl, C, through C;, alkoxy, C, through C;; cycloalkyl,
C; through C); cycloalkoxy, aryl, thiolates, carbon monoxide, cyanate, olefins,
and any other moiety into which a monomer can insert; Z is selected from the
group consisting of halides, hydride, triflate, acetates, borates, C, through C,
alkyl, C, through C;, alkoxy, Cs through C;, cycloalkyl, Cs through C,,
cycloalkoxy, aryl, thiolates, carbon monoxide, cyanate, olefins, a neutral

coordinating ligand, and any other moiety into which a monomer can insert; n



al kyl, C1 through Cl12 al koxy, C3 through Cl12 cycl oal kyl, C3 through C12
cycl oal koxy, aryl, thiolates, carbon nonoxi de, cyanate, olefins, a neutral
coor di natweag2/kdogand, and any other noiety into which a norowEsoicAN32 nsert ;
n WO 02/ 16033 PCT/US01/ 24032 -5 equals 0, 1 or 2; and L is selected from
t he group consisting of nonodentate nitrogen-containing |igands and

bi dentate nitrogen-containing |ligands.54dn a subsequent process step of the
instant invention, olefmc nononers are contacted with the activated
catal yst conposition under polymerization conditions. The ol efm c nononers
are sel ect@didf ¢, Ayt Reardl 0 iPselested Ston theogroup epabisting of piatddentatef i ns,

ol efi ns havi ng’a hydrocarbyl polar functionality, ~mxtures of ol efns
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| east one acyclic aliphatic olefin. Polyners and copol yners are thereby
formed. Exanples of the activating cocatal ysts used above include, but are
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are thereby formed.

Examples of the activating cocatalysts used above include, but are not
limited to, aluminum compounds containing an Al-O bond such as the
alkylalumoxanes such as methylalumoxane ("MAO") and isobutyl modified
methylalumoxane; aluminum alkyls; aluminum halides; alkylaluminum halides;
Lewis acids other than any of the foregoing list; and mixtures of the foregoing
can also be used in conjunction with alkylating agents, such as methyl
magnesium chloride and methy] lithium. Examples of such Lewis acids are
those compounds corresponding to the formula: R""3B, wherein R""
independently each occurrence is selected from hydrogen, silyl, hydrocarbyl,
halohydrocarbyl, alkoxide, aryloxide, fluoroaryl, amide or combinations thereof,
said R"" having up to 30 non-hydrogen atoms.

Itis fo be appreciated by those skilled in the art, that the above formula
for the preferred Lewis acids represents an empirical formula, and that many
Lewis acids exist as dimers or higher oligomers in solution or in the solid state.
Other Lewis acids which are useful in the catalyst compositions of this invention

will be apparent to those skilled in the art.



for the preferred Lew s acids represents an enpirical fornmula, and that
many Lew s acids exist as dinmers or higher oligonmers in solution or in the
solid staweo21dher Lewi s acids which are useful in the cRCBURSII24032
conpositions of this invention wll be apparent to those skilled in the
art. WO 02/16033 PCT/US01/ 24032 -6 O her exanples of such cocatal ysts

I nclude salts of group 13 el enent comd exes. These and ot her exanpl es of
suitabl e cocatal ysts and their use in organonetallic polynerization are

di scussed in U S. Patent No. 5,198,401 and PCT patent docunents

PCT/ US97/ 10418 and PCT/US96/ 09764, all incorporated by reference herein.
Preferred activating cocatal ysts include trinethylalumnum triisobutyl-

al um num net hyfhal vrENples ofsubly catatalys@rincludalsaltodf gtd\lpal%ﬁlemmi

di chl oroet hyl al umi num tri et hyl boron, tr| rret hyI boron, tri I boron and

hal ogenatc&nlnplexqzsecTh&slewnﬂlolhcn exanenles of syitad ﬁtS&S‘Hﬂg Cpst highly

preferred activati ng cocata (Sts i Iude tr h nu

met hy| al WresBemetallicipelymstization arg F‘é%@i‘??@ YA Che RSl and,
fl'uor oph )0 i 896/09763( Sl ncorporated

bis(tri fleﬂ% gﬁ“ﬁ@”ﬁ {S)Zp(g'gagénéﬁ d?z?j?(‘%%?a {Qoropheny orcr)lr)l

pent af | ugy Wbe HeRiyeny! boron, and bi s(pent af | uorophenyl ) phenyl bor on.
Such fl uoro substituted triaryl bor anes may be readily synt hesi zed accordi ng
to techniques such as those disclosed in Mirks, et aI J. Am Chem Soc.

113, 3623-3625 (1991) which is herein r.por te efere C In a
preferred enbdliehasred agtivatingtcogaialysth 106 éfl@f&ﬁl Bﬁﬁlt he group

i sti f. alk k des, al kyl
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agents dichloroethylaluminum, triethylboron, trimethylboron, triphenylboron and

halogenated, especially fluorinated, triphenyl boron compounds.

Most highly preferred activating cocatalysts include triethylaluminum,
methylalumoxane, and fluoro-substituted triaryl borons such as tris(4-
fluorophenyl)boron, tris(2,4-difluorophenylboron), tris(3,5-
bis(trifluoromethylphenyl) boron, tris(pentafluorophenyl) boron,
pentafluorophenyl-diphenyl boron, and bis(pentafluorophenyl) phenylboron.
Such fluoro-substituted triarylboranes may be readily synthesized according to
techniques such as those disclosed in Marks, et al., J. Am. Chem. Soc., 113,
3623-3625 (1991) which is herein incorporated by reference.

In a preferred embodiment, the activating cocatalyst is selected from the
group consisting of alkylalumoxanes, aluminum alkyls, aluminum halides, alkyl
aluminum halides, Lewis acids other than any of the foregoing, alkylating agents
and mixtures thereof. Most preferably, the cocatalyst is methyl alumoxane.

Furthermore, the equivalent ratio of metal complex to activating
cocatalyst is preferably in a range from 1:0.5 to 1: 10°, more preferably from



and m xtures thereof. Mst preferably, the cocatalyst is nethyl alunoxane.
Furthernore, the equivalent ratio of netal conplex to activating

cocat al yswoonziqseferably in a range from1:0.5 to 1:104, por@sewabzr ably
fromWD 02/16033 PCT/ US01/24032 -7 1:0.75 to 1:103. In nost polynerization
reactions the equivalent ratio of catalyst:polynerizable conpound enpl oyed
is from10"12: to 10-1:1, nore preferably from10g:1 to 10°4:1. In another
preferred enbodinent, L is a nitrogen containing |igand selected fromthe
group consisting of aromatic conmpounds and aI i phatic conpounds. Exanpl es

of nitro nt.a ITB.tIC co ound ude a ot limted to,
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such corme&wﬁa}@nsmcﬂmtd)eoﬁwR RRNG6-0O RL--NN-1 R RRRtRR For
the structures above each R is independently selected fromthe group

consi sting of alkyl, cycloal kyl, and aromatic groups which optionally

tain het toms Note that although only ¢ "
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are not limited to, heterocycles such as a monodentate and bidentate ligands like

a substituted or unsubstituted pyridine, aniline, pyrrole, imines, imidazoles,
benzimidazoles, pyrazoles, oximes; and bipyridine. Examples of such

compounds are shown below:
R

R R
b M<h LS \N}R
R T R
R

For the structures above, each R is independently selected from the group
consisting of alkyl, cycloalkyl, and aromatic groups which optionally contain
heteroatoms. Note that although only one or two R groups are shown above,

there could be as many as 10 or more depending upon the size of aromatic rings.

Specific examples of nitrogen containing aromatic compounds include
pyridine, 2,6-di~tert-butylpyridine, 2,2’-bipyridine, 4,4’-dimethyl-2,2’-bipyridyl,
4,4’-dimethyl-2,2’-bipyridyl, S,5’-dimethyl-2,2’-bipyridyl, 6,6’-tert-buty}-2,2’-
dipyridyl, 4,4’-diphenyl-2,2’-bipyridyl, 1,10-phenanthroline, 2,7~dimetyl-1,10-
phenanthroline, 5,6-dimetyl-1,10-phenanthroline, 4,7-diphenyl-1,10-



di pyridy
7-di nety
7- Bi phen
2,9-dine
1,1'-bis
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yl')}bi ph

but yl ben
are not
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|, 4,4 -Bi phenyl-2,2"-bipyridyl, 1, 1 O0-phenanthroline, 2,

| -1,10- phenanthroline, 5, 6-dunetyl-1,10-phenanthroline, 4,
Wwo 22/1033\0 02/ 16033 PCT/ US01/ 24032 -8 phenant hr oPCTVES@md032

tyl-4,7-di phenyl- 1, 1 0-phenanthroline,
(1- net hyl benzi m dazol - 2-yl ) -1"- net hoxyet hane, 3, 3'-(1-
zi m dazol - 2-yl ) - pentane, 2, 2.8bi s{2-(1-al kyl benzi m dazol - 2-

enyl, 2,2'-bis(1-octyl benzi m dazol e-2yl) bi phenyl, and 3, 3' -bi s(1-

zi m dazol - 2yl ) 1"- pent ane. Exanpl es of aliphatic am nes include,
L i idipeRA-4. PAthHEAS L STO-phé Ratigolie enedi ani ne,
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RER RN TR

of hydr ogéhylbefizitnilazcRe-yd)-pghtane, R obi

opt i onal

propyl en
am no ni

N -tetra
N N,

UG
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N -tetraethyl -1, 3- propanedi am ne,

N, N - di - t er t - pyhiipédat aligtitiorntiees bobidedbtiase nat lisuite tmeubstifise]
N, N-di butyl -1, 3- propanedi am ne, N, N - diethyl ethyl enedi am ne,
NN - di pheny hatibstenedietnylerediauine, 2,2 -bipiperidine, and similar structures.

Examples of these types of compounds include those having the following

structures:
R R
R\ yd I

R R
T R\N/\/N\R dwb
R I NH HN

R

where R is independently selected from the group consisting of hydrogen, C; to

Cyo alkyl, cycloalkyl, and aromatic groups which optionally contain heteroatoms.

In case of ethylenediamine and propylenediamine, both may be substituted from
one to four times on the amino nitrogen atom with a C; to C, alkyl group.
Specific examples of nitrogen containing aliphatic compounds include N, N, N,
N’-tetramethylethylenediamine, N, N, N, N’-tetracthylethylenediamine, N, N,
N’, N’-tetraethyl-1,3-propanediamine, N,N’-di-tert-butylethylenediamine,
N,N’-dibutyl-1,6-hexanediamine, N,N-dibutyl-1,3-propanediamine, N,N’-
diethylethylenediamine, N,N’-diphenylethylenediamine and 1,4-
diazabicyclo[2,2,2]octane.

Olefinic monomers useful in the forming homo and copolymers with the
catalyst of the invention include, for example, ethylenically unsaturated
monomers, nonconjugated dienes, and oligomers, and higher molecular weight,

vinyl-terminated macromers. Examples include C,.5 olefins, vinylcyclohexane,

oups whi ch
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di azabicyclo [2, 2, 2] octane. O efinic nmononmers useful in the form ng hono
and copolyners with the catalyst of the invention include, for exanple,

et hyl eni oad by1aeesat ur at ed nononers, nonconj ugat ed di enesPCHEUM0E4DIPONES S,
and hi gher nol ecul ar weight, vinyl-term nated nacroners. Exanples include
C2_20 ol efins, vinylcycl ohexane, WO 02/ 16033 PCT/ US01/ 24032 -9
tetrafluoroethylene, and m xtures thegeof. Preferred nononers include the
C2 10 a-olefins especially ethylene, propylene, isobutylene, 1-butene,

1- hexene, 4-nethyl-I-pentene, and 1-octene or m xtures of the sane.
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gener al , rization may be acconplished at conditions well known
in the prior art for Ziegler-Natta or Kam nsky-Sinn type polynerization

reactions, that is, tenperatures from-1Q0C to 0C_ pref er C to 250C,
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Furt her, fon w Il “be conducted for a tine sufficient to
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the art an ustrated in the exanples hereinafter. Additionally,
suspensi efethaeylatésosuchsisunethyl methashde®. or ot her process

In general, the polymerization may be accomplished at conditions well
known in the prior art for Ziegler-Natta or Kaminsky-Sinn type polymerization
reactions, that is, temperatures from -100°C to 250°C preferably 0°C to 250°C,
and pressures from atmospheric to 1000 atmospheres (100 Mpa). Suitable
polymerization conditions include those known to be useful for metallocene
catalyst when activated by aluminum or boron-activated compounds. The
polymerization typically will be conducted in the presence of a solvent. Further,
the polymerization will be conducted for a time sufficient to form the polymer
and the polymer is recovered by techniques well known in the art and illustrated

in the examples hereinafter.

Additionally, suspension, solution, slurry, gas phase or other process
conditions may be employed if desired. The catalyst may be supported and such
supported catalyst may be employed in the polymerizations of this invention.

Preferred supports include alumina, silica, mesoporous materials, and polymeric

supports.

The invention is further described in the following non-limiting examples.



conditions may be enployed if desired. The catal yst may be supported and
such supported catal yst nay be enployed in the polynerizations of this

i nventi owo oP1@B®rred supports include alum na, silica, nPEeDPSIIRIS32
materials, and polymeric supports. The invention is further described in
the followng non-limting exanples. WO 02/ 16033 PCT/ US01/ 24032 -10-
EXAMPLES: Exanple 1: Ethyl ene Pol ynerjigzati on A glass lined Parr reactor was
| oaded in an argon glove box with 6.34 ng (0.064 mmol) of Cud, 30 ngy
(0.064 nmmol) of 2,2'-bipyridine was added, followed by 120 nlL of tol uene.
Finally, gmﬁég% MAO (0.064 nole) was added. The Parr reactor seal ed

and t ake jd containing the controller for the Parr and pressurized
with 750 psig et hé ene and poI ynerized at 60 C for 16 hours. The reactor
was cool Bdampiel e Ethyleng Rehenadzaliodh met hanol . The pol ymer was soaked in
McOHI HQ (300 mL McOH1100 ni 10% HA) m'xture for 24 hours to renove

cat al yst residues. The_ polyner f|| rat . |£d under
vacuum at 60 @ glgss hined, ﬂF§eaefﬂ%W§i‘Fi‘P‘Hie§f 8?% ﬁogr}’evlt&a%s%&] ng. Tin

ai ssoi vell DR dep R BiE AAie P%‘i%@ﬂ?fg’-ﬁ%“i%&??e&%%ﬁﬁ%he onl y a
singl e MRl eq By RodmBloftoficRBINinkligl EB4IFEO%MAQ (@064 imaichyiasne (s a

| i near straight cthain polyner with | ittle or no br anchi ng. (film
spect r umad@éd.tTie Paredeadtorssvalecandhtak e oy abped.cgntaemngrtb@ﬁomm %r ofi ne

pol yet hyl ene doubl et absorption at 719 and 7 135C,
PE cal i btlat Pawr)andigressurized #0th 73hpsig ey épgf)gﬁl@zﬁ 60 St KF@
\-(n-pen %L%s %’h%%i:lagt%lr vnsg[s Fé%giem Qeentgd and)quenched with methanol. The

polymer was soaked in MeOH/HCI (300 mL MeOH/100 mL 10% HCI) mixture

for 24 hours to remove catalyst residues. The polymer was isolated by filtration

and dried under vacuum at 60 °C for 24 hours. The yield of the polyethylene was
200 mg. Tm = 137.1°C. 'H NMR analysis was performed using about 10 mg of
sample dissolved in tetrachloroethane at 130 °C, The 'H NMR spectrum showed
only a single methylene peak at 1.3 ppm, indicating that the polyethylene is a
linear straight chain polymer with little or no branching. The IR (film) spectrum
of the product showed the characteristic linear crystalline polyethylene doublet
absorption at 719 and 729 cm™. GPC (in TCB@135°C, PE calibration): Mn =
58,400; Mw = 228,000.

Example 2: N-(n-pentyl)-2-pyridylmethanimine (PPMI).

n-Pentylamine (20.3 g, 0.23 mol) was added dropwise to pyridine-2-
carboxaldehyde (25.0 g, 0.23 mol) with stirring in an ice bath. After complete
addition of the amine, anhydrous magnesium sulfate (6 g) was added and the
sharry stirred for 2 hours at 25 °C. The solution was filtered, solvent removed,
and the product purified by distillation under reduced pressure (0.5 mm Hg at
80°C) to give a yellow oil. Yield: 29.6 g (73%). 'H NMR (CDCl;, 500 MHz): 5
8.64 (m, 1H), 8.38 (s, 1H), 7.9 (m, 1H), 7.72 (m, 1H), 7.28 (m, 1H), 3.67 (1



n- Pentyl am ne (20.3 g, 0.23 nol) was added dropw se to pyridi ne-2-

car boxal dehyde (25.0 g, 0.23 nol) with stirring in an ice bath. After

conpl et e waddidosdn of the am ne, anhydrous nagnesi um sul f BECBUSE/P32nas
added and the slurry stirred for 2 hours at 25 C. The sol ution was
filtered, solvent renoved, and the product purified by distillation under
reduced pressure (0.5 mmHg at 80C) -tld-give a yellowoil. Yield: 29.6 ¢
(73%9 . 1H NWMR (CDC13, 500 MHz): S 8.64 (m 1H), 8.38 (s, 1H), 7.99 (m
1H, 7.72 (m 1H, 7.28 (m 1H, 3.67 (t, WD 02/16033 PCT/US01/ 24032 -11
2H), 1. 7321&@%79(@(2&&) 2HY,- B86 (oveatdppim qaintts, B €ach)26196a@h3H),0GEMEt, 3H),
GCVMs nme 176. Exanple 3. Ethylene Polynerization A glass |ined Parr
react or veage I'daded in an argon glove box with 12.5 ng (0.126 mmol) of
Cud, 66.8 ng (0.379 mml) of N (n-pentyl)-2- pyridyl nmethanimne (PPM)
(product of Exanple 2) followed by 120 nL of toluene. Next, 24.41 g of 30%
MAO (0. 128 _nole)a. . reactor was sealed and taken to a
hood contgr‘zr(d - f%'%@mg&fg?ﬁygbﬁigﬁbphe Parr reactor and was pressurized
with 750 psig ethylene and polynerized at 60C for 16 hours. The reactor

MeoH 3 < (300 et ERFE Ry, Yoy | B d i ah argtiPglgOL BER witf12, SAR7CC 11
cat al ys;t (oggic@:ggﬁolﬁ?@:m,' YERmERS. 379 ThinoBCofM- ?ﬂ-béﬂt@rl)i-lm and dried under

vacuum hours. The yield of the polyethylene was 260 ng. Tm =

136C. 1H AngilyaiiminePRMI) @roduttwdiBxgngie d) fdtowed by 128mLef di ssol ved
I n tetrachl oroet hane at 130C. The 1H NWMR specirum go&eq@%r}%&sa i ngl e
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was pressurized with 750 psig ethylene and polymerized at 60°C for 16 hours.
The reactor was cooled, vented and quenched with methanol. The polymer was
soaked in a MeOH/HCI (300 mL MeOH/100 mL 10% HCI) mixture for 24 hours
to remove catalyst residues. The polymer was isolated by filtration and dried
under vacuum at 60°C for 24 hours. The yield of the polyethylene was 260 mg.
Tm = 136°C. 'H NMR analysis was performed using about 10 mg of sample
dissolved in tetrachloroethane at 130°C. The 'H NMR spectrum showed only a
single methylene peak at 1.3 ppm, indicating that the polyethylene is linear
straight chain polymer with little or no branching. The IR (film) spectrum of the
product showed the characteristic linear crystalline polyethylene doublet
absorption at 719 and 729 cm™. GPC (in TCB @ 135°C, PE calibration):

Mn = 64,600; Mw = 173,000.

Example 4: Ethylene Polymerization

A glass lined Parr reactor was loaded in an argon glove box with 12.5 mg
(0.126 mmol) of CuCl, 66.8 mg (0.379 mmol) of N- (n-pentyl)-2-pyridyl-
methanimine (PPMI) (product of Example 2) followed by 120 mL of toluene.
Then, 4.85 g 30% MAO (25.3 mmole) was added. The Parr reactor was sealed



product showed the characteristic linear crystalline polyethyl ene doubl et
absorption at 719 and 729 cm1l. GPC (in TCB @ 135C, PE calibration): M =
64, 600; MW»#2/16033 000. Exanpl e 4: Ethyl ene Pol yneri zat i onr&r/gh@s=od2z ned
Parr reactor was | oaded in an argon glove box with 12.5 ng (0.126 mmol) of
Cud, 66.8 ng (0.379 mml) of N (n-pentyl)-2-pyridyl- nethanimne (PPM)
(product of Exanple 2) followed by 12q m. of toluene. Then, 4.85 g 30% MAO
(25.3 muol e) was added. The Parr react 8r was seal ed WD 02/ 16033

PCT/ USO01/ 24032 -12 and taken to a hood containing the controller for the
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only a single methylene peak at 1.3 ppm, indicating that the polyethylene is

linear straight chain polymer with little or no branching. The IR (film) spectrum

of the product showed the characteristic linear crystalline polyethylene doublet

absorption at 719 and 729 cm™.

Example 5: Ethylene Polymerization

The method of Example 4 was repeated, except no Cu catalyst was added.
Only 120 mg of product was isolated.

Example 6: Ethylene Polymerization

A glass lined Parr reactor was loaded in an argon glove box with 12.5 mg
(0.126 mmol) of CuCl, 20 mg (0.252 mmol) of pyridine followed by 120 mL of
toluene. Then 24.4 g 30% MAO was added. The Parr reactor was sealed and
taken to a hood containing the controller for the Parr reactor and pressurized
with 750 psig ethylene and polymerized at 60°C for 16 hours. The reactor was
cooled, vented and quenched with methanol. The polymer was soaked in
MeOH/HCI (300 mL MeOH/100 mL 10% HCI) mixture for 24 hours to remove
catalyst residues. The polymer was isolated by filtration and dried under
vacuum at 60°C for 24 hours. The yield of the polyethylene was 260 mg. Tm =



A glass lined Parr reactor was | oaded in an argon glove box with 12.5 ng
(0.126 mmmol ) of Cud, 20 ng (0.252 mml) of pyridine followed by 120 nL of
t ol uene. Wiben1a43 4 g 30% MAO was added. The Parr reactor mnapUsezl4est and
taken to a hood containing the controller for the Parr reactor and
pressurized wth 750 psig ethylene and pol ynerized at 60C for 16 hours.
The reactor was cooled, vented and gygnched w th nethanol. The polynmer was
soaked in MOHIHCA (300 nL McOH 100 mL 10% HCl ) mi xture for 24 hours to
remove catalyst residues. The polynmer was isolated by filtration and dried
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cont ai nin Part reactor and pressurized wth 750
psig ethylene and pol ynerized at 60C for 16 hours. The reactor was cool ed,
vented and quenched w th nethanol. The polynmer was soaked in a MOH HC
(300 ni NEQhpled: nEthydesd-Bblymenzatioe for 24 hours to renove

A glass lined Parr reactor was loaded in an argon glove box with 12.5 mg
(0.126 mmol) of CuCl and 120 mg (1.512 mmol) of pyridine followed by 120
mL of toluene. Then 24.4 g 30% MAO was added. The Parr reactor sealed and
taken to a hood containing the controller for the Parr reactor and pressurized
with 750 psig ethylene and polymerized at 60°C for 16 hours. The reactor was
cooled, vented and quenched with methanol. The polymer was soaked in a
MeOH/HCI (300 mL MeOH/100 mL 10% HCI) mixture for 24 hours to remove
catalyst residues. The polymer was isolated by filtration and dried under
vacuum at 60~C for 24 hours. The yield of thie polyethylene was385 mg. Tm =
135.7°C. 'H NMR analysis was performed using about 10 mg of sample
dissolved in tetrachloroethane at 130°C. The "H NMR spectrum of the product
showed only a single methylene peak at 1.3 ppm, indicating that the poly-
ethylene is linear straight chain polymer with little or no branching. The IR
(film) spectrum of the product showed the characteristic linear crystalline
polyethylene doublet absorption at 719 and 729 cm™. GPC (in TCB@135°C, PE
calibration): Mn =66,800; Mw =164,000.



catal yst residues. The polyner was isolated by filtration and dried under
vacuum at 60-C for 24hours The Yiel d-of the polyethylene was-385 ng. Tm =
135. 7C. WO bWRo0anal ysi s was perfornmed using about 10 ng oPCHaspl/H=032

di ssolved in tetrachl oroet hane at 130C. The 1H NWR spectrum of the product
showed only a single nethylene peak at 1.3 ppm indicating that the poly-
ethylene is linear straight chain polyer with little or no branching. The
IR (filnm) spectrum of the product showed the characteristic |inear
crystalline polyethyl ene doublet absorption at 719 and 729 cm 1. GPC (in

TCB@ 35CEREplé 8t 'E’thx Iﬁn)butgdhc%?ﬁtéae polmeriAdiof00. WO 02/ 16033
PCT/ USO1 anpl e hyl ene/t-butyl acryl ate Copol ynerization A

glass lined Parr reactor was | oaded in an argon glove box with 12.5 ng

(0.126 mml) of Qé§31n1%ﬂ¢a§16re§cmv\(a@ 18d& dnintdn argbnHovebgrentthl )2.2-mg
pyri dyl met hani m ne (PPM) followed by 30 nL of toluene. Then, 4.85 g

(0.0251 @Jl@é)mﬂ@%cbﬂ&l@handddédng,@.ﬁd%nqw&hofNy(mpenﬁﬂ)-ﬁrtor free t-butyl

acrylate was then added. The Parr ctaor al ed nd taken to a hood
cont ai ni wﬁubn@@mmee(Pmet)%WPi% e!&ivf ngeé‘uf‘ e¥ with 750
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resi dues e poﬁ ymer was isolated by filtration and dried under vacuum at

60C for 2éntaisinphe Eoatryllel for dic Pare reaol ynkpresasizedowgh 750epsidR(fi | m)
spectrum of the product showed the ester carbonyl band at 1 26 cm 1. NWR

anal ysi s effarlenc3and pelymyerized a48$9°6Jos 20 bougs. The jdaster wasceonled wnted hy| ene
Pol yrer Za?lEllq%re]nched with methanol. The polymer was soaked in a MeOH/HCl (300

mL MeOH/100 mL 10% HCI) mixture for 24 hours to remove catalyst residues.

The polymer was isolated by filtration and dried under vacuum at 60°C for 24

hours. The yield of the copolymer was 1.9 g. The IR(film) spectrum of the

product showed the ester carbonyl band at 1726 cm’. NMR analysis gave 31%

ethylene and 69% t-butyl acrylate.

Example 9: Ethylene Polymerization

A glass lined Parr reactor was loaded in an argon glove box with 120 mL
of toluene and 2.84 g of 30% MAO solution in toluene. A 5 mg quantity of
CuCl,.2H,0 (FW 170.48, 2.93X10” mmol) was then added followed by 17.9 mg
quantity of 2,2’-bis(1-octylbenzimidazole-2yl)biphenyl (diOctBBIL) (Al/Cu
ratio of 500). The Parr reactor sealed and taken to a hood containing the
controller for the Parr reactor and pressurized with 750 psig ethylene and
polymerized at 60°C for 20 hours. The reactor was cooled, vented and quenched
with methanol. The polymer was soaked in MeOH/HCI (300 mL MeOH/100
mL 10% HCI) mixture for 24 hours to remove catalyst residues. The polymer
was isolated by filtration and dried under vacuum at 60°C for 24 hours. The
yield of the polyethylene was 710 mg (TON 865). The IR spectrum (film) of the



A glass lined Parr reactor was |oaded in an argon glove box with 120 nL of
tol uene and 2.84 g of 30% MAO solution in toluene. A5 ng quantity of
CuCl2. 2Hx00 (H#W03¥0. 48, 2.93X10"2 mmol) was then added f ol PowedoiR40327. 9 ng
quantity of 2,2'-bis(1-octylbenzim dazol e-2y1)bi phenyl (diCctBBIL) (Al/Cu
rati o of 500). The Parr reactor sealed_and taken to a hood containing the
controller for the Parr reactor and prléssurl zed with 750 psig ethylene and
pol ymeri zed at 60C for 20 hours. The reactor was cool ed, vented and
guenched w th nethanol. The pol yner was sgaked in I\/bO—l/ HC (300 mL

MeOH/ 100 praduatcshomed) mdaamcteﬁs@ﬁ Imeanenystaltine pelysthylena doublet r esi dues. The

pol yrrer s isola trat nd.dr fi,f Cfor 24
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(film of t he WO 02/ 16033 PCT/ USO1/ 24032 - 15 product showed the
characteristic linear crystalline polyethyl ene doublet absorption at 719

and 729 %&@@%'Woﬂm&%ﬁbnﬁ%&ﬁl&@c@ﬂe 191.3 Jllg. Exanple 10:

Pol yneri zatl o n-bdtyl acrylate In an”argon gl ovebox, a 30 nlL septum
bottl e was | oaded W|th 0.0031 g (FwW170.48, 0.02 nmol) of CuCl2.2H20 and

15 nL of tol ugaGn rige &bb@Q,?mo mL@eﬁt%nﬂBBﬁDeﬂa@waﬂb&vﬂthOOMg
3, 3" bi s(1-butyl ben2| m azol - pentane, (dibutBBIL) gand was added to

obt ai n a (FaV115@.4810.62 nnnolAOﬁCRQIQZHu@andtl)i wL OfSOMGMh@l a0iW6 & tol uene

was then added. The yellow solution tamed .colorless with the MAO addition.
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colorless with the MAQ addition. Then, a 6 g (0.04681 mol) of n-butyl acrylate

was added. The bottle was sealed in the glove box and brought into the fuming

hood. The solution was heated at 60°C for 3 h. The viscous solution was cooled

to room temperature and was added into methanol/10% HCI (300:100) solution

to precipitate the polymer. The product was washed with water, then methanol

and dried in vacuum oven at 60°C for 24 hours. The yield of the poly(n-butyl

acrylate) was 2.23 g (37.2%, TON 870). The IR (film) spectrum of the product

showed the ester carbonyl band at 1726 cm™. 3C NMR (ppm, CHCL,CHCL):

13.7 [s, -CH,-CH(COOCH,CH,CH,CH3)-], 19.2 {s,~CH-CH

(COOCH,CH,CH,CHjs)-], 30.8 [s, -CH,-CH(COOCH,CH,CH,CHj3)-], 37-34

[m, -CH,CH(COOCH, CH, CH,CH3)-], 41.6 [m, -CH-

CH(COOCH,CH,CH,CH;)-}, 64.5 [s, -CH,-CH(COOCH,CH,CH,CH;)-], 174.2

[m, -CH,-CH(COOCH,CH,CH,CHj3)-]. The triad distribution for the poly(n-

butyl acrylate) using °C NMR was 31%ir, 53%mr, 16% mm (by integration of

methylene peak) compared to the Bernoullian random model of 58% rr, 36% mr,

6% mm.



and dried in vacuum oven at 60C for 24 hours. The yield of the poly(n-butyl
acrylate) was 2.23 g (37.2% TON 870). The IR (film spectrum of the
product vebome®3z he ester carbonyl band at 1726 cni. 13C MNYRUS@mR¥p32
CHC12CHC12): 13.7 [s, -CH2-CH(COOCH2CH2CH2CH3)-1,-19.2 [s, -- -H2-CH --
(COOCH2CH2CH2CH3) -], 30.8 [s, -CH2-CH(COOCH2CH2CH2CH3) -], 37-34 [m

- CH2CH( 000CH2 CH2 CH2CH3)-], 41.6 [m- L6CH2- CH(000CH2CH2CH2CHB) -], 64.5 [s,
- CH2- CH( COOCH2CH2CH2CH3) -1, 174.2 [m - CH2- CH( COOCH2CH2CH2CH3) -]. The
triad distribution for the poly(n- butyl acryl atel) usi ng 13C NVR was 31%r,
539, 16Bxamplenll:i Ropglyamertzation of eghyigneard peuity ed to the

Bernoul I i an random nodel of 58%rr, 36%n, 6% M WO 02/16033

PCT/ US01/ 24032 -16 Exanple 11: Copol ynerization of ethylene and n-butyl
acryl ate A gl adsglnssinedRan reastonns laadlellgmde drgon ghovabgariish WOGH® v t h
0. 0062 FW_170. 4 .04 2. 2H2 nd, 1 m.,_of I .. Then
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Parr reac3®¥ MIAD RoR&DMh26kiché Was théh Rdde. TFhén)laehg (BW 18] 1yyefi zed at 60C
for 20 hours. The reactor was cool ed, vented and quenched w th nethanol.

The pol yrebutdsacsyateeavasradded e Par regaor sealedvaraHaken tora hooth HCI ) i xture
1L at | oA (EPAET T0rhe PRt rcatior ADH PIFSuliged SITT7al BUBI d of t he
product V‘&ﬁyl%% aﬁg'po-[%eﬁge% A\l'\é%%’ fc}r% l%lﬁg.u The reactor was cooled, vented

and quenched with methanol. The polymer was soaked in a MeOH/HCI (300

mL MeOH/100 mL 10% HCI) mixture for 24 hours to remove catalyst resides.

The polymer was isolated by filtration and dried under vacuum at 60°C for 24
hours. The yield of the product was 500 mg. The >C NMR of the product
showed peaks due to both ethylene, as well as n-butyl acrylate. Integration of
the peak indicates a copolymer composition of 42.2 mole % ethylene, and 57.8

mole % n-butyl acrylate.

Copolymer sequence distribution and the branching have been studied by
3C NMR analysis. The methine carbons of the acrylate are present in three
distinct clusters at 46 (EAE) 43.5 (EAA, AAE) and 41.5 (AAA) ppm. The
assignment of the triad sequences is consistent with the published literature. The
distribution of triads in mole % for the copolymer along with the distribution
predicted by a Bernoullian model for a copolymer with 59 mole % acrylate is
listed in the following table. Based on these values, the copolymer obtained
from in situ copper catalyst is slightly more blocky than those obtained by a

random polymerization.



showed peaks due to both ethylene, as well as n-butyl acrylate. Integration
of the peak indicates a copol ynmer conposition of 42.2 nole % ethyl ene, and
57.8 nolwoda/mpobait yl acryl ate. Copol ynmer sequence di stri beCT/R01za3d32t he
branchi ng have been studied by 13C NMR anal ysis. The nethi ne carbons of
the acrylate are present in three distinct clusters at 46 (EAE) 43.5 (EAA
AAE) and 41.5 (AAA) ppm The assignmgnt of the triad sequences is
consistent with the published literature. The distribution of triads in
nole % for the copolyner along with the distribution predicted by a

Ber noul | i an fior . f V& ME@bPolvanerki sted in the
fol |l ow ng tam%ésegﬁ%%agﬁggﬁna uéeﬂsl,yﬁ?ﬁ{am{):‘gtgol ??r’ner obtgaiyri]?ad fromin
situ copper catalyst is slightly nore bl ocky than those obtained by a

random pol ynerization. WO 02716033, PG/ 24 -17 Table. 1. - Triad

di stributi on Bfiadt hyl ene/ n- )Mﬁ e pol ﬁ%ﬂﬂ——‘ﬁ#ﬁ—@w itfiad 8 ((by 13C
NVR) Ber noul |l 1 Predi ction 0.16 0.10 N, 0.16 0.28 AAA D.26 0.20
The foregoi ng anples—cl eal .p‘, dermponrstrate—that—the—rovet—rethod—of the
instant inv “EASAVA‘}@ be use@ tg form activated(e28 al yst conpositipns in
situ. Furthers—the—exanptes—show tow the i nstgnt | nventron can be| used to
form pol ynergAand copoyner$0.%6 nal ly, the copgl2@rs formed via e
instant invention may I ncorporate polar nononer groups. WO 02/16033
PCT/ USO1/ 24032 - 18-

The foregoing examples clearly demonstrate that the novel method of the

instant invention can be used to form activated catalyst compositions in situ.
Further, the examples show how the instant invention can be used to form
polymers and copoymers. Finally, the copolymers formed via the instant

invention may incorporate polar monomer groups.



CLAIMS: 1. A nmethod for producing an activated catal yst conposition in situ
and producing polynmers or copolyners therefrom conprising the steps of:

(a) sinmiwanrowsdy contacting a conposition having the fopaniiao/M&2' with L
and an activating cocatal yst; wherein Mis selected fromthe group
consisting of Cu, Ag, and Au; X is selected fromthe group consisting of
hal i des, hydride, triflate, acetatesjl8borates, Cl through C12 al kyl, Ci1

t hrough Cl12 al koxy, C3 through Cl12 cycl oal kyl, C3 through Cl2 cycl oal koxy,
aryl, thiolates, carbon nonoxide, cyanate, ol efns, and any other noiety
into mhiqﬁLgﬁp%@oner can insert; Zis selected fromthe group consisting
of halides, hydride, triflate, acetates, borates, Cl through Cl2 al kyl, Cl1
through C12 al koxy, C3 through CI12 cycloalkyl C3 through C12 cycl oal koxy,

aryl, thiolates, carbon _ npnoxide, anat e, a ne tral coordinating
ligand, and anl: ohmmeth ﬁ@l@'ﬁ?rqw&&ﬂ{éﬁ ‘éate‘ilrﬁﬂ cOIPOS oéHnSl 813 als 0,

1 2; L I ed f h
ni ?;ogen-RrIB éﬁgﬁﬁ) Pﬁﬁgg%gﬁﬂgﬁggg?ﬁ%%@%{%s oge%ﬂ(}gﬁ{égﬁgﬁ%ﬁgtellgands; and

(b) contacting olefinic nonomers with the activated catal yst conposition
under polynerizatio co I tions; | are
sel ected fromt he n&?ﬂfé)uéﬁi %Oéﬁgétﬁ{zﬁ: @h@oﬁhﬁ%h@at ﬁﬁul ol ef ns
havi n b, t e t

9 MRELORRT Xr*dhﬁphﬁivcﬁt%ﬁg%cﬁféi’yét WherSin MIies166ted T @oupg a

| east on ar byl polar functionality and at | east one

acyclic algnRiiein Conl‘lﬁng\ and\MSl@thy stleeteddromuhe groupcopsisting of halides.or ned.
2. The method of claim1i wherein | s sel ect ed fLo él? &{@ onsi st- ing
of ar omathydrideypaifiatesacetates| Hosaigs, @1 apell faz alley P%Yns

ni t rogen. %gﬁéﬁ ?f’gycl(%i(yuls%l/ £49 @Clz cycloalkoxy, aryl, thiolates, carbon

monoxide, cyanate, olefins, and any other moiety into which a monomer can

insert; Z is selected from the group consisting of halides, hydride, triflate,
acetates, borates, C, through C;; alkyl, C; through C;; alkoxy, Cs through Ci»
cycloalkyl, C; through C;» cycloalkoxy, aryl, thiolates, carbon monoxide,
cyanate, olefins, a neutral coordinating ligand, and any other moiety into which a
monomer can insert; n equals 0, 1 or 2; L is selected from the group consisting of

monodentate nitrogen-containing ligands and bidentate nitrogen-containing

ligands; and

(b) contacting olefinic monomers with the activated catalyst
composition under polymerization conditions; wherein said olefinic monomers
are selected from the group consisting of acyclic aliphatic olefins, olefins having
a hydrocarbyl polar functionality, mixtures of olefins having at least one olefin
with a hydrocarbyl polar functionality and at least one acyclic aliphatic olefin;
whereby the polymers or copolymers are formed.

2. The method of claim 1 wherein L is selected from the group consist-

ing of aromatic compounds and aliphatic compounds and wherein L contains

nitrogen.



-19 3. The nmethod of claim2 wherein L is a nitrogen containing aronmatic
conpound sel ected fromthe group consisting of a pyridine, a pyridine, an
ani | i ne, vwopy1606d e, a bi pyridi ne, an ethyl enedi am ne, an PaT/N&)1/2032

i m dazol e, a benzim dazole, a pyrazole, and an oxinme. 4. The nethod of
claim2 wherein L is selected fromthe group consisting of N, N, N,

N -tetranet hyl et hyl enediamne; N, N _Ry. N - tetraethyl ethyl enedi am ne; N,
N, N, N-tetraethyl- 1,3 -propanedianm ne; N, N -di-
tert-butyl et hyl enedi am ne; N, N -di butyl -1, 6-hexanedi am ne; N, N-di butyl-1, 3-
propanedi am ne; N, N -di et hyl et hyl enedi am ne; N, N -di phenyl et hyl enedi am ne;
1, 4-di azabi cycl o[ 2, 2, 2] oct ane; and 2, 2' - bi pi peridine. 5. The nmethod of
claim2 whereij 'THesméﬂlloﬂCdtHﬂaiiﬂQrwﬁdi&n@wmtmg&aimaigﬁ@ammmi ne;
2,6-di-tert-butyl pyridine; 2,2'-bipyridine; 4,4 dlnethyl - bi pyridyl;
4, 4" - di rmdohumowdzseldmtqayﬁmyﬂ;e goﬁpcdnmmmgfofzpyn mﬂp?m}mﬂm 6“‘6

tert butyl -2, 2’ dlpyrld 2' -bi pyr.i dyl

0- phenantﬂmbm, RepyrOle, a ﬁm@%@me, g@Y@*ﬁW@H&WWP&?‘Pﬂ& a%}midazole, a
6-dinetyl-1,10 ant hr ol i,ne henyl - 1, 10- phenant hr ol i ne;

2, 9- di metBANZ H“*ff)aa? Wli&l‘gﬁ%hi’“ 1"?0| ine; 1,1 -bis(1-

nmet hyl benzi m dazol - 2 yI) 1 "-nmethoxyet hane; 3,3 -(1-etyl benzi m dazol -2-yl)-
pent ane; 2,2'-bis{2-(1-alyl benzimdazol -2-yl)}biphenyl; 2,2'-bis(1-

oct yl benzi nmi dagolEre2mbitdidrdtaslyim 2aviebrdind. idseliécted fitoph engiowpdazol - 2y1) 1" -
pentane. 6. The nmethod of claim1 wherein said, actlvatl gocatal yst is
sel ect ed ccﬁllsmmgh)é’l*@rl‘dubl ,chr$¢tsam¢t@yb|th)el¢R§d gNum num al kyl s,

alum num halides, alkyl alu aci . _qany of

the for edsiragthyletiylen IW%&WS a -%%&e&y@ﬁ,?wgpg%f@(ﬁ%ﬁffzﬁ\g@gﬁ

PCT/ USOL/ 24032  lethylenediamine; N,N’-dibutyl-1,6-hexanediamine; N,N-dibutyl-1,3-
propanediamine; N,N’-diethylethylenediamine; N,N’-diphenylethylenediamine;

1,4-diazabicyclo[2,2,2]octane; and 2,2’-bipiperidine.

5. The method of claim 2 wherein L is selected from the group
consisting of pyridine; 2,6-di-tert-butylpyridine; 2,2’-bipyridine; 4,4’-dimethyl-
2,2°-bipyridyl; 4,4’-dimethyl-2,2*-bipyridyl; 5,5’-dimethyl-2,2’-bipyridyl; 6,6°-
tert-butyl-2,2’-dipyridyl; 4,4’-diphenyl-2,2’-bipyridyl; 1, 10-phenanthroline; 2,7-
dimetyl-1,10-phenanthroline; 5,6-dimetyl-1, 10-phenanthroline; 4,7-diphenyl-
1,10-phenanthroline; 2,9-dimetyl-4,7-diphenyl-1, 10-phenanthroline; 1,1'-bis(1-
methylbenzimidazol-2-y1)-1"-methoxyethane; 3,3'-(1-ethylbenzimidazol-2-yl)-
pentane; 2,2'-bis{2-(1-alkylbenzimidazol-2-yl) } biphenyl; 2,2’-bis(1-
octylbenzimidazole-2yl)biphenyl; and 3,3'-bis(1-butylbenzimidazol-2yl)1”-

pentane.

6. The method of claim 1 wherein said activating cocatalyst is selected
from the group consisting of alkylalumoxanes, aluminum alkyls, aluminum
halides, alkyl aluminum halides, Lewis acids other than any of the foregoing,
alkylating agents and mixtures thereof.



-20 7. The method of claim 1l wherein said ol efm c nononers are sel ected
fromthe group consisting of (a) acyclic aliphatic olefins, (b) olefins
havi ng awaydt@sar byl polar functionality wherein a honopPCywee1/34832f or med.
8. The method of claim1l wherein said olefuiic nononmers are selected from
m xtures of (i) at |east one olefin having a hydrocarbyl polar
functionality and (ii) at |east one_ggyclic aliphatic olefin, whereby a
copolymer is fornmed. 9. The nethod of claim1 wherein said olefinic
nononers are selected fromthe group consisting of ethylene, propylene and
1- butene. 10. The nethod of claim 1 wherein said olefuiic nononers are
selected fromthe group consisting of n-but¥¥.acrylate and t-bunyl

e

acryl ate. 7. The method of claim 1 wherein said olefinic monomers are selecte

from the group consisting of (a) acyclic aliphatic olefins, (b) olefins having a
hydrocarbyl polar functionality wherein a homopolymer is formed.

8. The method of claim 1 wherein said olefinic monomers are selected
from mixtures of (i) at least one olefin having a hydrocarbyl polar functionality
and (ii) at least one acyclic aliphatic olefin, whereby a copolymer is formed.

9. The method of claim 1 wherein said olefinic monomers are selected

from the group consisting of ethylene, propylene and 1-butene.

10. The method of claim 1 wherein said olefinic monomers are selected

from the group consisting of n-butyl acrylate and #-butyl acrylate.



