1 Aefin Polynerization Catal yst and Pol ynmeri zati on
Process The present invention relates to a

pol ynmeri zation catal yst useful for the polymerization
and copol yneri zation of olefins. The present invention
also relates to olefin pol yheri zation and

copol yneri zati on processes u3|ng such polynerlzatlon
catal ysts,
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wherein M is a transition metal atom selected from Group 3 to Group 11 of the
periodic table; m is an integer from 1 to 6; A is --O--, --§--, --Se--, or -—N(Rs)--; Dis-
CRRY--, --SiR*R'®)--, or the like; Z is --R'* and ~-R*, ==CR*R'’, =NR" o

the like, R! to R are each selected from H, a hydrocarbon group or the like; nis a



pol yneri zation of ethylene that provides a
substantially |inear product (i.e. polyethylene wth
a |l ower degree of branching). There further exists a
need for catalysts that will enable the preparation
of substantially linear polyhers while exhibiting
tol erance to polar inpurities such that they are
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preparing a copol ynmer conprising contacting at | east
two different nononers selected from a-olefins,

nor bornenes and styrenes with a pol ynerization
catalyst in the presence of an al um num acti vator,
wherein the polynerization chtalyst conprises: a
nmetal center selected fromtitanium (Ti), zirconium
(Zr) and hafnium (H) with two chelating |igands
conpri Si a calbene with at |east one anionic noi ety,
wherei n eagh—gf the chelating |igands have a structure
i ndependently sellected from fornmula Ito IV, wherein R
is any ocaN group; each Rl is independently any
hydrocar byl group;NR2 is any hydrocarbyl group; and X
Is selected fro g@p, nltrogen and sul fur; wherein
both the carbene and®the antithic noi ety are

coordin b the metal center. 4 In another aspect
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in the pres®nce #h al um num activator, wherein the
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selected from ¢-olefins, norbornenes and styrenes with a polymerization catalyst in
the presence of an aluminum activator, wherein the polymerization catalyst
comprises: a metal center selected from titanium (Ti), zirconium (Zr) and hafnium
(Hf) with two chelating ligands comprising a carbene with at least one anionic moiety,
wherein each of the chelating ligands have a structure independently selected from
formula I to IV; wherein R is any hydrocarbyl group; each R! is independently any
hydrocarbyl group; R* is any hydrocarbyl group; and X is selected from oxygen,
nitrogen and sulfur; wherein both the carbene and the anionic moiety are coordinated

to the metal center.



preparing a copol ymer conprising contacting a

pol yneri zation catalyst with at |least two different
nononers sel ected from a-ol efins, norbornenes and
styrenes in the presence of an al um num activator,
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Rt prédéhcdbf a Mlyminum activator, wherein the polymetization catalyst comprises: a
metal center selected from titanium (Ti), zirconium (Zr) and hafnium (Hf) with two
chelating ligands comprising a carbene with at least one anionic moiety, wherein each
of the chelating ligands have a structure independently selected from formula I to IV;
wherein R is any hydrocarbyl group; each R! is independently any hydrocarbyl group;
R? is any hydrocarby! group; and X is selected from oxygen, nitrogen and sulfur;
wherein both the carbene and the anionic moiety are coordinated to the metal center.

In one embodiment of the present invention, the polymerization catalyst

includes a metal center selected from titanium (Ti), zirconium {(Zr) and hafnium (Hf)
with two halide ligands and two chelating ligands; wherein the two halide ligands are
independently selected from chlorine (C1), bromine (Br) and iodine (I); wherein each
chelating ligand comprises a carbene with at least one anionic moiety and wherein

each chelating ligand has a structure independently selected from formula Ito IV




wherein R R, R2, Mand X are as defined above for
thi s enbodi nent and wherein each Xl is a halide

i gand i ndependently selected fromwherein the two
halide |igands are independently selected from
chlorine (d), bromne (Br) and iodine (1). In another
enbodi nent of the present invention, the

pol ynmeri zation catal yst includes a netal center

sel ected fromnickel (N) and palladium (Pd) with a
chelating' |igapd; wherein the chelating |igand

conpri ses\a capbene with at | east one anionic noiety
and wher ei ach chelating |igand has a structure

- independemtly Selested from fornula Ito I'V; wherein R
may beaaﬁ?\hxpk%) yl group, alternatively R may be
sel ected fromm a Rydxocar bon @?d an aromatic; each R
may i ndependently xany hy8&focar byl group,

alternat gvely gach R may i ndependently be sel ected
from hydhko (H and nmethyl (Me), alternatively each
Rl forns pgart\of a.cyclic aromatic or hydrocarbon
group;QaaugagNe: ydrocar byl group, alternatively
R2 may be | ec yom hydrogen (H), nmethyl (M),
t-butyl, adamant phenyl and anthracenyl; and X is
sel ected from okyge nitrog and sul fur; wherein
both the carbene®and®t he anﬁGnic noi ety are
coordinated to the nmetal center. In one aspect of this
enbodi nent, the polynerization catal yst further

conmpri sesila hydg®carbyl |igand and a neutral |igand
coordi nate ' the nmetal center; wherein the
hydrocar byl/ Trgand is selected fromnmethyl (M),
phenyl (Pky_andngesityl and wherein the neutral |igand
i s sel dtted ro osphi ne, am ne and pyridine. In

anot her aspecCt of\ti s~enbodi ment, the polymerization
catal yst further conpfises dlhel ating hydrocar byl
l'igand ceprdinated wth the netal center. The
chelatingék%gﬁhds of the present invention conprising
a carbene Mit east one anionic noiety may be

pr epar ear "o Exgpl @, using the synthesis method
depicted in*the oW Ng equations: 7 Alternatively:
Ye n +XH A _ R<]X n RN-NGY)- 1~ XH

wherein R may be any hydrocarbyl group, alternatively R may be selected from a
hydrocarbon and an aromatic; each R! may independently be any hydrocarbyl group,
alternatively each R! may independently be selected from hydrogen (H) and methyl
(Me), alternatively each R! forms part of a cyclic aromatic or hydrocarbon group; R?
may be any hydrocarbyl group, alternatively R? may be selected from hydrogen (H),
methyl (Me), t-butyl, adamantyl, phenyl (Ph) and anthracenyl; and X is selected from
oxygen, nitrogen and sulfur; wherein both the carbene and the anionic moiety are
coordinated to the metal center. In one aspect of this embodiment, the polymerization

catalyst may have a structure selected from formula (V} and (VD)



Chel ati ng hydrocarbyl |igands suitable for use wth
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the polymerization catalyst further comprises a hydrocarbyl ligand and a neutral
ligand coordinated with the metal center; wherein the hydrocarbyl ligand is selected

from methyl (Me), phenyl (Ph) and mesityl and wherein the neutral ligand is selected

from phosphine, amine and pyridine. In another aspect of this embodiment, the

polymerization catalyst further comprises a chelating hydrocarbyl ligand coordinated

with the metal center.
The chelating ligands of the present invention comprising a carbene with at

least one anionic moiety may be prepared, for example, using the synthesis method

depicted in the following equations:




used herein and in the appended clains is neant to
enconpass norbonene, substituted norbonene, as well
as any substituted and unsubstituted higher cyclic
derivatives thereof, provided that the subject nononer
contains at |east one norbofrene-type noiety or
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t esrytsterkilu and whereenqtea)llc!h’ of rt]lsaorgoennotc%//chc, muf%ychc and aryl ring systems may
optionally be monosubstituted or multisubstituted with a substituent 1ndepcndent1y
selected from hydrogen, linear and branched Cy-Cs alkyl, linear and branched C;-Cs
haloalkyl, linear and branched C;-Cs alkoxy, chlorine, fluorine, iodine, bromine, Cs-
Cig cycloalkyl, Cs-Cys cycloalkenyl and Cs-Cag aryl.

In one aspect, the chelating hydrocarbyl ligand may be selected from the

group of structures depicted in Structures A-E bound to a metal center M or a metal

center with a ligand M(L).




heptyl, octyl, nonyl and decyl. Representative al kenyl
groups include, but are by no neans |imted to,

vinyl, allyl, butenyl and cycl ohexenyl. Representative
al kynyl groups, include but are by no neans limted
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Exanple 1 Synthesis of N-(nesityl)-oxanilic acid ethyl
es 2,4,6-Trinethylaniline (20 M, 142 mol, 1.0
equiv) and triethylamne (20 m, 143 nmol, | equivV)
were dissolved in dry tetrahydrofuran (THF") (150 nl),
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cycloalkyl, C4-C2 cycloalkenyl, Ce-C2 aryl, and C3-Cys aralkyl. In one embodiment,
R?and R* or R® and R® may collectively represent a C,-Cip alkylidenyl group.
Representative alkyl groups include, but are by no means limited to, methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, hexyl,
heptyl, octyl, nonyl and decyl. Representative alkenyl groups include, but are by no

means limited to, vinyl, allyl, butenyl and cyclohexenyl. Representative alkynyl

groups, include but are by no means limited to, ethynyl, 1-propynyl, 2-propynyl, 1-

butynyl and 2-butynyl. Representative cycloalkyl groups include, but are by no
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de, but are by no means limited to, phenyl, naphthyl and anthracenyl.

aryl groups inclu
Representative aralkyl groups include, but are by no means limited to, benzyl and




pressure, leaving a yellow sh solid. The yell ow sh
solid was then recrystallized from hexanes/Et OAc

(9:1), producing a product, white crystalline solid
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(50 m), Synthesis of N— ‘mesityl)-oxanilic acid ethyl ester
2,4,6-Trimethylaniline (20 mi, 142 mmiol, 1.0 equiv) and triethylamine (20 mi,
143 mmol, 1 equiv) were dissolved in dry tetrahydrofuran (THF") (150 m), forming
a solution. The solution was cooled to 0 °C, and ethyl chlorooxoactetate (15.3 ml,

142 mmol, 1.0 equiv) was added slowly via syringe. Precipitation of a white solid

occurred immediately upon addition of the ethyl chlorooxoacetate. The solution was

allowed to stir overnight, warming to room temperature. The solid was then filtered
off, and the organic layer was washed with 2 M HCl solution (2x100 ml). The

aqueous layer was washed with ethyl acetate, and the combined organic layers were
washed with brine (100 mi), and dried over MgSO4. The solvent was then removed

under reduced pressure, leaving a yellowish solid. The yellowish solid was




form ng a suspension. To this suspension was added
triethylamne (2.78 m, 20 mol, 2 eq). The
suspensi on was then heated to reflux, causing the
solids to dissolve. After heating at reflux

overni ght, the product precifgitated. At this point,
ethyl acetate was added until the preci pitate
redi ssol ved. The solution was then washed
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Example 3
Synthesis of N-(mesity])-N'-(2- hydroxyphenyl)-oxalamide

N-(Mesityl)-oxanilic acid ethyl ester (5.23 g, 24.4 mmol, 1 eq) and 2-
aminophenol (2.67 g, 24.4 mmol, 1.0 eq) were dissolved in toluene (50 ml), forming a
suspension. To this suspension was added triethylamine (6.8 ml, 50 mmol, 2 eq).
The suspension was then heated to reflux, causing the solids to dissolye. After
heating at reflux overnight, the product precipitated. At this point, ethyl acetate was
added until the precipitate redissolved. The solution was then washed with 2 M HCl

solution (2x100 ml). The aqueous layer was then washed with ethyl acetate, and the
combined organic layers were washed with brine (100 ml), and dried over MgSQ,.




Exanpl e 6 Synt hesis of

2- Am no- 4- net hyl - 6-tert - butyl nhenol

2-tert-Butyl - 4- et hyl phenol (20.04 g, 122 mmol, 1.0

eq) is dissolved in AcOH (200 m) and cooled to 0 C

A solution of concentrated nptric acid (7.73 m, 122
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Example 5

Synthesis of N- mesityl)-oxanilic acid

N-(Mesityl)-oxanilic acid ethyl ester (1.99 g, 8.5 mmo!) was dissolved in THF

(50 ml), forming a solution. To this solution was added 1M NaOH solution (40 ml),

and the mixture was then stirred for 2 hours. Diethyl ether (25 ml) was then added,

and the layers were separated. The organic layer was washed with 1M NaOH

solution (40 ml). The aqueous layer was then acidified with 2M HCI until



NVR (75 MHz, CDC13) 8 144.1, 135.5, 133.4, 129.3,
120.7, 119.2, 34.6, 30.0, 21.2. Exanple 7 Synthesis
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placed over the reaction, and which was then allowed to stir for 16 hours. The
solution was then filtered through celite, removing the Pd. The product was stable in
inert atmosphere, but was observed to rapidly oxidize when in solution, exposed to
air. The clear Pd/C suspension was observed to rapidly turn to a red solution upon
filtration on the benchtop. The methanol was evaporated under reduced pressure,
leaving a dark red solid. This dark red solid was then recrystallized from hexane to

yield a whitish solid (241 g, 13.4 mmol, 68 % yield) that was observed to slowly turn



ethyl acetate was added until the precipitate
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Example 8
Synthesis of N-(2,6- diisopropylphenyl)-N'- -(2-hvdroxy-5-methylphenyl)-oxalamide

N-(2,6-Diisopropylphenyl)-oxanilic acid ethyl ester (5.14 g, 18.5 mmol, 1.0
eq) and 2-amino-5-methylphenol (2.28 g, 18.5 mmol, 1 eq) were dissolved in toluene
(50 ml), forming a suspension. To this suspension was then added triethylamine (2.6
ml, 18.5 mmol, 1 eq). The suspension was then heated to reflux, causing the solids to
dissolve. After heating at reflux overnight, the product precipitated. At this point,
ethyl acetate was added until the precipitate redissolved. The solution was then
washed with 2 M HCI solution (2x100 ml). The aqueous layer was then washed with



1H), 3.01 (septet, J =6.9, 2H), 2.29 (s, 3H), 2.18
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imidazolium chloride

N-(2,6—Diisopropy1phenyl)—N’-(2-hydroxyphenyl)-oxalamide (7356 g, 2.2
mmol, 1 eq),' prepared according to the synthesis method described in Example 4, was
treated in a fashion similar to that described in Bxample 10 for N-(mesityl)-N'-(2-
hydroxyphenyl)-oxalamide). The resulting solid was washed with ether, to provide
the desired product as a white powder (657 g, 1.83 mmol, 85% yield). 'H NMR (300
MHz, CDCly) § 9.04 (s, 1H), 7.57 (dd, J = 8.9, 1.2 Hz, 1H), 7.44 (t, J = 7.8 Hz, 1H),
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described in Example 9, was treated in a fashion similar to that described in Example
10 for N-(mesityl)-N'-(Z-hydroxyphenyl)—oxalamide). The resulting solid was washed
with ether, to provide the desired product as a white powder (1.19 g, 2.3 mmol, 63%
yield). "H NMR (300 MHz, CDCl;) & 8.23 (s, 1H), 7.45 (¢, 7 = 8.1 Hz, 1H), 727 (d, 7
= 8.1 2H), 7.04 (s, 1H), 6.80 (s, 1H), 4.88 (t, /= 10.8 Hz, 2H), 4.45 (t, /= 117 Hz,
7H), 3.41 (septet, J = 6.6 Hz 2H), 2.28 (s, 3H), 2.13 (bs, 6H), 2.04 (bs, 3H), 1.74 (m,
61D, 1.34 (d, J = 6.9 Hz, 6H), 1.29 (d, J = 6.6 Hz, 6H); °C NMR (75 MHz, CDCls) 3
158.4, 148.3, 1473, 144.4, 131.4,130.8, 130.2, 128.8,127.8, 125.2, 121.1, 54.0, 52.4,
40.8,37.8,37.2,29.2, 28.8, 25.5, 24.4, 21.1. Anal. Calcd for C3H4CIN,O: C, 75.78;
H, 8.55; N, 5.52. Found: C, 74.78; H, 8.64; N, 5.44.




m) at roomtenperature, giving a cloudy, light yellow
solution. This solution was then stirred for 5
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Example 16

1-(mesityl)—3-(2-hydroxy-3-tert-butyl-S-methylphenyl)-4,5—dihydro-
imidazolium chloride and potassium hexamethyl disilazane (2.1 equiv.) were
dissolved in THF (20 ml) at room temperature, giving a cloudy, light yellow solution.
This solution was then stirred for 5 minutes. A solution of (PACIMePPhs); (.5 equiv.)
in THF was then added, producing a light yellow solution with a precipitate. The
solution was then stirred for one hour. The solution was then filtered through celite,
and the THF was removed under reduced pressure until roughly 2 ml remained.
Pentane (10 mL) was then added to the solution which was then allowed to sit
overnight at -40° C. The next day, a white precipitate was observed to have

developed. The product was then recovered via filtration.



devel oped. The product was then recovered via
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Example 19

1«(2,6-diisopropylphenyl)-3—(2-hydroxyphenyl)-4,5 -dihydro-imidazolium
chloride and potassium hexamethyl disilazane (2.1 equiv.) were dissolved in THF (20
ml) at room temperature, giving a cloudy, light yellow solution. This solution was
then stirred for 5 minutes. A solution of NiMesBr(PPhs), (1 equiv.) in THF was then
added, producing a light yellow solution with a precipitate. This solution was then
stirred for 1 hour. The solution was then filtered through celite, and the THF was
removed under reduced pressure until roughly 2 ml remained. Pentane (10 mL) was
then added to the solution, which was then allowed to sit overnight at -40° C. The

next day, a yellow precipitate had developed. The product was then recovered via

filtration.
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c O'?itcﬁ%%ble glass reaction insert was added 0.438 g (7.50 mmol) solid MAO. The
reactor cell was sealed and pressure tested to 400 psig. To the reactor cell was then
added 5.0 mL of toluene. Stirring was commenced and the reactor was heated to 65
°C and pressurized with ethylene gas to 400 psig. Upon equilibration of the reactor
temperature and pressure, 5.1 mg (5 pmol) bis(1-2,6-diisopropylphenyl)-3-(2-
hydroxy-3 _adamantyl-5-methylphenyl)-4,5-dihydro-imidazolyl) titanium dichloride

dissolved in 0.5 mL toluene was then added to the reactor cell via an addition port.

The addition port was then immediately rinsed with an additional 0.5 mL of toluene
and the reaction timer was engaged. The reaction was then allowed to proceed for 90

minutes with a continuous ethylene feed. After 90 minutes, the reaction was
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standing for several minutes, the contents of the glass cell liner were dumped into 200
mL of rapidly stirred MeOH, where they were kept for one to two hours. The
resulting mixture was then washed with excess MeOH and fiitered to dryness.
Residual solvents were removed by heating the resultant white powder at 60 °C under
vacuum for 18 hours to yield 1.35 g of polymer product.
Example 24
In a dry box, to a clean, dry reactor cell of an Argonaut Endeavor® containing
a disposable glass reaction insert was added 0.438 g (7.50 mmol) solid MAO. The

reactor cell was then sealed and pressure tested to 400 psig. To the reactor cell was




a di sposabl e gl ass reaction insert was added 0.438 g
(7.50 mmol ) solid MAO. The reactor cell was then

seal ed and pressure tested to 400 psig. To the reactor
cell was 22 then added 5.0 nL of toluene. Stirring was
then commenced and the react®dr cell was heated to 65
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dichloride dissolved in 0.5 mL of toluene was added to the reactor cell via an addition

port. The addition port was then immediately rinsed with an additional 0.5 mL of
toluene and the reaction timer was engaged. The reaction was then allowed to
proceed for 120 minutes with continuous ethylene feed. After 90 minutes, the

reaction was terminated by venting the excess ethylene gas. The reactor cell was

opened and the glass cell liner and its contents were removed. The glass cell liner and
contents were then removed from the dry box and 2-3 mL of acidified MeOH (10 wt
% HCY) was slowly and carefully added to the contents of the glass cell liner. After




port. The addition port was then imredi ately rinsed
with an additional 0.5 nL of toluene and the reaction
timer was engaged. The reaction was then allowed to
proceed for 120 m nutes with continuous ethyl ene feed.
After 90 m nutes, the react2bn was term nated by
venting the excess ethylene gas. The reactor cell was

opened and the glass cell liner and its contents re
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solvents were then removed by heating the resuitant white powder at 60 °C under
vacuum for 18 hours to yield 1.30 g of polymer product.
Example 27
In a dry box, to a clean, dry reactor cell of an Argonaut Endeavor® containing
a disposable glass reaction insert was added 0.292 g (5.00 mmol) solid MAO. The
reactor cell was sealed and pressure tested to 400 psig. To the reactor cell was then

added 1.0 mL of a norbornene/toluene solution (79 wt % norbomene in toluene)

foliowed by 4.0 mL of toluene. Stirring was then commenced and the reactor was

heated to 65 °C and pressurized with ethylene gas to 400 psig. Upon equilibration of




standi ng for several mnutes, the contents of the
glass cell liner were dunped into 200 nL rapidly
stirred MeOH, where they were kept for one to two
hours. The resulting mxture was then washed with
excess MeOH and filtered to W yness. Residua

sol vents were then renoved by heating the resultant
white powder at 60 C under vacuum for
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liner and its contents were renoved. The gl ass cel
liner and contents were then renoved fromthe dry box
and 2-3 nL of acidified MOH (10 vt % HCI) was slowy
and carefully added to the contents of the glass cel
liner. After standing for several mnutes, the
contents of the glass cell liner were dunped into 200
mL rapidly stirred MeOH, where they were kept for one
to two hours. The resulting m xture was then washed
with excess MeOH and filtered to dryness. Residua
solvents were then renoved by heating the resultant
white powder at 60 C under vacuum for 18 hours to
yield 0.15 g of polyner product. 25 W claim




I A polynerization catalyst Conprising: a netal center

selected fromTi, Zr, H, NN and Pd with at |east one

chel ating ligand conprising a carbene with at |east.

one anionic noiety, wherein the at |east one

chel ating ligand has a stru@Sure selected fromN N4 x

R OV) wherein Ris any hydrocarbyl group; each Rl is

i ndependent|y any hydrocarbyl group; R2 is any

hyér daim:byl group; and X is selected fromO, N and S;

wher ei p bot nlonlc nolety are
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conprises two chel ating

| ﬂ&ﬁﬁﬂ;&ch@ﬁm@hgﬂi{tﬁxapalsmmzeiwmﬂ]ﬁmt al yst of claim 2,
further conprising two halide |igands, wherein the

hal i de | i"gands e each independently selected from
d, Br andy—4. The pol ymeri zation catal yst of claim
1, wherein/the | center is selected fromN and

Pd; \/\he,e-lnw nmeri zation catal yst conprises one
of theFat ast 1o chelating ligand. 5. The

pol yneri zati on ca éé@ of cKBim4, further conprising
a hydrocarbyl ligand and a neutral |igand coordi nated

wi th therhet al Rtenter; wherein the hydrocarbyl |igand
is selec?%p_tfbn1wb Ph and Mesityl and the neutra

ligand is/ sehected.from phosphi ne, am ne and
D

further conpfi si heI ating hydrocarbyl |igand
(allyl) coordingFec~i th the netal center. 7. A
process for prébgjlng a honogglyner or copol yner
conprising contacting at one a-ol efin nononer
with the polynerization catalyst of claim2 in the
presence of an al.um num activator. 8. A process for

preparlng\a thT%olyner or copol ymer conpri sing

N
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pyrldlme’@/ erization catal yst of claim4,
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wherein R is any hydrocarbyl group; each R! is independently any hydrocarbyl group;
R? is any hydrocarbyl group; and X is selected from O, N and S; wherein both the
carbene and the anionic moiety are coordinated to the metal center.

2. The polymerization catalyst of claim 1, wherein the metal center is
selected from Ti, Zr and Hf and wherein the polymerization catalyst comprises two

chelating ligands.



contacting ethylene with the polynerization catal yst
of claim4 and, optionally, an alum num activator. 9.
The process of claim8, further conprises contacting
et hyl ene and the <catalyst of claim4 with at |east
one nononer selected froma-#efins, norbonenes and
styrenes in the presence of an al um num activator. 10.

A process for ' i sing. _
Cont ac8 ng PHESOBRAL HISEH SATA JEeE ORI tyo halide
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b . .
ne, norbornene, norbonene contai ni ng. a pendent .
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Ofsel‘?ecnteslhgm Ni4HH ﬁﬁ;t\jvﬂe%ig the polymerization catalyst comprises one of the at
least one chelating ligand.
5. The polymerization catalyst of claim 4, further comprising a
hydrocarby! ligand and a neutral ligand coordinated with the metal center; wherein the
hydrocarbyl ligand is selected from Me, Ph and Mesityl and the neutral ligand is

selected from phosphine, amine and pyridine.

6.. The polymerization catalyst of claim 4, further comprising a chelating
hydrocarbyl ligand (allyl) coordinated with the metat center.
7. A process for preparing a homopolymer or copolymer comprising

contacting at least one o-olefin monomer with the polymerization catalyst of claim 2
in the presence of an aluminum activator.

8. A process for preparing a homopolymer or copolymer comprising
contacting ethylene with the polymerization catalyst of claim 4 and, optionally, an
aluminum activator.

9. The process of claim 8, further comprises contacting ethylene and the
catalyst of claim 4 with at least one monomer selected from a-olefins, norbornenes
and styrenes in the presence of an aluminum activator.

30. A process for preparing a copolymer comprising contacting the
polymerization catalyst of claim 2 with at least two different monomers selected from
o-olefins, norbornene, norbornene containing a pendent hydrocarbyl substituent agd

styrenes in the presence of an aluminum activator.




