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The bis(imine) complexes described above, when used with an

activator, efficiently polymerize olefins, but more active catalysts are
desirable because using less catalyst to make the same amount of

25 polyolefin reduces cost. Moreover, the variety of polymers available from
the bis(imine) complexes explored so far is somewhat limited.

In 1977, Walter Siegl reported a remarkably simple synthetic route to
1,3-bis(heteroarylimino)isoindolines from phthalonitriles using alkaline earth
salts and transition metals to facilitate the reaction via a template effect (J.

30 Org. Chem. (1977) 42 1872). The reaction of phthalonitrile with two

equivalents of 2-aminopyridine is illustrative:
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1, 3-bis(heteroarylimno)isoindoline |ligands to catalyze the 5
deconposition of cycl ohexanehydroperoxide to cycl ohexanol and

cycl ohexanone, which are key internedi ates for nmaking adipic acid. See,

for exanple, U S. Pat. Nos. 4,499, 305, 4,482,746, a 568, 769. Rut heni um
conpl exes of 1, 3-bis(2-pyridyliphpo)Nrsoi ndol i ne grelkng to oxidize
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5 decomposition of cyclohexanehydroperoxide to cyclohexanol and
cyclohexanone, which are key intermediates for making adipic acid. See,
for example, U.S. Pat. Nos. 4,499,305, 4,482,746, and 4,568,769.
Ruthenium complexes of 1,3-bis(2-pyridylimino)isoindoline are known to
oxidize alcohols (see Inorg. Chem. 23 (1984) 65).

10 Despite their known utility for hydroperoxide decompositions,
transition metal complexes that incorporate 1,3-bis(heteroarylimino)-
isoindoline ligands have not been previously explored as catalysts for olefin
polymerization reactions. Moreover, transition metal complexes from 1,3-
bis(arylimino)isoindolines, i.e., condensation products of phthalimide and

15 two equivalents of an aniline, have apparently not been used at all to
catalyze organic reactions.

SUMMARY OF THE INVENTION
The invention is a catalyst system useful for polymerizing olefins.
The catalyst system comprises an activator and an organometallic complex.
The complex comprises a Group 3-10 transition or lanthanide metal and a
1,3-bis(arylimino)isoindoline or 1,3-bis(heteroarylimino)-isoindoline ligand.
We surprisingly found that catalyst systems of the invention are
valuable for polymerizing olefins. In particular, the late transition metal

20 catalysts have activities that rival or even exceed, sometimes by a wide

margin, those of late transition metal bis(imines). The resulting polyolefins

typically have high molecular weights, broad molecular weight distributions,
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neutral “and/or anionic ligands, which may be organic or inorganic.
Examples are halides, alkyls, alkoxys, aryloxys, alkylamidos, acetate,
acetylacetonate, citrate, nitrate, sulfate, carbonate, tetrafluoroborate,
thiocyanate, or the like. The additional ligands of the complex usually
20  derive from the Group 3-10 compound that is used as a source of the metal.
In general, any convenient source of the Group 3-10 metal can be used, but
transition or lanthanide metal salts are preferred. Particularly preferred are
Group 8-10 transition metal salts. Examples include iron(ll) chloride, iron(lll)
chloride, iron(ll) acetate, iron(ll) sulfate heptahydrate, cobalt(ll) chloride,

25  cobalt(ll) thiocyanate, cobalt(ll) tetrafluoroborate hexahydrate, nickel(Il)
bromide, nickel(ll) acetate, nickel(ll) carbonate hydroxide tetrahydrate,
nickel(ll) acetylacetonate, copper(ll) nitrate, zinc acetate, zinc citrate
dihydrate, and the like.

The organometallic complex includes an isoindoline ligand.

30  Structurally, isoindolines are condensation products of phthalimides with two

equivalents of an aniline or an amino-substituted heteroarene (e.g., 2-

aminopyridine or 2-aminothiazole). Isoindolines can be prepared by the
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met hyl phenyl or 2,4, 6-trimethyl phenyl (&-\m;\si tyl). Wien Ais heteroaryl, it
is preferably 2-pyridyl, 2-pyrinmgdinyl/ 4-pyrimdinyl, 2-pyrazinyl,
2-imdazolyl, 2- thiazolyl, or 2 a3 | . The aryl and heteroaryl groups
can be fused to other rings, as a 2-Ndpht hyl, 2-benzot hi azolyl or
2-benzi m dazol yl group. The benZee€ ri \g of the isoindoline can al so be
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i soi ndoline, preparation of the organonmetallic conplex, or olefin
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aryl, it preferably a phenyl or alkyl-substituted phenyl group, such as 4-
10 methylphenyl or 2,4,6-trimethylphenyl (2-mesityl). When A is heteroaryl, it is
preferably 2-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl, 2-imidazolyl, 2-
thiazolyl, or 2-oxazolyl. The aryl and heteroaryl groups can be fused to
other rings, as in a 2-naphthyl, 2-benzothiazolyl or 2-benzimidazolyl group.
The benzene ring of the isoindoline can also be substituted with groups that
15 do not interfere with preparation of the isoindoline, preparation of the
organometallic complex, or olefin polymerization. For example, the benzene
ring can be substituted with halide, nitro, alkoxy, thioalkyl, alkyl, or aryl

groups, or the like. A few exemplary isoindolines appear below:
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In one approach to making 1,3-bis(arylimino)- or 1,3-
bis(heteroarylimino)isoindoline ligands, a phthalimide reacts with two
equivalents of an aniline or an amino-substituted heteroarene, optionally in

5 the presence of a condensation catalyst (e.g., formic acid, acetic acid, p-
toluenesulfonic acid, or the like). Often, the condensation involves little
more than stirring the reactants at room temperature until the isoindoline
compound precipitates from the reaction mixture. The first part of Example
2 below is illustrative.

10 In another approach to making the isoindoline ligands, the aniline or
an amino-substituted heteroarene is reacted with a phthalonitrile (a 1,2-

dicyanobenzene), preferably in the presence of an alkaline earth salt and an
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resul ting | uh M . A ki f4.Cadl
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separating tm-Phase (liquid-solid) reaction m xtures 6 L
3-10 transition metal compound. The phthalimide or phthalonitrile is

combined with the aniline or amino-substituted heteroarene and the Group

3-10 compound, usually in the presence of a reaction solvent, and the
mixture is heated to produce the desired complex. The complex is then
20 isolated and purified by conventional means (stripping, filtration, washing,
vacuum drying). The resulting complex is useful without additional
purification for polymerizing olefins.
Exact structures of the organometallic complexes have not been
completely elucidated, but the complexes incorporate a Group 3-10 metal
25 that is probably coordinated to a 1,3-bis(arylimino)isoindoline or 1,3-
bis(heteroarylimino)isoindoline ligand through two or three heteroatoms of
the isoindoline. Anionic ligands present in the Group 3-10 transition metal
compound are present, at least in part, in the complex. In some cases, the
reaction to form the complex may eliminate side products such as HCI,
30  acetic acid, or the like.
In preparing catalyst systems of the invention, it is advantageous to
utilize a reactor that is equipped with an internal filter. The filter is any

device capable of separating two-phase (liquid-solid) reaction mixtures
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WO 03/ 022889 PCT/ US02/ 25843 provided that the separation can be
acconplished within the reactor and |eaves the solid phase in the reactor.
Pref erablwp oBlez2sgd | ter is depth-flexible, i.e., its deptRCrarsobessensi|y
ext ended above or below the surface of the liquid phase in the reactor.
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Suitabl e activators include acid salts that contain non-nucleophilic

ani ons. Thetasscunpetal deacferssthe liguidds oftsn conveierily empved MiLPRMiRGhed t o

boron or al uymn a ' i thi - . .
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which i
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substituted and ApsHREIL LG il kenBd htludky hROAEMER0S UCuitible

activators help to ionize the organometallic complex and activate the catalyst
for polymerizing olefins. Suitable activators are well known in the art.
20 Examples include alumoxanes (methyl alumoxane (MAO), PMAO, ethyl
alumoxane, diisobutyl alumoxane), aIkyIaIu(minum compounds
(triethylaluminum, diethyl aluminum chloride, trimethylaluminum, triisobutyl
aluminum), and the like. Suitable activators include acid salts that contain
non-nucleophilic anions. These compounds generally consist of bulky
25 ligands attached to boron or aluminum. Examples include lithium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)-
aluminate, anilinium tetrakis(pentafluorophenyl)borate, and the like.
Suitable activators also include organoboranes, which include boron and
one or more alkyl, aryl, or aralkyl groups. Suitable activators include
30 substituted and unsubstituted trialkyl and triarylboranes such as
tris(pentafluorophenyl)borane, triphenylborane, tri-n-octylborane, and the
like. These and other suitable boron-containing activators are described in
U.S. Pat. Nos. 5,153,157, 5,198,401, and 5,241,025. Suitable activators
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tris(pentafl uorophenyl)borane, triphenyl borane, tri-n-octyl borane, and the
| i ke. These and ot her suitable boron-containing activators are described in
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lefins. P e_agd C3- fj
ot oyl ene, Teafitd &br VRS TSI N 28T iy ARSI A BISVERN 20,
can beiusetempbiaplirenprefarabiygraatercthaafabeuhyD81E and moEs-paferablylfrem ns ar e

i al | f d. f olefi | yneri zat,i b
iseq. 20" EPenbAzD: 5, abrak@OfRocndecl de” pRaudiey At HiItEM PAETE bhase,
whi ch can ’g‘eg?rhé'ﬁ% e Vised GhBlubfTy reaUBRE Mith Brgalb-aiithinupi opREARS. OF a

conbi nati or these. High-pressure fluid phase or qas phase techni ques
can al so b&umyssilicorCacnl-peosn eaawoppdshe Seet Hotsxamplae theieahnighesr e

oo oo eI LS B MR SPL Suer™ o i Vebmererars Fange:
such agsabout - 30E éatapepuystéfRCareAusdiut farr phlpmeeidingaoligdinss Predenred
olefins are ethylene and C3-Cy o-olefins such as propylene, 1-butene, 1-
hexene, 1-octene, and the like. Mixtures of olefins can be used. Ethylene
and mixtures of ethylene with C3-C4g o-olefins are especially preferred.
Many types of olefin polymerization processes can be used.

20 Preferably, these processes are practiced in the liquid phase, which can
include slurry, solution, suspension, or bulk processes, or a combination of
these. High-pressure fluid phase or gas phase techniques can also be
used. Catalysts made by the methods of the invention are particularly
valuable for use in solution and slurry processes.

25 The olefin polymerizations can be performed over a wide temperature
range, such as about —30°C to about 280°C. A more preferred range is from
about 30°C to about 180°C; most preferred is the range from about 60°C to
about 100°C. Olefin partial pressures normally range from about 15 psig to
about 50,000 psig. More preferred is the range from about 15 psig to about

30 1000 psig.

The following examples merely illustrate the invention. Those skilled
in the art will recognize many variations that are within the spirit of the

invention and scope of the claims.



about 30C to about 180C;, nost preferred is the range from about 60C to
about 100C. defin partial pressures nornmally range from about 15 psig to
about 50,W003p%882 Mre preferred is the range from about PCH/USS2/2F88d about
30 1000 psig. The follow ng exanples nerely illustrate the invention. Those
skilled in the art will recogni zeggaRypviari ations that are within the
spirit of the invention and scop e 0 the cI ains. 8 WD 03/022889

PCT/ US02/ 2584 Prefavaltibh Bf BnRrap{Hy 31131 Bis(2memitylimmo)isbindoline Complex
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under nitrogen at roomtenperature for | h. The yellow m xture is heated to

ref | ux (77@a¢ter)102H6§qutayl@w£ﬂes({5r41r 8d 40:0 ny¥Rl 12 Rped-arandeireal) 32 h. A
b t
e i e

out the eth ace undgr a amo et her (30
m) is0 adaimdet mttdwnraisroduetenap&iatme fm kthurEhe gelkaw mixtdre & Mbdttbe

due. The, 15 t the Liquid ph is th
amoved at "eIRHUEEE) gretlu andisoligh Shed At iR HALE (B are

dri ed undetproWAgsrdBipitate f%rﬁhst OTHé \rBadtidi AtuROWdEdnceritidket bl OstAdpitig( 99. 499 .
EXAMPLE 2 Preparation of an Iron(l1) 1,3-Bis(2-nesitylimno)isolndoline

Conpl ex 20 oat i eyl peetate badebmstneam@fetqntnospe(j Gald liethil etheg €30 Miet and
o0 ™ o gl i B A5t AT AR TR 8 20 O
eq.) 15 glass filter is immersed in the liquid phase, which is then removed at
reduced pressure through the internal filter. The solids are dried under
vacuum for 2 h to give a brown powder. Yield: 10.11 g (99.4%).
EXAMPLE 2
Preparation of an Iron(ll) 1,3-Bis(2-mesitylimino)isoindoline Complex
20 A 100-mL round-bottom flask equipped with a nitrogen inlet and an
internal fritted-glass filter is charged with phthalimide (2.94 g, 20.0 mmol)
and methanol (50 mL). 2,4,6-Trimethylaniline (5.41 g, 40.0 mmol, 2.0 eq.)
and formic acid (3 drops) are added. The solution is stirred at room
temperature under nitrogen for 120 h, and a yellow precipitate is observed.
25  The reaction solvent is stripped, and the solids are dried under vacuum in
the reactor flask for 1 h.
Dry tetrahydrofuran (30 mL) and iron(ll) chloride (2.54 g, 20.0 mmol)
are added to the flask containing the 1,3-bis(arylimino)isoindoline
compound, and the mixture is stirred for 24 h under nitrogen at room
30 temperature. The liquid phase is removed by filtration, and the solids are
dried under vacuum for 1 h to give a yellow-brown powder. Yield: 9.45 g
(92.9%).



and formc acid (3 drops) are added. The solution is stirred at room
tenperature under nitrogen for 120 h, and a yellow precipitate i s observed.
25 The reaoto3oessol vent is stripped, and the solids are dPcadsanesss3 vacuum
in the reactor flask for 1 h. Dry tetrahydrofuran (30 nL) and iron(Il)
chloride (2.54 g, 20.0 nmol) are pgagpmb st he flask containing the
1,3-bis(arylimno)isoindoline conpound, and the mxture is stirred for 24
h under ni t r ofesparatiomofraltrangliipt BeBia(2emestigininglisangolieComplenoved by

filtrat d the sqlid d d for 1 ht
yel | ow brown pofiiag0-ih e BotayISksabisped SFcR riffbadn dutPalii ) 25643
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nmol 5 and et nmol ,
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round- bot t om f | AsROrtigRPfithe raagiaiy @"’thr%@hﬁéﬂl—k i§ tf%}qf%r)ge%%@) b4 h. The
1o m xture &Lﬂ{oﬁboﬁm YRR, hha Th FkQe IOnEERANo (BIbL7eeekongs ko TROM

e e 'S I

t enper at ur m xt ure’ ered eso [ s ar hed with col d
et hanolo ( &fixtutg , calod ahangds ufrder yelowuho f leown. h Aﬂeglmllagdm krd®nown

wd Yield P t | N
0,3 Bi 5(2- ié’gp?ga]fv i R i1t TP Seie SECRAY oM SRR i o
reaction €), fARIMdFE@ T dar3vdckin® foft) hi ® givans fRirk o sovl@ér

round- bott mflask and the mxture is stirred at roomtenperature under
ni trogen f dield20. 1@9038@2%1)xture col or changes fromyellow to brown. The
m xture is filtered. The solids argXWLe@4thh

15 Preparation of an Iron(ll) 1,3-Bis(2-mesitylimino)isoindoline Complex
A second portion of the initial reaction mixture from Example 3 (13.0
mL) is transferred to a 100-mL round-bottom flask, and the mixture is stirred
at room temperature under nitrogen for 120 h. The mixture color changes
from yellow to brown. The mixture is filtered. The solids are washed with
20 cold ethanol (20 mL), and dried under vacuum for 1 h to give a dark-brown
powder. Yield: 2.28 g (89.8%).
EXAMPLE 5
Preparation of an Iron(ll) 1,3-Bis(2-pyridylimino)isoindoline Complex
A 100-mL round-bottom flask equipped with a nitrogen inlet and an
25 internal fritted-glass filter is charged with phthalimide (2.94 g, 20.0 mmol)
and ethyl acetate (50 mL). 2-Aminopyridine (3.77 g, 40.0 mmol, 2.1 eq.)
and iron(ll) chloride (2.54 g, 20.0 mmol) are added to the flask, and the
mixture is stirred under nitrogen at room temperature for 1 h. The mixture is
stirred at room temperature for 120 h, yielding a white precipitate.
30 Samples are removed from the bottom of the flask at 24, 48, and 120
h. Each sample is dried under vacuum for 0.5 h, and a small portion of each
(40 mg) is dissolved in toluene (20 mL) and tested in an ethylene

polymerization experiment. (Polymerization results for the 24 h sample
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20 col d ethanol (20 nmL), and dried under vacuumfor 1 h to give a
dark-brown powder. Yield: 2.28 g (89.8%. EXAMPLE 5 Preparation of an
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15 (40 mg) is dissolved in toluene (20 mL) and tested in an ethylene
polymerization experiment. (Polymerization results for the 48 h sample
appear in Table 1.) The rest of the reaction mixture is stripped under
vacuum after the 120 h stirring period. After washing with cold diethyl ether
(20 mL), the white solids are dried under vacuum for 1 h. Total yield: 5.80 g

20 (68.2%).

EXAMPLE 7
Preparation of a Nickel(ll) 1,3-Bis(2-mesitylimino)isoindoline Complex
A 100-mL round-bottom flask equipped as described earlier is
charged with phthalimide (2.94 g, 20.0 mmol) and ethyl acetate (60 mL).

25 2,4,6-Trimethylaniline (5.41 g, 40.0 mmol, 2.0 eq.) and nickel(ll) chloride
(2.63 g, 20.0 mmol) are added to the flask, and the mixture is stirred under
nitrogen at room temperature for 24 h. A brown precipitate forms. The
reaction mixture is concentrated by stripping out the ethyl acetate under a
stream of nitrogen. Cold diethyl ether (30 mL) is added to the residue, and

30 the mixture is stirred to wash the residue. The liquid phase is removed at
reduced pressure through the internal filter. The solids are dried under
vacuum for 2 h to give a brown powder. Yield: 9.60 g (93.8%). Ethylene is
polymerized as described below. Catalyst activity: 850 kg polymer/g Ni/h.

11



pol yneri zation experinment. (Polynerization results for the 48 h sanple
appear in Table 1.) The rest of the reaction mxture is stripped under
vacuum afwero3ntessd20 h stirring period. After washing w trCTaisd2/eises hyl
ether (20 nmL), the white solids are dried under vacuumfor 1 h. Total
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1, 3- Bi 902- pyystalihityr8#4%i soi ndol i ne Conpl ex 5 The procedure of Exanple 7 is

fol |l oned, except that Z'amﬁf'ﬁﬂﬁwﬁﬁg’ﬁ@ﬂ%élﬁgﬂl. O mol, 2.0 eq.) is used

i nstead of 2,4,6-trinmethyla a brown powder. Yield:

7.9 g (92% . Ethyeepgtdifstd Prapered ZA0ERsmpRests Brd idatdd s fbasy SAll
activity: 1500 kg polyner/g Ni/h. The qg&l yet hyl ene has M =1.12, M R=180.

DSC pr oper tiobgnenzations. 8 petpraedsahiqq qi {1y 28 RdteERHINNENEaPar YNSIREZATI ON
isobutane as a solvent. The reactor is pre-conditioned by heating it to

15 120°C and holding it at that temperature for 20 min. under a nitrogen purge.
Ethylene, isobutane, hydrogen, and nitrogen are dried prior to use with 13X
molecular sieves.

For a typical polymerization, the desired amount of hydrogen (AP=5
psi) is added to the reactor by monitoring the pressure drop from a 300-mL

20 steel vessel pressurized' with hydrogen. Then, isobutane (650 mL) is
charged into the reactor. Ethylene is introduced into the reactor on demand
using a Brooks mass flow meter set at 400 psi. In the reactor, ethylene
pressure is 290 psi (about 20 bar), and hydrogen pressure is 5 psi. The
concentration of ethylene in isobutane is about 15 mol %.

25 A small amount of triisobutylaluminum solution (2.7 mL of 1.0 M
solution in hexane) is charged from a first injector into the reabtor to
scavenge trace amounts of moisture in the system. The desired amounts of
catalyst (2 mg of complex in 1.0 mL of toluene solution) and cocatalyst
(MAO solution in toluene; [Al:Fe] molar ratio = 100) are then added to the

30 reactor from a second injector to initiate the polymerization. The reactor is
kept at 80°C throughout the polymerization. When the reaction is completed

(15 to 60 min.), the reactor is vented and the resulting polyethylene is

12



The catal ysts prepared in Exanples 1-8 are tested as follows. All

pol yneri zations are perfornmed at 80Cin a 2-liter slurry reactor
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As the results demonstrate, all of the catalysts tested exhibited

excellent activity and produced high molecular weight polyethylene having a

broad molecular weight distribution.

All produced polyethylene with high

density (> 0.965 g/cm®) and a high degree of crystallinity (>75%). When

prepared and used under similar conditions, the iron bis(imine) catalysts of

the prior art have activities of about 750-800 kg polymer/g Fe/h.

Interestingly, the iron(ll) 1,3-bis(2-pyridylimino)-isoindoline complex of

Example 5, when activated by MAO, had an activity of over 2000 kg

polymer/g Fe/h, which is more than double the activity of the best known late

transition metal catalysts.

Table 1. Ta
56 Starte
2-mesityl 2ine
yield, % 99
2100 1050

5

10

15

In addition, the resulting polyethylene had an

13

exceptionally high degree of crystallinity (92%).

15 to 60 mn.), thePolgaeirdropertieented and the resultijng
12 WD 03/.022889 PCT/ UUSQ2/ 25843 collected and dried at 50C
hpersity 9975t alctG S8t i|e9-%8Rd | pBiI%oef O8Fbper¥98%s [ard®®Pegort ed in
)Meltthdeﬂn\M)yl enezleolymarugzatl oa3Resul 5.8 Cat ed.tyst fremEx: 1 2 3 4
PN | ™ Bi—*t HIEll P N Aa H Ml | 1
M} & de—tmgde it e e (L I N 1 = ) i 1e react ant
R/ i M -melsityl 2-nesityl 6Dvrldv 2-pyridyl Aé:tal yst
MW92 9 88. 2 |[8958Kog. 826K. 2 1ICKi Vi B9 K kp/ §3 Kel |h 1888 860 780 930
Mw/Mn 15 12 13 11 15 14
Er' 24 3.2 3.4 2.4 2.9 3.0
Tm?® 133.6 133.8 132.6 133.1 132.0 132.8
Crystallinity®, % 79 76 79 82 92 82
" ASTM D 4440-95A.
23 From differential scanning calorimetry. ~ HLMI = high-load melt index.



Pol ymer Properties Density, g/crn 0.968 0.968 0.968 0.971 0.969 0.966 Mt
index (M) 2.0 1.93.35.86.51.5 MR (HM/M) 59 63 66 64 71 87 Mv 152
K 221 K W0 0B/0288K 83 K 140 K Mwv M 15 12 13 11 15 14 EPCI/U50823848.4 2.4
2.9 3.0 Tm133.6 133.8 132.6 133.1 132.0 132.8 Crystallinity 3, %79 76

79 82 92 82 1 ARNdR4it40 p?éﬁemés of T 8 %&l{/méﬁmtw@e s&ﬂ@@ﬂté&e@abﬁal rretry

HLM = high-load nelt™index. the results denonstrate, all of
catal ysts tcemr@deémtfbcommer@abHnlﬁmresm uaedyn aawqwlwﬂtr@@ mh@hmﬁﬁl ecul ar

broducen pSRaeiyNERuApoer el PRAds ERed” BudnidBed giishke ek SfRen ear ee
of crystal Fioph taorimédditil redhed) 1arenarRe ansolyses pmai@creoslfmsh’qaar tyewli tions,

the iron bis(imne) catalysts of 10 t he prior art have activities of about

750- 8005 kg irgd(Nnbistiingy eomplextexhiits ngwweetrheela‘rﬂ\@h( favy wscosfcy at low
1, 3-bi s(2- g}ﬁéépvét{eg‘\g@‘bh tb%oﬂa%%cg,gggﬁﬁgﬁ : %Lnaﬁé%@g;}ﬁcf | PnsaCt'V&t ed

by MAO, had an actrvity of over oyrrer g I'S nore than
doubl e the acti vTI'tey f@lfowlhg é)@ﬂhplésowhbw diaav tbrmakétadﬂiti@rmlabomptexleyst s. In

addition, the r t,i L. ene ha an 15 exceptionally high degree
of cryst al [usgfY 3”(@@@&? t té@éﬂ@%ﬂ%’@@ BT/ USD2/ 25843  Rheol ogi cal
properties of the polynmers were al gxasted and conpared with commrerci al
HDPE resins used in packaging films. The nelt viscosity versus shear rate

pl ot i 90l i nearPraparatiargakan imnﬂl)t1h%a@(atpycmldwbmrr@dlsomd@hm@@mmlexal resins.

compt ox. exi bi t 2o kaibhEEReH O8RS iR wuid PRinosh BIGELAR oo

(0.01 to 1intacHaeeited Hddslitartis |cﬁ§i:‘gé‘(uwtthtﬁrﬂhél©hltrﬁléc(2w §926i0 w#nol), The
foll owi ng exanpl es show how t o nmake addi tional conple
calcium chloride (0.11 g, 1.0 mmol), and 1 butanol (50 mL). 2-
Aminopyridine (3.95 g, 42.0 mmol, 2.1 eq.) is added, and the mixture is
15 heated to reflux (118°C) for 48 h. The mixture is concentrated by vacuum
stripping and is allowed to cool. The residue is washed with cold water (20
mL), dried under vacuum, and is recrystallized from ethanol-water (9:1).
Tetrahydrofuran (30 mL) and iron(ll) chloride (2.54 g, 20.0 mmol) are
added to the flask containing the isoindoline compound, and the mixture is
20 stirred for 24 h under nitrogen at room temperature. The mixture is
concentrated, and the residue is washed with cold diethyl ether (20 mL) and
dried under vacuum for 2 h. The resulting complex is expected to be an
active olefin polymerization catalyst when used with an activator as
described above. '
25 EXAMPLE 10
Preparation of an lron(ll) 1,3-Bis(3,5-dichloro-2-pyridylimino)isoindoline
Complex
The procedure of Example 9 is followed, except that 3,5-dichloro-2-
aminopyridine (6.85 g, 42.0 mmol) is used instead of 2-aminopyridine. The
30 resulting complex is expected to be an active olefin polymerization catalyst
when used with an activator as described above.
EXAMPLE 11
Preparation of a Nickel(ll) 1,3-Bis(2-pyridylimino)isoindoline Complex

14



useful for catalyst systems of the invention. EXAMPLE 9 10 Preparation of
an lron(ll) 1,3-Bis(2-pyridylimno)isoindoline Conplex A 100-ni

round- botwormsfrzsk equi pped with a nitrogen inlet and an PCRIUSOI23843
fritted-glass filter is charged with phthalonitrile (2.56 g, 20.0 mmol),

cal ci um chl ori deA(MQinlgroundsbottorh flasaretiphed Wil a (MPoddn inlé-and an
Am nopyri di I s added, and the mxture is 15

. . ol, 2.1 i 1€
heated to r'B%rﬁ% ﬁﬁ‘fgts'g%%ﬁ'@mz#@rﬁhafﬂ%d (Paﬂc'lgbz pigalopitdiendesB vatl@d Bymohicuum
stripping agkélglddduedetangdate (I48 4 R 0imbs, AT 14y o)) %@F er (20
nm), dried under vacuum and is recrystallized Trom ethanol- r 79:1).
Tet r ahydr of AMEIPRYSIAING (1.8809.i 26A(MMolc Bl breigde is( 2d8dd,gan®@Gh8 midlie &Y €

Ml L.soindol i d, d the mxture is
20 st r Ped ateB 30 ST R o hay TREdhid Er S b iPara e ypu® | s
concent r at estripging arfie is efiodee tb cowhs MRk vediBus 66 dvabhebhyith %Bf[d(l)étﬁg zTr;) and

dried under_,vac far 2 h . The resulting conplex is expecte _
active ol ef?thei)g#@]r%lr)i and jdsiedcladaracuie forugddy  wihenresultingt coraptax s

[ BEAMPLES ' [ rQn(,l | .
cliegcer: ls3 (eg g@%:é?ﬁ\el‘ogrﬁao 2- pyIﬁléa\ﬁioﬁéfﬁgﬁlgﬁeﬁggﬁérﬁggta&w@ﬂ U‘T*ﬁ‘é. Wihe@Bdur e of
Exanpl e 9 iastivatdrasetgsceked@bovdat 3, 5-di chl oro-2 am nopyri di ne (6.85 g,

42.0 ) is used instead of 2-am ridine. The 3o resulting conplex is
expected to be an active olefin p W'ﬂ%ﬂ?on catal yst when used with an

15 Bl s(2-pyr |yl e oy e st i R R B BB BE B isoby 25643
A 100-nL round- bda emqeﬂa@owgampﬁwi fﬂgvﬂ,tix??mh?nggargmn%%m%% el nal
a7 g, 0, PR A R B 7 et S
2- resulting complex is expected to be an active olefin polymerization catalyst
15 when used with an activator as described above.
EXAMPLE 13
Preparation of a Nickel(Il) 1,3-Bis(2-thiazolylimino)isoindoline Complex
The procedure of Example 11 is followed, except that 2-
aminothiazole (2.10 g, 21.0 mmol, 2.1 eq.) is used instead of 2-
20 aminopyridine. The resulting complex is expected to be an active olefin
polymerization catalyst when used with an activator as described above.
EXAMPLE 14
Preparation of an Iron(ll) 1,3-Bis(2-thiazolylimino)isoindoline Complex
The procedure of Example 6 is followed, except that 2-aminothiazole
25 (4.20 g, 42.0 mmol, 2.1 eq) is used instead of 2-aminopyridine, and the
mixture is stirred at room temperature for a total of 24 h. The resulting
complex is expected to be an active olefin polymerization catalyst when
used with an activator as described above.
EXAMPLE 15
30 Preparation of a Cobalt(ll) 1 ,3-Bis(2-benzimidazolylimino)isoindoline
Complex
The procedure of Example 14 is followed, except that 2-
aminobenzimidazole (5.59 g, 42.0 mmol, 2.1 eq.) is used instead of 2-

15



Am nopyridine (1.98 g, 21.0 mmol, 2.1 eq.) is added, and the mxture is 5
heated to reflux (78C) for 24 h. The m xture is concentrated by vacuum

stri ppi ngward/ozssal | owed to cool. The residue i s washed wpPCh/usot/2ksds et hyl
ether (30 nmL) and dried under vacuumfor 2 h. The resulting conplex is
expect ed t camincihazsie] sed ebbalt(l) phloyider(RAY §0P0 03NSk YReNindER@ ¥ th an
activator as described above. 10 EXAMPLE 12 Preparation of an Iron(ll)

1, 3- Bi s( 2- t'ﬁ?%@iﬂﬂﬁqfrﬁ%o? NgJiesHEng reoraRips| s expeatedpicobe dar actife Blefipl e 9 s
fol | owed, ; 2 1) ' : : 2.1 eq.) is used
I nstead of e%ag'ﬁ)lnbrr%g@éq g?%yslﬁ%ghacréggﬁ’lwﬁ %B%%B%Pgésgggg%éedc?gﬁv%o be an
active ol efin polynerization catal EXAMRISEWen used with an activator as

descri bed abov EXAMPLE 13 .Preparatian of a N ckel (1]) . . . )

1, 3- Bi S%Z-thi a?&?@?ﬁa%g%fias 'Pk%‘@ﬁi ﬁé'%%?%@?o%ﬁéolﬁﬁfa igpindetingxanpl e 11
is followed, except that 2- am nothi@ggbfex 2-10 g, 21.0 nmol, 2.1 eq.) is
used instead of 2 20 am nopyridine. The resulting conplex is expected to be

an active ol ef i nTheolpyegadurat iobn Examplg st1 twhien folewedy téxcapt athatva?-or as

descri bed S Rrep i on_ of lron(l1) . .

1,3-Bis(2-thi E’%F{/‘F. m nﬂcz)n)'?el ;(gﬂr?:jgl %ﬁbdgmﬂq’egapﬁ?e) ﬂﬁ&?@ﬂumétqﬂd B‘za%ﬁal eb6is
fol l oved, exmippytitime. 2-Taei rBUNINGZEbrapleXbis( dxttad 14D afiMBbtive? ofef@d) S
used instead of 2-am nog‘égi dine, and the mxture is stirred at room

t enper alfur PAYNeHzatipmneatalysbwhan usgd withsan ectiatoe asrgeesiies ahpect ed to be
an active olefin polynerization CaEiJAX/ﬁﬁLE"q‘?” used with an activator as
descri bed above. EXAMPLE 15 30 Preparation of a Cobalt(Il)

1, 3- Bi s( 2- befzepadipol of lamirorg)l) $G-Bis@-ppemidioytivhies)isdihdolreoCoplex of
Exanple 14 is f l_I]owed except ttE;lt 2 am'émben%i [n'dazol e (5.59 g, 42.0
mol, 2.1 eq.) i5'Cs@PFeHIEa Pl of=XBMRlg is followed, except that 2-

aminopyrimidine (3.99 g, 42.0 mmol, 2.1 eq) is used instead of 2-

15 aminopyridine, and the mixture is stirred at room temperature for a total of

24 h. The resulting complex is expected to be an active olefin
polymerization catalyst when used with an activator as described above.
EXAMPLE 18
Preparation of an Iron(ll) 1,3-Bis(2-pyrimidinylimino)isoindoline Complex
20 A modification of the procedure of Baird et al. (Polyhedron, 10 (1991)
229) is used. Thus, a 100-mL round-bottom flask equipped with a nitrogen
inlet and an internal fritted-glass filter is charged with phthalonitrile (2.56 g,
20.0 mmol), calcium chloride (0.11 g, 1.0 mmol), and 1-butanol (50 mL). 2-
Aminopyrimidine (3.99 g, 42.0 mmol, 2.1 eq.) is added, and the mixture is
25 heated to reflux (118°C) for 7 days. The mixture is concentrated by vacuum
stripping and is allowed to cool. The mixture is filtered, and the solids are
combined with chloroform (15 mL). Undissolved solids are removed, and
the filtrate is combined with an equal portion of n-heptane. The mixture is
chilled to precipitate the desired bis(pyrimidinylimino)isoindoline compound,
30  which is filtered and dried under vacuum for 2 h.
Tetrahydrofuran (30 mL) and iron(ll) chloride (2.54 g, 20.0 mmol) are
added to the flask containing the isoindoline compound, and the mixture is

stired for 24 h under nitrogen at room temperature. The mixture is
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WO 03/ 022889 PCT/ US02/ 25843 am not hazol e, and cobalt(Il1) chloride (2.60 g,
20.0 mml) is used instead of iron(ll) chloride. The resulting conplex is
expect ed wo ob@2289 active ol efin polynerization catal yst wegrusozzss4ni t h an
activator as described above. EXAMPLE 16 5 Preparation of a N ckel (11)

1, 3- Bi s( 2- beovasritizaed) weishiedolitis Aol aliethgl cHesw(BX mi)eart eFRAVLAIEF
Exanple 11 is foll owed, except that 2 am nobenzothi azole (3.15 g, 21.0
mol, 2.1 e¥Aguyns fes24h; dbeazaulng corapiexdsaxperies. torhe aresctive miefionml ex

i s expected ; i £ ; \ j I when used
w th an act?é@?%?lzggo@%éﬁﬁg\}ﬁ gbdc;é\?éw'&?(%k/lﬁ%@?ér%?%?ﬁ%égé\{e'an lron(ll)
1, 3- Bi s(2- pyri ni dhaypretiedng sxantpdés nareCongdrex onlihesplilpgegtions.of Thenpl e 6
is follag df "excrggptI t hat ﬁ ﬂ]mnogxr.i mdine (3.99 g, 42.0 nmol, 2.1 eq) is
used i nst ea®BVINY SI8INFARERS SHNENtIhG the mixture is stirred at room
tenperature for a total of 24 h. The resulting conplex is expected to be
an active olefin polynerization catalyst when used with an activator as
descri bed above. EXAMPLE 18 Preparation of an lron(ll)

1, 3-Bi s(2-pyrimdinylimno)isoindoline Conplex 20 A nodification of the
procedure of Baird et al. (Polyhedron, 10 (1991) 229) is used. Thus, a
100-m. round-bottom fl ask equi pped with a nitrogen inlet and an internal
fritted-glass filter is charged with phthalonitrile (2.56 g, 20.0 nmmol),
calciumchloride (0.11 g, 1.0 mml), and 1-butanol (50 niL). 2-

Am nopyrimdine (3.99 g, 42.0 mmol, 2.1 eq.) is added, and the mxture is
25 heated to reflux (118C) for 7 days. The m xture is concentrated by
vacuum stripping and is allowed to cool. The m xture is filtered, and the
solids are conbined with chloroform (15 nlL). Undissolved solids are
renoved, and the filtrate is conbined with an equal portion of n-heptane.
The m xture is chilled to precipitate the desired

bi s(pyri m di nylim no)isoindoline conmpound, 30 which is filtered and dried
under vacuum for 2 h.

17



Tetrahydrofuran (30 nmL) and iron(ll) chloride (2.54 g, 20.0 mmol ) are

added to the flask containing the isoindoline conpound, and the mxture is
stirred fwp0342188under nitrogen at roomtenperature. The ®CIUSOB23883 16 WO
03/ 022889 PCT/ US02/ 25843 concentrated, washed with cold diethyl ether (20
m.), and drYMsiclaimer vacuumfor 2 h. The resulting conplex is expected to
be an active ol efl n , pol r| zation catalyst when used with an activator as

descri bed above. The‘o‘prcé n&y%tfﬁhplué§?'-ﬁr &OrreRMlYMBFHENg a 9lefinsushigh ons.
The 5 fol | gamphsed:ai ns define the invention. 17 WO 03/022889

PCT/ US02/ 25843 We claim 1. A catalyst system useful for polynerizing

ol efins, which (L@én@'ﬂ petvato; @ndan activator; and 5 (b) an organonetal lic

conpl ex o r|S| tran3|t|on or | ant hani de netal; and
(i |n§) a SCBrTEl s( ar(o)r Efrf &&%@8\%’0&%'% CAMBIBIG( het er oaryl i i no) i soi ndol i ne

ligand. 2. The cat aI y(s)t aS@ﬁiL@rB-QU telngitionloMBRfeinfid MetaAcinyat or is sel ected

10 fromthe group con@k {) %lﬁo‘f al kyl  al unoxanes, al kyl al umi num conpounds,

al uni nobor onat es, org ? §Wllmﬁ)@°@&cdllﬂ@s and ionic al um nates. 3.

The catal yst system Oérfbadl églgggﬁ F q o nprises a Goup 8-10
heteog s) iR TigaHd

transition netal . 4. Asupp laim1l. 15 5. The
catal yst system 3f cThe natalysheysiem Dhela&n?;l-%efein thé Bchiwtor isSeélaeld ne has

t he struct : --A NH N
19°! Ysm th‘e group con&s%ﬁg of alkyl alumoxanes, alkylaluminum compounds,
aluminoboronates, organoboranes, ionic borates, and ionic aluminates.

3. The catalyst system of claim 1 wherein the complex comprises a
Group 8-10 transition metal.

4. A supported catalyst system of claim 1.

15 5. The catalyst system of claim 1 wherein the 1,3-bis(arylimino)-
isoindoline has the structure:

N\A
NH

N—A

in which each A is independently phenyl or alkyl-substituted phenyl.
20 6. The catalyst system of claim 1 wherein the 1,3-bis(arylimino)-
isoindoline is 1,3-bis(2-mesitylimino)isoindoline.
7. The catalyst system of «claim 1 wherein the
bis(heteroarylimino)isoindoline has the structure:

N—n

/

NH

\

N—A
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in which each A is independently phenyl or alkyl-substituted phenyl. 20 6.
The catal yst systemof claim1 wherein the 1,3-bis(arylimno)- isoindoline
is 1, 3-biwOasnesse yl i m no)i soindoline. 7. The catal yst sy®carmsot/2sshzni m 1
wherein the bis(heteroarylinino)isoindoline has the structure: N--A NH
NA 18 WO iO@NbE%IB@@CfPGT isUsdgpendtly selevtedciomathe droup dmﬁ%ﬁﬂpd@mgl y

. I St.i ng. 2- ridyl, 2-pyrimdiny
acpyri m i DB BRI S T daSlo ey By b Siuaoly o Adhiaadbkearsl y1 . 5.
The cat al ysg-o;tazmgm of claim1l wherein the bis(heteroaryl- 5 _

I m no)i soi ndol i ne i s 1,3-Dbi S(2-pyridylimno)isoindoline. 9. A process which
conpri ses pol ynePi zi e Hatalysl ishstem tofe claime demdwerain tr:]&albia(h&tg?'ﬁrﬁ-%/sf egs?f
[ ; [ " aol.yneri zi ng ethyl ene w at le
one. al pita. oL R e R o B RfA st om of 'l &l m 1. 10 1L

A catal yst systefn useprdcebor whishy moimised PloBimdtizinghas NoleGRMM | fies: (a)
an activator; and an organonetal lic conplex conprising: (i) a Goup

8- 10 transiqrﬁﬁﬁnﬂ%g’gghe %aﬁ/gtlﬁ’s(@m)()f&'%ﬂ%i-bi s(arylim no) : soi ndol ![ ne o][

- bi i M LSQl i kgan i E ySt, S emo
él 2i lrJnI i(lh\i}wg; gﬂ\y?'lh(ran g@%ée\clsglt\gﬁiebs&g@%%%egdy rcr)'rzn'_ E’h%tﬁgfegﬁpw%r%ﬁ???%g of
al kyl al unEn@iphazolefin il thei presenunpithedstalysd systembocnat €S,

oyarom B ol ai m B iher RN HePEh o ErBh T AONE A onoinEkennicDr
cobal t. comprises:

(a) an activator; and

(b) an organometallic complex comprising:

() a Group 8-10 transition metal; and
15 (i) a 1,3-bis(arylimino)isoindoline
or 1,3-bis(heteroarylimino)isoindoline ligand.

12. The catalyst system of claim 11 wherein the activator is selected
from the group consisting of alkyl alumoxanes, alkylaluminum compounds,
aluminoboronates, organoboranes, ionic borates, and ionic aluminates.

20 13. The catalyst system of claim 11 wherein the transition metal is
iron, nickel, or cobalt.

14. A supported catalyst system of claim 11.

15. The catalyst system of claim 11 wherein the 1,3-bis(arylimino)-
isoindoline has the structure:

N—n

/

NH

\—a
25
in which each A is independently phenyl or alkyl-substituted phenyl.
16. The catalyst system of claim 11 wherein the 1,3-bis(arylimino)-

isoindoline is 1,3-bis(2-mesitylimino)isoindoline.

19



14. A supported catal yst systemof claim1l. 15. The catal yst system of
claim 1l wherein the 1, 3-bis(arylimno)- isoindoline has the structure:
N--A C NMO oBlo2e8s®5 in which each A is independently phenplCTarso2/25843

al kyl -substituted phenyl. 16. The catal yst system of claim 11l wherein the
1, 3-bi s(aryl i m nd¥- Thei ndatalysé i sysdte®a bi of 2- misdint y1 1 i n@)ties@inndotrigne. 19

WO 03/ 0228 A 3. 17. The catglyst systemof claim1l wherein
the bi s(hgﬁgﬁ'%é%%?ﬁ(rﬁﬁﬁiod?%‘amel%%&SS%E%@@'Eruct ure: N--A NH NAin
whi ch each A is independently selected fromthe group consisting of 2- 5
pyridyl, 2-pyrimdinyl, 4-pyrimdinyl, ZNQwAazi nyl, 2-im dazolyl,
2-thiazolyl, and 2-oxazolyl. 18. The cafal yst systemof claim 1l wherein
t he bi s(heteroaryl- imno)isoinda i
1, 3-bi s(2-pyridylimno)isoindoli . ANibrocess whi ch conpri ses
polymerizing an olefin in the 1o xce of the catal yst systemof claim
11. 20. A process which conprises pol ynekizisng ethylene with at | east one
al pha-olefin in the presence of the catalyst systemof claim1l. 20

in which each A is independently selected from the group consisting of 2-
5 pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl, 2-imidazolyl, 2-thiazolyl, and
2-oxazolyl.
18. The catalyst system of claim 11 wherein the bis(heteroaryl-
imino)isoindoline is 1,3-bis(2-pyridylimino)isoindoline.
19. A process which comprises polymerizing an olefin in the
10  presence of the catalyst system of claim 11.

20. A process which comprises polymerizing ethylene with at least
one alpha-olefin in the presence of the catalyst system of claim 11.
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