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TITLE
SUPPORTED OLEFIN POLYMERIZATION CATALYSTS
FIELD OF THE INVENTION

A method for forming supported late transition metal
olefin polymerization catalysts is described in which an al-
ready formed transition metal complex, usually containing a
reactive functional group, is placed on a support containing
a complementary reactive functional group.

FIELD OF THE INVENTION

Olefin polymerization catalyst systems are an important
commercial technology. In many instances these catalyst
systems contain a transition metal complex which is essen-
tial to their catalytic activity. In recent years, polym-
erization catalysts containing late transition metals such
as iron, cobalt, palladium and nickel have been developed,
and in some instances these polymerization catalyst systems
make unique polymers. It is well known in the art that po-
lymerization catalysts containing transition metals are of-
ten advantageously used when the transition metal (complex)
is part of a supporting material such as a polymer or an in-
organic compound such as silica, alumina, a magnesium hal-
ide, etc. These supported catalysts are especially useful
in so-called gas phase or liquid slurry polymerization proc-
esses.

In a simple process for supporting a transition metal
containing polymerization catalyst, a solution of the appro-
priate transition metal compound is mixed with the desired
support and the solvent is evaporated. 1In many such in-
stances the transition metal containing polymerization cata-
lyst may simply be coated (as paint is coated on a wall)
onto the support and may be removed. In some instances, the
support such as silica may be prereacted with another com-

pound of the polymerization system such as an alkylaluminum

JP 2004-538344 A 2004.12.24
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compound and then this support mixed with the transition
metal containing polymerization catalyst.

Another less common way to affix the transition metal
containing polymerization catalyst to a support is through a
covalent bonded linkage which is attached to both the sup-
port and the transition metal containing polymerization
catalyst, see for instance EP-A-0953580 which describes the
preparation of a heterogeneous catalyst containing metallo-
cene-type catalysts. Metallcocenes have anionic ligands.

US6030917 describes methods for making supported polym-
erization catalysts containing late transition metals having
neutral ligands attached to them. In the methods described
therein, the ligand is attached to the support first and
then ligand is coordinated with the desired transition
metal.

WO00/56786 and WO00/56787 describe the preparation of
supported transition metal polymerization catalysts in which
the transition metal is complexed to an aniconic ligand, but
not to a neutral ligand.

W099/28352 describes the preparation of various sup-
ported polymerization catalysts containing transition met-
als. Some neutral ligands are used, but the metal is not
complexed with the ligand until after the ligand is attached
to the support.

US5955555 and W099/12981 describe the use of certain
iron and cobalt complexes containing neutral tridentate lig-
ands as olefin polymerization catalysts. Although supported
catalysts are mentioned, no mention is made of having reac-
tive groups on the neutral tridentate ligands.

All of the above-mentioned publications are incorpo-
rated by reference herein for all purposes as if fully set

forth.

JP 2004-538344 A 2004.12.24
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SUMMARY OF THE INVENTION

This invention concerns a process for the preparation
of a supported olefin polymerization catalyst component,
comprising the step of contacting:

(a) a transition metal complex cf a Group 6-10 transi-
tion metal (IUPAC notation), and a neutral bidentate or a
neutral tridentate ligand, which ligand contains a first re-
active group, with

(b) a solid support which has attached to it a compli-
mentary second reactive group,
under conditions such that the first reactive group and com-
plimentary second reactive group interact to form an ionic
or covalent bond.

This invention also concerns a supported olefin polym-
erization catalyst component, comprising a transition metal
complex of a Group 6-10 transition metal and a neutral tri-
dentate ligand, and a support material, whereby said transi-
tion metal complex is bound to said support material through
an ionic or covalent bond between said neutral tridentate
ligand and said support.

This invention still further concerns a process for the
polymerization of one or more olefins, comprising the step
of contacting said one or more olefins with an olefin polym-
erization catalyst under polymerization conditions, whereby
said olefin polymerization catalyst comprises the aforemen-
tioned tridentate ligand based polymerization catalyst com-
ponent, or a polymerization catalyst component obtained by
the aforementioned process.

These and other features and advantages of the present
invention will be more readily understood by those of ordi-
nary skill in the art from a reading of the following de-
tailed description. It is to be appreciated that certain

features of the invention which are, for clarity, described

JP 2004-538344 A 2004.12.24
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below in the context of separate embodiments, may also be
provided in combination in a single embodiment. Conversely,
various features of the invention which are, for brevity,
described in the context of a single embodiment, may also be
provided separately or in any subcombination.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Herein, certain terms are used. Some of them are:

A “hydrocarbyl group” is a univalent group containing
only carbon and hydrogen. As examples of hydrocarbyls may
be mentioned unsubstituted alkyls, cycloalkyls and aryls.

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

By “substituted hydrocarbyl” herein is weant a hydro-
carbyl group that contains one or more (types of) substitu-
ents that do not substantially interfere with the operation
of the polymerization catalyst system. Suitable substitu-
ents in some polymerizations may include some or all of
halo, ester, keto (oxo), amino, imino, carboxyl, phosphite,
phosphonite, phosphine, phosphinite, thiocether, amide, ni-
trile, and ether. Preferred substituents when present are
halo, ester, amino, imino, carboxyl, phosphite, phosphonite,
phosphine, phosphinite, thicether, and amide. Which sub-
stituents are useful in which polymerizations may in some
cases be determined by reference to previously incorporated
US5955555, as well as US5880241 (also incorporated by refer-
ence herein for all purposes as if fully set forth). If not
otherwise stated, it is preferred that substituted hydrocar-
byl groups herein contain 1 to about 30 carbon atoms. In-
cluded in the meaning of "substituted” are chains or rings
containing one or more heteroatoms, such as nitrogen, oxygen
and/or sulfur, and the free valence of the substituted hy-

drocarbyl may be to the heteroatom. In a substituted hydro-

JP 2004-538344 A 2004.12.24



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(26)

WO 02/079276 PCT/US02/10044

carbyl, all of the hydrogens may be substituted, as in tri-
fluoromethyl.

By “{inert) functional group” herein is meant a group
other than hydrocarbyl or substituted hydrocarbyl that is,
other than participating in the ionic or covalent bond be-
tween the ligand and support, inert under the process condi-
tions to which the compound containing the group is sub-
jected. The functional groups also do not substantially in-
terfere with any process described herein that the compound
in which they are present may take part in. Examples of
functional groups include some halo groups (for example
fluoro and some unactivated chloro) ether such as -OR*
wherein R?? is hydrocarbyl or substituted hydrocarbyl. In
cases in which the functional group may be near a metal
atom, the functional group should not coordinate to the
metal atom more strongly than the groups in those compounds
are shown as coordinating to the metal atom, that is they
should not displace the desired coordinating group.

By an “activator”, “cocatalyst” or a “catalyst activa-
tor” is meant a compound that reacts with a transition metal
compound to form an activated catalyst species. This tran-
sition metal compound may be added initially, or may be
formed in situ, as by reaction of a transition metal com-
pound with an oxidizing agent. A preferred catalyst activa-
tor is an “alkyl aluminum compound”, that is, a compound
which has at least one alkyl group bound to an aluminum
atom. Other groups such as, for example, alkoxide, hydride
and halogen, may also be bound to aluminum atoms in the com-
pound.

“Alkyl group” and “substituted alkyl group” have their
usual meaning (see above for substituted under substituted

hydrocarbyl). Unless otherwise stated, alkyl groups and
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substituted alkyl groups preferably have 1 to about 30 car-
bon atoms.

By “aryl” is meant a monovalent aromatic group in which
the free valence is to the carbon atom of an aromatic ring.
An aryl may have one or more aromatic rings which may be
fused, connected by single bonds or other groups.

By "“substituted aryl” is meant a monovalent aromatic
group substituted as set forth in the above definition of
“substituted hydrocarbyl”. Similar to an aryl, a substi-
tuted aryl may have one or more aromatic rings which may be
fused, connected by single bonds or other groups; however,
when the substituted aryl has a heteroaromatic ring, the
free valence in the substituted aryl group can be to a het-
eroatom (such as nitrogen) of the heterocaromatic ring in-
stead of a carbon.

By a “neutral” ligand is meant a ligand that electri-
cally neutral, that is bears no charge. Another way of put-
ting this is that the ligand is not ionic. However, the 1li-
gand may contain a functional group that is an anion but,
when the ligand is complexed with a transition metal, such
functional group is not coordinated to the transition metal
and thus is free to ionically or covalently bond to a sup-
port.

By a “bidentate” ligand is meant a ligand that is capa-
ble of being a bidentate ligand, that is it has two sites,
often heteroatom sites, that can coordinate to a transition
metal atom simultaneously. Preferably both sites do coordi-
nate to the transition metal.

By a “tridentate” ligand is meant a ligand that is ca-
pable of being a tridentate ligand, that is it has three
sites, often hetercatom sites, that can coordinate to a
transition metal atom simultaneously. Preferably all three

sites do coordinate to the transition metal.
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By a “first reactive group” is meant a group, usually a
functional group which is reactive (see below), and whose
presence does not substantially interfere with the function-
ing of the transition metal complex as a component of an
olefin polymerization catalyst system. Typically this group
will be placed at a location in the transition metal complex
which is somewhat remote from the transition metal atom it-
self, so as to avoid potential interference in the catalytic
function of the complex.

By a “complimentary second reactive group” is meant a
reactive group which is part of the support, or is placed on
the support, which usually (that is usually reacts in simi-
lar situations) reacts under the process conditions of the
contacting with the first reactive group to in effect con-
nect, preferably covalently connect, the support and the
transition metal complex.

By a “neutral tridentate ligand is bound to said sup-
port through an ionic or covalent bond” is meant that the
ligand is bound to the support through a group bound to the
neutral tridentate ligand and not through a “bridging group”
which includes the transition metal and/or any other ligand
(other than the neutral tridentate ligand) bound to the
transition metal.

When the transition metal complex and the support are
mixed the second reactive group may not be present yet on
the support, but another reagent may be added (either be-
fore, simultaneously with or after the transition metal com-
plex is contacted) which “reacts” with the support and forms
the complimentary second reactive group on the support. The
first reactive group of the transition metal complex may
also be formed in a similar way, although it is preferred
that it be formed before coming into contact with the sup-

port.
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The first reactive group may be any reactive group
which is covalently bonded to the neutral bidentate or tri-
dentate ligand. Reactive groups include, but are not lim-
ited to, hydroxyl, carboxyl, amino, carboxyl ester, alk-
oxysilane, thiol, siloxane, silanol, hydrosilane (silicon
hydride), aminosilane, halosilane, alkyl groups bound to
aluminum, zinc or magnesium, borane, sulfonate ester, epox-
ide, ketone, aldehyde, carboxylate salt, isocyanate, ammo-
nium salt, phosphine, and sulfonate salt. Preferred first
reactive groups are hydroxyl, amino, carboxyl, carboxyl es-
ter, alkoxysilane, halosilane, and hydroxyl and amino are
especially preferred. Usually the neutral bidentate or tri-
dentate ligand containing the first reactive group will be
synthesized and then coordinated to the transition metal
atom by reaction with an appropriate transition metal com-
pound. Typical useful types of neutral bidentate and tri-
dentate ligands will be found in previously incorporated
US5880241, US5955555 and W09912981, as well as in US5932670,
US6034259, USS5714556, US6103658, US6174976, W09847934,
W09840420, W09946302, WOS946303, WO9946304, WO0006620,
WO0018776, WO0020427, WO0050470 and WO0059914, all of which
are also incorporated by reference herein for all purposes
as if fully set forth. These references describe which
transition metals are useful with these types of ligands
and also describe how to make the complexes of these ligands
with appropriate transition metals, and reference may be had
thereto for further details.

The complimentary second reactive group is a functional
group that, under the contacting conditions (contacting of
the transition metal compound and support), normally reacts
with the first reactive group. Such pairs are well known in
the art. For example, functional groups which are compli-

mentary with a hydroxyl group include isocyanate, acyl hal-
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ide, alkoxysilane, aminosilane, halosilane, alkyl groups
bound to aluminum, zinc or magnesium, epoxide, carboxyl,
carboxylic anhydride, and borane. Table I lists other first
reactive groups and potential groups useful as complimentary
5 second reactive groups. This list is not all inclusive for

any first reactive group.
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Table 1

First Reactive Group

Second Reactive Group(s)

carboxylic acid halide

hydroxyl, amino

carboxylic acid

hydroxyl, amino, epoxide, isocyanate, alkyl groups bound to
aluminum

carboxylic acid anhydride

hydroxyl, amino, alkyl bound to aluminum

carboxyl ester alkyl groups bound to aluminum
cyano alkyl groups bound to aluminum, hydroxyl

sulfonyl halide hydroxyl, amino

amino epoxide, isocyanate, carboxylic acid, carboxylic acid anhy-
dride, carboxylic acid halide, alkyl halide, alkyl groups bound
to aluminum, halosilane

hydroxyl epoxide, isocyanate, carboxylic acid anhydride, carboxylic
acid halide, alkyl groups bound to aluminum, alkyl groups
bound to zinc, alkyl groups bound to magnesium, halosilane,
alkoxysilane, siloxane, borane

thiol epoxide, isocyanate, carboxylic acid anhydride, carboxylic
acid halide, alkyl groups bound to aluminum, halosilane,
alkoxysilane, siloxane, borane

ketone alkyl groups bound to aluminum, amino

aldehyde alkyl groups bound to aluminum, amino

epoxide hydroxyl, isocyanate, carboxylic acid, carboxylic acid anhy-
dride, carboxylic acid halide, alkyl groups bound to alumi-
num, halosilane, alkoxysilane, siloxane, phosphine

isocyanate hydroxyl, carboxylic acid

borane Hydroxyl

alkoxysilane, halosilane,
siloxane

hydroxyl, amino

silanol epoxide, isocyanate, carboxylic acid, carboxylic acid anhy-
dride, carboxylic acid halide, alkyl groups bound to alumi-
num, alkyl groups bound to zinc, halosilane, alkoxysilane,
siloxane, borane

phosphine alkyl halide, epoxide

alkyl halide amino, phosphine

borane Hydroxy

carboxylate salt

Ammonium salt, positive charged support

sulfonate salt
ammonium salt

Ammonium salt, positive charged support
Carboxylate salt, sulfonate salt, negative charged clay min-
erals

preferred “pairs” of functional groups include: hy-

and alkoxysilane,

droxyl and aluminum alkyl, hydroxyl and halosilane, hydroxyl

hydroxyl and epoxide, hydroxyl and carbox-
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ylic acid anhydrides, amino and aluminum alkyl, amino and
halosilane, amino and alkyl halides, aldehydes and aluminum
alkyl, ketones and aluminum alkyl, esters and aluminum al-
kyl; especially preferred are hydroxyl and aluminum alkyl,
amino and aluminum alkyl. Note that in principle in such
"pairs", the first reactive group is interchangeable with
the second reactive group. This interchangeability will be
limited to some degree by the ability to synthesize the 1li-
gand containing the first reactive group and then form the
transition metal complex, as well as the ability to synthe-
size a support containing any particular second reactive
group.

The reactive pairs of first and second reactive groups
would normally be expected under most circumstances to react
with each other to form linkages between the moieties that
two groups were originally bound to. These linkages may be
covalent bonds or ionic “bonds”. It is preferred that these
first and second reactive groups be chosen so that covalent
bonds would normally be thought to be formed by reaction of
the first and second reactive groups. It is preferred also
that the neutral bidentate or tridentate ligand is bound to
the support through a grbup bound to the neutral bidentate
or tridentate ligand and not through a “bridging group”
which includes the transition metal and/or any other ligand
(other than the neutral tridentate ligand) bound to the
transition metal. This will normally be the case when the
first reactive group is attached to the neutral bidentate or
tridentate ligand.

Depending on what the supporting material is, the sec-
ond functional group may "inherently" be part of the sup-
port. For example, if the support is an organic polymer, a
functional group which was part of one of the monomers used

to prepare that polymer may be the second functional group.
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An example of this would be a halo group which can react
with an amino first reactive group. If the support is an
inorganic material, for example silica based, a hydroxyl
group which is a first reactive group way react with a sila-
nol or a siloxane (particularly when the silica is highly
dehydrated) to attach the ligand essentially as an alkoxysi-
lane group onto the silica support.

As mentioned above the first and/or second reactive
groups may be formed before, during or after the contacting
of the metal complex and the support. For instance a silica
support may be reacted with an alkylaluminum compound in
such a manner so that not all of the alkyl groups bonded to
aluminum are reacted. This is usually believed to attach
alkylaluminum compounds to the silica surface. A transition
metal complex having hydroxyl groups bonded to the ligand
may then be added. Under these conditions hydroxyl groups
normally react with (some of) the remaining alkylaluminum
groups on the surface of the support. The procedure can
also be run in "reverse", the transition metal complex re-
acted with an alkylaluminum compound and then the silica
support added. In a third procedure, the transition metal
complex with a hydroxyl group, the silica and the alkylalu-
minum compound may be contacted essentially simultaneously.
Silicon compounds such as dialkoxysilanes, dihalosilanes,
diaminosilanes and silicon hydrides may be used in methods
analogous to the use of alkylaluminum compounds. Other pro-
cedures will be evident to the artisan, and may also be
found in previously incorporated US6030917, W099/28352,
WO00/56786, WO00/56787 and EP-A-0953580.

JP 2004-538344 A 2004.12.24
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A preferred neutral bidentate ligand is

R™

R (1)
wherein:

R'® and R are each independently hydrocarbyl or substi-
tuted hydrocarbyl, provided that the atom bound to the imino
nitrogen atom has at least two carbon atoms bound to it; and

R* and R' are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl or an inert functional group, or R
and R'® taken together are hydrocarbylene or substituted hy-
drocarbylene to form a carbocyclic ring.

As examples of when R™ and R' are each independently a
substituted hydrocarbyl may be mentioned when R is
-A(RY) (R*®) and R is -E(R') (R*), wherein A and E are each
independently nitrogen, oxygen, phosphorous or sulfur and RY
and R are each independently hydrocarbyl, or substituted
hydrocarbyl or taken together form a ring, and R'® and R* are
each independently hydrogen, hydrocarbyl, or substituted hy-
drocarbyl, provided that when A is oxygen or sulfur R*® is
not present, and when E is oxygen or sulfur R*® is not pres-
ent.

In one preferred embodiment of (I), at least one of R™
and R' is an inert functional group constituting the first
reactive group, or a substituted hydrocarbyl containing such
an inert functional group. More preferably, at least one of
R* and R'® is a substituted hydrocarbyl containing such an
inert functional group.

In another preferred embodiment of (I), at least one of
R and R is a substituted hydrocarbyl containing an inert

functional group constituting the first reactive group. 1In

12
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a particularly preferred embodiment, at least one of R and
R is a substituted aryl which is substituted with such an
inert functional group at a position remote from the imino
nitrogen {e.g., the 4-position), or a substituted hydrocar-
byl (e.g., substituted alkyl) containing such an inert func-
tional group.

A preferred neutral tridentate is

(I1)
wherein:

R', R?, R?’, R* and R® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert functional
group, provided that any two of R', R? and R? vicinal to one
another, taken together may form a ring; and

R® and R’ are aryl or substituted aryl.

In one preferred embodiment of (II), at least one of R,
R?, R®, R® and R® is an inert functional group constituting
the first reactive group, or a substituted hydrocarbyl con-
taining such an inert functional group. More preferably, at

least one of R, R?,

R?’, R* and R® (and particularly at least
one of R}, R® and R’) is a substituted hydrocarbyl containing
such an inert functional group.

In another preferred embodiment of (II), at least one
of R® and R? is a substituted aryl containing an inert func-
tional group constituting the first reactive group. In a
particularly preferred embodiment, at least one of R® and R’
is a substituted aryl which is substituted with such an in-

ert functional group at a position remote from the imino ni-

trogen (e.g., the 4-position), or a substituted hydrocarbyl

13
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(e.g., substituted alkyl) containing such an inert func-
tional group.

In other preferred forms of (I) and (II) it is pre-
ferred that R®, R’, R*® and R'® are each independently dior-
tho (substituted aryl), that is have aryl or substituted aryl
groups in both ortho positions to the carbon atom bound to
the imino nitrogen atom, and it is even more preferred that
R®, R7, RY and R' are 2,6-diaryl{or substituted di-

 and

aryl)phenyl groups. Preferred substitutents R®, R’, R
R may be found in analogous complexes [applicable to both
(I) and (II) herein, no matter what type of complex they are
found in these references] in WO0050471, and W01042257,
which is hereby included by reference. Therefore useful

7, R*® and R*® include groups such as 2,6-

groups for R%, R
diphenylphenyl, 2,6-bis{2-methylphenyl)phenyl and 2,6-bis{4-
t-butylphenyl)phenyl. 1In addition diortho substitution,
other groups may also be substituted in the R®, R’, R* and
R'® moieties, including the first reactive group or a group
containing the first reactive group, as described herein.

Preferred transition metals are in Groups 8-10. Pre-
ferred specific transition metals are Fe, Co, Pd, Ni, Mn and
Ru, and more preferred metals are Fe, Co, Pd and Ni. With
(I), Ni and Pd are preferred metals, and Ni is especially
preferred, while with (II) Fe and Co are preferred and Fe is
especially preferred.

A preferred olefin for polymerization (including oli-
gomerization) with the present supported catalysts is ethyl-
ene, or a combination of ethylene and an clefin of the for-
mula R®CH=CH, wherein R® is n-alkyl, the latter to give an
ethylene copolymer. Another preferred combination of ole-
fins is ethylene with an clefin containing a polar group,
such as methyl acrylate. Which catalysts can be used to po-

lymerize which olefin(s) will be found in previously incor-
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porated US5880241, US5932670, US5555555, US6034259,
US5714556, US6103658, US6174976, WO98/47934, W098/40420,
WO99/12981, WO99/46302, W099/46303, WO99/46304, WO00/06620,
WO00/18776, WO00/20427, WO00/50470 and WO00/59914, and other
references known to the artisan.

Also the polymerization conditions for the present sup-
ported catalysts are the same as reported previously for
those of these classes already known, as disclosed in the
aforementioned incorporated references as well as US5852145,
US6063881, US6114483, US6150482, WO97/48735, W098/56832,
WO99/50318, WOS9/62963, W099/62967, WO0010945, WO00/22007
and WO00/50475, all of which are also incorporated by refer-
ence herein for all purposes as if fully set forth. These
references also describe the use of olefin polymerization
catalysts containing these types of transition metal cata-
lysts in various ways, such as the types (gas phase, slurry,
etc.) of polymerization processes that may be used, modifi-
ers (hydrogen for example) that may be added, and the use of
more than one polymerization catalyst to produce various
kinds of polymer products. All of these processes are
equally applicable to the present supported catalysts. For
example, more than one transition metal complex may be on
the catalyst support, one or both them being attached
through first reactive groups.

Preferred supports are organic polymers, especially
those containing a complimentary second reactive group as
part of their polymer "structure", inorganic oxides such as
silica, silica gel, or alumina, a magnesium halide, titania,
and clay minerals. Especially preferred supports include
organic polymer, especially those containing a complimentary
second reactive group as part of their polymer "structure",
silica, alumina, and alumina silicates. Loadings of the

transition metal complex onto the supports may the same as

JP 2004-538344 A 2004.12.24
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those conventionally used with other similar supported cata-
lysts.

The supported olefin polymerization catalyst component,
comprising, a Group 6-10 transition metal complex containing
a neutral tridentate ligand complexed to said transition
metal, and a support material, provided that said neutral
tridentate ligand is bound to said support through an ionic
or covalent bond, may be made by the methods described
herein, that is the fully formed complex (including transi-
tion metal) may be contacted with the support, or the ligand
(without transition metal) can be contacted with the support
and then the ligand complexed with the transition metal.

In the Examples, the following abbreviations are used:

An - |]Iii'lii

dme - 1,2-dimethoxyethane

Me - methyl

MMAO - methyl aluminoxane modified with iscbutyl
groups

Rt - room temperature

THF - tetrahydrofuran

TLC - thin layer chromatography

The following convention is used for describing some of

the complexes: (i)DAB{ii), wherein DAB stands for a-
diimine; (i) are the groups attached to the nitrogen (see R™
and R in (I)); and (ii) are the group(s) on the two carbon
atoms of the a-diimine (see R* and R in (I)). More de-
tails on this nomenclature will be found in previously in-
corporated US6034259.

Example 1
Synthesis of 3-(4-Amino-3,5-dimethylphenyl)propan-1-ol

JP 2004-538344 A 2004.12.24
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Palladium acetate (68 mg) and 720 mg of tris-o-
tolylphosphine were mixed in a Schlenk tube under a nitrogen
atmosphere. After 15 ml of triethylamine, 6 g of 4-bromo-
2,6-dimethylaniline and 3.2 g of methyl acrylate had been
added, the tube was heated to 100°C in an oil bath and kept
there for 6 h. The mixture was added to water and extracted
3 times with ethyl ether. After drying in vacuum 6.2 g of a
vellow solid was obtained. The solid was dissolved in THF
and 3.5 g of lithium aluminum hydride was added. After 6 h
the reaction was poured into water and purified by column
chromatography (silica, hexane:ethyl acetate 2:1). A mix-
ture of 3-(4-amino-3,5-dimethyl-phenyl-propan-1-0l and 3-(4-
amine-3,5-dimethylphenyl)propan-i-ol (3.5 g) was obtained.
The mixture was dissolved in ethyl acetate and 50 mg of pal-
ladium (10 wt%) on carbon was added. Hydrogen was bubbled
through the solution for one h. After removing the palla-
dium catalyst and the solvent, 3.1 g of 3-(4-amino-3,5-
dimethyl-phenyl) -prop-2-en-1-ol was obtained. ‘H-NMR
{(200MHz, CDCl3): 6.77 (s, 2H), 3.64 (t, 2H), 3.47 (b s, 2H),
2.54 (t, 2H), 2.15 (s, 6H), 1.82 ppm (m, 2H).

JP 2004-538344 A 2004.12.24
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Example 2
Synthesis of (2,6-Me;-4-{3-hydroxypropyl)Ph),DABAn

3-(4-Amino-3,5-dimethylphenyl)propan-1-0l (2.9 g) and
1.33 g acenapthoquinone were solved in 60 ml of toluene.
After 0.1 ml of sulfuric acid had been added, the sclution
was refluxed and the water produced was removed by using a
Dean-Stark trap. The red product was purified by column
chromatography (silica, solvent ethyl acetate:hexane 3:1).
Yield: 2.2 g of diimine. 'H-NMR (200 MHz, CDCl;): 7.86 (d,
2H), 7.37 (t, 2H), 6.97 (s, 4H), 6.69 (d, 2H), 3.74 (quart.,
4H), 2.72 (t, 4H), 2.13 (s, 8H), 1.97 ppm (t, 4H)

Example 3
Synthesis of (2,6-Me;-4- (3-hydroxypropyl)Ph).DABANNiBr,

(2,6-Me;-4- (3-hydroxypropyl) Ph),DABAn (1785 mg) and 993
mg of NiBrp'dme were stirred in 30 ml of CH,Cl, for 16 h. Af-
ter removal of the solvent, the brown powder was washed 3
times with diethyl ether. Yield: 2.5 g of brown powder.

Example 4
Synthesis of Support, Si0,/Me;Al

Silica (Grace XPO 2402), 8 g, was mixed with 40 ml of
dry toluene and 12 ml of a 2M Me;Al in hexane solution (Al-
drich) was added. After 2 h the silica was washed 3 times
with toluene and once with pentane. Afterwards the material
was dried in vacuum at 25°C.

Example 5
Synthesis of Support, 85i0;/Me,AlCl

Silica (Grace XPO 2402), 6 g, was mixed with 30 ml of
dry toluene and 15 ml of a 1M Me;AlCl solution in hexane (AR1l-
drich) was added. After 2 h the silica was washed 3 times

with toluene, once with pentane and then dried in vacuum.

JP 2004-538344 A 2004.12.24



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(40) JP 2004-538344 A 2004.12.24

WO 02/079276 PCT/US02/10044

Example 6
Supporting of (2,6-Me;-4-(3-hydroxypropyl)Ph),DABAnNiBr, On

8$i0z/Me;Al
Four hundred mg of Si0,/Me;Al from Example 4 was mixed
with a solution of 56.4 mg (2,6-Mey-4-(3-
hydroxypropyl) Ph),DABANNiBr, (from Example 3) in 10 ml CH,CL;.
After one h the clear CH,Cl, phase was subjected to a vacuum,
and the brown solid remaining was washed once with CH,C1,.

Example 7
Supporting of (2,6-Me,-4-(3-hydroxypropyl)Ph),DABAnNNiBr, On

5i0/Me;Al
One hundred mg of $1i0:/Me;Al from Example 4 were mixed
with a solution of 58.7 mg (2,6-Me;-4-(3-
hydroxypropyl) Ph) . DABANNiBr, (from Example 3) in 12 ml CH;Cl,.
After one h the colored CH,Cl, phase was filtered off and the
brown solid was washed once with CH,Cl,.
Example 8
Supporting of (2,6-Me;-4- (3-hydroxypropyl)Ph),DABANNiBr, On
$i0,/Me,AlCL

Two hundred mg of Si0,/Me,AlCl from Example 5 was mixed
with a solution of 24 mg (2,6-Me,-4-(3-
hydroxypropyl) Ph) ;DABANNiBr, (from Example 3) in 60 ml CH;Cl,.
After 2 h the slightly yellow solution was decanted and the
remaining yellow solid dried in vacuum after washing 2 times
with CH,Cl;.

Example 9
Polymerization of Ethylene with Catalyst of Example 6

One hundred ml pentane and 1.2 ml of 0.91 M solution of
ethyl aluminum sesquichloride in toluene were pumped into a
300 ml Parr® autoclave. The catalyst synthesized (6.5 mg)
in Example 6 was added and the reactor was heated to 60°C and

pressurized with 1.03 MPa of ethylene. After 2 h the polym-
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erization was quenched by addition of methanol. White poly-
ethylene particles (27.4 g) were obtained.

Example 10
Polymerization of Ethylene with Catalyst of Example 6

One hundred ml pentane, 0.1 ml of 0.91M ethyl aluminum
sesquichloride in toluene, and 6.2 mg of the catalyst syn-
thesized in Example 6 were combined in a 300 wml autoclave.
After 2 h at 60°C and 1.02 MPa ethylene, 28.1 g of PE was ob-
tained.

Example 11
Polymerization of Ethylene with Catalyst of Example 7

One Hundred ml pentane, 1.0 ml of 0.91M ethyl aluminum
sesquichloride in toluene, and 3.7 mg of the catalyst syn-
thesized in Example 7 were combined in a 300 ml autoclave.
After 2 h at 60°C and 1.03 MPa ethylene, 38.2 g of polyethyl-
ene was obtained.

Example 12
Polymerization of Ethylene with Catalyst of Example 8

One hundred wml pentane, 1.7 ml of a 1M Me,AlCl solution
in hexane, and 40.5 mg of the catalyst synthesized in Exam-
ple 8 were combined in a 300 ml autoclave. After 30 min at
50°C and 1.10 MPa ethylene, 21 g of polyethylene was ob-
tained.

Example 13
Synthesis of 2,6-Big-[1- (4-hydroxy-2-

methylphenylimino)ethyl]pyridine

4-Amino-m-cresol (450 mg) and 300 mg 2,6-
diacetylpyridine were dissolved in 20 ml methanol. Four
drops of formic acid were added and the solution was stirred
for 2 d. The yellow solid was washed with ¢old methanol.
Yield: 600 mg. H-NMR (200 MHz, CDCl3): 8.35 (d, 2H), 7.85
(t, 1H), 6.53 - 6.74 (6 H), 4.50 (s, 2H), 2.32 (s, 6H), 2.09

ppm (s, 6H)
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Example 14
Synthesis of 2,6-Bis-[1-(4-hydroxy-2-

methylphenylimino)ethyl]pyridine iron(II) chloride

2,6-Bis-[1-{4-hydroxy-2-
methylphenylimino)ethyl]lpyridine (73 mg) from Example 13 and
38 mg of FeCly 4H,O were stirred in 10 ml THF for 16 h. After
removal of the scolvent by cannula transfer, the black powder
was washed 3 times with THF. Yield 90 mg.

Example 15
Supporting of 2,6-bis-[1-(4-hydroxy-2-

methylphenylimino)ethyl] pyridine Iron(II) Chloride On
Si0,/MesAl

One hundred mg of S$i0,/Me;Al from Example 4 was mixed
with a solution of 10.5 mg 2,6-bis-[1-(4-hydroxy-2-
methylphenylimino)ethyl]pyridine iron(II) chloride in 10 ml
toluene. After 4 h the toluene phase was decanted and the
black solid was washed once with toluene.

Example 16
Polymerization of Ethylene with Catalyst of Example 15

One hundred ml pentane and 1 ml MMAO solution in tolu-
ene (7 wt% Al) were pumped in a 300 ml Parr® autoclave.
Catalyst (15.9 mg) synthesized in Example 15 was added and
the reactor was heated to 60°C and pressurized with 1.03 MPa
of ethylene. After 60 min the polymerization was quenched
by addition of water. The particles insoluble in pentane at
25°C were filtered off (6.1 g). The pentane phase was sepa-
rated from the water in a separatory funnel. The pentane
was distilled from the pentane phase (head temperature 38°C),
and 6.2 g of an o0il was obtained which turned solid on cool-
ing to 20°C. The solid insoluble in pentane had a melting
point of 80-110°C, while the materiel in the pentane phase
was analyzed by 'H NMR and shown to be predominantly a-

olefins with an average chain length of 12 carbon atoms.
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Example 18
Synthesis of 2,6-bis-[1-(2,6-dimethyl-4-(3-

hydroxypropyl) phenylimino) ethyl]pyridine

3- (4-Amino-3, 5-dimethylphenyl)propan-1-o0l (2.5 g) was
synthesized following the method described in Example 1.
Two g of it and 0.9 g 2,6-diacetylpyridine were dissolved in
3 ml methanol. Two drops of formic acid were added and the
solution was refluxed for 40 h. The crude product was puri-
fied by column chromatography (silica, solvent ethyl ace-
tate:hexane 1:1). Yield 1.5 g of yellow powder. *H-NMR (200
MHz, CDCl3): 8.46 (d, 2H), 7.93 (t, 1H), 6.92 (s, 4H), 3.65
(t, 4H), 2.63 (t, 4H), 2.22 (s, 6H), 2.01 (s, 12H), 1.86 ppm
(quin., 4H)

Example 19
Synthesis of 2,6-bis-[1-(2,6-dimethyl-4-(3-

hydroxypropyl)phenylimino)ethyl]pyridine Iron(II) Chloride

Five hundred mg of 2,6-bis-{1-(2,6-dimethyl-4-(3-
hydroxypropyl) phenylimino)ethyl]lpyridine and 190 mg of
FeCl, 4H,0 were stirred in 7 ml THF for 80 min. After fil-
tration the remaining purple powder was washed 2 times with
THF and once with diethyl ether. Yield 600 mg.

Example 20
Supporting of 2,6-big-[1-(2,6-dimethyl-4-(3-

hydroxypropyl)phenylimino)ethyl]pyridine Iron(II) Chloride

on $i0;/MezAl
Three hundred mg of Si0,/Me;Al from Example 4 was mixed
with a solution of 38.5 mg 2,6-bis-[1-(2,6-dimethyl-4-(3-
hydroxypropyl)phenylimino)ethyl]lpyridine iron(II) chloride
in 10 ml CHzCl,. After 60 min the clear CH,Cl, phase was de-
canted, and the green solid remaining was washed once with

CHCl,.
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Example 21
Polymerization of Ethylene with Catalyst of Example 20

One hundred ml pentane, 1.0 ml MMAO solution in toluene
(7 wt% Al) and 0.3 wml of trimethylaluminum (2 M solution in
hexane) were pumped into a 300 ml Parr® autoclave. The het-
erogeneous catalyst synthesized in Example 20 (8.0 mg) was
added and the suspension was stirred for 5 min at 25 °C.
Then the reactor was heated to 80°C and pressurized with 2.75
MPa of ethylene. After 120 min the polymerization was
quenched by addition of methanol. White polyethylene parti-
cles (51.9 g) were obtained.
Example 22
Synthesis of (4-(4-Amino-3,5-Me,;-benzyl) -2, 6-Me,-Ph),DABANn

Three g of 4,4’ -methylenebis(2,6-dimethylaniline) (from
Aldrich) and 0.54 g acenaphthoguinone were dissolved in 50
ml toluene. Four drops of sulfuric acid were added and the
solution was refluxed for 14 h and the water produced was
removed continuously by using a Dean-Stark trap. The crude
product was purified by column chromatography (silica, sol-
vent ethyl acetate:hexane 1:1). Yield 1.2 g of red powder.
H-NMR (200 MHz, CD,Clp): 7.89 (d, 2H), 7.37 (t, 2H), 7.01
(s, 4H), 6.87 (s, 4H), 6.74 (s, 2H), 3.84 (s, 4H), 3.53 (s,
4H), 2.19 (s, 12H), 2.06 ppm (s, 12H}

Example 23
Synthesis of (4-(4-Amino-3,5-Me;-benzyl)-2,6-Me,-

Ph) ,DABANNiBr,

Sixty mg of (4-(4-amino-3,5-Me;-benzyl)-2,6-Me;-
Ph),DABAn and 28 mg of NiBr;dme were stirred in 5 ml CH.Cl.
for 14 h. After the solvent had been removed via vacuum,
the brown product was washed 2 times with diethyl ether.
Yield 70 mg of brown powder.
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Example 24
Supporting of (4-(4-Amino-3,5-Me;-benzyl)-2,6-Me,-
Ph),DABAnNNiBr, on 8i0;/Me;Al

One hundred mg of $10;/Me:;Al from Example 4 was mixed
with a solution of 17.5 mg (4-(4-aminoc-3,5-Me,-benzyl)-2,6-
Me,-Ph),DABANNiBr, in 2 ml CH;Cl,. After 60 min the CH,Cl,
phase was subjected to vacuum, and the brown solid remaining
wag washed three times with CH,Cl,.

Example 25
Polymerization of Ethylene with Catalyst of Example 24

One hundred ml pentane, 1.0 ml of 0.91M solution of
ethyl aluminum sesquichloride in toluene were pumped into a
300 ml Parr® autoclave. The catalyst synthesized in Example
24 (11.9 mg) was added and the reactor was heated to 60°C and
pressurized with 1.03 MPa of ethylene. After 120 min the
polymerization was quenched by addition of methanol. White
polyethylene particles (38.7 g) were obtained.

Example 26
Synthesis of 2,6-Bis-[1-(4-amino-2,3,5,6-tetramethyl-

phenylimino) ethyl] pyridine

Eight hundred mg of 2,3,4,5-tetramethyl-1,4-
phenylenediamine (from Aldrich) and 200 mg 2,6-
diacetylpyridine were dissolved in 6 ml methanol. Two drops
of formic acid were added and the solution was stirred for
16 h. Yellow crystals precipitated and were washed 2 times
with cold methanol. Five hundred mg of yellow powder was
obtained. 'H-NMR (200 MHz, CDCl;): 8.44 (d, 2H), 7.91 (t,
1H), 3.45 (s, 4H), 2.15 (s, 6H), 2.13 (s, 12H), 1.94 ppm (s,
12H) .
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Example 27
Synthesis of 2,6-Bis-[1-(4-amino-2,3,5,6-tetramethyl-

phenylimino)ethyl]lpyridine Iron(II) Chloride

2,6-Bis-[1-(4-amino-2,3,5,6-tetramethyl-
phenylimino)ethyl]pyridine (240 mg) and 95 mg of FeCl, 4H0
were stirred in 5 ml THF for 60 min. After filtration the
remaining gray powder was washed 3 times with THF and once
with diethyl ether. Yield 220 mg.

Example 28
Supporting of 2,6-Bis-[1-(4-amino-2,3,5,6-tetramethyl-

phenylimino)ethyl]pyridine Iron(II) Chloride on Si0,/Me;Al

One hundred mg of Si0,/Me;Al from Example 4 was mixed
with a solution of 11.6 mg 2,6-bis-[1-{4-amino-2,3,5,6-
tetramethyl-phenylimino)ethyl]lpyridine iron{(II) chloride in
25 ml CHxCl,. After 2 h the CH,Cl, phase was decanted, and
the black solid remaining was washed twice with CHyCl;.

Example 29
Polymerization of Ethylene with Catalyst of Example 28

One hundred ml pentane and 1.5 ml MMAQ solution in
toluene (7 wt% Al) were pumped into a 300 ml Parr® auto-
clave. The catalyst synthesized in Example 28 (13.6 mg) was
added and the reactor was heated to 60°C and pressurized with
2.75 MPa of ethylene. After 30 min the polymerization was
quenched by addition of methanol. White polyethylene parti-
cles (17.1 g) were obtained.

Example 30

Synthesis of 2-(4-amino-3,5-dibromo)ethan-1-ol

In a 1 L round bottom flask capped with a rubber sep-
tum, 2-(4-aminophenyl)ethanol (15g, 109.3 mmol) was dis-
solved in 450 mL glacial acetic acid. Bromine (12.4 mL, 242
mmol) was added drop-wise with a syringe at RT within 20
min. After stirring for 30 additional min at RT, the reac-

tion was poured into 2 L of ice water. The resulting solid
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was filtered in a Buchner filter and washed 5 times with 300
mL of ice water. The dibromide thus obtained was mostly in
the acetate form. Yield 34 g (92.3 %). 'H-NMR (300MHz,
CDCl;,) 7.21 (s, arom, 2H), 4.42 ( br s, NH;, 2H) 4.14 (t,
CH,-0, 2H), 2.75 (t, CH,-Ph, 2H), 1.95 (s, CH;-COOR, 3H).
Hydrolysis of the acetate was achieved by dissolving the
crude dibromide (20g) in MeOH (150mL), adding K;CO; (20g),
10 mL of H,O and stirring for 1 h at RT. The solution was
then filtered and MeOH removed on a rotavap. The dibromide
was then dissolved in diethyl ether (150mL) and washed with
water (150mL) to remove residual contaminants. The water
phase was extracted with diethyl ether. Both ether phases
were combined and solvent removed (rotavap). A beige solid
was obtained. Yield 12.8g (73.1%). H-NMR (300MHz, CDCls)
7.21 (s, arom, 2H), 4.42 (br s, NH;, 2H) 3.77 (t, CH;-O, 2H),
2.69 (t, CHp,-Ph, 2H), 1.58 (br s, OH,1H).
Example 31
Synthesis of 2-(4-amino-3,5-diphenyl)ethanocl

2-{(4-Amino-3,5-dibromo)ethanol (12.2g, 41.4 mmwol),
tetrakis (triphenylphosphine)palladium (5.6 g, 5.0 mmol),
phenylboronic acid (15.6g, 127.9 mmol) and Na,CO; (26.4g,
248.7 mmol) were dissolved in a degassed mixture of 350mL
toluene, 75mL ethanol and 125mL of water, and refluxed under
argon for 72h.. After cooling under argon, the water phase
was extracted with diethyl ether and combined with the or-
ganic phase. The crude product was purified by column chro-
matography {silica gel/CHCl;) under inert atmosphere. A
first chromatographic column (W=45mm, L=100mm) was used to
do a coarse separation and a second column (W=45mm, L=210mm)
separated the desired ortho diphenyl substituted amine as
the second main fraction (orange band). Column chromatogra-
phy was followed by TLC. The ortho diphenyl substituted

amine presented a characteristic blue spot under the UV
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lJamp. After removing the solvent, 6.9g of a yellow solid
were obtained (57.2%). 1H-NMR (300MHz, CDCl,) 7.3-7.5 (m,
arom, 10H), 6.98 (s, arom, 2H), 3.84 (t, CH,-O, 2H), 2.82 (t,
CH,-Ph, 2H).

Example 32
Synthesis of 2,3-Butanedione bis(2, 6-diphenyl-4-

hydroxyethylphenylimine)

In a 1 L closed round bottom flask 2.2 equiv of 2-(4-
amino-3,5-diphenyl)ethanol (3g, 10.4 mmol) were dissolved in
benzene and a catalytic amount of p-toluenesulfonic acid
monohydrate was added (110 mg, 0.58 mmol). Then 1 equiv of
2,3-butanedione (0.41 mL, 4.69 mmol) was added dropwise by
syringe with stirring. After that, the flask was connected
to a Dean Stark trap and a reflux condenser. After reflux-
ing the mixture for 48 h, the solvent was removed. The
crude product was purified in a short chromatographic column
(silica, w=45mm, L=100mm). The diimine eluted as the second
orange band, after elution of the unreacted amine, and after
changing solvent mixture from CHCl,;/EtOAc (5:1) to
CHCl3/EtOAc (2:1). Solvent was removed and the diimine was
further purified by dissolving in warm methylene chloride
and adding pentane. A bright yellow solid precipitated upon
storage at -30°C overnight. Yield 1.0g (33.9%). H-NMR
(300MHz, CDClsi) 7.08-7.25 (m, arom, 24H), 3.86 (t, CH,-O,
4H), 2.87 (t, CH,-Ph, 4H), 1.38 (s, CH;-C=N, 6H). Anal..
Calcd for CasHsoN:02: C, 84.04; H, 6.41; N, 4.46; 0O, 5.08
Found: C, 83.02; H, 6.41; N, 4.31; O, 5.12

Example 33
Synthesis of 2,3-Butanedione bis(2,6-diphenyl-4-

hydroxyethylphenylimine)NiBr,

2,3-Butanedione-bis (2, 6-diphenyl-4-
hydroxyethylphenylimimine) (448mg, 0.713 mmol) and NiBr;(dme)
(200mg, 0.648 mmol ) were stirred in 10 mL of dry CH;Cl, for
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18 h under argon. After removing the sclvent under vacuum,
the brown powder was washed 5 times with 15 mL of dry di-
ethyl ether and cannula filtered. Yield 500 mg (91.1%).
Anal.. Calcd for CgHyeN,O0,NiBr,: C, 62.37; H, 4.76; N, 3.31;
O, 3.78 Found: C, 62.27; H, 4.86; N, 3.22; O, 4.04
Example 34
Preparation of support SiO,/Me;Al

Silica (8g) was gently mixed with 40 mL of dry toluene
and 12 mL of a 2M Me;Al hexane solution. For 2 h the reac-
tion mixture was gently shaken several times, so as to avoid
silica fragmentation. The treated silica was finally washed
3 times with toluene (40 mL) and once with pentane (40mDL) .
The material was dried under vacuum at 25°C.

Example 35
Supporting 2,3-Butanedione bis(2,6-diphenyl-4-

hydroxyethylphenylimine)NiBr, on Si0,/Me;Al

2,3-Butanedione-bis(2,6-diphenyl-4-
hydroxyethylphenylimine)NiBr; (100 mg, from Example 33) was
stirred for 15 minutes in 25 mL CH,Cl,. SiO;/Me;Al (600 mg,
from Example 34) was added and gently mixed with the cata-
lyst precursor. Almost instantaneously all catalyst precur-
sor was trapped on the silica and the solution became clear.
The reaction was allowed to proceed for 1 h, after which the
CH,Cl; phase was removed under vacuum and the brown solid was
washed once with 15 mL of CH;Cl,. After cannula filtering,

the brown solid was dried under vacuum.
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CLAIMS

What is claimed is:

1. A process for the preparation of a supported olefin
polymerization catalyst component, comprising the step of
contacting:

(a) a transition metal complex of a Group 6-10 transi-
tion metal (IUPAC notation), and a neutral bidentate or a
neutral tridentate ligand, which ligand contains a first re-
active group, with

(b) a solid support which has attached to it a compli-
mentary second reactive group,
under conditions such that the first reactive group and com-
plimentary second reactive group interact to form an ionic

or covalent bond.

2. The process of claim 1, wherein said first reactive
group is hydroxyl, carboxyl, amino, carboxyl ester, alk-
oxysilane, thiol, siloxane, silanol, hydrosilane, aminosi-
lane, halosilane, alkyl groups bound to aluminum, zinc or
magnesium, borane, sulfonate ester, epoxide, ketone, alde-
hyde, carboxylate salt, isocyanate, ammonium salt, phos-

phine, or sulfonate salt.

3. The process of claim 2, wherein said first reactive

group is hydroxyl or amino.

4. The process of claim 3, wherein said complementary
second reactive group is isocyanate, acyl halide, alkoxysi-
lane, siloxane, silancl, hydrosilane, aminosilane, halosi-
lane, an alkyl group bound to aluminum, zinc or magnesium,
borane, phosphine, or alkyl halide.

5. The process of claim 1, wherein said support is an

organic polymer, an incrganic oxide or a magnesium halide.
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6. The process of claim 1, wherein said neutral biden-

tate ligand is

R'3
R /J.
R/ \T

R'® (1)

wherein:

R* and R!® are each independently hydrocarbyl or substi-
tuted hydrocarbyl, provided that the atom bound to the imino
nitrogen atom has at least two carbon atoms bound tc it; and
R and R are each independently hydrogen, hydrocarbyl, sub-
stituted hydrocarbyl or an inert functional group, or R and
R'® taken together are hydrocarbylene or substituted hydro-

carbylene to form a carbocyclic ring.

7. The process of claim 6, wherein said transition

metal is nickel.

8. The process of claim 1, wherein said neutral triden-

tate ligand is

NS 2
wherein:

rR', R?, R®, R* and R® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert functional
group, provided that any two of R', R® and R’ vicinal to one

another, taken together may form a ring; and

30
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R® and R’ are aryl or substituted aryl.

9. The process of claim 8, wherein said transition

metal is iron or cobalt.

10. A supported olefin polymerization catalyst compo-
nent, comprising a transition metal complex of a Group 6-10
transition metal and a neutral tridentate ligand, and a sup-
port material, whereby said transition metal complex is
bound to said support material through an ionic or covalent
bond between said neutral tridentate ligand and said sup-

port.

11. The supported olefin polymerization catalyst compo-

nent of claim 10, wherein said neutral tridentate ligand is

(I1)
wherein:

R', R?, R?, R® and R® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert functional
group, provided that any two of R', R® and R® vicinal to one
another, taken together may form a ring; and

R® and R’ are aryl or substituted aryl.
12. The supported olefin polymerization catalyst compo-

nent of claim 11 wherein said transition metal is iron or

cobalt.

31

JP 2004-538344 A 2004.12.24



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

0 02/079276 A3

(53)

uboobooboboobdooboooboooboaoadao

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
Tniernational Bureau

{43) International Publication Date

10 October 2002 (10.10.2002) PCT

0 00O O

(10) International Publication Number

WO 02/079276 A3

(51) Taternational Patent Classification” CO8F 10/02,

10/00
{21) International Application Number:  PCT/US02/10044
(22) Tnternational Filing Date: 28 March 2002 (28.03.2002)
(25) Filing Language: Linglish
(26) Publication Language: English

{30) Priority Data:
60/279.207 28 March 2001 (28.03.2001) US
60/307,985 26 July 2001 (26.07.2001) U8

(71) Applicants (for all designaied Staies except US): E.L

DU PONT DE NEMOURS AND COMPANY [US/US];
1007 Markel Streel, Wilmington, DE 19898 (1IS). UNI-
VERSITY OF NORTH CAROLINA AT CHAPEL
HILL [US/US]; W. Mark Crowell Associate Vice Chan-
cellor, Technology Development, 302 Binum Hall, Chapel

Hill, NC 27599-4100 (US).

(72) Inventor; and

(75) luventor/Applicant  (for US onlp): PREISHU-
BER-PFLUEGL, Peter [AT/DE]; Otio-Dill-Strasse
39, 67061 Ludwigshalen (DE).

{74) Agent: BOWEN, Alanson, G., Jr.: Lil. Du Pont de
Nemours and Compuny, Legal Patent Records Cenler,
4417 Lancaster Pike, Wilmingion, DE 19805 (US).

== (81) Designated States (nationalj: AE, AG, AL, AM, AT, AU,

AZ BA, BB, BG, BR, BY, BZ, CA, CH, CN, €O, CR, CU,
CZ, DI, DK, DM, D7, 1iC, S. LGB, GD, GIi, GH,
GM, HR, HU.TD, IL,, IN. 1S, JP. KE, KG, KP, KR, K7, 1.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PIL, PL, PT, RO, RU, SD, SE, SG,
SL, SK, SL.1J, TM, TN, IR, T'I, T, UA, UG, US, UZ,
VN, Y1 ZA. 7M., 7 W.

g

Designated States (regionaljs ARIPO patent (GH, GM,
KIi, 1S, MW, MY, SD, SI., 17, UG, ZM, ZW),
Turasian patent (AM, AZ, BY, K« . MD, RU, TJ, T™M),
Buropean patent (AT, BE, CII, CY, DE, DK, ES, FI, FR,

GB, GR, TE, T, .U, MC, NT,, PT, SE, TR), OAPI paient
(BF. BI, CF, CG, CL CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Declarations under Rule 4.17:

— as o the identity of the inventor (Rule 4.17(i)} for the fol-
lowing designations AF, AG. AL, AM. AT, AU, A7, BA, BB,
BG, BR. BY, BZ, C4, CH, CN, CO, CR, CU. CZ, DE, DK,
DM, DZ, EC, EE, ES, ¥I, GB, GD, GE, GH, GM, HR, HU,
D, IL, IN, IS, JP, KE, KG, KP, KR KZ, LC, LK, LR, LS, LT,
LU, LY, MA, MD, MG, MK, MN, MW, MX, M7, NO,
OM, PH. PL, PT. RO. RU, SD, SE. 5G. ST, SK, ST, TL. TM,

. YU, ZA, ZM, ZW, ARIPO

patent (GH, GM, KE, LS, MW, MZ, SD, SL, 82, 17, LG,

ZM, ZW), Eurasian patent (AM, AZ, BY, KG, K7, MD, RU,

FLFR GB.GRIE T I o, NI, PT, SE, TR). OAPT
patent (BF, BJ, CF, CG, CI, CM. GA, GN, GO, GW, ML,
MR, NE, SN, TD, 1G}
as (o applicant’s entitlement 10 apply for and be granted
a paent (Rule 4.17(i1)) for the following designations AF,
AG, AL, AM. AT, AU, AZ, BA. BB. BG. BR, BY, BZ. CA,
CH, CN, CO. CR. CU, CZ, DE. DK, DM. DZ, EC. EE. ES,
FI, GB, GD, GE, GH, GM, HR, HU, ID, 1L, IN, IS, JP. KE,
KG, KP, KR KZ, LC, LK, LR LS, LT LU, LV, MA, MD, MG,
MK, MN, MW, MX, M7, NO. OM, PIT, PL. PT. RO. RU,
SD. SF. SG, SL SK, SL. TL. TM, TN, TR, TT. TZ, UA, UG,
UZ, VN, YU, ZA. ZM, ZW, ARIPO patent (GH, GM. KE, LS,
MW, MZ, SD, SL, $Z, 1Z, UG, ZM, ZW), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Kuropean paient
(AT, BE. CII, CY, DE. DK ES. FI. FR, GB, GR_IE_IT. .U,
MC, NL, PT. SE. TR), OAPI pateni (BE. BJ. CF. CG. CI,
CM, GA, GN, GO, GW, ML, MR, NE, SN, TD, TG)
as 1o the applicant’s eniitlement to claim the priovity of the
earlier application (Rule 4.17(i5i)) for all designations

—  asto the applicam’s entitlement to claim the priovity of the
earlier application (Rule 4,17(iii)) for all designations

Published:
—  with international search report

(88) Date of publication of the international search report:
13 March 2003

For two-letier codes and other abbreviations, refer o the "Guid-
ance Notes on Codes and Abbreviations" appearing ar the begin-
ning of each regular issue of the PCT Gazefte.

{54) Title: SUPPORTED OLEFIN POLYMERIZATION CATALYSTS

{57) Abstract: A methed for forming supported late transition metal olefin polymerization catalysts is described in which an al-ready
formed transition metal complex, usually containing a reactive functional group, is placed on a support containing a complementary

g reactive functional group. Also described are novel polymerization catalyst components containing late transition metal complexes

ol neutral tridentate ligands.

JP 2004-538344 A 2004.12.24



(54)

JP 2004-538344 A 2004.12.24

ugboooboado

OO0OD0O0O00O0D15040 160 (2003.4.16)

oooooaoaao

oooooooooooan

gooobooboogoboonn

gobooogoboaoan

ooooooao

gooogbad

good
t0ggoooooocog0gogooooooocogoogooooooococgoggan
oboooboobooboobooboobooboobooboboooboobooboao
oooooooooooouooooooboooooooooobobooooooao
goooboooboobooboboobobooboobooboboobobooboao
uoboooboobooboobooobooboooobooboboooboobobao
oooooooooooooooooobooooooooooboooooooan
oooobooobobooboboobooboobooboboobooboboDbDao
ubooboouoboboobobouobooooboobobooobooboboag
oooooooobooobooooooooboooooooooboboooooOoOoao
oboooboobooboobooboobooboobooboboooboobooboao
oooooooooooouooooooboooooooooobobooooooao
goooboooboobooboboobobooboobooboboobobooboao
uoboooboobooboobooobooboooobooboboooboobobao
000000000000 0000000000000 0000O0 g 0000
oooobooobobooboboobooboobooboboobooboboDbDao
uboobooboboobdooboooboooboaoadao

OOo0oooooooogoooooa.o

oo oooooooooooao

Oo0oooooogogooooog

OO0 oooooogogooooog

OO0 oDooDooogog4gooooog



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

gbooogbodaoan

INTERNATIONAL SEARCH REPORT

(55)

PCT/US 02/10044

ler‘nal Application No

A CLASSIFICATION OF SUBJECT MATTER
IPC 7 CO8F10/02 C08F10/00
According 1o International Patent Classification (IPC} or fo both national and IPC
B, FIELDS SEARCHED
searched ifi system ification symbols)

IPC 7 CO8F

to the extent that such d: included in the fields searched

Documentation searched other than minlmum

Electranic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. TS CC TO BE RELEVANT

Category | Citation of document, with indicatlon, where appropriate, of the relevant passages

Relevant to claim No.

X PANCHENKO V N ET AL: "POLYMERIZATION OF 1-5
ETHYLENE ON SUPPORTED CATALYSTS BASED ON
ORGANIC CHELATE NICKEL COMPLEXES"
POLYMER SCIENCE: SERIE A, INTERPERIGDICA,
us,

vol. 37, no.

1 September 1995 (1995-09-01), pages

867-873, XP000540700
ISSN: 0965—545X
page 869, column 1; figure 1

formulae XXII, R2,R3 =H, column
formulae XLIII: column 38
claim 3; examples

A US 6 103 658 A (KILLIAN CHRISTOPHER MOORE 1-7
ET AL) 15 August 2000 (2000-08-15)

29

_/-_

Further documents are listed inthe continuation of box C.

Patent family members are listed In annex.

° Special categories of cited documents :

"A" document dsfining the general state of the artwhich is not
considered to be of particular relevance

E" egter document but published onor after the intemational
filing dat

L duoument wh)ch may throw doubls on priority claim(s) or
wihich is cited to astabiish the publication date of another
citation or other speclal reason (as specified)

"O" document refering to an oral disclosure, use, exhibition or
other means

P document Rullished pror to the international filing date but

ater thar the priority date ciaimed

“T" later document published after the international filing date
or priarity date and notin confiict with the application but
gited o understand the principle or heory underlying the
inventior

X ducumsnl of particular relevance; the clzimed invention

inot be considered novel o cannot be considered
mvulvs an mvsrmva step when the documentis taken alone
"Y" documentof particular relevance; the cla\med invention

cannot bg considered o involve art fnventiva step when he
document is combined with one or mare oiher such doc
ments, such combination belng obvious 1o a person skIIIed
inthe art;

*&" document member of the same patent famiy

Date of the actual completicn of the intemationat search

18 July 2002

Date of mailing of the international search report

Name and mailing address of the SA
European Patent Ollu—.e, P.B. 5818 Patentlaan 2

Authorized officer

5 o (55:397?)\1333 zo'm, Tx. 31 651 epo, Th
Fax: (+31-70) 340-38018 omas, D
Form PCTASA/210 (second sheel) (July 1962)
page 1 of 2

JP 2004-538344 A 2004.12.24



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH REPORT

(56)

Intelfonal Application No

PCT/US 02/10044

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 6 197 715 Bl (BANSLEBEN DONALD ALBERT
ET AL) 6 March 2001 (2001-03-06)

column 2, line 35 ~column 2, line 61
column 3, line 43 -column 5, line 12
column 6, tine 27 -column 6, line 65

1-7

Form PCT/ISA210 (continuation of second sheet) (July 1982)

page 2 of 2

JP 2004-538344 A 2004.12.24



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(57)

International application No.

INTERNATIONAL SEARCH REPORT PCT/US 62/10044

BoxI Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [ craims Nos.:

because they relate 1o paris of the Intemational Application that do not comply with the prescried requirements to such

an extent that no meaningful Intemnational Search can be carried out, specifically:

. D Claims Nos.:

because they are dependent clalms and are not drafted in accordance with the second and third sentencss of Rule 5.4(a).

Box 1l Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international appication, as follows:

see additional sheet

1. D As all required additional search fees were imely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fes, this Autharlty did not invite payment
of any additional fee.

a As only some of the required additional search fees were timely paid by the applicant, this Intemational Seareh Report
covers only those claims for which fees were paid, specifically claims Nos.:

4 m Norequired addtional search fees were timsly paid by the applicant, Consequently, this Intenationial Search Raport s
Testroted to the Invenion first mentionad bn the olaims; itis covered by claims Nos.:

1-7

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA210 {continuation of first sheet (1)) (July 1998)

JP 2004-538344 A 2004.12.24



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(58)

International ApplicationNo. PCT/US 02 /10044

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-7

Process for the preparation of a supported olefin catalyst
comprising the step of contacting:

a transition metal complex of group 6-10 and a neutral
bidentate 1igand,which Tigand contains a first reactive
group,

with a solid support, having attached a secondary reactive
group in order to form a covalent/ionic bond between the
catalyst and the support.

2. Claims: 1, 8-12

Process for the preparation of a supported olefin catalyst
comprising the step of contacting:

a transition metal complex of group 6-10 and a neutral
tridentate ligand, which Tigand contains a first reactive
group .,

with a solid support, having attached a secondary reactive
group in order to form a covalent/ionic bond between the
catalyst and the support.

JP 2004-538344 A 2004.12.24



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH REPORT

Information on patent famity members

(59)

Interlemunal Application No
PCT/US 02/10044

Patent document Publication Patent family l’ Publication

cited in search report member(s) date

US 6103658 A 15-08-2000  CA 2333768 Al 09-12-1999
CN 1326473 T 12-12-2001
EP 1082362 Al 14-03-2001
JP 2002517527 T 18-06-2002
Wo 9962968 AL 09-12-1999
us 6303720 Bl 16-10-2001
US 2002058768 Al 16-05-2002
CN 1258292 T 28-06-2000
EP 0973762 A2 26-01-2000
JP 2002514252 T 14-05-2002
Wo 9840374 A2 17-09-1998
EP 0975682 Al 02-02-2000
EP 0966490 A2 29-12-1999
JP 2001519841 T 23-10-2001
JP 2001524999 T 04-12-2001
WO 9847933 Al 29-10-1998
WO 9840420 A2 17-69-1998
us 6200925 B1 13-03-2001
us 6245871 Bl 12-06-2001
US 2002035030 ALl 21-03-2002
US 2001025007 Al 27-09-2001
US 2001014646 Al 16-08-2001

us 6197715 Bl 06-03-2001 AU 3490500 A 039-10-2000
EP 1179025 Al 13-02-2002
W0 0056787 Al 28-09-2000

Form PGT/ISA/210 {patent family annex) (July 1992)

JP 2004-538344 A 2004.12.24



(60) JP 2004-538344 A 2004.12.

24

gobogooaon

@éGnoooooono  AP(GH,GM,KE,LS,Mw,Mz,SD,SL,SZ,TZ,UG,ZM,ZW) ,EA(AM,AZ,,BY ,KG,KZ ,MD,RU, TJ, TM) ,EP (AT,
BE,CH,CY,DE,DK,ES,FI,FR,GB,GR, IE,IT,LU,MC,NL,PT,SE, TR) ,0OA(BF,BJ,CF,CG,CI,,CM,GA,GN,GQ, GW, ML ,MR,,NE, SN,
TD,TG),AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ ,EC,EE,ES,FI,GB,GD, GE,
GH,GM,HR,HU, ID, IL, IN, IS, JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,MG,MK,MN ,MW ,MX ,MZ ,NO,NZ,OM, PH, P
L,PT,RO,RU,SD,SE,SG,SI,SK,SL,TI, TM, TN, TR, TT, TZ,UA, UG, US,UZ VN, YU, ZA, ZM, ZW

(7000 503349291
0000000000000000000000000000000
00000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
(74000 100060782
0000000000
(72000 0000000000000000000
0000000000000000000000000000000000000
0000(00) 4J128 AAOL ABOD AC46 ACA7 ACA8 AFOL AFO02 BAOIA BCL5A BC16A
0ooo oo BC16B BC19B BC25B CA27A CA28A EB02 EB25 ECO1 ECO2 FAO2
0ooo 0o FAO4



	bibliographic-data
	abstract
	claims
	description
	international-document-image-group
	written-amendment
	search-report
	overflow

