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Description

[0001] The present invention relates to a metal complex obtained using an imine compound, an α-olefin polymerization
catalyst based on these, and a process for producing an α-olefin-based polymer.
[0002] Polyethylene resins and polypropylene resins are widely used as major polymers among polyolefin resins in
various industrial fields. Because these resins are exceedingly important industrial materials, the various performances
thereof are always required to be further improved.
[0003] The catalysts for use in producing such polyolefin resins are limited to heterogeneous-system solid catalysts
such as Ziegler-Natta catalysts and Phillips catalysts and homogeneous-system catalysts employing a solvent-soluble
metal complex, such as metallocene catalysts.
[0004] Under the influence of the rapid advances of metallocene catalysts, complexes different from the metallocene
complexes are being developed enthusiastically in recent years, such complexes being called post-metallocene com-
plexes. Among such post-metallocene complexes, complexes of late transition metals are attracting attention, and a
large number of late transition metal complexes mainly having a bidentate ligand have been reported.
[0005] Representative late transition metal complexes having a bidentate ligand include the diimine complex proposed
by Brookhart et al. (non-patent document 1) and the salicylaldimine complex proposed by Grubbs et al. (non-patent
document 2). These discoveries were followed by reports on late transition metal complexes having various bidentate
ligands such as an unsymmetric iminopyridine, pyridinecarboxamide, and iminophophine, and on the usefulness thereof
as ethylene polymerization catalysts. Of these complexes, the late transition metal complexes of the iminophosphine
type are complexes on which many investigations have been made from both the industrial and the scientific standpoints
because these complexes have a nitrogen atom and a phosphorus atom which differ in donor characteristics.
[0006] However, in patent documents (patent documents 1, 2, 3, and 4) and non-patent documents (non-patent doc-
uments 3 and 4) which relate to late metal complexes having an iminophosphine bidentate ligand, there are the only
examples of polymerization for ethylene oligomers or polymers. No report is given therein on polymerization of an α-
olefin other than ethylene.

Prior-Art Documents

Patent Documents

[0007]

Patent Document 1: JP-A-11-158213
Patent Document 2: JP-T-2001-519841 (The term "JP-T" as used herein means a published Japanese translation
of a PCT patent application.)
Patent Document 3: JP-T-2002-541275
Patent Document 4: JP-T-2003-517062

Non-Patent Documents

[0008]

Non-Patent Document 1: Johnson L. K., Killian C. M., Brookhart M., J. Am. Chem. Soc., 1995, 117, 6414.
Non-Patent Document 2: Chunming Wang, Stefan Friedrich, Todd R. Younkin, Robert T. Li, Robert H. Grubbs,
Donald A. Bansleben, and Michael W. Day, Organometallics, 1998, 17, 3149.
Non-Patent Document 3: Ping-Yung Shi, Yi-Hong Liu, Shie-Ming Peng and Shiuh-Tzung Liu, Journal of the Chinese
Chemical Society, 2003, 50, 89.
Non-Patent Document 4: Esther K. van den Beuken, Wilberth J. J. Smeets, Anthony L. Spek and Ben L. Feringa,
Chem. Commun., 1998, 223.

[0009] As will be demonstrated herein by the Comparative Example, the conventionally known iminophosphine late
metal complexes are effective only for the oligomerization of α-olefins, in particular, propylene. Further improvements
have been desired from the standpoint of using these complexes as catalysts for α-olefin polymerization.
[0010] An object of the invention, in view of the problem of prior-art techniques concerning the late transition metal
complexes having an iminophosphine bidentate ligand, is to provide a metal complex having a ligand compound capable
of forming a metal complex which can produce a high-molecular-weight polymer of α-olefin and which further renders
copolymerization of an α-olefin with an acrylic acid ester possible, and to further provide a polymerization catalyst for
polyolefins that includes the ligand compound and a process for polymerizing an α-olefin using the catalyst.
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[0011] The present inventors diligently made investigations in order to overcome the problem. As a result, the inventors
have discovered that when a transition metal complex including a bidentate ligand having a specific structure wherein
at least one of the two substituents, R5 and R6, on the phosphorus atom (indicated by Y in the invention) is a hydrocarbon
group including two or more heteroatom-containing groups is used as a catalyst component to conduct polymerization
of an α-olefin, then a polymer having an exceedingly high molecular weight is obtained. In addition, it has been discovered
that use of this transition metal complex renders copolymerization of an α-olefin with acrylic acid esters possible. The
present invention has been thus achieved. The subject matter of the present invention is characterized in the claims.
[0012] The imine compound which constitutes a base of the present invention has a peculiar structure and is usable
as a bidentate ligand. This compound is characterized by constituting chemical, steric, and electronic environments for
a complex structure, and these environments bring about a catalytic function which renders the desirable polymerization
of α-olefins possible.
[0013] The imine compound which is reacted to the metal complex of the present invention is an imine compound
represented by the following general formula (1).

[0014] In formula (1), X represents a nitrogen atom, and Y represents a phosphorus atom. R5 and R6 each independently
are a hydrogen atom or a hydrocarbon group which has 1-30 carbon atoms and may contain one or more heteroatoms,
at least one of R5 and R6 being a hydrocarbon group which contains two or more heteroatom-containing groups. R1 to
R4 each independently represent a hydrogen atom, a hydrocarbon group which has 1-20 carbon atoms and may contain
one or more heteroatoms, or a halogen atom. Two or more groups selected from among R1 to R4 may be linked to each
other to form an alicyclic ring, an aromatic ring, or a heterocyclic ring which contains one or more heteroatoms selected
from among oxygen, nitrogen, and sulfur atoms, in which each of the rings is a 5- to 8-membered ring which may have
one or more substituents thereon.
[0015] A theoretical conjecture on why the desired catalytic performance can be produced by the complex structure
specified in the present invention is given below.
[0016] The imine compound which is reacted to the metal complex of this invention is characterized by the electronic
and steric structures of the ligand. These structures bring about a catalytic function in α-olefin polymerization. Specifically,
the imine compound has a structure represented by general formula (1), and is used in the invention as a component
of catalysts for olefin polymerization. This compound is used in combination with a co-catalyst or the like to form a catalyst
for α-olefin polymerization.
[0017] The imine compound represented by general formula (1) in the invention is characterized in that R5 and R6

include heteroatom-containing groups. It is thought that due to the heteroatoms of R5 and R6, the Y shows enhanced
donor characteristics with respect the central metal M to produce the effect of coordinating to the central metal M via
the heteroatoms. It is also thought that due to the presence of substituents in the vicinity of the central metal, a β-hydrogen
group elimination reaction, which results in a decrease in the molecular weight of the polymer, is less apt to occur. It
can be presumed that the metal complex represented by general formula (2) is stabilized as a result and the polymer is
inhibited from undergoing a chain transfer reaction, and that these features bring about the peculiarity of the present
invention.
[0018] Meanwhile, the present invention considerably differs in constituent element (invention-specifying feature) from
the prior-art inventions described in the patent documents and non-patent documents shown above, as stated herein-
above, and cannot be conceived from those prior-art documents. Specifically, a distinguishing feature of the present
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invention is the imine compound capable of forming a peculiar bidentate ligand.
[0019] How the present invention has been achieved and the basic configuration and features of the invention have
been summarized above. Here, when the overall configurations of the present invention are viewed perspectively, the
present invention is considered to be configured of a group of the following invention units.
[0020] The present invention relates to a metal complex obtained by reacting an imine compound represented by
general formula (1) with a complex precursor which is a compound of nickel or palladium, i.e. a transition metal belonging
to Groups 8 to 10 of the periodic table, i.e., a metal complex represented by the following general formula (2). The
accompanying inventions are invention units which add further requirements to the basic inventions or show embodiments
thereof. All these invention units are inclusively referred to as a group of inventions.

[0021] In general formula (2), M represents a transition metal belonging to Groups 8 to 10 of the periodic table. X
represents a nitrogen atom, and Y represents a phosphorus atom. R5 and R6 each independently are a hydrogen atom
or a hydrocarbon group which has 1-30 carbon atoms and may contain one or more heteroatoms, at least one of R5

and R6 being a hydrocarbon group which contains two or more heteroatom-containing groups. R1 to R4, R7, and R8

each independently represent a hydrogen atom, a hydrocarbon group which has 1-20 carbon atoms and may contain
one or more heteroatoms, or a halogen atom. Two or more groups selected from among R1 to R4, R7, and R8 may be
linked to each other to form an alicyclic ring, an aromatic ring, or a heterocyclic ring which contains one or more heter-
oatoms selected from among oxygen, nitrogen, and sulfur atoms, in which each of the rings is a 5- to 8-membered ring
which may have one or more substituents thereon.
[0022] Secondary inventions are: a catalyst component for olefin polymerization which includes the metal complex;
and a catalyst for olefin polymerization characterized by including the following components (A) and (B) and optionally
further containing the following component (C).
Component (A): the metal complex. Component (B): either a compound which reacts with component (A) to form an ion
pair or an ion-exchange phyllosilicate. Component (C): an organoaluminum compound.
[0023] Other inventions include the catalyst for olefin polymerization wherein the component (B) is an aluminoxane
and the catalyst for olefin polymerization wherein the component (B) is a boron compound, and further include a process
for producing an olefin polymer which comprises polymerizing or copolymerizing one or more olefins in the presence of
the catalyst for polymerization.
[0024] Furthermore, the other inventions include a process for producing an α-olefin/polar comonomer copolymer, the
process comprising copolymerizing (a) α-olefin with (b) a polar comonomer in the presence of the catalyst-for polymer-
ization.
[0025] The other inventions still further include the process for producing an α-olefin/polar comonomer copolymer,
wherein the polar comonomer (b) is a (meth)acrylic acid ester.
[0026] According to the invention, it is possible to provide a ligand compound capable of forming a metal complex with
which high-molecular-weight polymers of α-olefins can be produced and which further renders copolymerization of an
α-olefin with an acrylic acid ester possible, and to further provide a polymerization catalyst for polyolefins that includes
the ligand compound and a process for polymerizing an α-olefin using the catalyst.
[0027] It has been demonstrated by the data of the Examples which will be given later and by a comparison between
the Examples and the Comparative Examples that the polymers produced by the present invention are higher in molecular
weight than the polymer produced with a conventional imine complex.
[0028] It is thus expected that olefin-based polymers having a high molecular weight are efficiently produced, and the
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polymerization catalyst for polyolefins which is based on the metal complex of the invention and the process for olefin
polymerization with the catalyst are exceedingly useful form an industrial standpoint.
[0029] The imine compound which is reacted to the metal complex of the invention, the polymerization catalyst based
on the complex, and the process for producing an olefin polymer using the catalyst are explained in detail below in order.

1. Imine Compound

(1) Basic Configuration

[0030] The imine compound is represented by the following general formula (1).

[0031] In the formula, X represents a nitrogen atom, and Y represents a phosphorus atom. R5 and R6 each independ-
ently are a hydrogen atom or a hydrocarbon group which has 1-30 carbon atoms and may contain one or more heter-
oatoms, at least one of R5 and R6 being a hydrocarbon group which contains two or more heteroatom-containing groups.
R1 to R4 each independently represent a hydrogen atom, a hydrocarbon group which has 1-20 carbon atoms and may
contain one or more heteroatoms, or a halogen atom. Two or more groups selected from among R1 to R4 may be linked
to each other to form an alicyclic ring, an aromatic ring, or a heterocyclic ring which contains one or more heteroatoms
selected from among oxygen, nitrogen, and sulfur atoms, in which each of the rings is a 5- to 8-membered ring which
may have one or more substituents thereon.

(2) With respect to R5 and R6

[0032] In the invention, R5 and R6 each independently are a hydrogen atom or a hydrocarbon group which has 1-20
carbon atoms and may contain one or more heteroatoms, at least one of R5 and R6 being a hydrocarbon group containing
two or more heteroatom-containing groups. R5 and R6 lie around a metal M and sterically and/or electronically interact
with the metal M. From the standpoint of producing this effect, it is preferable that R5 and R6 should be bulky. The number
of carbon atoms of each of R5 and R6 is preferably 3-20, more preferably 6-20.
[0033] In R5 and R6, examples of the heteroatoms contained in the heteroatom-containing groups include oxygen,
nitrogen, phosphorus, sulfur, selenium, silicon, fluorine, and boron. Preferred of these heteroatoms are oxygen, nitrogen,
sulfur, and silicon. Examples of groups containing these heteroatoms include: oxygen-containing groups such as alkoxy
groups, aryloxy groups, acyl groups, aroyl groups, and carboxylate groups; nitrogen-containing groups such as amino
and amide groups; sulfur-containing groups such as thioalkoxy groups and thioaryloxy groups; phosphorus-containing
groups such as a phosphino group; selenium-containing groups such as a selenyl group; silicon-containing groups such
as trialkylsilyl groups, dialkylarylsilyl groups, and alkyldiarylsilyl groups; fluorine-containing groups such as fluoroalkyl
groups and fluoroaryl groups; and boron-containing groups such as alkylboron groups and arylboron groups. Most
preferred of these heteroatom-containing groups are alkoxy groups or aryloxy groups.
[0034] It is preferable that the heteroatoms contained in the heteroatom-containing groups should be ones capable
of coordinating to transition metals. Specific examples of the heteroatom-containing groups which contain such a het-
eroatom capable of coordinating to transition metals include the following. Examples of oxygen-containing groups include
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, t-butoxy, phenoxy, p-methylphenoxy, p-methoxyphenoxy, acetyl,



EP 3 050 892 B1

7

5

10

15

20

25

30

35

40

45

50

55

benzoyl, acetoxy, ethylcarboxylate, t-butylcarboxylate, and phenylcarboxylate. Examples of nitrogen-containing groups
include dimethylamino, diethylamino, di-n-propylamino, and cyclohexylamino. Examples of sulfur-containing groups
include thiomethoxy, thioethoxy, thio-n-propoxy, thioisopropoxy, thio-n-butoxy, thio-t-butoxy, thiophenoxy, p-methylthi-
ophenoxy, and p-methoxythiophenoxy. Examples of phosphorus-containing groups include dimethylphosphino, diethyl-
phosphino, di-n-propylphosphino, and cyclohexylphosphino. Examples of selenium-containing groups include methyl-
selenyl, ethylselenyl, n-propylselenyl, n-butylselenyl, t-butylselenyl, and phenylselenyl.
[0035] Although at least one of R5 and R6 has two or more heteroatom-containing groups, it is especially preferable
that R5 and R6 each should contain two or more heteroatom-containing groups. With respect to combinations of R5 and
R6, there are two cases, i.e., the case where R5 and R6 each have two or more heteroatom-containing groups and the
case where either R5 or R6 has two or more heteroatom-containing groups and the remainder has one or less heteroatom-
containing group. It is, however, preferable that R5 and R6 each should have two or more heteroatom-containing groups.
[0036] Although R5 and R6 in the invention each independently are a hydrogen atom or a hydrocarbon group which
has 1-30 carbon atoms and may contain one or more heteroatoms, examples thereof include a hydrogen atom, linear
hydrocarbon groups which may contain one or more heteroatoms, branched hydrocarbon groups which may contain
one or more heteroatoms, alicyclic hydrocarbon groups which may contain one or more heteroatoms, and aryl groups
which may contain one or more heteroatoms. As stated above, it is preferable that R5 and R6 should be bulky. Conse-
quently, preferred of those examples are alicyclic hydrocarbon groups which may contain one or more heteroatoms or
aryl groups which may contain one or more heteroatoms. Most preferred are aryl groups which may contain one or more
heteroatoms. Examples of such aryl groups include phenyl, naphthyl, and anthracenyl.
[0037] In the case where any of the heteroatom-containing groups is bonded to the aromatic framework of each of
the aryl groups of R5 and R6 in the invention, the mode of bonding may be one in which the heteroatom-containing group
is directly bonded to the aromatic framework and one in which the heteroatom-containing group is bonded to the aromatic
framework through a spacer such as one or more methylene groups. In the case where a heteroatom-containing group
is bonded to the aromatic framework through one or more methylene groups, it is preferable that one methylene group
should be interposed therebetween. With respect to substitution positions, preferred are the ortho positions to the Y-
bonded carbon atom within each of the aromatic frameworks of R5 and R6. This configuration enables the heteroatoms
within R5 and R6 to interact with the M.
[0038] Specific preferred examples of R5 and R6 include 2,6-dimethoxyphenyl, 2,4,6-trimethoxyphenyl, 4-methyl-2,6-
dimethoxyphenyl, 4-t-butyl-2,6-dimethoxyphenyl, 1,3-dimethoxy-2-naphthyl, 2,6-diethoxyphenyl, 2,4,6-triethoxyphenyl,
4-methyl-2,6-diethoxyphenyl, 4-t-butyl-2,6-diethoxyphenyl, 1,3-diethoxy-2-naphthyl, 2,6-diphenoxyphenyl, 2,4,6-triphe-
noxyphenyl, 4-methyl-2,6-diphenoxyphenyl, 4-t-butyl-2,6-diphenoxyphenyl, 1,3-diphenoxy-2-naphthyl, 2,6-dimeth-
oxymethylphenyl, 2,4,6-trimethoxymethylphenyl, 4-methyl-2,6-dimethoxymethylphenyl, 4-t-butyl-2,6-dimethoxymethyl-
phenyl, 1,3-dimethoxymethyl-2-naphthyl, 2,6-diphenoxymethylphenyl, 2,4,6-triphenoxymethylphenyl, 4-methyl-2,6-
diphenoxymethylphenyl, 4-t-butyl-2,6-diphenoxymethylphenyl, 1,3-diphenoxymethyl-2-naphthyl, 2,6-di(2-methoxye-
thyl)phenyl, 2,4,6-tri(2-methoxyethyl)phenyl, 4-methyl-2,6-di(2-methoxyethyl)phenyl, 4-t-butyl-2,6-di(2-methoxye-
thyl)phenyl, 1,3-di(2-methoxyethyl)-2-naphthyl, 2,6-di(2-phenoxyethyl)phenyl, 2,4,6-tri(2-phenoxyethyl)phenyl, 4-me-
thyl-2,6-di(2-phenoxyethyl)phenyl, 4-t-butyl-2,6-di(2-phenoxyethyl)phenyl, and 1,3-di(2-phenoxyethyl)-2-naphthyl.

(3) With respect to R1 to R4

[0039] R1 to R4 each independently represent a hydrogen atom, a hydrocarbon group which has 1-20 carbon atoms
and may contain one or more heteroatoms, or a halogen atom.
[0040] In R1 to R4, preferred examples of the halogen atom are fluorine, chlorine, and bromine. A more preferred
substituent among these is chlorine.
[0041] In R1 to R4, examples of the heteroatoms contained in the hydrocarbon groups which have 1-20 carbon atoms
and may contain one or more heteroatoms include oxygen, nitrogen, phosphorus, sulfur, selenium; silicon, fluorine, and
boron. Preferred of these heteroatoms are oxygen, nitrogen, sulfur, and silicon. Examples of groups containing these
heteroatoms include: oxygen-containing groups such as alkoxy groups, aryloxy groups, acyl groups, aroyl groups, and
carboxylate groups; nitrogen-containing groups such as amino and amide groups; sulfur-containing groups such as
thioalkoxy groups and thioaryloxy groups; phosphorus-containing groups such as a phosphino group; selenium-con-
taining groups such as a selenyl group; silicon-containing groups such as trialkylsilyl groups, dialkylarylsilyl groups, and
alkyldiarylsilyl groups; fluorine-containing groups such as fluoroalkyl groups and fluoroaryl groups; and boron-containing
groups such as alkylboron groups and arylboron groups.
[0042] Specific examples of the heteroatom-containing groups are as follows. Examples of the oxygen-containing
groups include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, t-butoxy, phenoxy, p-methylphenoxy, p-methoxyphe-
noxy, acetyl, benzoyl, acetoxy, ethylcarboxylate, t-butylcarboxylate, and phenylcarboxylate. Examples of the nitrogen-
containing groups include dimethylamino, diethylamino, di-n-propylamino, and cyclohexylamino. Examples of the sulfur-
containing groups include thiomethoxy, thioethoxy, thio-n-propoxy, thioisopropoxy, thio-n-butoxy, thio-t-butoxy, thiophe-
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noxy, p-methylthiophenoxy, and p-methoxythiophenoxy. Examples of the phosphorus-containing groups include dimeth-
ylphosphino, diethylphosphino, di-n-propylphosphino, and cyclohexylphosphino. Examples of the selenium-containing
groups include methylselenyl, ethylselenyl, n-propylselenyl, n-butylselenyl, t-butylselenyl, and phenylselenyl.
[0043] In R1 to R4, the hydrocarbon groups having 1-20 carbon atoms each preferably are an alkyl group, cycloalkyl
group, alkenyl group, or aryl group.
[0044] Examples of the alkyl group and the cycloalkyl group include methyl, ethyl, 1-propyl, isopropyl, 1-butyl, isobutyl,
t-butyl, 1-pentyl, 1-hexyl, 1-heptyl, 1-octyl, 1-nonyl, 1-decyl, tricyclohexylmethyl, 1,1-dimethyl-2-phenylethyl, 1,1-dimeth-
ylpropyl, 1,1,2-trimethylpropyl, 1,1-diethylpropyl, 1-phenyl-2-propyl, 1,1-dimethylbutyl, 2-pentyl, 3-pentyl, 2-hexyl, 3-
hexyl, 2-ethylhexyl, 2-heptyl, 3-heptyl, 4-heptyl, 2-propylheptyl, 2-octyl, 3-nonyl, cyclopropyl, cyclobutyl, cyclopentyl,
methylcyclopentyl, cyclohexyl, methylcyclohexyl, cycloheptyl, cyclooctyl, cyclododecyl, 1-adamantyl, 2-adamantyl, exo-
norbornyl, endo-norbornyl, 2-bicyclo[2.2.2]octyl, nopinyl, decahydronaphthyl, menthyl, neomenthyl, neopentyl, and 5-
decyl.
[0045] Preferred substituents among these are isopropyl, isobutyl, and cyclohexyl.
[0046] Examples of the alkenyl group include vinyl, allyl, butenyl, cinnamyl, and styryl.
[0047] Examples of the aryl group include phenyl, naphthyl, anthracenyl, and fluorenyl. Examples of substituents which
can be present on the aromatic rings of these aryl groups are alkyl groups, aryl groups, fused aryl groups, phenylcy-
clohexyl, phenylbutenyl, tolyl, xylyl, and p-ethylphenyl.
[0048] A preferred substituent among these is phenyl. Especially preferred substituents among those examples are
methyl, ethyl, and phenyl. In particular, methyl is more preferred. Those groups are mere examples, and it is obvious
that the substituents are not limited to those examples.
[0049] In general, R1 to R4 include ones in which R3 and R4 have been linked to each other to form an alicyclic ring,
an aromatic ring, or a heterocyclic ring which contains one or more heteroatoms selected from among oxygen, nitrogen,
and sulfur atoms, and these rings each are a 5- to 8-membered ring which may have one or more substituents thereon.
According to the present invention, R3 and R4 have been linked to each other to form an aromatic ring, which may have
one or more substituents thereon.

2. Metal Complex

(1) With respect to Basic Configuration

[0050] The metal complex is a metal complex obtained by reacting the imine compound with a complex precursor
which is a compound of a transition metal belonging to Groups 8 to 10. The metal complex specifically is a metal complex
represented by the following general formula (2).

[0051] In general formula (2), M represents a transition metal belonging to Groups 8 to 10 of the periodic table. X
represents a nitrogen atom, and Y represents a phosphorus atom. R5 and R6 each independently are a hydrogen atom
or a hydrocarbon group which has 1-30 carbon atoms and may contain one or more heteroatoms, at least one of R5

and R6 being a hydrocarbon group which contains two or more heteroatom-containing groups. R1 to R4, R7, and R8

each independently represent a hydrogen atom, a hydrocarbon group which has 1-20 carbon atoms and may contain
one or more heteroatoms, or a halogen atom. Two or more groups selected from among R1 to R4, R7, and R8 may be
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linked to each other to form an alicyclic ring, an aromatic ring, or a heterocyclic ring which contains one or more heter-
oatoms selected from among oxygen, nitrogen, and sulfur atoms, in which each of the rings is a 5- to 8-membered ring
which may have one or more substituents thereon.
[0052] R1 to R6 are the same as the substituents described above with regard to the imine compound represented by
general formula (1).
[0053] M, which is an atom of a metal selected from the group consisting of transition metals belonging to Groups 8
to 10, is a Group-10 transition metal, namely nickel or palladium.

(2) With respect to R7 and R8

[0054] R7 and R8 each independently represent a hydrogen atom, a hydrocarbon group which has 1-20 carbon atoms
and may contain one or more heteroatoms, or a halogen atom.
[0055] Preferred specific examples of R7 and R8 which are halogen atoms are fluorine, chlorine, and bromine. More
preferred substituents among these are chlorine and bromine.
[0056] In R7 and R8, examples of the heteroatoms contained in the hydrocarbon groups which have 1-20 carbon atoms
and may contain one or more heteroatoms include oxygen, nitrogen, phosphorus, sulfur, selenium, silicon, fluorine, and
boron. Preferred of these heteroatoms are oxygen, silicon, and fluorine. Examples of groups containing these heteroatoms
include: oxygen-containing groups such as alkoxy groups, aryloxy groups, acyl groups, aroyl groups, and carboxylate
groups; nitrogen-containing groups such as amino and amide groups; sulfur-containing groups such as thioalkoxy groups
and thioaryloxy groups; phosphorus-containing groups such as a phosphino group; selenium-containing groups such
as a selenyl group; silicon-containing groups such as trialkylsilyl groups, dialkylarylsilyl groups, and alkyldiarylsilyl groups;
fluorine-containing groups such as fluoroalkyl groups and fluoroaryl groups; and boron-containing groups such as alkyl-
boron groups and arylboron groups.
[0057] Specific examples of the heteroatom-containing groups are as follows. Examples of the oxygen-containing
groups include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, t-butoxy, phenoxy, p-methylphenoxy, p-methoxyphe-
noxy, acetyl, benzoyl, acetoxy, ethylcarboxylate, t-butylcarboxylate, and phenylcarboxylate. Examples of the nitrogen-
containing groups include dimethylamino, diethylamino, di-n-propylamino, and cyclohexylamino. Examples of the sulfur-
containing groups include thiomethoxy, thioethoxy, thio-n-propoxy, thioisopropoxy, thio-n-butoxy, thio-t-butoxy, thiophe-
noxy, p-methylthiophenoxy, and p-methoxythiophenoxy. Examples of the phosphorus-containing groups include dimeth-
ylphosphino, diethylphosphino, di-n-propylphosphino, and cyclohexylphosphino. Examples of the selenium-containing
groups include methylselenyl, ethylselenyl, n-propylselenyl, n-butylselenyl, t-butylselenyl, and phenylselenyl.
[0058] In R7 and R8, the hydrocarbon groups having 1-20 carbon atoms each preferably are an alkyl group, cycloalkyl
group, alkenyl group, or aryl group.
[0059] Examples of the alkyl group and the cycloalkyl group include methyl, ethyl, 1-propyl, isopropyl, 1-butyl, isobutyl,
t-butyl, 1-pentyl, 1-hexyl, 1-heptyl, 1-octyl, 1-nonyl, 1-decyl, tricyclohexylmethyl, 1,1-dimethyl-2-phenylethyl, 1,1-dimeth-
ylpropyl, 1,1,2-trimethylpropyl, 1,1-diethylpropyl, 1-phenyl-2-propyl, 1,1-dimethylbutyl, 2-pentyl, 3-pentyl, 2-hexyl, 3-
hexyl, 2-ethylhexyl, 2-heptyl, 3-heptyl, 4-heptyl, 2-propylheptyl, 2-octyl, 3-nonyl, cyclopropyl, cyclobutyl, cyclopentyl,
methylcyclopentyl, cyclohexyl, methylcyclohexyl, cycloheptyl, cyclooctyl, cyclododecyl, 1-adamantyl, 2-adamantyl, exo-
norbornyl, endo-norbornyl, 2-bicyclo[2.2.2]octyl, nopinyl, decahydronaphthyl, menthyl, neomenthyl, neopentyl, and 5-
decyl.
[0060] Preferred substituents among these are isopropyl, isobutyl, and cyclohexyl.
[0061] Examples of the alkenyl group include vinyl, allyl, butenyl, cinnamyl, and styryl.
[0062] Examples of the aryl group include phenyl, naphthyl, anthracenyl, and fluorenyl. Examples of substituents which
can be present on the aromatic rings of these aryl groups are alkyl groups, aryl groups, fused aryl groups, phenylcy-
clohexyl, phenylbutenyl, tolyl, xylyl, and p-ethylphenyl.
[0063] A preferred substituent among these is phenyl. Especially preferred substituents among those examples are
methyl, ethyl, and phenyl. In particular, methyl is more preferred. Those groups are mere examples, and it is obvious
that the substituents are not limited to those examples.

(3) Specific Examples of the Metal Complex

[0064] Preferred specific examples of the metal complex according to the invention include the following nickel com-
plexes and the following palladium complex. Further disclosed is a general platinum complex. The following are mere
examples, and it is obvious that the metal complex is not limited to the following examples, in which Me denotes methyl,
Et denotes ethyl, iPr denotes isopropyl, tBu denotes tert-butyl, and Ph denotes phenyl.
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[0065] 3. Synthesis of the Imine Compound and of the Metal Complex through reaction of the

(1) Basic Synthesis Route

[0066] The imine compound which is reacted to the metal complex according to the invention can be synthesized
through any desired imine synthesis route. Although a synthesis route for obtaining the metal complex by reacting the
imine can be determined at will in view of the structure of the desired compound, examples thereof include a route in
which the imine compound as a starting material is reacted with a complex precursor.

(2) Complex Precursor

[0067] The complex precursor, which is a compound of a transition metal belonging to Groups 8 to 10, is a complex
of a Group-10 transition metal, namely a complex of nickel or palladium.
[0068] Preferred examples thereof include nickel(II) fluoride, nickel(II) chloride, (nickel) bromide, nickel(II) iodide,
nickel(II) dichloro(1,2-dimethoxyethane), nickel(II) dibromo(1,2-dimethoxyethane), nickel acetate(II), palladium(II) chlo-
ride, palladium(II) bromide, palladium(II) iodide, palladium(II) dichloro(bisacetonitrile), palladium(II) dichloro(bisbenzoni-
trile), allylpalladium chloride(II), palladium acetate(II), and palladium trifluoroacetate(II). In general disclosed are plati-
num(II) chloride, platinum(II) bromide, and platinum(II) iodide.



EP 3 050 892 B1

12

5

10

15

20

25

30

35

40

45

50

55

(3) Reaction with Complex Precursor

[0069] The amount of the complex precursor to be used in the invention is in the range of usually 0.5-3 mol, preferably
0.7-1.5 mol, per mole of the imine compound represented by general formula (1).
[0070] The complex synthesis reaction may be conducted in the reactor to be used for the copolymerization with an
α-olefin, or may be conducted in a vessel which is not the reactor. After complex formation, the metal complex may be
isolated and used in a catalyst, or may be used in a catalyst without being isolated.

4. Catalyst for Olefin Polymerization

[0071] The metal complex of the invention obtained by reaction with the imine constitutes a catalyst component for
olefin polymerization, and this catalyst component can be used in catalysts for olefin polymerization. For example, it is
preferred to use the metal complex in the catalyst for olefin polymerization explained below, which includes the metal
complex as component (A).

(1) Components of the Catalyst for Olefin Polymerization

[0072] The catalyst for olefin polymerization of the invention includes the following components (A) and (B) and op-
tionally includes the following component (C).

Component (A): either a metal complex obtained by reacting the imine compound represented by general formula
(1) with the complex precursor or a metal complex represented by general formula (2)
Component (B): either a compound which reacts with component (A) to form an ion pair or an ion-exchange phyl-
losilicate
Component (C): an organoaluminum compound

(2) With respect to the Components

Component (A)

[0073] Component (A) is either a metal complex obtained by reacting the imine compound represented by general
formula (1) with the complex precursor or a metal complex represented by general formula (2), and two or more such
complexes of the same or different kinds may be used.

Component (B)

[0074] Component (B) is either a compound which reacts with component (A) to form an ion pair or an ion-exchange
phyllosilicate.
[0075] An example of component (B) is organoaluminumoxy compounds. The organoaluminumoxy compounds each
have one or more A1-O-A1 bonds in the molecule, and the number of these bonds is in the range of usually 1-100,
preferably 1-50. Such an organoaluminumoxy compound usually is a product obtained by reacting an organoaluminum
compound with water.
[0076] The reaction between an organoaluminum with water is usually conducted in an inert hydrocarbon (solvent).
As the inert hydrocarbon, use can be made of aliphatic hydrocarbons, alicyclic hydrocarbons, and aromatic hydrocarbons,
such as pentane, hexane, heptane, cyclohexane, methylcyclohexane, benzene, toluene, and xylene. It is, however,
preferred to use an aliphatic hydrocarbon or an aromatic hydrocarbon.
[0077] As the organoaluminum compound for preparing the organoaluminumoxy compound, any of compounds rep-
resented by the following general formula (3) can be used. However, it is preferred to use a trialkylaluminum.

(R9)tAl(Z1)(3-t) general formula (3)

(In general formula (3), R9 represents a hydrocarbon group having 1-18, preferably 1-12 carbon atoms, such as an alkyl
group, alkenyl group, aryl group, or aralkyl group, Z1 represents a hydrogen atom or a halogen atom, and t represents
an integer satisfying 1≤t≤3.)
[0078] The alkyl groups of the trialkylaluminum may be any of methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl,
hexyl, octyl, decyl, dodecyl, and the like. However, it is especially preferable that the alkyl groups should be methyl. Two
or more such organoaluminum compounds can be used as a mixture thereof.
[0079] It is preferable that the ratio in which water is reacted with an organoaluminum compound (water/A1 molar
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ratio) should be from 0:25/1 to 1.2/1, in particular, from 0.5/1 to 1/1. The reaction temperature is in the range of usually
-70 to 100°C, preferably -20 to 20°C. The reaction time is selected from the range of usually 5 minutes to 24 hours,
preferably 10 minutes to 5 hours. As the water to be reacted, use can be made of not only mere water but also the crystal
water contained in copper sulfate hydrates, aluminum sulfate hydrates, and the like or even an ingredient capable of
yielding water in the reaction system.
[0080] Of the organoaluminumoxy compounds, ones obtained by reacting an alkylaluminum with water are usually
called aluminoxanes. In particular, methylaluminoxane (including ones consisting substantially of methylaluminoxane
(MAO)) is suitable as the organoaluminumoxy compound.
[0081] It is, of course, possible to use two or more of these organoaluminumoxy compounds in combination. Further-
more, any of the organoaluminumoxy compounds may be used in the form of a solution obtained by dissolving or
dispersing the compound in any of the inert hydrocarbon solvents shown above.
[0082] Other examples of component (B) include borane compounds and borate compounds. More specific examples
of the borane compounds include triphenylborane, tri(o-tolyl)borane, tri(p-tolyl)borane, tri(m-tolyl)borane, tri(o-fluoroph-
enyl)borane, tri(p-fluorophenyl)borane, tris(m-fluorophenyl)borane, tris(2,5-difluorophenyl)borane, tris(3,5-difluorophe-
nyl)borane, tris(4-trifluoromethylphenyl)borane, tris(3,5-ditrifluoromethylphenyl)borane, tris(2,6-ditrifluoromethylphe-
nyl)borane, tris(pentafluorophenyl)borane, tris(perfluoronaphthyl)borane, tris(perfluorobiphenyl)borane, tris(perfluoro-
anthryl)borane, and tris(perfluorobinaphthyl)borane.
[0083] More preferred of these are tris(3,5-ditrifluoromethylphenyl)borane, tris(2,6-ditrifluoromethylphenyl)borane,
tris(pentafluorophenyl)borane, tris(perfluoronaphthyl)borane, tris(perfluorobiphenyl)borane, tris(perfluoroanthryl)bo-
rane, and tris(perfluorobinaphthyl)borane. Even more preferred examples are tris(2;6-ditrifluoromethylphenyl)borane,
tris(pentafluorophenyl)borane, tris(perfluoronaphthyl)borane, and tris(perfluorobiphenyl)borane.
[0084] Meanwhile, specific examples of the borate compounds are as follows. A first example thereof is compounds
represented by the following general formula (4).

[L1-H]+[B(R10)(R11)(Z2)(Z3)]- general formula (4)

[0085] In general formula (4), L1 is a neutral Lewis base, H is a hydrogen atom, and [L1-H] is a Brønsted acid such
as an ammonium, anilinium, or phosphonium.
[0086] Examples of the ammonium include trialkyl-substituted ammoniums such as trimethylammonium, triethylam-
monium, tripropylammonium, tributylammonium, and tri(n-butyl)ammonium and dialkylammoniums such as di(n-pro-
pyl)ammonium and dicyclohexylammonium.
[0087] Examples of the anilinium include N,N-dialkylaniliniums such as N,N-dimethylanilinium, N,N-diethylanilinium,
and N,N-2,4,6-pentamethylanilinium.
[0088] Furthermore, examples of the phosphonium include triarylphosphoniums and trialkylphosphoniums, such as
triphenylphosphonium, tributylphosphonium, tri(methylphenyl)phosphonium, and tri(dimethylphenyl)phosphonium.
[0089] In general formula (4), R10 and R11 are the same or different, aromatic or substituted aromatic hydrocarbon
groups which each contain 6-20, preferably 6-16, carbon atoms, and which may have been linked to each other by a
bridging group. Preferred as the substituents of the substituted aromatic hydrocarbon groups are alkyl groups represented
by methyl, ethyl, propyl, isopropyl, and the like and halogen atoms such as fluorine, chlorine, bromine, and iodine. Z2

and Z3 each are a hydride group, a halide group, a hydrocarbon group containing 1-20 carbon atoms, or a substituted
hydrocarbon group which contains 1-20 carbon atoms and in which one or more of the hydrogen atoms have each been
replaced with a halogen atom.
[0090] Specific examples of the compounds represented by general formula (4) include tributylammonium tetra(pen-
tafluorophenyl) borate, tributylammonium tetra(2,6-ditrifluoromethylphenyl) borate, tributylammonium tetra(3,5-ditrifluor-
omethylphenyl) borate, tributylammonium tetra(2,6-difluorophenyl) borate, tributylammonium tetra(perfluoronaphthyl)
borate, dimethylanilinium tetra(pentafluorophenyl) borate, dimethylanilinium tetra(2,6-ditrifluoromethylphenyl) borate,
dimethylanilinium tetra(3,5-ditrifluoromethylphenyl) borate, dimethylanilinium tetra(2,6-difluorophenyl) borate, dimethy-
lanilinium tetra(perfluoronaphthyl) borate, triphenylphosphonium tetra(pentafluorophenyl) borate, triphenylphosphonium
tetra(2,6-ditrifluoromethylphenyl) borate, triphenylphosphonium tetra(3,5-ditrifluoromethylphenyl) borate, triphenylphos-
phonium tetra(2,6-difluorophenyl) borate, triphenylphosphonium tetra(perfluoronaphthyl) borate, trimethylammonium
tetra(2,6-ditrifluoromethylphenyl) borate, triethylammonium tetra(pentafluorophenyl) borate, triethylammonium tetra(2,6-
ditrifluoromethylphenyl) borate, triethylammoriium tetra(perfluoronaphthyl) borate, tripropylammonium tetra(pentafluor-
ophenyl) borate, tripropylammonium tetra(2,6-ditrifluoromethylphenyl) borate, tripropylammonium tetra(perfluoronaph-
thyl) borate, tripropylammonium tetra(pentafluorophenyl) borate, and dicyclohexylammonium tetraphenyl borate.
[0091] Preferred of these are tributylammonium tetra(pentafluorophenyl) borate, tributylammonium tetra(2,6-ditrifluor-
omethylphenyl) borate, tributylammonium tetra(3,5-ditrifluoromethylphenyl) borate, tributylammonium tetra(perfluoro-
naphthyl) borate, dimethylanilinium tetra(pentafluorophenyl) borate, dimethylanilinium tetra(2,6-ditrifluoromethylphenyl)
borate, dimethylanilinium tetra(3,5-ditrifluoromethylphenyl) borate, and dimethylanilinium tetra(perfluoronaphthyl) bo-
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rate.
[0092] A second example of the borate compounds is represented by the following general formula (5).

[L2]+[B(R10)(R11)(Z2)(Z3)]- general formula (5)

[0093] In general formula (5), examples of L2 include a carbo cation, methyl cation, ethyl cation, propyl cation, isopropyl
cation, butyl cation, isobutyl cation, tert-butyl cation, pentyl cation, tropinium cation, benzyl cation, trityl cation, sodium
cation, and proton. R10, R11, Z2, and Z3 are the same as defined above with regard to general formula (4).
[0094] Specific examples of these compounds include trityl tetraphenyl borate, trityl tetra(o-tolyl) borate, trityl tetra(p-
tolyl) borate, trityl tetra(m-tolyl) borate, trityl tetra(o-fluorophenyl) borate, trityl tetra(p-fluorophenyl) borate, trityl tetra(m-
fluorophenyl) borate, trityl tetra(3,5-difluorophenyl) borate, trityl tetra(pentafluorophenyl) borate, trityl tetra(2,6-ditrifluor-
omethylphenyl) borate, trityl tetra(3,5-ditrifluoromethylphenyl) borate, trityl tetra(perfluoronaphthyl) borate, tropinium tet-
raphenyl borate, tropinium tetra(o-tolyl) borate, tropinium tetra(p-tolyl) borate, tropinium tetra(m-tolyl) borate, tropinium
tetra(o-fluorophenyl) borate, tropinium tetra(p-fluorophenyl) borate, tropinium tetra(m-fluorophenyl) borate, tropinium
tetra(3,5-difluorophenyl) borate, tropinium tetra(pentafluorophenyl) borate, tropinium tetra(2;6-ditrifluoromethylphenyl)
borate, tropinium tetra(3,5-ditrifluoromethylphenyl) borate, tropinium tetra(perfluoronaphthyl) borate, NaBPh4, NaB(o-
CH3-Ph)4, NaB(p-CH3-Ph)4, NaB(m-CH3-Ph)4, NaB(o-F-Ph)4, NaB(p-F-Ph)4, NaB(m-F-Ph)4, NaB(3,5-F2-Ph)4,
NaB(C6F5)4, NaB(2,6-(CF3)2-Ph)4, NaB(3,5-(CF3)2-Ph)4, NaB(C10F7)4, HBPh4-2(diethyl ether), HB(3,5-F2-Ph)4·2(die-
thyl ether), HB(C6F5)4·2(diethyl ether), HB(2,6-(CF3)2-Ph)4·2(diethyl ether), HB(3,5-(CF3)2-Ph)4·2(diethyl ether), and
HB(C10H7)4·2(diethyl ether).
[0095] Preferred of these are trityl tetra(pentafluorophenyl) borate, trityl tetra(2,6-ditrifluoromethylphenyl) borate, trityl
tetra(3,5-ditrifluoromethylphenyl) borate, trityl tetra(perfluoronaphthyl) borate, tropinium tetra(pentafluorophenyl) borate,
tropinium tetra(2,6-ditrifluoromethylphenyl) borate, tropinium tetra(3,5-ditrifluoromethylphenyl) borate, tropinium tet-
ra(perfluoronaphthyl) borate, NaB(C6F5)4, NaB(2,6-(CF3)2-Ph)4, NaB(3,5-(CF3)2-Ph)4, NaB(C10F7)4, HB(C6F5)4-2(die-
thyl ether), HB(2,6-(CF3)2-Ph)4·2(diethyl ether), HB(3,5-(CF3)2-Ph)4·2(diethyl ether), and HB(C10H7)4·2(diethyl ether).
[0096] More preferred of these are trityl tetra(pentafluorophenyl) borate, trityl tetra(2,6-ditrifluoromethylphenyl) borate,
tropinium tetra(pentafluorophenyl) borate, tropinium tetra(2,6-ditrifluoromethylphenyl) borate, NaB(C6Fs)4,
HB(C6F5)4·2(diethyl ether), HB(2,6-(CF3)2-Ph)4·2(diethyl ether), HB(3,5-(CF3)2-Ph)4·2(diethyl ether), and
HB(C10H7)4·2(diethyl ether).
[0097] Examples of component (B) further include ion-exchange phyllosilicates. The term "ion-exchange phyllosilicate"
(hereinafter sometimes referred to simply as "silicate") means a silicate compound which has a crystalline structure
made up of sheets each formed by ionic bonds or the like, the sheets having been stacked in parallel with each other
by bonding power, and which can contain exchangeable ions. Various silicates are known, and are described in detail
in SHIROZU Haruo, Nendo Kobutsu Gaku, Asakura Publishing Co., Ltd. (1995).
[0098] Silicates which are preferred for use as component (B) in the invention are ones belonging to the smectite
group, and examples thereof include montmorillonite, sauconite, beidellite, nontronite, saponite, hectorite, and stevensite.
Of these, montmorillonite is preferred from the standpoint of enhancing the polymerization activity of copolymer portions
to obtain a heightened molecular weight.
[0099] Since most natural silicates occur as main components of clay minerals, there frequently are cases where ion-
exchange phyllosilicates contain other substances as impurities (e.g., quartz and cristobalite). The smectite-group silicate
to be used in the invention may contain impurities.
[0100] As component (B), use can be made of a mixture of the organoaluminumoxy compound, the borane compound
or borate compound, and the ion-exchange phyllosilicate. Any of these substances may be used alone, or two or more
thereof may be used.

Component (C)

[0101] An example of the organoaluminum compound to be used as component (C) is represented by the following
general formula.

Al(R12)aZ4
(3-a) general formula (6)

[0102] In general formula (6), R12 represents a hydrocarbon group having 1-20 carbon atoms, Z4 represents a hydrogen
atom, a halogen atom, an alkoxy group, or a siloxy group, and symbol a represents a number larger than 0 but not larger
than 3.
[0103] Specific examples of the organoaluminum compounds represented by general formula (6) include trialkylalu-
minums such as trimethylaluminum, triethylaluminum, tripropylaluminum, and triisobutylaluminum and halogen- or
alkoxy-containing alkylaluminums such as diethylaluminum monochloride and diethylaluminum monomethoxide.
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[0104] Preferred of these is triisobutylaluminum. Two or more of those organoaluminum compounds may be used in
combination. Furthermore, those aluminum compounds may be modified with an alcohol, phenol, etc. Examples of these
modifiers include methanol, ethanol, 1-propanol, isopropanol, butanol, phenol, 2,6-dimethylphenol, and 2,6-di-t-butyl-
phenol. Preferred examples thereof are 2,6-dimethylphenol and 2,6-di-t-butylphenol.

(3) Methods for preparing the Catalyst

[0105] In the preparation of the catalyst for olefin polymerization according to the invention, methods for contacting
components (A) and (B) and optionally component (C) are not particularly limited. However, examples thereof include
the following methods.

(i) A method in which component (A) and component (B) are brought into contact with each other and component
(C) is added thereafter.
(ii) A method in which component (A) and component (C) are brought into contact with each other and component
(B) is added thereafter.
(iii) A method in which component (B) and component (C) are brought into contact with each other and component
(A) is added thereafter.
(iv) A method in which components (A), (B), and (C) are simultaneously brought into contact with each other.

[0106] Furthermore, in each component, different components may be used as a mixture or may be separately con-
tacted in a different order. This contact may be performed not only during the catalyst preparation but also during
preliminary polymerization of an olefin or during polymerization of an olefin.
[0107] Moreover, a component may be brought, by installments, into contact with other components, for example, in
such a manner that component (B) and component (C) are contacted with each other and a mixture of component (A)
and component (C) is added thereafter.
[0108] It is preferable that the contact of components (A), (B), and (C) should be conducted in an inert hydrocarbon
solvent such as pentane, hexane, heptane, toluene, or xylene in an inert gas such as nitrogen. The contact can be
conducted at a temperature between -20°C and the boiling point of the solvent, and it is especially preferred to perform
the contact at a temperature between room temperature and the boiling point of the solvent.

5. Polymerization Methods

(1) Monomers

(a) α-Olefins

[0109] Ingredient (a) in the invention is one or more α-olefins represented by the general formula CH2=CHR13. R13 is
a hydrogen atom or a hydrocarbon group which has 1-20 carbon atoms and which may have a branch, a ring, and/or
an unsaturated bond. In case where the number of carbon atoms of R13 is larger than 20, this α-olefin tends to have
insufficient polymerization activity. Because of this, preferred examples of ingredient (a) among these include α-olefins
in which R13 is a hydrogen atom or a hydrocarbon group having 1-10 carbon atoms.
[0110] More preferred examples of ingredient (a) include ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-
oxtene, 1-decene, 3-methyl-1-butene, 4-methyl-1-pentene, vinylcyclohexene, and styrene. One ingredient (a) may be
used, or a plurality of ingredients (a) may be used in combination.
[0111] Besides the ingredient (a), other monomer ingredients may be contained such as cycloolefins and internal
olefins. Preferred ingredients include norbornene, 5-ethylidene-2-norbornene, 5-vinyl-2-norbornene, norbornadiene, cy-
clopentene, cyclohexene, cyclopentadiene, and the like.

(b) Polar comonomers

[0112] The polar comonomers to be used in the invention are compounds which each have in the molecule a carbon-
carbon double bond and a substituent (polar group) containing an atom having an electronegativity different from that
of the carbon atom. Examples of the polar group include halogens, hydroxy group (-OH), amino group (-NH2), imino
group (=NH), nitro group (-NO2), carboxyl group (-COOH), formyl group (-CHO), alkoxy groups (-OR), ester groups
(-COOR), nitrile group (-CN), ether group (-O-), silyl group (-SiH3), alkylsilyl groups (SiR3), alkoxysilyl groups (-Si(OR)3),
carbonyl group (=CO), epoxy group, acid anhydride groups, and ammonium group (-N+H3).
[0113] Preferred examples of ingredient (b) in the invention include (meth)acrylic acid esters represented by the general
formula CH2=C(R14)CO2(R15). R14 is a hydrogen atom or a hydrocarbon group which has 1-10 carbon atoms and which



EP 3 050 892 B1

16

5

10

15

20

25

30

35

40

45

50

55

may have a branch, a ring, and/or an unsaturated bond. R15 is a hydrocarbon group which has 1-30 carbon atoms and
which may have a branch, a ring, and/or an unsaturated bond. R15 may contain one or more heteroatoms at any desired
positions therein.
[0114] In case where the number of carbon atoms of R14 is 11 or larger, this compound tends to have insufficient
polymerization activity. Consequently, although R14 is a hydrogen atom or a hydrocarbon group having 1-10 carbon
atoms, preferred examples of ingredient (b) include (meth)acrylic acid esters in which R14 is a hydrogen atom or a
hydrocarbon group having 1-5 carbon atoms. More preferred examples of ingredient (b) include methacrylic acid esters
in which R14 is methyl or acrylic acid esters in which R14 is a hydrogen atom. Likewise, in case where the number of
carbon atoms of R15 exceeds 30, this monomer tends to have reduced polymerization activity. Consequently, although
the umber of carbon atoms of R15 is 1-30, R15 has preferably 1-12 carbon atoms, more preferably 1-8 carbon atoms.
[0115] Examples of the heteroatoms which may be contained in R15 include oxygen, sulfur, selenium, phosphorus,
nitrogen, silicon, fluorine, and boron. Preferred of these heteroatoms are oxygen, silicon, and fluorine. More preferred
is oxygen. It is also preferable that R15 should contain no heteroatom.
[0116] Even more preferred examples of ingredient (b) include methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl
(meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl (meth)acrylate, t-butyl (meth)acrylate, pentyl
(meth)acrylate, hexyl (meth)acrylate, cyclohexyl (meth)acrylate, octyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, nonyl
(meth)acrylate, decyl (meth)acrylate, dodecyl (meth)acrylate, phenyl (meth)acrylate, toluyl (meth)acrylate, benzyl
(meth)acrylate, hydroxyethyl (meth)acrylate, 1,4-cyclohexanedimethanol mono(meth)acrylate, 4-hydroxybutyl
(meth)acrylate glycidyl ether (4-HBAGE), 3-(trimethoxysilyl)propyl (meth)acrylate, (meth)acrylic acid polyethylene glycol
esters (EEEA), dimethylaminoethyl (meth)acrylate, diethylaminoethyl (meth)acrylate, 2-aminoethyl (meth)acrylate, 2-
methoxyethyl (meth)acrylate, 3-methyoxypropyl (meth)acrylate, glycidyl (meth)acrylate, (meth)acrylic acid/ethylene ox-
ide, trifluoromethyl (meth)acrylate, 2-trifluoromethylethyl (meth)acrylate, perfluoroethyl (meth)acrylate, (meth)acryla-
mide, dimethyl(meth)acrylamide, 2-hydroxybutyl (meth)acrylate, and 4-hydroxybutyl (meth)acrylate. One ingredient (b)
may be used, or a plurality of ingredients (b) may be used in combination.

(2) Polymerization Methods

[0117] In the invention, the polymerization reaction can be conducted in the presence of the supported catalyst de-
scribed above preferably by slurry polymerization or vapor phase polymerization. In the case of slurry polymerization,
ethylene or the like may be polymerized in the presence or absence of an inert hydrocarbon solvent selected from among
aliphatic hydrocarbons such as isobutane, hexane, and heptane, aromatic hydrocarbons such as benzene, toluene, and
xylene, alicyclic hydrocarbons such as cyclohexane and methylcyclohexane, and the like while keeping the system
substantially free from oxygen, water, etc. It is a matter of course that a liquid monomer such as liquid ethylene or liquid
propylene is also usable as a solvent.
[0118] Polymerization conditions are usually as follows. The temperature is preferably 0-250°C, more preferably
20-110°C, even more preferably 50-100°C. The pressure is in the range of preferably from normal pressure to 10 MPa,
more preferably from normal pressure to 4 MPa. The polymerization period is preferably 5 minutes to 10 hours, more
preferably 5 minutes to 5 hours.
[0119] An ingredient for water removal, i.e., a so-called scavenger, may be added to the polymerization system, and
the polymerization can be carried out therewith without arousing any problem. As the scavenger, use may be made of
organoaluminum compounds such as trimethylaluminum, triethylaluminum, and triisobutylaluminum, the organoalumi-
numoxy compounds shown hereinabove, modified organoaluminum compounds containing a branched alkyl, organozinc
compounds such as diethylzinc and dibutylzinc, organomagnesium compounds such as diethylmagnesium, dibutylmag-
nesium, and ethylbutylmagnesium, Grignard compounds such as ethylmagnesium chloride and butylmagnesium chlo-
ride, and the like.
[0120] Preferred of these are triethylaluminum, triisobutylaluminum, and ethylbutylmagnesium. Especially preferred
is triethylaluminum.
[0121] A multistage polymerization method including two or more stages differing in polymerization conditions can
also be used for the polymerization without raising difficulties.

Examples

[0122] The present invention will be explained below in detail by reference to Examples to demonstrate the rationality
and meaningfulness of the configuration of the invention and the superiority thereof over prior-art techniques.

1. Evaluation Method

[0123]
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(1) Weight-average Molecular Weight Mw, Number-average Molecular Weight Mn, and Molecular Weight Distribution
Mw/Mn:

The molecular weights and the distribution were determined through the following GPC measurement.

[0124] First, a sample was introduced in an amount of about 20 (mg) into a vial for pretreatment device PL-SP260VS
for high-temperature GPC, manufactured by Polymer Laboratories Ltd. o-Dichlorobenzene containing BHT as a stabilizer
(BHT concentration = 0.5 g/L) was added thereto to adjust the polymer concentration to 0.1 (% by weight). The resultant
mixture was heated to 135°C in the pretreatment device PL-SP260VS for high-temperature GPC to dissolve the polymer,
and the solution was filtered with a glass filter to prepare a specimen.
[0125] In the GPC measurement in the invention, no portion of the polymer was caught by the glass filter.
[0126] Next, GPC V2000, manufactured by Waters Inc., to which four columns TSKgel GMH-HT (30 cm), manufactured
by Tosoh Corp., and an RI detector had been attached was used to conduct a GPC measurement. The measurement
conditions used were as follows: specimen solution injection amount, 524.5 (mL); column temperature, 135°C; solvent,
o-dichlorobenzene; flow rate, 1.0 (mL/min). The molecular weights were calculated in the following manner. Commercial
monodisperse polystyrenes were used as reference standards. From the polystyrene reference standards and from a
viscosity formula for ethylene-based polymers, a calibration curve regarding retention time and molecular weight was
drawn. Each molecular weight was calculated on the basis of the calibration curve.
[0127] As the viscosity formula, use was made of [η]=K3Mα. For the polystyrenes, K=1.38E-4 and α=0.70 were used.
For the ethylene-based polymers, K=4.77E-4 and α=0.70 were used.

[Synthesis Examples 1 to 3 (Reference Examples)] Synthesis of Imines

[0128] Synthesis routes for synthesizing imine compound 1 and compound 2 are shown below. In the following Syn-
thesis Examples, the operations were performed in a purified-nitrogen atmosphere and the solvents used were ones
which had been dehydrated and deoxidized, unless otherwise indicated.

[Synthesis Example 1]: (Synthesis of Ligand B-230)

[0129] Ligand B-230 was synthesized in accordance with the following scheme.
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[0130]

(i) An aqueous solution (100 mL) of sodium nitrite (6.90 g, 100 mmol) was added dropwise at -5°C to a solution (200
mL) of compound 1 (17.7 g, 100 mmol) in aqueous hydrogen bromide solution. Furthermore, a solution (100 mL)
of CuBr (14.4 g, 100 mmol) in aqueous hydrogen bromide solution was gradually added thereto at 0°C. The reaction
solution was stirred at 0°C for 30 minutes and then at an elevated temperature of 50°C for 3 hours. Thereafter, the
reaction solution was cooled to 20°C, and saturated aqueous sodium thiosulfate solution (200 mL) was added
thereto. This mixture was extracted with ethyl acetate (500 mL 3 3). The extract was washed with saturated aqueous
ammonium chloride solution and then concentrated. The crude product was purified with a silica gel column using
petroleum ether as a developer, thereby obtaining compound 2.
(ii) To a THF solution (10 mL) of compound 2 (0.50 g, 2.10 mmol) was added a hexane solution of n-butyllithium
(2.5 M, 0.84 mL, 2.10 mmol)) at -78°C. This mixture was stirred at -78°C for 30 minutes. Thereto was added dropwise
a THF solution (3 mL) of DMF (0.18 g, 6.00 mmol) at -78°C. After the temperature was raised to 0°C, the mixture
was stirred for 2 hours. The reaction was quenched by adding ice water (10 mL), and the solvent was removed
under reduced pressure. The residue was extracted with ethyl acetate (30 mL 3 3), and the resultant organic layer
was washed with saline water (10 mL), subsequently dried with sodium sulfate, and concentrated, thereby obtaining
compound 3.
(iii) To a dehydrated-THF solution (30 mL) of compound 4 (2.64 g, 10.0 mmol) was added a THF solution of isopro-
pylmagnesium chloride (2.0 M, 5.0 mL, 10.0 mmol) at -30°C. After the temperature was raised to 15°C, the mixture
was stirred for 1 hour. This reaction solution was cooled to -78°C, and phosphorus trichloride (0.69 g, 5.0 mmol)
was added thereto. The resultant mixture was stirred at -78°C for 1 hour. The solvent was removed under reduced
pressure, thereby obtaining compound 5.
(iv) To a toluene solution (30 mL) of compound 6 (0.17 g, 1.00 mmol) were added compound 5 (0.31 g, 1.00 mmol),
tris(dibenzylideneacetone)dipalladium (0.10 g, 0.100 mmmol), 2,2’-bis(diphenylphosphino)diphenyl ether (0.09 g,
0.15 mmmol), and sodium t-butoxide (0.19 g, 2.00 mmol) at 25°C. Thereafter, the reaction solution was refluxed for
12 hours. After the reaction solution was cooled to room temperature, ice water (30 mL) was added to quench the
reaction. This mixture was filtered. The residue was extracted with ethyl acetate (100 mL 3 3), and the resultant
organic layer was dehydrated with sodium sulfate and concentrated. The concentrate was purified with a silica gel
column using petroleum ether/ethyl acetate (10/1) as a developer, thereby obtaining compound 7 as a yellow solid.
(v) To a methanol solution (100 mL) of compound 7 (5.90 g, 14.8 mmol) were added compound 3 (2.80 g, 14.8
mmol) and a small amount of formaldehyde at 25°C. This mixture was refluxed for 14 hours. The solvent was
removed under reduced pressure, and the residue was extracted with dichloromethane (150 mL 3 3). The organic
layer was washed with saline water (100 mL), dehydrated with sodium sulfate, and then concentrated. The concen-
trate was recrystallized form petroleum ether/dichloromethane (50/1), thereby obtaining B-230 as a yellow solid (5.6
g, 9.8 mmol; yield, 66%).
1HNMR (CDCl3, δ, ppm): 8.76 (s, 1H), 7.26 (t, J=7.8 Hz, 2H), 7.19-7.11 (m, 5H), 7.02 (t, J=7.4 Hz, 1H), 6.80 (t, J=6.4
Hz, 1H), 6.44 (dd, J=8.2, 2.6 Hz, 4H), 3.41 (s, 12 H), 3.34-3.22 (m, 2H), 1.08 (d, J=6.8 Hz, 12H); 31PNMR (CDCl3,
δ, ppm) -52.6 (s).

[Synthesis Example 2]: (Synthesis of Ligand B-265)

[0131] Ligand B-265 was synthesized in accordance with the following scheme.
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[0132]

(i) Potassium carbonate (138 g, 1.0 mol) was added to a THF solution (500 mL) of compound 1 (55.0 g, 0.5 mol) at
10°C, and this mixture was stirred at 10°C for 2 hours. Thereto was added isopropyl iodide (162 g, 1.0 mol) at 10°C.
After the temperature was raised to 70°C, the mixture was stirred for 14 hours. This reaction solution was filtered,
and the filtrate was concentrated. The concentrate was purified with a silica gel column using petroleum ether as a
developer, thereby obtaining compound 2.
(ii) A hexane solution of n-butyllithium (2.5 M, 40 mL, 100 mmol) was added at 0°C to a THF solution (10 mL) of
compound 2 (19.4 g, 100 mmmol), and this mixture was stirred at 15°C for 2 hours. After the mixture was cooled to
0°C again, iodine (25.4 g, 100 mmol) was added thereto, and this mixture was stirred at 10°C for 16 hours. Saturated
aqueous sodium sulfite solution (50 mL) was added to the reaction solution to quench the reaction, and the organic
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solvent was removed under reduced pressure. Thereafter, the residue was extracted with ethyl acetate (50 mL 3
3). The organic layer was dehydrated with sodium sulfate and concentrated. The concentrate was purified with a
silica gel column using petroleum ether as a developer, thereby obtaining compound 3.
(iii) A THF solution of isopropylmagnesium chloride (2.0 M, 10.0 mL, 20.0 mmol) was added to a THF solution (25
mL) of compound 3 (4.60 g, 20.0 mmol) at -30°C. After the temperature was raised to 25°C, the mixture was stirred
for 1 hour. This reaction solution was cooled to -78°C, and phosphorus trichloride (0.88 g, 10.0 mmol) was added
thereto. The resultant mixture was stirred at 25°C for 1 hour, thereby obtaining a solution containing compound 4.
(iv) The solution containing compound 4 which had been obtained in (iii) above was added to a THF suspension
solution (30 mL) of lithium aluminum hydroxide (0.38 g, 10.0 mmol) at -78°C. After the temperature was raised to
20°C, the mixture was stirred for 16 hours. The reaction was quenched by adding ice water (50 mL), and the organic
solvent was removed under reduced pressure. The residue was extracted with dichloromethane (100 mL 3 3). The
organic layer was washed with saline water (100 mL), dehydrated with sodium sulfate, and then concentrated. The
concentrate was purified with a silica gel column using petroleum ether as a developer, thereby obtaining compound 5.
(v) To a toluene solution (30 mL) of compound 5 (1.67 g, 4.00 mmol) were added 2-bromoaniline (0.68 g, 4.00
mmol), tris(dibenzylideneacetone)dipalladium (0.37 g, 0.40 mmmol), 2,2’-bis(diphenylphosphino)diphenyl ether
(0.43 g, 0.80 mmmol), and sodium t-butoxide (0.75 g, 8.00 mmol) at 15°C. Thereafter, the reaction solution was
refluxed for 12 hours. After the reaction solution was cooled to 15°C, ice water (30 mL) was added to quench the
reaction. This mixture was filtered. The residue was extracted with ethyl acetate (100 mL 3 3), and the resultant
organic layer was dehydrated with sodium sulfate and concentrated. The concentrate was purified with a silica gel
column using petroleum ether/ethyl acetate (10/1) as a developer, thereby obtaining compound 6.
(vi) To a methanol solution (20 mL) of compound 6 (1.85 g, 3.65 mmol) were added 2,6-diisopropylbenzaldehyde
(0.70 g, 3.65 mmol) and a small amount of formaldehyde at 25°C. This mixture was refluxed for 14 hours. The
solvent was removed under reduced pressure, and the residue was extracted with dichloromethane (150 mL 3 3).
The organic layer was washed with saline water (100 mL), dehydrated with sodium sulfate, and then concentrated.
The concentrate was washed with n-heptane, thereby obtaining B-265 (1.10 g, 1.5 mmol; yield, 41%).
1HMNR (CDCl3, δ, ppm): 8.50 (s, 1H), 7.48-6.16 (m, 13H), 4.64 (t, J=6.0 Hz, 1H), 4.52 (t, J=5.8 Hz, 1H), 4.41-4.3
(m, 1H), 3.36-3.27 (m, 1H), 2.46-2.43 (m, 1H), 1.45-0.41 (m, 36H); 31PNMR (CDCl3, δ, ppm) -48.7 (s).

[Synthesis Example 3]: (Synthesis of Ligand B-275)

[0133] Ligand B-275 was synthesized in accordance with the following scheme.
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[0134]

(i) Tris(dibenzylideneacetone)dipalladium (4.00 g, 4.4 mmmol) was added to a toluene solution (200 mL) of compound
1 (7.50 g, 43.8 mmol), diphenylphosphine (8.10 g, 43.8 mmol), 2,2’-bis(diphenylphosphino)diphenyl ether (4.70 g,
8.8 mmmol), and sodium t-butoxide (8.20 g, 20.0 mmol). This mixture was refluxed for 12 hours. After the mixture
was cooled to room temperature, ice water (30 mL) was added to quench the reaction. This mixture was filtered.
The residue was extracted with ethyl acetate (100 mL 3 3), and the resultant organic layer was dehydrated with
sodium sulfate and concentrated. The concentrate was purified with a silica gel column using petroleum ether/ethyl
acetate (50/1) as a developer, thereby obtaining compound 2 as a white solid.
(ii) To a methanol solution (20 mL) of compound 2 (1.80 g, 6.5 mmol) were added 2,6-diisopropylbenzaldehyde
(2.47 g, 13.0 mmol) and a small amount of formaldehyde at 25°C. This mixture was stirred at 80°C for 16 hours.
The reaction liquid was filtered to recover compound B-275 as a filtration residue (1.30 g, 2.7 mmol; yield, 42%).
1HMNR (CDCl3, δ, ppm): 8.81 (s, 1H), 7.48-6.90 (m, 17H), 3.33-3.29 (m, 2H), 1.14 (d, J=6.8 Hz, 12H); 31PNMR
(CDCl3, δ, ppm) -16.2 (s).

[Example 1 Propylene Polymerization using Ligand B-230

(1) Synthesis of B-230/nickel Complex

[0135] All of the following operations were preformed in a high-purity argon atmosphere. Hereinafter, dibromo(l,2-
dimethoxyethane)nickel(II) is referred to as NiBr2(DME).
[0136] First, NiBr2(DME) (123 mg) was weighed out and introduced into a 100-mL eggplant type flask. Subsequently,
the B-230 (278 mg) obtained in Synthesis Example 1 was weighed out and dissolved in THF (49 mL) to prepare a 0.05-
mM THF solution of B-230. The THF solution of B-230 (8 mL) obtained was introduced into the eggplant type flask
containing NiBr2(DME), and the mixture was stirred for 3 hours to obtain a solution. The NiBr2(DME) remaining unreacted
was removed by filtration, and the solvent was thereafter removed under reduced pressure. The residue was washed
with dichloromethane and toluene, thereby obtaining a B-230/nickel complex. This complex (79 mg) was dissolved in
toluene (10 mL), and resultant complex solution, which had a deep green color, was used in the subsequent polymerization
operation.



EP 3 050 892 B1

23

5

10

15

20

25

30

35

40

45

50

55

(2) Propylene Polymerization

[0137] Into an induction stirring type autoclave having a capacity of 2 L were introduced a co-catalyst and propylene
(500 mL). The B-230/nickel complex obtained in (1) above was introduced into the autoclave with nitrogen gas, and the
autoclave was heated to a given temperature with stirring. After the given temperature was reached, the propylene was
polymerized for a given time period. The unreacted monomer was removed. Thereafter, the autoclave was opened, and
ethanol was added. The mixture was filtered, and the solid matter was dried by heating, thereby obtaining a polymer.
The aluminum residue contained in the polymer obtained was removed by washing with a methanol solution of hydro-
chloric acid.
[0138] In Table 1, "Activity Vp" indicates the amount of the copolymer (kg) yielded per hour of the polymerization period
per mole of the complex used in the polymerization. The results of the GPC measurement on the polymer obtained are
also shown in Table 1.

[Example 2] Propylene Polymerization using Ligand B-265

(1) Formation of Complex

[0139] A complex was formed in the same manner as in Example 1, except that the B-265 (333 mg) obtained in
Synthesis Example 2 was used as a ligand.

(2) Propylene Polymerization

[0140] Propylene polymerization was conducted in the same manner as in Example 1, except that the compound
obtained in (1) above was used as a complex. The results are shown in Table 1.

[Examples 3 and 4] Propylene/acrylic Acid Ester Copolymerization using Ligand B-230

(1) Propylene/acrylic Acid Ester Copolymerization

[0141] Into an induction stirring type autoclave having a capacity of 2 L were introduced a given amount of an acrylic
acid ester as a comonomer, a co-catalyst, and propylene (500 mL). The B-230/nickel complex was introduced into the
autoclave with nitrogen gas, and the autoclave was heated to a given temperature with stirring. After the given temperature
was reached, the monomers were polymerized for a given time period. The unreacted gases were removed. Thereafter,
the autoclave was opened, and filtration, solvent washing, and thermal drying were conducted to obtain a copolymer.
[0142] The kinds and amounts of the comonomers used in the copolymerization are shown in Table 1. The comonomers
were used after having been purified at room temperature in a high-purity argon atmosphere using a column packed
with Aldrich Inhibitor Remover, manufactured by Aldrich Co. The amount of toluene used for the polymerization, the
polymerization temperature, and the internal pressure of the autoclave during the polymerization are also shown in Table
1.
[0143] In Table 1, MA denotes methyl acrylate, and tBA denotes t-butyl acrylate. Furthermore, "Activity Vp" indicates
the amount of the copolymer (g) yielded per hour of the polymerization period per mole of the complex used in the
polymerization. The results of GPC also are shown in Table 1.
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[Comparative Example 1] Propylene Polymerization using Ligand B-275

(1) Formation of Complex

[0144] A complex was formed in the same manner as in Example 1, except that the B-275 (219 mg) obtained in
Synthesis Example 3 was used as a ligand.

(2) Propylene Polymerization

[0145] Propylene polymerization was conducted in the same manner as in Example 1, except that the compound
obtained in (1) above was used as a complex. The results are shown in Table 2.

[0146] [Discussion based on Comparison between Results of the Examples and Results of the Comparative Example]
[0147] The polypropylenes yielded in Example 1 and Example 2 each had a molecular weight Mw exceeding 10,000,
whereas the product obtained in Comparative Example 1 was an oligomer and had an exceedingly low molecular weight.
It was understood that propylene products having a far higher molecular weight than polymers produced using the
conventionally known catalyst are obtained by the Examples.
[0148] As demonstrated above, by using the metal complexes of the invention, polypropylene having a high molecular
weight can be obtained and propylene can be copolymerized with acrylic acid esters. The rationality and meaningfulness
of the constituent elements of the present invention and the superiority of the invention over prior-art techniques have
become clear.
[0149] The invention has been described in detail and with reference to specific embodiments thereof.
[0150] The metal complex, which can be easily synthesized, the catalyst including the complex, and the method for
olefin polymerization according to the invention make it possible to economically produce olefin-based polymers having
a molecular weight higher than that attained with conventional metal complexes, and are exceedingly useful in the
industrial production of polyolefins.

Claims

1. A metal complex obtained by reacting a compound represented by the following general formula (1) with a complex
precursor which is a compound of nickel or palladium, wherein the metal complex is represented by the following
general formula (2).

[Table 2]

Ligand
Amount of 

catalyst 
(mmol)

Amount of co-
catalyst (mmol)

Polymerization 
temperature (°C)

Vp 
(kg/mol/hr)

Mw Mw/Mn

Comparative 
Example 1

B-275 0.13 13 50 23 N.D. N.D.

N.D.: The molecular weight was too low to determine by GPC.



EP 3 050 892 B1

26

5

10

15

20

25

30

35

40

45

50

55

[In the formulae (1) and (2), respectively, M represents nickel or palladium,
X represents a nitrogen atom, Y represents a phosphorus atom,
R5 and R6 each independently are a hydrogen atom or a hydrocarbon group which has 1-30 carbon atoms and may
contain one or more heteroatoms, at least one of R5 and R6 being a hydrocarbon group which contains two or more
heteroatom-containing groups, and
R1 to R4, R7, and R8 each independently represent a hydrogen atom, a hydrocarbon group which has 1-20 carbon
atoms and may contain one or more heteroatoms, or a halogen atom, and two or more groups selected from among
R1 to R4, R7, and R8 may be linked to each other to form an alicyclic ring, an aromatic ring, or a heterocyclic ring
which contains one or more heteroatoms selected from among oxygen, nitrogen, and sulfur atoms, in which each
of the rings is a 5- to 8-membered ring which may have one or more substituents thereon, wherein R3 and R4 are
linked to each other to form an aromatic ring.]

2. A catalyst component for olefin polymerization which comprises the metal complex according to claim 1.

3. A catalyst for olefin polymerization which comprises the following components (A) and (B), and optionally further
contains the following component (C):

component (A): the metal complex according to claim 1,
component (B): either a compound which reacts with component (A) to form an ion pair, or an ion-exchange
phyllosilicate,
component (C): an organoaluminum compound.
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4. The catalyst for olefin polymerization according to claim 3, wherein the component (B) is an aluminoxane.

5. A process for producing an α-olefin polymer, the process comprising polymerizing or copolymerizing (a) α-olefin in
the presence of the catalyst for polymerization according to claim 3 or 4.

6. A process for producing an α-olefin/polar comonomer copolymer, the process comprising copolymerizing (a) α-
olefin with (b) a polar comonomer in the presence of the catalyst for polymerization according to claim 3 or 4.

7. The process for producing an α-olefin/polar comonomer copolymer according to claim 6, wherein the polar comon-
omer (b) is a (meth)acrylic acid ester.

Patentansprüche

1. Metallkomplex, erhalten durch Umsetzen einer Verbindung, dargestellt durch die folgende allgemeine Formel (1),
mit einem Komplex-Vorläufer, welcher eine Verbindung von Nickel oder Palladium ist, wobei der Metallkomplex
durch die folgende allgemeine Formel (2) dargestellt ist.

[In den Formeln (1) beziehungsweise (2) stellt M Nickel oder Palladium dar, stellt X ein Stickstoffatom dar, stellt Y
ein Phosphoratom dar, ist jedes von R5 und R6 unabhängig ein Wasserstoffatom oder eine Kohlenwasserstoffgruppe,
welche 1-30 Kohlenstoffatome aufweist und ein oder mehrere Heteroatome enthalten kann, wobei mindestens eines
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von R5 und R6 eine Kohlenwasserstoffgruppe ist, welche zwei oder mehrere Heteroatom-enthaltende Gruppen
enthält, und
stellt jedes von R1 bis R4, R7 und R8 unabhängig ein Wasserstoffatom, eine Kohlenwasserstoffgruppe, welche 1-20
Kohlenstoffatome aufweist und ein oder mehrere Heteroatome enthalten kann, oder ein Halogenatom dar und
können zwei oder mehrere Gruppen, ausgewählt aus R1 bis R4, R7 und R8, miteinander verknüpft sein, um einen
alicyclischen Ring, einen aromatischen Ring oder einen heterocyclischen Ring, welcher ein oder mehrere Hetero-
atome, ausgewählt aus Sauerstoff-, Stickstoff- und Schwefelatomen, enthält, zu bilden, wobei jeder der Ringe ein
5- bis 8-gliedriger Ring ist, welcher einen oder mehrere Substituenten daran aufweisen kann, wobei R3 und R4

miteinander verknüpft sind, um einen aromatischen Ring zu bilden.]

2. Katalysatorbestandteil zur Olefinpolymerisation, welcher den Metallkomplex nach Anspruch 1 umfasst.

3. Katalysator zur Olefinpolymerisation, welcher die folgenden Komponenten (A) und (B) umfasst und gegebenenfalls
weiter die folgende Komponente (C) enthält:

Komponente (A): der Metallkomplex nach Anspruch 1,
Komponente (B): entweder eine Verbindung, welche mit Komponente A reagiert, um ein lonenpaar zu bilden,
oder ein lonenaustauscher-Phyllosilicat,
Komponente (C): eine Organoaluminiumverbindung.

4. Katalysator zur Olefinpolymerisation nach Anspruch 3, wobei die Komponente (B) ein Aluminoxan ist.

5. Verfahren zur Herstellung eines α-Olefinpolymers, wobei das Verfahren das Polymerisieren oder Copolymerisieren
von (a) α-Olefin in der Gegenwart des Katalysators zur Polymerisation nach Anspruch 3 oder 4 umfasst.

6. Verfahren zur Herstellung eines α-Olefin/polares-Comonomer-Copolymers, das Verfahren umfassend das Copo-
lymerisieren von (a) α-Olefin mit (b) einem polaren Comonomer in der Gegenwart des Katalysators zur Polymeri-
sation nach Anspruch 3 oder 4.

7. Verfahren zur Herstellung eines α-Olefin/polares-Comonomer-Copolymers nach Anspruch 6, wobei das polare
Comonomer (b) ein (Meth)acrylsäureester ist.

Revendications

1. Complexe métallique obtenu par réaction d’un composé représenté par la formule générale (1) suivante avec un
précurseur de complexe qui est un composé du nickel ou du palladium, où le complexe métallique est représenté
par la formule générale (2) suivante.
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dans les formules (1) et (2), respectivement, M représente le nickel ou le palladium,
X représente l’atome d’azote, Y représente l’atome de phosphore,
R5 et R6 sont chacun indépendamment un atome d’hydrogène ou un groupe hydrocarbure ayant 1 à 30 atomes de
carbones et qui peut contenir un ou plusieurs hétéroatomes, au moins l’un de R5 et R6 étant un groupe hydrocarbure
contenant deux ou plusieurs groupes avec hétéroatome, et
R1 à R4, R7 et R8 représentent chacun indépendamment un atome d’hydrogène ou un groupe hydrocarbure ayant
1 à 20 atomes de carbones et qui peut contenir un ou plusieurs hétéroatomes, ou un atome d’halogène, et deux
ou plusieurs groupes choisis parmi R1 à R4, R7 et R8 peuvent être liés l’un à l’autre pour former un cycle alicyclique,
un cycle aromatique ou un hétérocycle, qui peut contenir un ou plusieurs hétéroatomes choisis parmi les atomes
d’oxygène, d’azote et de soufre, où chacun des cycles est un cycle ayant 5 à 8 membres, qui peut porter un ou
plusieurs substituants, où R3 et R4 sont liés l’un à l’autre pour former un cycle aromatique.

2. Composant catalytique pour la polymérisation des oléfines, qui comprend le complexe métallique selon la revendi-
cation 1.

3. Catalyseur pour la polymérisation des oléfines, qui comprend les composants (A) et (B) suivants, et qui contient le
cas échéant, le composant (C) suivant :

composant (A) : le complexe métallique selon la revendication 1,
composant (B) : un composé qui réagit avec le composant (A) pour former une paire d’ions, ou un phyllosilicate
pour échange d’ions,
composant (C): un composé organique de l’aluminium.

4. Catalyseur pour la polymérisation des oléfines selon la revendication 3, où le composant (B) est un aluminoxane.

5. Procédé de production d’un polymère d’α-oléfine, le procédé comprenant la polymérisation ou la copolymérisation
(a) d’une α-oléfine en présence du catalyseur pour la polymérisation des oléfines selon la revendication 3 ou 4.

6. Procédé de production d’un copolymère d’α-oléfine/comonomère polaire, le procédé comprenant la copolymérisation
(a) d’une α-oléfine avec (b) un comonomère polaire en présence du catalyseur pour la polymérisation des oléfines
selon la revendication 3 ou 4.

7. Procédé de production d’un copolymère d’α-oléfine/comonomère polaire selon la revendication 6, où le comonomère
polaire (b) est un ester d’acide (méth)acrylique.
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