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IITLE
OLEFIN POLYMERIZATION CATALYST AND PROCESS FOR OLEFIN

POLYMERIZATION

IECHNICAL FIELD
The present invention relates to olefin polymerization
catalysts comprising a novel transition metal compound and to
a process for olefin polymerization using the olefin

polymerization catalysts.

BACKGROUND ART

Asolefin polymerization catalysts, "Kaminsky catalysts"
ére well known. The Kaminsky catalysts have extremely high
polymerization activities, and by the use of them, polymers
of narrow molecular weight distribution can be obtained.
Transition metal compounds known as employable for the
Kaminsky catélysts are, for example,
bis(cyclopentadienyl)zirconium dichloride (see Japanese
Patent Laid-Open Pubiication No. 19309/1983) and
ethylenebis (4,5, 6, 7-tet-rahydroindenyl) zirconium dichloride
(see Japanese Pétent Laid-Open Publication Np. 130314/1986) .
It is also known that the olefin polymerization activities and
the properties of the resulting polyolefins greatly vary when
different transition metal compounds are used in the

polymerization. Recently, transition metal compounds having
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a ligand of diimine structure have been proposed as novel olefin
polymerization catalysts (see International Patent
Publication No. 9623010).

By the way, polyolefins gen.erally have excellent
mechanical properties, so that they are used in many fields
such as fields of various molded products. However, with
various requirements for the polyolefins, polyolefins of
various properties have been desired in recent years.
Moreover, increase of productivity has been also desired.

Under such circumstances as mentioned above, there has
been desired development of olefin polymerization catalysts
having excellent olefin polymerization activities and capable
of producing polyolefins of excellent prdperties.

The present inven_tion has been made in view of such prior
art as described above. It is an object of the invention to
provide an olefin polymerization catalyst comprising a novel
transition metal compound and having an excellent olefin
polymerization activity. It is another object of the
invention to provide a process for olefin polymerization using

the catalyst.

DISCLOSURE OF THE INVENTION
The first embodiment of the olefin polymerization

catalyst according to the invention comprises a transition

metal compound (A-1) represented by the following formula (I):
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(T)

wheréin Mis a trénsition metal atom of Group 3 to Group 11
of the periodic table,

m is an integer of 1 to 3,

Q is a nitrogen atom or a carbon_ atom having a substituent
RZ,

A is an oxygen atom, a sulfur atom, a selenium atom or
a nitrogen atom having a subst‘ituent RS,

R1. to RS may be_ the same or different, they are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing
group, a nitrogen—containing group, a boron-containing group,
a sulfur-containing group, a phosphorus-containing group, a
silicon—containiﬁg group, a germanium-containing group or a
tin-contaihing group, two or more of them may be bonded to each
other to form a "ring, and when m is 2 or greater, Rls, R2s,
R3s, R%s, R5s, or R6s may be the same or different, and one group
of R! to R® contained in one ligand and one group of Rl to R6

contained in other ligands may be bonded,
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n is a number satisfying a valence of M, and

X is a hydrogen atom, a halogen atom, a hydrocarbon group,
an oxygen-containing group, a sulfur—containincj group, a |
nitrogen-containing group, a boron-containing group, an
aluminum—containing group, a phosphorus-containing group, a
halogen—containing group, a heterocyclic compound residual
group, a silicon-containing group, a germaniﬁm—containing
group or a tin-containing group, and when n is 2 or greater,
Xs may be the same or different, and Xs may be- bonded to each
other to form a ring.

The transition metal compound (A-1) represented by the
formuia (I) wherein Q is a carbon atom having a substituent

R2 is represented by the following formula (I-a):

(I-a)

wherein M, m, A, R! to Ré, n and X have the same meanings as
those of M, m, A, R! to Ré, n and X in the formula (T).
The transition mef.al compound (A-1) represented by the
formula (I-é) is preferably a compound of the formula (I-a)
wherein M is a transition metal atom selected from Group 8 to

Group 10 of the periodic table. Also preferable is a compound
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of the formula (I-a) wherein A is a nitrogen atom having a
substituent Ré and R® is a halogen atom, a hydrocarbon group,
a heterocyclic compound residual group, an oxy_gen—céntaining
group, a nitrogen-containing group, a boron-containing group,
a sulfur-containing group, a phosphorus—containing group, a
silicon-containing group, a germanium-containing group or a
tin-containing group. Further, a compound of the formula
(I-a) wherein A is an oxygen atom is also preferable.
‘Furthermore, a compound of the formula (I-a) wherein A is a
sulfur atom is also preferable. Moreover, a compound of the
formula (I-a) wherein A is a selenium atom is also preferable.
The transition metal compound (A-1) represented by the
formula (I-a) wherein R3 and R? are bonded to form an aromatic

ring is represented by the following formula (I-b):

(I-b)

wherein M, m, A, R!, R, R?, R6, n and X have the same meanings
as those of M, m, A, R, R?, R5, R, n and X in the formula (I),

R7 to R0 have the same meanings as those of Rl to R® in

the formula (I), and
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R!, R? and R’ to R1Y may be the same or different, two or .

more of them may be bonded to each other to form a ring, and
when m is 2 or greater, Rls, R?s, R5s, R6s, R’s, R8s, R%, or
R10s may be the same or different, and one group of R!, R? and
R® to R0 contained in one ligand and one group of R!, R2 and
R3 to R10 contained in other ligénds may be bonded.

The transition metal compound (A-1) represented by the
formula (I-b) is preferably a compound of the formulé (I-b)
wherein M is a transition metal atom selected from Group 8 to
Group 10 of the periodic table. Also prefefable is a compound
of the formula (I-b) wherein A is a nitrogen atom having a
substituent R® and R® is a halogen atom, a hydrocarbon group,
a heterocyclic compound residual group, an oxygen-containing
group, a nitrogen-containing group, a boron-containing group,

a sulfur-containing group, a phosphorus-containing group, a

- silicon-containing group, a germanium-containing group or a

tin-containing group. Further, a compound of the formula
(I-b) wherein A is an oxygen atom is also preferable.
Furthermore, a compound of the formula (I-b) wherein A is a
sulfur atom is also preferable. Moreover, a compound of the
formula (I-b) wherein A is a selenium atom is also preferable.
The transition metal compqund (A-1) fepresented by the
formula (I) whereinQis a nitrogen atom and R3 and R4 are bonded

to forman aromatic ring is represented by the following formula

(I-c):
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(I-c)

whéréin M, m, A, Rl; R, RS, n an'd X have the same meanings
as those of M, m, A, R, R5, R6, n and X in the formula (1),

R? to R0 have the same meanings as those of R! to RS in
the formula (I), and

R! and R3 to R0 may be the same or different, two or more
of them may be bonded to each other to form a ring, and when
m is 2 or greater, R's, R5s, Rés, R's, ﬁes, R?s, or R10s may be
the same or different, and one group of R! and R5 to R10 contained
in one ligand and one group of Rl and RS to R10 contained in
other ligands may be bonded.

The transition metal compound (A-1) represented by the
formula (I-c) is preferably a compound of the formula (I-c)
wherein M is a transition metal atom selected from Group 3 to
Group 5 and Group 8 to Group 10 of the periodic table. Also
preferable is a compound of the formula (I-c) wherein A is a
nitrogen atom having a substituent. RG.' Further, a compound
of the formula (I-c) wherein A is an oxygen atom is also
preferable. Furthermore, a compound of the formula (I-c)

wherein A is a sulfur atom is also preferable. Moreover, a
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compound of the formula (I-c) wherein A is a selenium atom is
also preferable.

The other embodiment of the olefin polymerization
catalyst according to the inﬁention comprises a transition
metal compound (A-2) represented by the following formula

(II):

(II)

wherein M is a transition metal atom of Group 3 to Group 11°

of the periodic table,

m is an integer of 1 to 6,

Q is anitrogen atqm or a carbon atom having a substituént
R2,

A is an 6xygen atom, a sulfur atom, a selenium atom or
a nitrogen atom having a substituent RS,

Rl to R?Y and R® may be the same of different, they are
each a hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing
group, a nitrogen-containing group, a boron-containing group,
a sulfur-containing group, a phosphorus—-containing group, a

silicon-containing group, a germanium-containing group or a
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tin-containing group, two or more of them may be bonded to each
other to form a ring, and when m is 2 or greater, Rls, R2s,
R3s, Ris, or R6és may be the same or different, and one group
of R! to R* and R contained in one ligand and one group of
R! to R¢ and R6 contained in other ligands may be bonded,

n is a number satisfying a valence of M, and

¥X is a hydrogen atom, a halogen atom, a hydrocarbon group,
an oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, 2 boron-containing group, an
aluminum-containing group, a phosphorus—containing group, a
halogen-containing group, 2 heterocyclic corﬁpound residual
group, a silicon-containing group, a germanium—containing
group or a tin-containing group, and when n is 2 or greater,
Xs may be the same or different, and Xs may be bonded to each
other to form a ring.

The transition metal compound (A-2) represented by the
formula (II) wherein Q is a carbon atom having a substituent |

R2 is represented by the following formula (I1-a):

(I1-a)
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wherein M, m, A, R! to R4, RS, n and X have the same meanings
as those of M, m, A, R! to R4, R, n and X in the formula (II).
The transition metal compound (A-2) represented by the

formula (II-a) is preferablyla compound of the formula (II-a)
wherein M is a transition met.al atom selected from the group
consisting of titanium, zirconium and hafnium. Also
preferable is a compound of the formula (II-a) wherein A is
a nitrogen atom having a substituent Ré and R6 is a halogen
atom, a hydrocarbon group, a heterocyclic compound residual
group, an okygen-containing group, a nitrogen-containing
group, a boron-containing group, a sulfur—cpntaining group,
a phosphoius-containing group, a silicon-containing group, a
germanium-containing group or a tin-containing group.
Further, a compound of the formula (II-a) whereinA is an oxygen
atom is also preferable. Furthermore, a compound of the
formula (II-a) wherein A is a sulfur atom is also preferable.
Moreover, a dompound of the formula (II-a) wherein A is a
selenium atom is also preferable. -

- The transition metal compound (A-2) represented by the
formula (II-a) wherein R3 and R? are bonded to form an aromatic

ring is represented by the following formula (II-b):
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H‘l
A
RN ™ Y-
R A
R /" (II-b)

wherein M, m, A, R1, §2, R%, n and X have the same meanings
as those of M, m, A, R, R?, R6, n and X in the formula (II),

when m is 1, A is a sulfur atom, a selenium atom or a
nitrogen atomhaving a substituent R¢, andwhenmis 2 or greater,
As may be the same or different, they are each an oxygen atom,
a- sulfur atom, a selenium atom or a nitrogen atom having a
substituent R®, and at least one A is a sulfur atom, a selenium
atom or a nitrogen atom having a substituent RS,

R? to R0 have the same meanings as those of R! to R% and
Ré in the formula (II), and

Rl, RZ and R® to R!° may be the same or different, two or
more of them may be bonded to each other to form a ring, and
when m is 2 or greater, Rls, R2s, R6s, R's, R8s, R%s, or Rl0s
may be the samé or different, and one group of Rl, R? and RS
to R0 contained in one ligand and one group of R!, R2 and R
to R10 contained in other ligands may be bonded.

The transition metal compound (A-2) represented by the
formula (II-b) is preferably a compound of the formula (II-b)
wherein M is a transition metal atom selected from the group

consisting of titanium, zirconium and hafnium. Also



10

15

20

F-1491/SF-601

12

preferable is a compound of the formula (II-b) wherein A is
a nitrogen atom having a substituent R6 and R® is a halogen
atom, a hydrocarbon group, a heterocyclic compound residual
group, an oxygen-containing group, .a nitrogen-containing
group, a boron-containing group, a Sulfur—containing group,
a phosphorus-containing group, a silicon-containing group, a
germanium-containing group or a tin-containing group.
Further', a compound of the formula (II-b) wherein A ié an oxygen
atom is also .preferable. Furthermore, a compound of the
formula (II-b) wherein A is a sulfur atom is also preferable.
Moreover, a compound of the formula (II-b) wherein A is a
selenium atom is also preferable.

The tran.s'ition metal compound (A-2) répresented by the
formula (II) wherein Q is a nitrogen atom and R3 and R? are

bonded to form an aromatic ring is represented by the following

formula (II-c):

(II-c)

wherein M, m, A, Rl, RS, n and X have the same meanings as those

of M, m, A, R}, R, n and X in the formula (11),
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R7 to R0 have the same meanings as those of Rl fo R? and
R6 in the formula (II), and

R! and R® to R!9 may be the same or different, two or more
of them may be bonded to each other to form a ring, and when
m is 2 or greater, Rls, Rfs, R’s, R8s, R%s, or R10s may be the
same or different, and one group of R! and R to R10 contained
in one ligand and one grou§ of R! and R to R0 contained in
other ligands may be bonded.

The transition metal compound (A-2) represented by the
formula (II-c) is preferably a compound of the formula (II-c)
wherein M is a transition metal atom selected from Group 3 to
Group 5 and Group 8 to Group 10 of the periodic table. Also
preferable is a compound of the formula (II-c) wherein A is
a nitrogen atom having a substituent R6. Further, a compound
of the formula (II-c) wherein A is an oxygen atom is also
preferable. Furthermore, a compound of the formula (II-c)
wherein A is a sulfur atom is also preferable. Moreover, a
compound of the formula (II-c) wherein A is a selenium atom
is also preférable.

The olefin polymerization catalyst according to the
invention can further comprise, in addition to the transition
metal compound (A-1) or (A-2), at least one compound (B)
selected from the group consisting of:

(B-1) an organometéllic compound,

(B-2) an organocaluminum oxy-compound, and
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(B-3) .a compound which reacts with the transition metal
compound (A-1) or (A-2) to form an ion pair.

The olefin polymerization catalyst according to the
invention can further comprise a carrier (C) in addition to

the transition metal compound (A-1) or A-2) and the compound

(B).

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 and Fig. 2 are each an explanatory view showing

anexampleofeaprocessforpreparingtheolefinpblymerization

catalyst according to the invention.

BEST MODE FOR CARRYING QOUT THE INVENTION

The first embodiment of the olefin polymerization
catalyst according to the invention comprises a transition

metal compound (A-1) represented by the following formula (I).

(I)
In the formula (I), each of the dotted lines (=—--) of
N----M and A----M means that a coordinate bond is formed or

is not formed, but it is preferable that at least one of them

is a coordinate bond.
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The coordinate bond can be coﬁfirmed by NMR, IR, X-ray
crystal structure analysis or the like.

" In the formula (I), Mis a transition metal atom of Group
3 (including lanthanoid) to Group 11 of the periodic table.
Examples of such metal atoms include scandium, yttrium;
lanthanoid, titanium, zirconium, hafniuﬁ, vanadium, niobium,
tantalum, chromium, molybdenum, tungéten, mahgainese, rhenium,
iron, ruthenium, cobalt, rhodium, nickel and palladium. Of
these, preferable are metal atoms of Group 3 to Group 5 and
Group 8 to Group 10, such as scandium, lanthanoid, titanium,
zirconium, hafnium, vanadium, niobium, tantalum, iron, cobalt,
rhodium, nickel and palladium. More preferable are metal
atoms of Group 4, Group 5 and Group 8 to Group 10, such as
titanium, zirconium, hafnium, vanadium, riiobium, tantalum,
iron, cobalt, rhodium, nickel and palladium. Particularly
preferable are metal atoms of Group 8 to Group 10, such as iron,
cobalt, rhodium, nickel and palladium.

m is an integer of 1 to 3, preferably an intéger of 1 to

Q is a nitrogen atom (-N=) or a carbon atom having a
substituent R2 (-C(R?)=). \ |

A is an oxygen atom (-0-), a sulfur atom (-S-), a selenium
atom (-Se-) or a nitrogen atom having a substituent R6

(-N(R®)-) .
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Rl to RS ﬁay be the same or different, they are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing
group, a nitrogen-containing group, a boron-containing group,
a sulfur-containing group, a phoéphorus—containing group, a
silicon-containing group, a germanium-containing group or a
tin-containing group, and two or more of them may be bonded
to each other to form a ring.

Rl to R are each preferably a hydrogen_atom, a halogen
atom, a hydrocarbon group, a heterocyclic cémpound residual

group, a hydrocarbon-substituted silyl group, a

"hydrocarbon-substituted siioxy group, an alkoxy group, an

alkylthio group, an aryloxy group, an arylthio group, an acyl
group, an ester group, a thioester group, an amido group, an
imido group, an amino group, an imino group, a sulfonato ester
group, a sulfonamido group, a cyano group, a nitro group, a
carboXyl group, a sulfo group, a mercapto group or'a.hydroxyl
group.

Thehalogenatomsincludefluorine,chlorine,bromineand
iodine.

Examples of the hydrocarbon groups include straight-
chain or branched alkyl groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms, such as methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-bufyl, tert-butyl,

neopentyl and n-hexyl; straight-chain or branched alkenyl
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groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon atoms,
such as vinyl, allyl and isopropenyl; straight-chain or
branched alkynyl groups of -2 to 30 carbon atoms, preferably
2 to 20 carbon atoms, such as ethynyl and propargyl; cyclic
saturated hyd;ocarbon groups of 3 to 30 carbon atomé,
preferably 3 to 20 carbon atoms, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and adamantyl; cyclic
unsaturated hydrocarbon groups of 5 to 30 carbon atoms, such
as cyclopentadienyl, indenyl and fluorenyl; aryl groups of 6
to 30 carbon atoms, preferably 6 to 20 carbon atoms, sucﬁ as
phenyl, benzyl, naphthyl, biphenyl, terphenyl, phenanthryl
and anthracenyl; and alkyl-substituted aryl groups,-such as
tolyl, isopropylphenyl, t-butylphenyl, dimethylphenyl and
di-t-butylphenyl.

In the above hydrocarbon groups, the hydrogen atom may
be replaced with a halogen atom, and examples of these
halogenated hydrocarbon groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms, include trifluoromethyl,
pentafluorophenyl and chlorophenyl.

In the ;bove hydrocarbon groups, the hydrogen atom may
also be replaced with another hydrocarbon group, and examples
of these aryl-substituted alkyl groups include benzyl and
cumyl.

Further, the above hydrocarbon groups may have

heterocyclic compound residual groups; oxygen-containing
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groups, such as an alkoxy group, an aryloxy group, an ester
group, an ether group, an acyl group, a carboxyl group, a
carbonato group, a hydroxYl group, a peroxy group and a
carboxylix:anhydiide group; nitrogen-containing groups, such
as an amino group, an imino group, an amido group, an imido
group, a hydrazino group, a hydrazono groﬁp, a nitro group,
a nitroso group, a cyano group, an isocyano group, a cyanato
group, an amidino group, a diazo group and ammonium salts
derived from an amino group; boron-containing groups, such as
a boranediyl group, a boranetriyl group and a diboranyl group;
sulfur-containing groups, such as a mercapto group, a
thioester group, a dithioester group, an alkylthio group, an
arylthio group, a thioacyl group, a thiocether group, a
thiocyanato group, an isothiocyanato grbup, a sulfonato ester
group, a éulfonamido group, a thiocarboxyl group, a
dithiocarboxyl group, a sulfo group, a sulfonyl group,.a
sulfinyl group and a sulfenyl group; phosphorus-containing
groups, such as a phosphido group, a phosphoryl group, a
thiophosphoryl group and a phosphato group; silicon-
containing groups; germanium-containing groups; or tin-
containing groups.

Of the above groups, preferable are straight-chain or
branched alkyl groups of 1 to 30 carbon atoms, preferably 1
to 20 carbon atoms, such as methyl, ethyl, nQpropyl, isopropyl,

n-butyl, isobutyl, sec-butyl, t-butyl, neopentyl and n-hexyl;
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aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon
atoms, such as phenyl, naphthyl, biphenyl, terphenyl,
phenanthryl and anthryl; and substituted aryl groups such as
the above aryl groups which are substituted with 1 to 5
substituents such as halogen atoms, alkyl or alkoxy groups of
1 to 30 éarbon atoms, preferably 1 to 20 carbon atoms, and aryl
or aryloxy groups of 6 to 30 carbon atom, ﬁ)referably 6 to 20
carbon atoms.

Examples of the heterocyclic compound residual groups
jnclude residual groups of nitrogen-containing compounds
(e.g., pyrrole, pyridine, pyrimidine, qguinoline and triazine),
oxygen—containing compounds (e.g., furan and pyran) and
sulfur-containing compounds (e.g., thiophene), and these
heterocyclic compound residual groups _which are substituted
with substituents such as alkyl or alkoxy groups of 1 to 30
carbon atoms, preferably 1 to 20 carbon atoms.

Examples of the oxygen-containing groups, nitrogen-
containing groups, sul fur-containing groups and
phosphorus—containing groups indicated by R! to R16 include
those previously described as subétituents which ma? be
contained in the hydrocarbon groups. |

Examples of the silicon—containiﬂg groups include a silyl
group, a siloxy group, a hydrocarbon—substituted silyl group
and a hydrocarbon—substituted 'siloxy.group. Particular

examples of the hydrocarbon—substituted silyl groups include



10

15

20

F-1491/SF-601

20

methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl,
diethylsilyl, triethylsilyl, diphenylmethylsilyl,
triphenylsilyl, dimethylphenylsilyl, dimethyl-t-butylsilyl
and dimethyl (pentafluorophenyl)silyl. Of these, preferable
are methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl,
diethylsilyl, triethylsilyl, dimethylphenylsilyl and
triphenylsilyl. Particularly preferable are trimethylsilyl,
triethylsilyl, triphenylsilyl and dimethylphenylsilyl.
Particular examples of the hydrocarbon-substituted siloxy
groups include trimethylsiloxy.

Examples of the germanium-containing groups or the
tin-containing groups include groups wherein silicon is
replaced with germanium or tin in the above-mentioned
silicon-containing groups.

The above examples of the groups indicated by R! to RS
are more specifically described below.

Of the oxygen-containing groups, preferred examples of

the alkoxy groups include methoxy, ethoxy, n-propoxy,

isopropoxy, n-butoxy, isobutoxy and tert-butoxy; preferred

examples of the aryloxy groups include phenoxy, 2, 6-
dimethylphenoxy and 2,4, 6-trimethylphenoxy; preferred
examples of the acyl groups include formyl, acetyl, benioyl,
p-chlorobenzoyl and p-methoxybenzoyl; and preferred examples

of the ester groups include acetyloxy, benzoyloxy,
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methoxycarbonyl, phenoxycarbonyl and p-
chlorophenoxycarbonyl.

Of the nitrogen-containing groups, preferred examples of
the amido groups include acetamido, N-methylacetamido and
N—methylbenzamido; preferred examples of the amino groups
include dimethylamino, ethylmethylamino and diphenylamino;
preferred examples of the imido groups include acetimido and
benzimido; and preferred examples of the imino groups include
methylimino, ethylimino, propylimino, butylimino and
phenylimino.

Of the sulfur containing groups, preferred examples of
the alkylthio groups include methylthio and ethylthio;
preferred examples of' the arylthio groups include phenylthio,
methylphenylthio and naphthylthio; preferred éxamples of the
thibester groups include acetylthio, benzoylthio,
methylthiocarbonyl and phenylthiocarbonyl; preferred
examples of sulfonato ester groups include methylsulfonato,
ethylsulfonatoandphenylsulfonafo;andpreferredexamplesof
the sulfonamido groups include phenylsulfonamido, N-
methylsulfonamido and N-methyl-p-toluenesulfonamido.

Two Oor more groupsl of Rl to RS, preferably adjacent groups,
may be bonded to each other to form an aliphatic ring, an
aromatic riné or a hydrocarbon ring containing a hetero atom
such as a nitrogen atom. These rings may further have a

substituent.
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In the formula (I), whenm is 2 or greater, Rls, R2s, R3s,
R4s, R5s, or Rés may be the same or different.

When m is 2 or greater, one group of R! to R® contained
in one ligand and one group of R! to Ré contained in other ligands
may be 1inked together. In this case, it is preferable that
the ‘main chain of the bonding group formed by linking together
such groups of R! to R® is constituted of 3 or more atoms.

X is a hydrogen atom, a halogen atom, a hydrocarbon group,
an oxygen—cbntaining group, a sulfur—conta;i.ning group, a
nitrogen-containing group, a borén-—containing group, an
aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residual
group, a silicon-containing group, a germanium-containing
group or a tin-containing group.

n is a number satisfying a valence of M, specifically an

integer of 0 to 5, preferably an integer of 1 to 4, more

preferably an integer of 1 to 3.

When n is 2 or greater, plural groups X may be the same
or different, and X may be bonded to éach other to form a ring.

The halogen atoms include fluorine, chlorine,. bromine and
iodine.

Examples of the hydrocarbon groups include the same
groupé as previously described with respect to R! to RS.
Specifically, there can be mentioned alkyl groups, such as

methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and
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eicosyl; cycloalkyl groups of 3 to 30 carbon atoms, such as

'cyclopentyl, cyclohexyl, norbornyl and adamantyl; alkenyl

groups, such as vinyl, propenyl and cyclot_lexenyl; arylalkyl
groups, such as benzyl, phenylethyl and phenylpropyl; and aryl
groups, such as phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl,
naphthyl, methylnaphthyl, anthryl and phenanthryl, but not
limited thereto. The hydrocarbon groups may also .include
halogenated hydrocarbon groups, specifically, those of 1 to
30 carbon atoms in which at least one hydrogen is replaced with
halogen. Of these, preferable are hydrdcarbén groups of 1 to
20 carbon atoms.

Examples of the heterocyclic compound residual groups
include the same groups as previously described with respect
to R! to RS.

Examples of the oxygen—~containing groups include the same
groups as previously described with respect to Rl to RS. |
Specifically, there can be mentioned a hydfoxyl group; alkoxy
groups, such as methoxy, ethoxy, propoxy and butoxy; aryloxy
groups, such as phenoxy, methylphenoxy, dimethylphenoxy and
naphthoxy; arylalkoxy groups, such as phenylmethoxy and
phenylethéxy; an acetoxy group; and a carbonyl group, but not
limited thereto.

Examples of the sulfur-containing groups include the same

groups as previously described with respect to R! to RS.
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Specifically, there can be mentioned sulfonato groups, such
as methylsulfonato, trifluoromethanesulfonato,
phenylsulfonato, benzylsulfonato, p-toiuenesulfonato,
trimethylbenzenesulfonéto, ;riisobutylbenzénesulfonato, p-
chlorobenzenesulfonato and pentafluorobenzenesulfonato;
sulfinato groups, such as methylsulfinato, phenylsulfinato,
benzylsulfiﬁato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentafluorobenzenesulfinato;
alkylthio groups; and arylthio groups, but not limited
thereto.

Examples of the nitrogen-containing groups include the
same groups as previously described with respect to R! to RS.
Specifically, there can be mentioned an amino group;
alkylamino groups, such as methylamino, dimethylamino,
diethylamino, dipropylamino, dibutylamino and
dicyclohexylamino; and arylamino.or alkylarylamino groups,
such as phenylamino, diphenylamino, ditolylamino,
dinaphthylamino and methylphenylamino, but not limited
thereto.

Examples of the boron-containing groﬁps include BR4 (R
is hydrogen, an alkyl group, an aryl group which may have a
substituent, a halogen atom or the like).

Examples of the phosphorus-containing groups include
trialkylphosphine groups, such as trimethylphosphine,

tributylphosphine and tricyclohexylphosphine;
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triarylphosphine groups, such as triphenylphosphine and
tritolylphosphine; phosphite groups (phosphido groups), such
as methylphosphite, ethylphosphite and phenylphosphite; a
phosphonic acid grdup; and a phosphinic acid'group, but not
limited thereto.

Examples of the silicon-containing groups include the
same groups as previously described with respect to Rl to RS.
Specifically, there can be mentioned hydrocarbon-substituted
silyl groups, such as phenylsilyl, diphenylsilyl,
trimethylsilyl, triethYlsilyl, tripropylsilyl,
tricyclohexylsilyl, triphenylsilyl, methyldiphenylsilyl,
tritolylsilyl and trinaphthylsilyl; hydrocarbon-substituted
silyl ether groups, such as trimethylsilyl ether; silicon-
substituted alkyl groups, such as trimethylsilylmethyl; and
silicon-substituted aryl groups, such as
trimethylsilylphenyl. |

Examples of the germanium-containing groups include the
same groups as previously described with respect to R! to RS.
Specifically, there can be mentioned groups wherein silicon
is replaced with germanium in the aforesaid silicon-containing
groups.

Examples of the tin-containing groups include the same
groups as.previously described with respect to R! to RS,

Specifically, there can be mentioned groups wherein silicon
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is replaced with tin in the aforesaid silicon-containing

groups.

Examples of the halogen-containing groups include

- fluorine-containing groups, such as PFg and BRy; chlorine-

containing groups, such as Cl0; and SbClg; and iodine-
containing groups, such as I04, but not limited to theretq;

Examples of the aluminum-containing groups include AlR,
(R is hydrogen, an alkyl group, an aryl group which may have
a substituent, a halogen atom or the like), but not limited
thereto.

The transition metal compound (A-1) represented by the
formula (I) wherein Q is a carbon atom having a substituent

R? is represented by the following formula (I-a):

(I-a)

wherein M, m, A, R! to R®, n and X have the same meanings as
those of M, m, A, R! to R, n and X in the formula (i).

In the transition metal compound (A-1) represented by the
formula (I-a), two or more groups of R! to R may be bonded
to form a ring. The compound wherein two or more groups of

Rl to RS, e.g., R3 and R4, are bonded to form an aromatic ring
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is, for example, a compound represented by the following

formula (I-b).

(I-b)

In the above formula, M, m, A, R, R2, R5, R6, n and X have
the same meanings as those of M, m, A, Rl-, R2, RS, R6, n and
X in the fo_rmula (I).

R? to R0 have the same meanings as those of R! to R® in
the formula (I).

Rl, R2 énd RS to R0 may be the same or different, two or
more of them may be bonded to each other to form a ring, and
when m is 2 or greater, Rls, R2s, RS5s, R6s, R’s, R8s, R%, or
R10s may be the same or different, and one group of R!, R2 and
RS to R!0 contained in one ligand and one group of Rl, R2 and
RS to R!0 contained in other ligands may be bonded.

The transition metal compound (A-1) represented by the
formula (I-a) whereinm is 2 and one group of R! to R6 contained
in one ligand and one group of R! to Ré contained in the other

ligand are bonded is, for example, a compound represented by

the following formula (I-a').
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In the above formula, M, A, R! to Ré, n and X have the
same meanings as those of M, A, R! to R, n and X in the formula
(1).

A' may be the same as or different from A and is an oxygen
atom, a sulfur atom, a selenium atom or a nitrogen atom having
a substituent RS'.

Rl' to R®' may be the same o‘r different and have the same
meanings as those of R! to RS.

Two ormore groups of R’ toR8’, preferably adjacent groups,
may be bonded to each other to form an aliphatic ring, an
aromatic ring or a hydrocarbon ring contaiﬁing a hetero atom
such as a . nitrogen atom.

Y is a bonding group or a single bond for linking at least
one group selected from R! to R6 to at 1east one group selected
fromR!' toR%', Although the ,bonding group is not specifically
limited, it preferably has a structure wherein the main chain
is constituted of 3 or more atoms, preferably 4 to 20 atoms,

particularly preferably 4 to 10 atoms. The bonding group may

have a substituent.
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The bonding group Y is specifically a group containing
at least one element selected from oxygen, sulfur, carbon,
nitrogen, phosphorus, silicon, selenium, tin, boron and the
like. Examples of such groups include groups containing
chalcogen atoms such as -0-, -S- and -Se-; nitrogen- or
phosphorus-containing groups, such as -NH-, -N (CHj) 2, —PH- and
—-P(CH3)2~-; hydrocarbon groups of 1 to 20 carbon atoms, such
as -CHp-, -CHz-CHz- and -C(CH3)2-; residual groups of cyclic
unsaturated hydrocarbons of 6 to 26 carbon atoms, such as
benzene, naphthalene and anthracene; residual groups of
heterocyclic compounds having 3 to 20 carbon atoms and
containing hetero atoms, such as pyridine, quinoline,
thiophene and furan; silicon atom-containing groups, such as
—-SiHy- and -8i(CH3),-; tin atom-containing groups, such as
=-SnH,- and -Sn(CH3),-; and boron atom—containiﬁg groups, such
as -BH-, -B(CH3)- and ;BF—. Y can also be a single bond.

An example of a compound employable as the olefin
polymerizatiqn catalyst in the invention is a compound
obtained by allowing a compound represented by the following
formula (L) to react with a compound representéd by MXk (M and
X have the same meanings as those of M and X in the formula

(I), and k is a number satisfying a valence of M).
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R? il

5

|
N
H3
N—a
H“ﬁ

(L)

wherein A and R! to R® have the same meanir;gs as those of A
and R! to R6 in the formula (I).

Preferred examples of the compounds. represented by MxXk
include TiCls, TiCly, TiBrj, TiBry, Ti(benzyl),, Ti(NiMe,),,
ZrCl,, Zr(NiMey)4, Zr(benzyl),, ZrBry, HfCl,4, HfBry, VCl4, VCls,
VBry, VBrs, Ti(acac)3, and complexes of these compounds and
THF (tetrahydrofuran), acetonitrile or diethyl ether but not
limited thereto.

Examples of the transition metal compounds represented
by the formula (I-a) are given below, but not limited thereto.

In the following examples, M has the same meaning as that
of M in the formula (I-a).

X has the same meaning as that of X in the formula (I-a),
and is for example halogen such as Cl or Br, or an alkyl group
such as methyl, but not limited thereto. When plural X are
present, they may be the same or different.

n has the same meaning as that of n in the formula (I-a),
and is decided by a valence of the metal M. For example, when
two monoanions are bonded to the metal, there can be mentioned

n =0 in case of a divalent metal, n = 1 in case of a trivalent
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metal, n = 2 in case of a tetravalent metal; and n = 3 in case
of a pentavalent metal. More specifically, there can be
mentioned n = 2 in case of Ti(IV), n = 2 in case of Zr (1IV),
and n = 2 in case of Hf(IV).

In the following examples, Me denotes methyl, Et denotes
ethyl, iPr denotes i-propyl, tBu denotes tert-butyl, and Ph
denotes phenyl. |

Examples of the transition metal compounds represented
by the formula (I-a) wherein two or more groups of R! to RS
are boned to form a ring are those wherein R3 and R4 are bonded
to form a ring, ie., the compounds represented by the formula
(I-b), and particular examples thereof_aré described first.

Examples of the compounds represented by the formula

(I-b) wherein A is an oxygen atom include the following

compounds.
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" In the above examples, M and n have the same meanings as
those of M and n in the formula (I-b). By appropriately
selecting M and n, specific compounds are obtained.

For example, consider compounds of the following formula.

When X in the above formula is chlorine, the following

10 compounds are given according to the selection of M.

-~ -
~~~~~~~~~
-|

15 When X in the above formula is bromine, the following

compounds are given according to the selection of M.
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Therefore, from the above-mentioned formulas and the
| later-described formulas, specific éompounds can be easily
5 determined by fhe selection of M and n.
Exambles of the compounds represented by the formula
(I-b) wherein A is a sulfur atom include thelfollowing

compounds.
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Examples of the compounds represented by the formula
(I-b) wherein A is a nitrogen atom having a substituent RS

include the following compounds.
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Examples of the compounds represented by the formula

(I-b) wherein R! and R? are bonded to form an aromatic ring

include the following compounds.
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Other examples of the compounds represented by the

formula (I-b) are given below.
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Examples of the. compounds represented by the formula

(I-a) whereinmis 2 or greater include the following compounds.
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Examples of the transition metal compounds represented
by the formula (I-a) wherein m is 2 or greater and one group
of R! to RS contained in one ligand and one group of R! to R6

contained in the other ligand are bonded include the following

5 compounds.

10

In the present invention, the compound represented by the
formula (I-a) may be a compound further having groups
corresponding to ligands, said groups beiﬁg bonded through an

15 ionic bond or a covalent boﬁd, for example, la compound

represented by the following formula (I-a"):
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(I-a")

wherein M, A, R! to R® and X have the same meanings as those
of M, A, Rl to RS and X in the formula (I), and A' may be the
same as or different from A and is an oxygen atom, a sulfur
atom, a selenium atom or a nitrogen atom having a substituent
R6'.

| Examples of the compounds represehted by the formula

(I-a"™) include the following'compounds.
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The transition metal compound represented by the formula
5 (I-a) can be prepared without any restriction, for example,
by the followihg process.

A compound represented by the following formula (L)

. R2 F'{l
N
3
R \ A
RY RS (L)
10
wherein A and R! to R® have the same meanings as those of A
and R! to R® in the formula (I), is allowed to react with a
compound represented by thé formula MXk (M and X have the same
meanings as those of M and X in the formula (I), and k is a
15 number satisfying a valence of M). |
Preferred examples of the compounds represented by MXk
include TiClz, TiCl,, TiBrj3, TiBr,, Ti(benzyl),, Ti (NiMej) 4,
ZrCly, Zr (NiMey)4, Zr(benzyl),, ZrBry, HfCl,, HfBr,, VCl,, VCls,

VBry, VBrs, Ti(acac)s, and 'complexes of these compounds and
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THF (tetrahydrofuran), acetonitrile or diethyl ether, but not
limited thereto. .
| The process for preparing the transition metal compound
represented by the formula (I-a) is more specifically
described below.

In the first place, an acylacetone compound or a
thioacylacetone compound can be allowed to reaét with a primary
amine compound of the formula R1-NH, (R! has the same meaning
as that of R! in the formula (I-a)) r €.9., an aniline compound
or an alkylamine compound, to obtain a compound (ligand
precursor) which becomes a ligand for constituting the
transition metal compound. More specifically, both of the
starting compo;mds are dissolved in a solvent. As the solvent,
any solvent generally used for such reaction is employable.

Above all, an alcohol solvent such as methanol or ethanol or

a hydrocarbon ‘'solvent such as toluene is preferable.

LA S S T
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Then, the resulting solution is stirred under the
conditions of room temperature to reflux for about 1 to 48 hours
to introduce the substituent into the A part, whereby the
corresponding ligand precursor is obtained in a high yield.

The ligand precursor can also be obtained by allowing an

o-acylphenol, o-acylthiophenol or o-acylaniline wherein the

substituent has been introduced into the A part of the formula

(I-a) to react with a primary amine compdund of the formula
R1-NH, (Rl has the same meaning as .that of R! in the formula
(I-a)), e.g., an aniline compound or an alkylamine compound.

In the synthesis of the ligand precﬁrsér, an acid catalyst
such as formic acid, acetic acid or toluenesulfonic acid may
be used as a catalyst. It is effective for the progress of
the reaction to use dehydrating agents such as molecular sieves,
magnesium sulfate and sodium sﬁlfate or to perform dehydration
by means of Dean and Stark method.

Then, the thus obtained ligand precursor can be allowed
to react with a compound containing a transition metal M to
synthesize the corresponding transition metal compound. More
specifically, the synthesized ligaﬁd isdissolved in a solvent,
then mixed with a metallic compound such as a metallic halide
or a metallic alkylate and stirred for about 1 to 48 hours at
a temperature of ~78 °C to room tempera.ture, preferably under

reflux. As the solvent, any solvent generally used for such
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reaction is employable. Above all, a polar sblvent such as
ethyl ether or THF or a hydrocarbon solvént such as toluene
ié preferably employed.

It is also possible to exchange the metal M in the
synthesized transition metal compound ﬁith another trénsition
metal in a conventional way. For example, Qhen any of R! to
Ré is H, a substituent other than H can be introduced in any
stage of the synthesis process.

The transition metal compound (A-1) represented by the

formula (I-a) wherein Q is a nitrogen atom and R3 and R? are

bonded to form an aromatic ring is represeﬁted by the following

formula (I-c),.

(I-c)

In the above formula, M, m, A, R!, R5, R6, n and X have
the same meanings as those of M, m, A, R, R’ R6, n and X in
the formula (I). Each of N~---M and A----M indicates a
coordinate bond.

R7 to R10 have the same meanings as those of R! to R6 in

the formula (I).
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R! and R5 to R0 may be the same or different, and two or
more of them may be bonded to each other to form a ring.

When m is 2 or greater, Rls, R5s, R6s, R7s, R8s, R%s, or
R% may be the same or different, and one group of Rl and R5
to R0 contained in one ligand and one ‘group of R! and RS to
R0 contained in other ligands may be bonded.

The transition metal compound represented by the formula
(I-c) whefein m is 2 and one group of R! and R5 to R10 contained
in one ligand and one group of R! and R5 to R% contained in
the other ligénd are bonded is, for example, a compound

represented by the following formula (I-c').

(I-c'")

In .the above formula, M, A, R, R5 to R10 and the same
meanings as those of M, A, R!, R5 to R0 and X in the formula
(I), and R!' and R5' to RIO* have the same meanings as those
of R! and R5 to RIO0, |

A' may be the same as or different from A and is an oxygen
atom, a sulfur atom, a selenium atom or a nitrogen atom having

a substituent RS'.
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Yisa boﬁding group or a sing.le bond for linking at least
one group selected from R! and R5 to R0 to at least one group
selected from R!' and R3' to R10', and has the same meaning as
that of Y .in the formula (I-a').

Examples of the transition metal compounds represented
by the formula (I-c) are given below, but not limited thereto.

In the following examples, M has the same meaning as that
of M in the formula (I-c).

X has the same meaning as that of X in the formula (I-c),
and is for example halogen such as Cl or Br, or an alkyl group
such as methyl, but not limited thereto. When plural X are
present, they may be the same or different.

n has the same me.aning as that_ of n in the formula (I-c),
and is decided by a valence of the metal M. For example, when
one ligand is coordinated to the metal, there can be mentioned
n =2 in case of a divalent metal, n = 3 in case of a trivalent
metal, n = 4 in case of a tetravalent metal, and n = 5 in case
of a pentavalent metal. More specifically, there can be
mentioned n = 4 in case of Ti(IV), n = 4 in case of Zx (IV),
n=4 in case of HEf(IV), n =2 in case of Co(II), n= 2 in case
of Fe(II), n = 2 in case of Rh(II), n = 2 in case of Ni(II),

and n = 2 in case of Pd(II).
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The transition metal compound represented by the formula
(I-c) can be prepared without any restriction, for example,
by the folléwing process.

The transition metal compound represented by the formula
(I-c) can be prepared by allowing a compound (ligand precursor)
which becomes a ligand for constituting the transition metal
compound to react with a compound containing a transition metal
M.

For example, the ligand precursor can be obtained by
allowing a phenol or phenol derivative compound when A in thé
formula (I-c) is an oxygen atom; a thiophenol or thiophenol
derivative compound when A is a sulfur atom; or an aniline or
aniline derivative compound when A is a nitrogen atom having
R® to feact with a diazonium compound synthesized froma primary
amine compound of the formula R!-NH, (R! has the same meaning
as that of R! in the formula (I-c)) such as an aniline compound
or an alkylamine compound. More sp.ecifically,. both of the
starting compounds are dissolved in a solvent. As the solvent,
any solvent generally used fo.r such reaction is employable.
Above all, a water solvent is preferable. Then, the resulting
solution is stirred under the conditions of a temperature of
0 °C to reflux for about 1 to 48 hours, whereby the corresponding
ligand is obtained in a high yield.

The diazonium_ compound can be obtained by allowing a

primary amine compound to react with sodium nitrite, alkyl
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nitrite or the like and a strong acid such as hydrochloric acid,

but the synthesis process is not limited to this process.

. NH

\-

O
i
()=mee

@
S
2

S

\.:1’ ,,9
/C[m,

‘Then, the thus obtained ligand can be allowed to react
with a compound containing a transition metal M to syntheésize
10 ' the corresponding transition metal compound. More
specifically, the synthesized ligand is dissolved ina soivent .
The resulting solution may be contacted with a base to prepare
a phenexide salt, if necessary. Then, the solution or the
phenoxide salt is mixed with a metallic compound such as a
15 metallic halide or a metallic alkylate at a low temperature

and stlrred at a temperature of -78 °C to room temperature or
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under reflux for about 1 to 48 hours. As the solvent, any
solvent generally used for such reaction is employable. Above
ail, a polar solvent such as ethyl ether or THF or a hydrocarbon
solvent such as toluene is preferably employed. Preferable
examples of the bases used for preparing a phenoxide salt
include metallic salts such as lithium salts (e.g., n-
butyllithium) and sodium salts (e.g., sodium hydride) and
organic bases such as triethylamine and pyridine, but not
limited thereto. The number of ligands to be reacted can be
adjusted by changing the charge ratio between the transition
metal M-containing compound and the ligand.

According to properties of the compound, the.ligénd cén
be directly reacted with the metallic compound without
producing a phenoxide salt, whereby the corresponding
transition metal compound can be synthesized. For examplé,
the following compound can be prepared by directly reacting

the ligand with the transition metal halide.
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It is also possible to exchange the metal M in the

| synthesized transition metal compound with another transition

metal in a conventional way. When any of R! and RS to R0 is
H, a substituent other than H can be introduced in any stage
of the synthesis process. |

Next, the other enlbodiment of the olefin polymerization
catalyst of the invention is described.

The other_ embodiment of thle' olefin polymerization
catalyst of the invention comprises a transition metal

compound (A-2) represented by the formula (II).

(II)

In the above formul_a, N-——--M generally indicates a
coordinate bond, but the invention also includes a compound
having no such a coordinate bond.

In the above formula, Mis a transition metal atom of Group
3 (including lanthanoid) to Group 11 of the periodic table.
Examples of such atoms include scandium, lanthanoid, titanium,
zirconium, hafnium, vanadium, niobium, tantalum, cobalt,

rhodium, yttrium, chromium, molybdenum, tungsten, manganese,
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rhenium, iron, ruthenium, nickel and palladium. Of these,
preferable are metal atoms of Group 3 (including lanthanoid)
to Group 9, such as scandium, lanthanoid, titanium, zirconium,

hafnium, vanadium, niobium, tantalum, iron, cobalt and rhodium.

- More preferable are metal atoms of Group 3 to Group 5 and Group

9, such as titanium, zirconium, hafnium, cobalt, rhodium,
vanadium, niobium and tantalum. Still more preferable are
metal atoms of Group 4 and Group 5, such as titanium, zirconium,
hafniumand vanadium. Particularlypreferable are metal atoms
of Group 4, such as titaniu_m, zirconium and hafnium.

m is an integer of 1 to 6, preferably an integer of 1 to
4, more preferably an integer of 1 to 2.

Q is a nitrogen afom (-N=) or a carbon atom having a
substituent R2 (-C(R2)=). |

A is an oxygen atom (-0-), a sulfur atom.(-S-), a selenium
atom (-Se-) or a nitrogen atom having a substituent R®
(-N(RS)-).

Rl to RY and R® may be the same or different, they are
each a hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing
group, a nitrogen-containing group, a boron-containing group,
a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group or a
tin-containing group, two or more of them may be bonded to each

other to form a ring, and when m is 2 or greater, Rls, R2s,
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R3s, R%s, or Rs may be the same or different, and one group

of R! to R* and R6 contained in one ligand and one group of

R! to R4 and R6 contained in other ligands may be bonded.

Examples of the atoms and. groups indicated by Rl to R?
and RS include the same atoms and groups as previously described
with respect to R! to R® in the formula (I).

When A is a nitrogen atom having a substituent RS, R6 is
preferably a halogen atom, a hydrocarbon group, a he__terocyclic
compound residual group, én oxygen—containincj group, a
nitrogen-containing group, a boron-containing group, a
sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group or a
tin-containing group. |

When A is an oxygen étorh, a sulfur atom or a selenium atom,
R% is preferably a substituent other than hydrogen or halogen.
That is, R! is preferably a hydrocarbon group, a heterocyclic
compound residual group, an oxygen-containing group, a
sulfur-containing group, a silicon-containing group, a
germanium~containing group or a tin—contéining group. RY is
particularly preferably a halogen atom, a hydroca'rbon group,
a heterocyclic compound residual group, a hydroé:arbon-
substituted silyl group, a hydrocarbon-substituted siloxy
group, an alkoxy group, an alkylthio group, an aryloxy group,
an arylthio group, an acyl group, an ester group, a thioester

group, an amido group, an amino group, an imido group, an imino
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group, a sulfonato ester group, a sulfonamido group, a cyano
group, a nitro group or a hydroxyl group.

When A is an oxygen atom, a sulfur atom or a seleniumatom,
preferred examples of the hydrocarbon groups indicated by R¢
include straight-chain or branched alkyl grouf:s of 1 to 30
carbon atoms, preferably 1 to 20 carbon atoms, such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, thiopentyl and n-hexyl; cyclic saturated
hydrocarbon groups of 3 to 30 carbon atoms, preferably 3 to
20 carbon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and edamantyl; aryl groups of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atorhs, ~such as phenyl, benzyl,
naphthyl, biphenylyl and triphenylyl; the above groups which
are further substituted with an.alkyl group or alkoxy group
of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, a
halogenated alkyl group of 1 to 30 carbon atoms, preferably
1l to 20 earbon atoms, an aryl group or aryloxy group of 6 to
30 carbon atoms, preferably 6 to 20 carbon atoms, halogen, a
cyano group, a nitro group or a hydrokyl group.

When A is an oxygen atom, a sulfur atom or a seleniumatom,
preferred examples of the hydrocarbon-substifuted silyl
groups indicated by R? include methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl; triphehylsilyl, dimethylphenylsilyl,

dimethyl-t-butylsilyl and dimethyl (pentafluorophenyl)silyl.
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Of these, particularly preferable are trimethylsilyl,

triethylphenyl, diphenylmethylsilyl, isophenylsilyl,

~ dimethylphenylsilyl, dimethyl-t-butylsilyl and

dimethyl (pentafluorophenyl)silyl.

When A is an oxygen atom, a sulfur atom or a selenium atom,
R is particularly preferably a group selected from branched
alkyl groups of 3 to 30 carbon atoms, preferably 3 to 20 carbon
atoms, such as iso'propyl, isobutyl, sec-butyl, tert-butyl and
neopentyl; the above groups wherein a hydrogen atom is replaced
with an aryl group of 6 to 30 carbon atoms, preferably 6 to
20 carbon atoms (e.g., cumyl group); and cyclic saturated
hydrocarbon groups of 3 to 30 carbon atoms, preferably 3 to
20 carbon atoms, such as adamantyl, cyclopropyl, cyclobutyl,

cyclopentyl and cyclohexyl. Also preferable is an aryl group

of 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms, such

as phenyl, naphthyl, fluorenyl, anthranyl or phenanthryl, or
a hydrocarbon-substituted silyl group;

n is a number satisfying a valence of M, specifically an
integer of 0 to 5, preferably an integer of 1 to 4, more
preferably an integer of 1 to 3.

When n is 2 or greater, plural groups X may be the same
or different, and may be bonded to each other to form a ring.

X is a hydrogen atom, a halogen atom, a hydrocarbon group,
an oxygen-containing group, a sulfur-containing group, a

nitrogen-containing group, a boron-containing group, an
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aluminum—conpaining group, a phosphorus-containing group, a
halogen-containing group, a hetérocyclic compound residual
group, a silicon—containing group, a germanium-containing
group or a tin-containing group.

Examples of the atoms and groups indicated by X include

. the same atoms and groups as previously described with respect

- to X in the formula (I).

The transition metal compound (A-2) represented by the
formula (II) wherein Q is a carbon atom having a substituent.

R? is represented by the following formula (II-a):

(IT-a)

wherein M, m, A; R! to R4, RS, n and X have the séme meanings
as those of M, m, A, R! to R4, RS, n and X in the formula (I1).

The transition metal compound (A-2) represented by the
formula (II-a) wherein m is 2 and two groups of R! to R¢ and

Ré are bonded is, for example, a compbund represented by the

following formula (II-a').
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In the formula (II-a.'), M, A, R! to R4, R%, n and X have
the same meanings as those of M, A, Rl to R4,- R, n and X in

5 the formula (I), and R!' to R%Y' and R%' have the same meanings
as those of R! to RY and RS.

A' may be the same as or different from A and is an oxygen
atom, a sulfur atom, a selenium atom or a nitrogen atom having
a substituent RS'.

10 Y is a bonding group or a single bond for linking at least
one group selected from R! to R4 and Ré to at least one group
selected from R!' to R%Y' and R%', and has the same meaning aé
that of ¥ in the formula (I-a').

Examples of the transition metal compounds represented

15 bythe formula (II-a') are given below, but not limited thereto.

In the following exaxﬁples, M has the same meaning as that
of M in the formula (II-a).

X has the same meaniﬁg' as that of X in the formula (II-a),
and is for example halogen such as Cl or Br, or an alkyl group

20 such as methyl, but not limited thereto. When plural X are

present, they may be the same or different.
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n has the same meaning as that of n in the formuia (II-a),
and is decided by a valence of the metal M. For example, when
two monoanions are bonded to the metal, there can be mentioned
n=0 in case of a diﬁalent metal, n= 1 in case of a trivalent
metal, n = 2 in case of a tetravalent metal, and n = 3 in case
of a pentavalent metal. More specifically, there can be
mentioned n = 2 in case of Ti(IV), n = 2 in case of Zr(IV),
and n = 2 in case of Hf(iV) .

In the following examples, Me denotes methyl, Et denotes
ethyl, iPr denotes i-propyl, tBu denotes tert-butyl, and Ph

denotes phenyl.
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The transition metal compound represented by the formula
(II-a) can be prepared without any restriction, for example,
by the following process.

A compound (ligand precursor) which becomes a ligand for

~constituting the transition metal compound, such as a B-

diketone compound, a P-ketoester compound (including
thioketone and thioketoester)' or an ace_tyiacetone compound,
is commercially available or obtainable by known processes
described in literatures.

The ligand precursor can be obtained by allowing the
above-mentioned compound such as an acetylacetone compound to
react with a primary amine compound of the formula
R1-NH; (Rl has the same meaning as that of R! in the formula
(II-a)), e.g., an aniline compound or an alkylamine compound.
More specifically, both of the starting compounds are
dissolved in a sollvent. As the solvent, any solvent generally
used for sudh reaction is employable. Above all, an alcohol
solvent such as methanol or ethanol or a hydrocarbon solvent
such as toluene is preferable. Then, the resulting solution
is stirred under the conditions of room temperature to reflux
for about 1 to 48 hours, whereby the correspondihg ligand is
obtained in a high vield.

In the synthesis of the ligand compoﬁnd, an acid catalyst
such as formic acid, acetic acid or toluenesulfonic acid may

be used as a catalyst. It is effective for the progress of
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the reaction to use dehydrating agents such as molecular sieves,
magnesium sulfate and sodium sulfate or to perform dehydration
by means of Dean and Stark method.

Then, the thus obtained ligand can be allowed to react
with a compound containing a transition metal M to synthesize
the corresﬁonding transition metal compound. More
specifically, the synthesized iigand is dissolved in a solvent.
The resulting solution may be contacted with a base to brepare
a salt, if necessary. Then, the solution or the salt is mixed
with ametallic compound such as ametallic halide or ametallic
alkylate at a low temperature and stirred at a temperat‘ure of
-78 °C to room temperature or under reflux for'about 1 to 48
hours. As the solvent, any solvent generally ﬁsed for such
reaction is empJ.oyable. Above all, a polar solvent such as
ether or tetrahydrofuran or a hydrocarbon solvent such as
toluene is preferably employed. Examples of the bases used
for preparing a phenoxide salt include metallic salts such as
lithium salts (e.g., n-butyllithium) and sodium salts (e.g.,
sodium hydride) and organic bases such as triethylémine and
pyridine, but not limited the_reto.

According to properties of the compound, the ligand can
be directly reacted with the metallic compound without
producing a salt, whereby the corresponding transition me.tal

compound can be synthesized.
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It is also possible to exchange the me.tal M in the
synthesized transition metal compound with another transition
metal in a conventional way. When any of R! to RS is H,l a
substituent other than H can be introduced in any'stage of the
synthesis process.

In the transition metal compound represented .by the

formula (II-a), two or more groups of R! to R! and R may be

bonded to form a ring structure. The compound wherein two or

more groups of Rl to R% and R, e.g., R3 and R4, are bonded to
form an aromatic ring is, for example, a compound represented

by the following formula (II-b).

(II-b)

In the formula (II-b), N----M generally indicates a
coordinate bond, but in the invention, it méy indicate a
coordinate bond or no coordinafe bond.

In the above formula, M, m, A, Rl, R2, R6, n and X have
the same meanings as those of M, m, A, R!, R2, R%, n and X in
the formula (II).

When m is 1, A is a sulfur atom, a selenium atom or a

nitrogen atomhaving a substituent Ré, andwhenmis 2 or greater,
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plural groups indicated by A may be the same or different, they
are each an oxygen atom, a sulfur atom, a selenium atom or a.
nitrogen atom having a substituent R6, and at least one A is
a sulfur atom, a selenium ato:h or a nitrogen atom having a
substituent RS.

In the compound represented by the formula (II-b), when
m is 2 or greai:er, it is preferable that plufal groups A are
the same as each other and are each a sulfur atom, a selenium
atom or a nitrogen atom having a substituent RS.

R7 t§ R10 have the same meanings as those of Rl to R* and
R6 in the formula (II).

Rl, R? and RS to R0 may be the same or different, two or
more of them may be bonded to each other to form a ring, and
when m is 2 or greater, R's, R?s, R®s, R’s, R%s, R%s, or R10g
may be the same or different, and one group of R!l, R? and RS
to R0 contained in one ligénd and one group of R!, R? and R®
to R0 contained in other ligands may be bonded.

The transition metal compound represented by the formula
(II-b) wherein m is 2 and two groups of R!, R? and R7 to R0
(or R, R? and RS to R10 when A is -N(R6)-) are boned to form
a ring is, for example, a compound represented by the following

formula (II-b').
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TR (II-b')

In the above formula, M, R!, R2, R6 to R1%, n and X have
5 the same meanings as those of M, R!, R2, R6 to R0, n and X in
the formula (II-b).
A is a sulfur atom, a selenium atom or a nitrogen atom
having a substituent RS.
A' may be the same as or different from A and is anl oxygen
10 atom, a sulfur atom, a selenium atom or a nit:ogen atom having
a substituent RS'.
R, R?' and R6' to R10' may be the same or different and
have the same meanings as those of R!, R2 and R6 to R10. Two
Oor more grolups of them, preferably adjacent groups, may be
15 bonded to each other to form an aliphatic ring, an aromatic
ring or a hydrocarbon ring containing a hetero atom such as
a nitrogen atom.
.Y is a bonding group or a single bond for linking at least
one group selected from R!, R2 and R® to R10 to at least one
20 group selected from R!', R2' and R®' to R10', and has the same

meaning as that of Y in the formula (I-a').
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Examples of the transition metal compounds represented
by the formula (II-b) are given below, but not limited thereto.

In the following examples, M has the same meaning as that
of Min the formﬁla (II4b) » and is for example Sc(III), Ti (I11),
Ti(IV), Zr(III), Zr(IV), HE(IV), V(IV), Nb(V), Ta(V), Co(II),
Co(III), Ni(II), Rh(II), Rh(III), Rh(IV) or Pd(II), Pd(VI),"
but not limited thereto. Of these, preferable is Ti(IV) ’
Zr (IV) 6r HE(IV).

X has the same meaning as that of X in the formula (II-b),
and is for example halogen such as Cl or Br, or an alkyl group
such as methyl, but not limited thereto. When plural X are
present, they may be the same or different.

n has the same meaning as that of n in the formula (II-b),
and is decided by a valence o_f' the metal M. For example, when
two monoanions are bonded to the metal atom M, there can be
mentioned n = 0 in case of a divalent metal, n = 1 in case of
a trivalent metal, n = 2 in case of a tetravalent metal, and
n =3 in case of a pentavalent metal. More specifically, there
can be mentionedn=2 in case of Ti (IV), n =2 in case of Zr (IV) '

and n = 2 in case of Hf(IV).
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More specifically, there can be mentioned the following"

compounds.

&
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There can also be mentioned the following compounds

wherein M, X and n have the same meanings as those of M, X and

n in the formula (II-b).
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In the above examples, Et denotes ethyl, iPr denotes
i-propyl, tBu_dénotes tert-butyl, and Ph denotes phenyl.

A common process for synthesizing the transition metal
compound représented by the formula (II-b) is given below, but
the synthesis'process is n§t limited thereto.

The transition metal cdmpound represented by the formula

(II-b) can be synthesized by allowing a compound (ligand

precursor) for forming a ligand such as a thiosalicylidene
iigand or an anilino ligand to react with a metallic c'ompound.l
-The compound for formincj the thiosa.licylidene ligand is
obtained by allowing, for examplé, a thiosalicylaldehyde
compound to react with an aniline compound or an amine cémpound.
The ligand precursor can be obtained by allowing o-
acylbenzenethiols including the above compounds to react with

an aniline compound or an amine compound.
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More specifically, the ligand precursor can be obtained
by dissolving a.thiosalicylaldehyde compound or o-
acylbenzenethiol and an _aniline compound wherein the nitrogen
part has no substituent or a primary amine cofnpound in a solvent,
and stirring the solution under the conditions of room
temperature to reflux for about 1 to 48 hours. As the solvent,

an alcohol solvent such as methanol or ethanol or a hydrocarbon

- solvent such as toluene is preferably employed, but not limited

thereto. As a cataiyst, an acid catalyst such as formic acid,
acetic acid or toluenesulfonic acid can be employed. It is

also effective for the progress of the reaction to remove water

o o
2 -
N &m,__ &(iw _'&ﬂm'

from the reaction system by means of Dean and Stark method.

It is possible to use dehydrating agents such as molecular

sieves, magnesium sulfate and sodium sulfate.
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The o—acylbe.nzenethiol which may be used herein can be

obtained, for example, from an o-acylphenol by treating the

‘OH group with a dimethyl thiocarbamate to produce a

thiocarbamate derivative which is then heated, whereby
exchanging oxygen atom for sulfur atom.

The anilino ligand can be obtained by allowing an o-
formaniline compound to react with an aniline compound or an
amine compound. The ligand precursor can be obtained by
allowing o-acylanilines including the above compounds to react
with an aniline compound or an amine compound. More
specifically, the precursor ligand_can be synthesized in the
aforesaid manner using an o-formaniline compound wherein the
nitrogen part has no substituent or an o-acylaniline wherein

the nitrogen part has no substituent and an aniline compound

. wherein the nitrogen part has no substituent or a primary amine

compound.

'i'he o-acylaniline which may be used herein can be obtained
by, for example, reducing the carboxylic acid group of an
o—aminobenzoic acid compound. An N-alkylation reaction of an
anthranyl compound can also be performed to obtain the

corresponding N-alkyl-o-acylaniline compound.
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™ | O
reduction CHO :
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Then, the thus obtained ligand precursor can be allowed

to react with a metailic compound to synthesize the

' corresponding transition metal compound. More specifically,

the ligand compound is dissolved in a solvent. The resulting
solution may be contacted with a base to prepare a thiophenoxide
salt or an anilino salt, if necessary. Then, the solution or
the salt i_s mixed with a metallic compound such as a metallic
halide dr ametallic alkylate at a low temperature and stirred
at a temperature of =78 °C to room température or under reflux
for about 1 to 24 hours to obtain a transition metal compound.
Examples of the solvents preferably used herein include
polar solvents such as ether and tetrahydrofuran and
hydrocarbon solvents such as toluene, but n.ot limited fhereto. |
Examples of the bases preferably used herein include. lithium
salts, such as n~butyllithium; sodium salts, éuch as sodium
hydride; and nitrogen-cont.aining compounds, such as pyridine

and triethylamine, but not limited thereto.
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Depending on the transition metal compound, the ligand

' compound can be directly reacted with the metallic compound

without producing a thiophenoxide salt or an anilino salt, to
synthesize the corresponding transition metal compound.

5 ' The structure of the transition metal compound obtained
can be determined by 270 MHz lH-NMR (Japan Electron Optics
Laboratory GSH-270), FT-IR (SHIMADZU FT-IR8200D), FD-mass
‘Spectrometry (Japan Electron Optics Laboratory S_X-102A),l
metal content analysis (analy31s by ICPmethod after dry ashJ.ng

10 and dlssolutlon in dilute nitric acid, device: SHIMADZU
ICPS-8000), and carbon, hydrogen and nitrogen content analysis
(Helaus CHNO Model). |

The transifion rﬁetal compound (A~2) represented by the
formula (II) wheréin Q is a nitrogen atom and R3 and R? are

15 bonded to form an aromatic ring is represented by the following

formula (II-c).

(r1-¢)

20

9906269-7

15 DEC 1999
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- In the above formula, N----M generally indicates a
coordinate bond, but. the invention also includes compounds
having no such a coordinate bond.

In the above formula, M, m, A, R!, RS, n and X have the
same meanings as those of M, m, A, Rl, R6, n and X in the formula
(II).

R? to R0 have the same meanings as those of R! to R% and
Ré in the formula (II).

Rl and R6 to R1°.may be the same or different, and two of
more of them may be bonded to each other to form é ring.

When m is 2 or greater, Rls, Rfs, R7s, R8s, R%s, or R10s
may be the same or different, and one group of R! and RS to
R10 contained in one ligand and one group of R! and R6 to R10
contained in other ligands may be bonded.

The transition metal compound represented by the formula
(II-c) whereinm is 2 and one group of Rl and R6 to R10 contai.ned
in one ligand and one group of R! and R® to R0 contained in
the other ligand are bonded is, for example, a compound

represented by the following formula (II-c').
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(II-c'")

In the formula (II-c'), M, A, R!, R to R0 and X have the
5 same meanings as those of M, A, Rl, R to R0 and X in the formula
(II-c), and R!' and R6' to R19' have the same meanings as those
of Rl and R to R10O,
A' may be the same as or different from A and is an oxygen
atom, a sulfur atom, a selenium atom or a nitrogen atom having
10 a substituent R6'. ,
R1, RS toR10, Rl' and Ré' to R10' may be the same or different.
Y is a bonding group or a single bond for linking at least
one group selected from R! and RS to R0 to at least one group
selected from.RP and R¢' to R0', and has the same meaning as
15  that of Y ‘in the formula (I—a'i.
Examples of the transition metal compounds represented
by the formula (II-c) are given below, but not limited thereto.
In the followinglexamples, M has the same meaning as that
of M in the formula (II-c). |
20 'x has the same meaning as that of X in the formula (II-c),

and is for example halogen such as Cl or Br, or an alkyl group
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such as methyl, but not limited thereto. When plural X are
present, they may be the same or different.

n has the samé meaning as that of n in the formula (II-c),
and is decided by a valence of the metal M. For example, when
two monoanions are bonded to the metal, there can be mentioned

= 0 in case of a divalent metal, n =1 in case of a trivalent
metal, n = 2 in case of a tetravalent metal, and n = 3 in case
of a pentavalent metal. More specifically, there can be
mentioned n = 2 in case of Ti(IV), n = 2 in case of Zr(IV),
and n = 2 in case of HE(IV).

In the following examples, Me denotes methyl, Et denotes

ethyl, iPr denotes i-propyl, tBu denotes tert-butyl, and Ph

denotes phenyl.
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The transition metal compound represented by the formula
(II-c) can be prepared without any restriction; for example,
by the same process'as that for preparing the aforesaid
transition metal compound represented by the formula (I-c).

Acéording to properties of the compound, the ligand can
be directly reacted with the metallic compound without
producing a phenoxide salt, whereby the corresponding
transition metal compound can be synthesized. For example,
the following compound is reacted with a base to produce a salt,
and then the salt is reacted with the transition metal halide

to prepare the corresponding transition metal compound.

As the olefin polymerization catalyst, the transition
metal compounds (A-1) and (A-2) described above can be_used

singly or in combination of two or more kinds, or further in

combination other with transition metal compounds.

Examples of other transition metal compounds include
known transition metal compounds comprising ligands

containing a hetero atom such as nitrogen, oxygen, sulfur,

boron or phosphorus.
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Other t £ tal l
Examples of the transition metal compounds other than the
transition metal compounds (A-1) and (A-2), which may be used
5 in the invention, include the following compounds.
(1) Transition metal imide compound represented by the

following formula:

R21

,l .

RA_N,
I WX,

RBNN

Fli“

10
In the above formula, Mis a transition metal atom of Group
8 to Group 10 of the periodic table, preferably nickél,
palladium or platinum.
R?! to R?4 may be the same or different and are each a
15 hydfocarbon g:éoup of 1 to 50 carbon atoms, a halogenated
hydrocafbon group of 1 to 50 carbon atoms, a hydrocarbon-
substituted éilyl group, or.a hydrocarbon group substituted
with a substituent containing at least one element selected
from nitrogen, oxygen, phosphorus, sulfur and silicon.
20 Two or more of the groups indicated by R21 tb R24,
preferably adjacent groups, may be boned to each other to form

a ring.
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X is a hydrogen atom, a halogen atom, a hydrocarbon group
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of
1 to 20 carbon atoms, an oxygen-containing group, a
sulfur-containing group, a silicon-containing group or a
nitrogen-containing group. ¢ is an integer of 0 to 4. When
q is 2 or greater, plural groups X may be the same or different.

(2) Transition métal amide éompound represeni:ed by the

following formula:

Z—D

EN > MX,

D-Z

In the above formula, Mis a transition metal atom of Group
3 to Group 6 of the periédic table, preferably titanium,
zirconium or hafnium.

R' and R" may be the.same or different and are each a
hydrogen atom, a hydrocarbon group of 1 to 50 carbon atoms,
a halogenated hydrocarbon group of 1 to 50 carbon atoms, a
hydrocarbon-substituted silyl group, or a substituent having
at least one element selected from nitrogen, oxygen,
phosphorus, sulfur and silicon.

A is an atom of Group 13 to Group 16 of the periodic table,

specifically boron, carbon, nitrogen, oxygen, silicon,
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phosphorus, sulfur, gérmanium, selenium, tin or the 1like,
preferably carbon or silicon.

m is an integer of 0 or 2, and n is an integer of 1 to

. 5. Whennis2orgreater, plurai Amay be the same or different.

E is a substituent having at least one element selected
from carbon, hydrogen, oxygen, halogen, nitrogen, sulfur,
phosphorus, boron and silicon. When m is 2, two of E may be

the same or different, or may be bonded to each other to form

a ring.

X is a hydrogen atom, a halogen atom, a hydrocarbon group
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of
1 to 20 carbon atoms, an oxygen-containing group, a
sulfur-containing group, a silicon-containing group or a
nitrogen-containing group. p is an integer of 0 to 4. When
P is 2 or greater, plural groups X may be the séme or different.

X is preferably a halogen atom, a hydrocarbon grope of
1l to 20 carbon atoms or a sulfonato group.

(3) Transition metal diphenoxy compound represented by

the following formula:

/ (A)I—O\
B .
(A0

In the above formula, Mis a transition metal étom of Group

3 to Group 11 of the periodic table.
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l and m are each an integei: of 0 or 1.

A and A' are each a hydrocarbon group of 1 to 50 carbon
atoms, a halogenated hydrocarbon group of 1 to 50 carbon atoms,
or a hydrocarbon group or a halogenated hydrocarbén group of
1 to 50 carbon a{:oms each having a substituent containing'oxygen,
sulfur or silicon; and A and A' may be the same or different.

B is a hydrocarbon group of 0 to 50 carbon atoms, a
halogenat__:ed hydrocarbon group of 1 to 50 carbon atoms, a group
répresented by RIR2Z, oxygen or sulfur. R! and R? are each a
hydrocarbon group of 1 to 20 carbon atoms or a hydrocarbon group
of 1 to 20 carbon atoms containing at least one hetero atom,
and Z is a carbon atom, a nitrogen atom, a sulfur atom, a
phosphorus atom or a silicon atom. |

n is a number satisfying é valence of M.

X isa hydrogen atom, a halogen atom, é hydrocarbon group

"of 1 to 20 carbon atoms, a halogenated hydrocarbon group of

1 to 20 carbon-atoms, an oxygen-containing group, a |
sulfur—containing group, a silicon-contéining group or a
nitrogen-containing group. When n is 2 or greater, plural
groups X may be the same or differeﬁt or may be bonded to each
other to form a ring.

(4) Transition metal compound répresented by the
following formula and comprising a ligand having

cyclopentadienyl skeleton containing at least one hetero atom:
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(R)a

\ /
N—

s,
(R) a (R)a/p

MY.

In the.above formula, Mis a transitionmetal atom of Group
5 3 to Groﬁp 11 of the periodic. table. |
X is an atom of Group 13, Group 14 or Group 15 of the
periodic_table, and at least one X is an element other than
carbon. |
Each Rmay be the same or different and is a hydrogen atom,
10 ahalogen atom, a hydrocarbon group, a halogenated hydrocarbon
group, a hydrocarbon-substituted silyl group, or a hydrocarbon
group substituted with a substituent containing at least one
element selected fromnitrogen, oxygen, phosphorus, sulfur and
silicon. Two or more of R may be bonded te each othef to form
15 a ring.
a is 0 or 1, and b is an inteéer of 1 to 4. When b is
2 or greater, groups [ ((R)5)5-Xs] may be the same or different,
and Rs may be bridged to each other,
c is a number satisfying a valence of M.
20 Y is a hydrogen atom, a halogen atom, a hydrocarbon group
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of

1 to 20 carbon atoms, an oxygen-containing group, a
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sulfur-containing group, a silicon-containing group or a
nitrogen-containing group. When c is 2 or greater, plural
groups Y may be the same or different, and may be bonded to
each other to form a ring.

(S.) Transition metal compound represented by the formula
PB(Pz)3MXn. |

In the above formula, Mis a transition metal atom of Group
3 to Group 11 of the periodic'table; R is a hydrogen étom, a
hydrocarbon group of 1 to 20 carbon atoms or a halégenated
hydrocarbon group of 1 to 20 carbon atoms; and Pz is a pyrazolyl
group or a substituted pyrazolyl group.

n is a number satisfying a valence of M.

X is a hydrogen atom, a halogen atom, a hydrocarbon group
of 1 to 20 carbon atoms,'a halogenated hydrocarboﬁ group of
1 to 20 carbon atoms, an oxygen-containing group, a
sulfur-containing group, a silicon-containing group or a
nitrogen—containing group. When n is 2 or gieater, plural
groups may be the same or different or may be bonded to each
other to form a ring. |

(6) Transition metal compound represented by the

following formula:
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In the above formula, Y! and Y3 may be the same or different
and are each an element of Group 15 of the periodic table, and
Y2 is an element of Group 16 of the periodic table.

5 R?! to R?® may be the same or different, they are each a
hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 .
carbon atoms, a halogenated hydrocérbon group of 1 to 20 carbon
atoms, an oxygen-containing group, a sulfur-containing group
or a silicon-containing group, and two or more of them may be

10 bonded to each other to form.a ring.
(7) Compound comprising a compound represented by the
following formula and a t_ran:sition metal atom of Group 8 to

Group 10 of the periodic table:

15
31 —32
R\N_P //N R
R3'3 \\N""R34

In the above formula, R3! to R3 maybe the same or different,
they are each a hydrogen atom, a.halogen atom, a hydrocarbon
20 groupoflto20 carbon atoms or a'halogenated hydrocarbon group
| of 1 to 20 carbon atoms, and two or more of them may be bonded
to each othelr to form a ring.
(8) T.ransition metal compound represented by the

following formula:
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48 ||R41
R, R _B.__R*
/Y A 1O MXq
R47 R43 H45
m R P

In the above formula, Mis a transition metal atom of Group
3 to Group 11 of the periodic table.

m is an J';nteger of 0 to 3, n is an integer of O or 1, p
is an integer of 1 to 3, ar_1d g-is a number satisfying a valence
of M.

R4 to R% may be the same or different, they are each a
hydrogen atom, a halogen atozft, a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon
atoms, an oxygen-containing group, a sulfur-containing group,
a silicon-containing group or a nitrogen-containing group, and
two or more of them may be bonded to each other to form a ring.

X is a hydrogen atom, a halogen atém, a hydrocarbon group
of 1 to 20 carbon atoms, a halogenated hydrocarboﬁ group of
1 to 20 carbon atoms, an oxygen—éontaining group, a
sulfur-containing group, a silicon—coﬁtaining group or a
nitrogen-containing group. When q is 2 or greater, plural
groups X may be the same or different or may be bonded to each
other to form a ring.

Y is a group to bridge a boratabenzene ring and is carbon,

silicon or germanium.
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A is an element of Group 14, Group 15 or Group 16 of the

' periodic table.

(9) Transition metal compound other than the aforesaid
compound (4) and containing a ligand having cyclopehtadienyl
skeleton. |

(10) Compound containing magnesium, titanium and halogen
as essential ingredients |

The olefin polymerization catalyst according to the
invention comprises the transition metal compound (A-1) or
(A-2), and optionally, it may further éomprise at least one
compound (B) selected from the group consistihg of:

(B-1) an organometallic compound,

(B-2) an organoaluminum oxy-compound, and

(B-3) a compound which reacts with the transition metal
compound (A-1) or (A-2) to form an ion pair.

~Next, each compound as the component (B) is described.

{B=1) Organometallic compound
Examples of the orgénometallic compounds (B-1) which are
optionally used in the invention include organometallic
compounds containing metals of Group 1, Group 2, Group 12 and
Group 13 of the periodic table, such as those described below.
(B-1a) Organoaluminum:compound represented by the

following formula:
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R2zAL (ORP) pH X

wherein R2 and RP may be the same or different and are each
a hydrocarben group of 1 to 15 carbon atoms, preferably 1 to
4 carbon atoms; X is a halogen atom; andm, n, p and q are numbers
satisfying the conditions of 0<m=3, 0=<n<3, 0=<p<3, 0=q<3 and
m+n+p+q = 3.

(B-1b) Aikyl complex compound comprising a metal of Group

1 and aluminum and represented by the following formula:
M2A1Ra,

wherein M? is Li, Na or K; and R® is a hydrocarbon group of
1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.
(B-1lc) Dialkyl compound containing a metal of Group 2 or

Group 12 and represented by the following formula:
RaRbM3

wherein R?® and RP may be the same or different and are each
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to
4 carbon atoms; and M3 is Mg, Zn or Cd.

Examples of the organoaluminum compounds (B-la) include:

an organocaluminum compound represented by the following

formula:
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RapAL (ORP) 3-p

wherein R2 and RP may- be the same or different and are each
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to
4 carbon atoms, and m is preferably a number satisfying the
condition of 1.5=m<3;

an organoaluminum compound represented by the following

formula:
R3;AlX3.n

wherein R® is a hydrocarbon group of 1 to 15 cérbon atoms,
preferably 1 to 4 carbon atoms, X is a halogen atom, and m is
preferably a nun.\ber satisfying the condition of 0<m<3;

an organcaluminum compound represented by the following

formula:
Ra3,AlH3.n

wherein R® is a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, and m is preferably a number
satisfying the condition of 2=m<3;.

and
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an organoaluminum compound represented by the following

formula:
R%mAl(ORP)an

wherein R2 and RP may be the same or different and are each
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to
4 carbon atoms, X is a halogen atom, and m, n and g are numbers
satisfying the conditions of 0<m=3, 0=n<3, 0=q<3 and mtn+g
= 3, |

Particular examples of the organocaluminum coﬁpounds
(B-1la) include:

tri-n-alkylaluminums, such as trimethylaluminum,
triethylaluminum, tri-n-butylaluminum, tripropylaluminum,
tripentylaluminum, trihexylaluminum, trioctylaluminum and
tridecylaluminum;

branched-chain trialkylaluminums, such as
triisopropylaluminum, triisobutylaluminum, tri-sec-
butylaluminum, tri-tert-butylaluminum, tri-2-
methylbutylaluminum, tri-3-methylbutylaluminum, tri-2-
methylpentyléluminum,_tri-3-methylpentylaluminum,_tri—4-
methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-
methylhexylaluminum and tri-2-ethylhexylaluminum;

tricycloalkylaluminums, such as tricyclohexylaluminum

‘and tricyclooctylaluminum;
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triarylaluminums, such as triphenylaluminum and
tritolylaluminum;

dialkylaluminum hydrides, such as diisobutylaluminum
hydride and diisobutylaluminum hydride;

trialkenylaluminums, e.g., those represented by the
formula (i-C4Hg)xAly(CsHyg), (wherein x, y and z are each a
pésitive number, and z=2x), such as isoprenylalﬁminum;

alkylaluminum alkoxides, such as isobutylaluminum
methoxide, i;obutylaluminum ethoxide and isocbutylaluminum
isopfopoxide; )

dialkylaluminum alkoxides, such as dimethylaluminum
methoxide, diethylaluminum ethoxide and dibutylaluminum
butoxide;

alkylalumihum sesquialkoxides, such as ethylaluminum
sesquiethoxide and butylaluminum sesquibuto#ide;

partially alkoxylated alkylaluminums; such as those
having an average composition represented by R2; sAl (ORP),.5;

dialkylaluminum aryloxides, such as diethylaluminum
phenoxide, diethylaluminum(2,6-di-t-butyl-4-
methylpﬁenoxide), ethylaluminumbis (2, 6-di-t-butyl-4-
methylphenoxide), diisobutylalumium(z,6—di¥t—butyl—4—
methylphenoxide) and isobutylaluminumbis (2, 6-di-t-butyl-4-

methylphenoxide);
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dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminumchloride, dibutylaluminuni chloride,
diethylaluminum bromide and diisobutylaluminum chloride;

alkylaluminum sesquihalides, such as ethylaluminum
sesquichloride, butylaluminum sesquichloride and
ethylaluminum seséuibromide,

partially halogenated alkylaluminums, such as
ethylaluminum dichloride, propylaluminum dichloride and
butylaluminum dibromidé;

dialkylaluminﬁm hydrides, suéh as diethylaluminum .
hydride and dibutylaluminum hYdride;

partially hydrogenated alkylaluminums, e.qg.,
alkylaluminum dihydrides, such as ethylaluminum dihydride and
propylaluminum dihydride; and

partially alkoxylated and halogenated alkylaluminums,
such as ethylaluminum ethoxychloride, butylaluminum
butoxychloride and ethylaluminum ethoxybromide.

Also employable are compounds analogous to the
organoaluminum compound (B-la). For example, there can be
mentioned organocaluminum compounds wherein two or more

aluminum compounds are combined through a nitrogen atom, such

as (CzHs) 2A1N (CoHs) AL (C2Hs) 2.

Examples of the compounds (B-1b) include LiAl (CyHs)4 and

LiAl (CqHys) 4.
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Other compounds, also employable as the organometallic
compounds (B-1) include methyllithium, ethyllithium,
propyllithium, butyllithium, methylmagnesium bromide,
methylmagnesium chloride, ethylmagnesium bromide,
ethylmagnesium chloride, -propylmagnesium bromide,
propylmagnesium chloride, butylmagnesium bromide,
butylmagnesium chloride, dimethylmagnesium,
diethylmagnesium, dibutylmagnesium.and.bptylethylmagnesium,

Combinations of compéundsICapable of producing the
above-mentioned organocaluminum compounds in the
polymerization system, e.g., a combination of halogenated
aluminum and alkyllithium and a combination of halogenated
aluminum and alkylmagnesium, are also employable.

Of the organometallic compounds (B-1), the
organoaluminum compounds are preferable.

The organometallic compounds (B-1) mentioned above are

used singly or in combination of two or more kinds.

{B=2) Organoaluminum oxy-compound
The organocaluminum oxy-compound (B-2) which is
optionally used in the invention may be conventional
aluminoxane or a benzene-insoluble organocaluminum oxy-
compound such as exemplified in Japanese Patent Laid-Open

Publication No. 78687/1990.
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The conventional aluminoxane can be prepared by, for

example, the following processes, and is generally obtained

as a hydrocarbon solvent solution.

(1) Anorgancaluminum compound such as trialkylaluminum
is added to a hydrocarbon medium suspension of a compound
containing adsorption wéter or a sait containing water of
crystallization, e.g., magnesium chloride hydrate, copper
sulfate hydrate, aluminum sulfate_hydrate, nickel sulfate
‘hydrate of cerous chloride hydrate, to allow the
organoaluminum'compound to react with the adsorption water or
the water of crystallization.

(2) Water, ice br water vapor is allowed to directly act
on an organocaluminum compound such as triaikylaluminum in a
medium such as benzene, toluene, ethyl ether or
tetrahydrofuran.

(3) An organotin oxide such as dimethjltin oxide or
dibutyltin oxide is allowed to react with an organoaluminum

compound such as trialkylaluminum in a medium such as decane,

" benzene or toluene.

The aluminoxane may contain a small amount of an
organométallic component. Further, it is possible that the
solvent or the unreacted organoaluminum compound is distilled
off f;om the recovered solution of aluminoxane and the
remainder is redissolved‘in a solvent or suspended in a poor

solvent for aluminoxane.
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Examples of the organocaluminum compounds used for
preparing the aluminoxane include the éame organoaluminum
compounds as previously described with respect to the
organoaluminum compound (B-la). Of these, preferable are
trialkylaluminums and tricycloalkylaluminums. Particularly
preferable is trimethylaluminum.

The organoaluminum compounds are used singly or in
combination of two or more kinds.

Examples of the solvents used for preparing the
aluminoxane inclﬁde aromatic hydrocarbons, such as benzene,
toluene, xylene, cumene and cymene; aliphatic hydrocarbons,
such as pentane, hexane, heptane, octane, decane, dodecane,
hexadecane and octadecane; alicyclic hydrocarbons, such as
cyclopentane, cyclohexane, cyclooctane ahd
methylcyclopentane; petroleum fractions, such as gasoline,
kerosine and gas oil; and halogenated products of these
aromatic, aliphatic and alicyclic hydrocarbons (e.g.,
chlorinated or brominated products thereof). Alsoemployable
are ethers such as ethyl ether and tetrahydrofuran. Of the
solvents, particularly preferable are arométic hydrocarbons
and aliphatic hydrocarbons.

The benzene-insoluble organoaluminum oxy-compound for
use in the invention is preferably an organcaluminum oxy-
compound containing an Al component which is soluble inbenzene

at 60 °C, in an amount of usually not more than 10 %, preferably
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not more than 5 %, particularly preferably not more than 2 %,
in terms of Al atom. That is, the benzene-insoluble
organocaluminum oxy-compound is preferably insoluble or
sparingly soluble in benzene. |

The orgénoaluminum oxy—-compound for use in the invention
is, for example, an organocaluminum oxy-compound containing

boron and represented by the following formula (IV):

\ | /
Al-0—-B—0-Al
21 \o21 |
R R (IV)

wherein R20 is a hydrocarbon group of 1 to 10 carbon atoms;
and each R2?l may be the same or different and is a hydrogen

atom, a halogen atom or a hydrocarbon group of 1 to 10 carbon

atoms.
The organoaluminum compound containing boron and
represented by the formula (IV) can be prepared by allowing

an alkylboronic acid represented by the following formula (V) :

R20-B- (OH) » (V)

wherein R20 'is the same group as described above,
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to react with an organoaluminum compound in an inert solvent
at a temperature of -80 °C to room temperature for 1 minute
to 24 hours under an inert gas atmosphere.

Examples of the alkylboronic acids represented by the
formula (V) iﬁclude methylboronic. acid, ethylboronic acid,
isopropylboronic acid, n-propylboronic acid, n-butylboronic
acid, isobutylboronic acid, n-hexylboronic acid,
cyclohexylboronic acid, phenylboronic acid, 3,5-
difluorophenylboronic acid, peﬁtafluorophenylboronic acid
and 3,5-bis(trifluoromethyl)phenylboronic acid. Of these,
preferable are methylboronic acid, n-butylboronic acid,
isobutylboronic acid, 3;5—difluorophenylboronic acid and
pentafluorophenylboronic acid.

These alkylboronic acids are used singly or in
combination of two or more kinds.

Examples of the organéaiuminum compounds to be reacted
with the alkylboronic acid include the same organocaluminum
compounds as previously described with respect to the
organoaluminum compound (B-la). Of these, preferable -are
trialkylaluminums and tricycloalkylaluminums. Particulafly
preferable are trimethylaluminum, triethylaluminum and
triisobutylaluminum. These organoaluminum compounds are
used singly or in combination of two or more kinds.

The organocaluminum oxy-compounds (B-2) mentioned above

are used singly or in combination of two or more kinds.



10

15

20

F-1491/SF-601

171

(B=3) C | whick ith the 1 iti tal i
to £ . .

The compound (B-3) which reacts with a transition metal
compound to form an ion pair (referred to as "ionizing ionic
compound” hereinafter), that is optionally used in the
invention, is a compound which reacts with the afo:fesaid-
transition metal compound (A-1) or (A—2) to foim an ion pair,
so that any compound which forms an ion pair by the contact
with the transitionmetal compound (A-1) or (A-2) is employable
as the compound (B-3). |

Examples of such compounds includes Lewis acids, an ionic
compounds, borane compounds and carbdrane compoundé described
in Japanese Patent Laid-Open Publications No. 501950/1989, No.
502036/1989, No.. 179005/1991, No. 179006/1991, No.
207703/1991 and No. 207704/1991, and U.S. Patent No. 5,321, 106.
A heteropoly compound and an isopoly compound may also be
employed.

The Lewis acids are, for example, compounds represented
by BR3; (R is fluorine or a phenyl group which may have a
substituent such as fluorine, methyl or trifluoromethyl).
Examples of such compounds include trifluoroboron,
triphenylboron, tris(4-fluorophenyl)boron, tris (3; 5-

difluorophenyl)boron, tris (4-fluoromethylphenyl)boron,
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tris(pentafluorophenyl)boron, tris(p-tolyl)boron, tris(o-
tolyl)boron and tris(3,5-dimethylphenyl)boron.
The ionic compounds are, for example, compounds

represented by the following formula (VI):

R24
O
R23 RZZ_?_ R25
= (VI)

In the above formula, R22 is Ht, carbonium cation, oxonium

cation, ammonium cation, phosphonium cation,
cycloheptyltrienyl cation, ferrocenium cation having a
transition metal, or the like.

R?3 to R26 may be the same or different and are each an
organic group, preferably an aryl group or a substituted aryl
group.

Examples of the carbonium cations include tri-
substituted carbonium cations, such as triphenylcarbonium
cation, tri(methylphenyl)carbonium cation and
tfi(dimethylphenyl)carbonium cation.

Examples of the ammonium cations include
trialkylammonium cations, such as trimethylammonium cation,

triethylammonium cation, tripropylammonium cation,
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tributylammonium cation and tri(n~-butyl)ammonium cation;
N,N-dialkylanilinium cations, such as N,N-dimethylanilinium
cation, N,N-diethylanilinium cation and N,N-2,4, 6-
pentamethylanilinium cation; and dialkylammonium cations,
such as di (isopropyl) ammonium cation and dicyclohexylammonium
cation. | |

Examples of the phosphonium cations include

triarylphosphonium cations, such as triphenylphosphonium

cation, tri(methyiphenyl)phpsphonium cation and
tri(dimethylphenyl)phosphonium cation.

R?22 is preferably carbonium cation or ammonium cation,
particularly preferably triphenylcarbonium cation, N,N-
dimethylanilinium cation or N,N-diethylanilinium cation.

Also employable as the ionic compound is a trialkyl-
substituted ammonium salt, a N,N-dialkylanilinium salt, a
dialkylammonium salt or a triarylphosphonium salt.

Examples of the trialkyl-substituted ammonium salts
include triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetra (phenyl)boron, tri (n-
butyl)ammoniumtetra (phenyl)boron,
trimethylammoniumtetra(p-tol&l)boron,
trimethylammoniumtetra (o-tolyl)boron, tri(n-
butyl) ammoniumtetra (pentafluorophenyl)boron,
tripropylammoniumtetra(o,p—dimethylphenyl)boron, tri(n-

butyl)ammoniumtetra (m,m-dimethylphenyl)boron, tri(n-
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butyl)ammoniumtetra (p-trifluoromethylphenyl)boron, tri(n-
butyl)ammoniumtetra (3, 5-ditrifluoromethylphenyl)boron and
tri(n-butyl)ammoniumtetra(o-tolyl)boron.

Examples of the_N,N—dialkylaniliniﬁm salts include
N,N-dimethylaniliniumtetra (phenyl)boron, N,N-
diethylaniliniumtetra (phenyl)boron and N,N-2,4, 6-
pentamethylaniliniumtetra (phenyl)boron.

Examples of the dialkylammonium salts include‘di(l—
propyl)ammoniumtétra(pentafluorophenyl)boron and
dicyclohexylammoniumtetra (phenyl)boron.

Further empldyable as the ionic compounds are
triphenylcarbeniumtetrakis (pentafluorophenyl)borate, N,N-
dimethylaniliniumtetrakis (pentafluorophenyl)borate,
ferroceniumtetra (pentafluorophenyl)borate,

triphenylcarbeniumpentaphenylcyclopentadienyl complex,

- N,N-diethylaniliniumpentaphenylcyclopentadienyl complex and

a boron compound represented by the formula (VII):

_ CF3
QI(Etzo) 219

CE. (VII)

wherein Et is an ethyl group, or the formula (VIII):
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CFy
@ 0O
Na B

CF;/ 4

(VIII)

Examples of thé‘borane'compounds include:
decaborane (14) ;
5 salts of anions, such as bis[tri (n-
butyl) ammonium] nonaborate, bis[tri (n-
butyl) ammonium] decaborate, bis[tri (n-
butyl)ammonium]undecaborate, bis[tri(n-
butyl) ammonium] dodecaborate, bis[tri(n-
10 butyl)ammonium]decachlorodecaborate and bis[tri (n-
butyl) ammonium] dodecachlorododecaborate; and |
salts of metallic borane anions, such as tri(n-
butyl)ammoniumbis(dodecahydridododecaboraté)cobaltate
(III) and bis[tri(n-butyl)ammonium]}bis- |
15 (dodecahydridododecaborate)nickelate (III).
Examples of the carborane cqmpounds include:
salts of anions, such as 4-carbanonaborane(14), 1,3-
dicarbanonaborane (13), 6,9—dicarbadécaborane(14),
dqdecahydrido—l-phenyl-l,3—diCarbanonaborane,
20 dodecahydrido-l~methyl-1,3—di6arbanonaborane,
undecahydrido-l,3-dimethyl-1,3—dicarbanonaborane, 7,8~

dicarbaundeéaborane(13), 2,7-dicarbaundecaborane (13),
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undecahydrido-7, 8-dimethyl~7, 8-dicarbaundecaborane,
dodecahydrido-l1-methyl—2,7—dicarbaundecaborane, tri(n-
butyl) ammonium-1l-carbadecaborate, tri(n-butyl) ammonium-1-
carbaundecaborate, tri(n-butyl)ammonium-~1-
carbadodecaborate, tri(n-butyl) ammonium-1-trimethylsilyl-
l-carbadecaborate, tri(n-butyl)ammoniumbromo-1-
carbadodecaborate, tri (n-butyl)ammonium-6-
carbadecaborate (14), tri(n-butyl)ammonium-6-
carbadecaborate(12), tri(n-butyl)ammonium-7-
carbaundecaborate (13), tri(n-butyl)ammonium-7, 8-
dicarbaundecaborate(12), tri (n-butyl)ammonium-2, 9-
dicarbaundecaborate(12), tri(n- |

butyl)ammoniumdodecahydrido-8—methyl-7,9—

'dicarbaundecaborate, tri(nfbutyl)ammoniumundecahydridq—8-

ethyl-7, 9-dicarbaundecaborate, tri (n-
butyl)ammoniumundecahydrido—8-butyl—7,9—
dicarbaundecaborate, tri(n—butyl)ammoniumundecahydrido—B-
allyl-7,9-dicarbaundecaborate, tri(n-
butyl)ammoniumundecahydrido-9—trimethylsilyl—7,8—
dicarbaundecaborate and tri (n-butyl)ammoniumundecahydrido~
4,6—dibromo-7—carbaundecéborate; and

salts of metallic carborane anions, such as tri(n-
butyl)ammoniumbis (nonahydrido-1, 3-
dicarbanonaborate)cobaltate(III), tri(n-

butyl) ammoniumbis (undecahydrido~7, 8~
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dicarbaundecaborate) ferrate (III), tri(n-
butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)cobaltate (III), tri(n-
butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)nickelate (III), tri(n-
butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)cuprate (III), tri(n-
butyl)ammqniumbis(undecahydrido-7,8—
dicarbaundecaborate)aurate (III), tri(n-
butyl)ammoniumbis(nonahydrido—?,8—dimethy1—7,8—
dicarbaundecaborate)ferrate(III), tri(n-
butyl)amﬁoniumbis(nonahydrido-?,8—dimethyl-7,8—
dicarbaundecaborate)chromate (III), tri(n-

butyl)ammoniumbis (tribromooctahydrido-7, 8-

- dicarbaundecaborate)cobaltate (III), tris[tri(n-

butyl)ammonium]bis (undecahydrido-7-
carbaundecaborate)chromate (III), bis[tri(n-
butyl)ammonium]bis(undeqahydrido—7—
carbaundecaborate)manganate (IV), bis[tri(n-
butyl)ammonium]bis (undecahydrido-7-
carbaundecaborate) cobaltate(III) and bis[tri(n-
butyl)ammonium] bis (undecahydrido-7-

carbaundecaborate)nickelate (IV).

The heteropoly compound comprises an atom of silicon,

phosphorus, titanium, germanium, arsenic or tin and one or more
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atoms selected from vanadium, niobium, molybdenum and tungsten.
Examples of such compounds include phosphovanadic acid,
germanovanadic acid, arsenovanadic acid, phosphoniobic acid,
germanoniobic acid, silicomolybdic acid, phosphomolybdic acid,
titanomolybdic acid, germanomolybdic acid, arsenomolybdic
acid, stannoﬁolybdic acid, ph;)sphotungstic acid,

germanotungstic acid, stannotungstic acid,

'p_h_o‘sphomolybdovanadic acid, phosphotungstovanadic acid,

| germanotaungstovanadic acid, phosphomolybdotungstovanadic

acid, germanomolybdotungstovanadic acid,

phosphomolybdotungstic acid, phosphomoledoniobic acid,

metallic salts of these acids, specifically, salts of these

‘acids, for example with metals of Group 1 or 2 of the periodic

table such as lithium, sodium, potassium, rubidium, cesium,
beryllium, magnesium, calcium, strontium and barium, organic
salts of the above acids such as triphenylethyl salt, and
isopoly compounds, but not limited thereto. |

These heteropoly compounds and isopoly compounds may be
u_sed- singly or in combination of two or more kinds.

The ionizimj ionic compounds (B-3) mentioned above may
be used singly or in combination of two or more kinds.

When the transition metal compqund (A-1) or (A-2) is used
as a catalyst, an o.lefin polymer having a high molecular weight
can be obtained with a high polymerization activity. If the

organocaluminum oxy-compound (IB—2) such as methylaluminoxane
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is used as a cocatalyst component in combination, the catalyst
exhibits an extremely high polymerizatibn activity for the
olefips. If the ionizing ionic compound (B-3) such as
triphenylcarboniumtetrakié(pentafluorophenyl)borateij;used
as a cocatalyst component, an olefin polymer having an |
extremely high molecular weight can be obtained with an
excellent.activity. |

In the olefin polymerization catalyst of the invention,
the below~described éarrier (C) can optionally be used, in
addition to the above-mentioned transition metal compound
(A-1) or (A-2) and at least one compound (B) selected from the
organometallic compound (B-1), the organoaluminum oxy-

compound (B-2) and the ionizing ionic compound (B-3).

{C) Carrijer

The carrier (C) optionally used in the invention is an
inorganic or organic compound in the form of granular or
particulatesolid. As the inorganic compounds, porous oxides,
inorganic chlorides, clay, clay minerals or ion-exchange
layered compoﬁnds are preferable.

Examples of the porous oxides include Si0,, Al,03;, MgoO,
ZrQ0, TiO,, B203, Ca0O, 2Z2nO, BaO, ThO;, and complex compounds or
mixtures containing these oxidesl, such as natural or synthetic

zeolite, Si0y-MgO, SiO,-Al,03, Si0,-TiO,, SiOp-, V»0s, SiOp-
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Cr203 and Si0,-Ti0>-MgO. Of these, preferable are compounds
containing SiO; and/or Al,03 as the main component.

The inorganic oxides may contain small amounts of
carbonate, sulfate, nitrate and oxide components, such as
NayCO3, KCO3, CaCOs;, MgCOs;, NaySOs, Al,(SOy)s3, BaSO4, KNOj,
Mg (NO3)2, AL(NOs3)3, Nay0, K0 and Li,O. |

Although the porous oxides differ in their propei:ties
depending upon the type and the preparation process thereof,
the carrier preferably used in the invention has a particle
diameter of 10 to 300 m, preferably 20 to 200 pm, a specific
sﬁrface_ area of 50 to 1,000 m2/qg, prefeiably 100 to 700 m2/qg,
and a pore volume of 0.3 to 3.0 cm3/g. If necessary, the carrier
may be calcined at 100 to 1,000 °Cc, preferably 150 to 700 °c,
prior to use. |

Ekamples of the inorganic chlorides employable in the
invention include MgCl,, MgBr,, MnCl; and MnBr;. The inorganic
chloride may be used as it is, or may be used after pulverized
by, for example, a ball mill or an oscillating mill. The
inorganic chloride may also be used as fine particles of a
obtained by dissolving the inorganic chloride in a solvent such
as alcohol and then precipitating using a precipitant.

The clay employable as a carrier in the invention is
genérally composed mainly of clay minerals. The ion-exchange
layered-compounds employable as a carrier in the invention is

compounds having a crystal structure wherein planes formed by
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ionic bonding or the like are laminated in parallel to one

another with a weak bond strength, and the ions contained

‘therein are exchangeable. Most of clay minerals are ion-

exchange layered compounds. The clay, the clay minerals and
the ion-exchange layered compounds employable in the invention
are nbt limited to natural ones but include synthetic ones.

Examples of such clay, clay minerals and ion-exchange
layered compounds include clay, clay mlnerals and ion
crystalline compounds having layered crystal structures such
as hexagonal closest packing type, antimony type, CdCl,.type
and CdI, type.

Particular examples of the clay and the clay minerals
include kaolin, bentonite, kibushi clay, gairome clay,
allophahe, hisingerite, pyrophyllite, mica, montmorillonite,
vermiculite, chlorite, palygorskite, kaolinite, nacrite,

dickite and halloysite. Particular examples of the ion-

- exchange layered compounds include crystalline acid salts of

polyvalent metals, such as oc—Zr(HAsO4_)2 * H20, 0~Zrxr (HPOQ4),,
0-Zr (KPOy4) 2 * 3H20, 0—~Ti (HPO4) 2, 0~Ti (HASO,) 2 - HoO, 0i-Sn (HPO,) 5 *
H20, ¥-Zr(HPO4)2, Y-Ti(HPO4), and y-Ti (NH4POy4) * H,0,

| The clay, the clay minerdls and the ion-exchange layered
compounds are preferably those having a poré volume, as
measured on pores having a radius of not less than 20 A by a
mercury penetration methqd, of not less than 0.1 cc/g, and are

particulariy preferably those having a pore volume of 0.3 to
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5 cc/g. The pore volume is measu;:ed on the pores having a
radius of 20 to 3x10%¢ A by a mercury penetration method using
a mercury porosimeter.

If a compound having a pore volume, as measured on pores
having a radius of not less than 20 A, of less than 0.1 cc/g
is used as the carrier, high polymerization activity tends to
be hardly obtained.

It is also preferable that the clay and the clay minerals
tobe used in the invention are subjected to chemical treatments.
Any of surface treatments, for example, to remove impurities |
attached to the surface and to influence on the crystal
structure of the clay, are employable. Examples of such
chemical treatments include acid treatment, alkali treatment,
salt treatment and organic substance treatment. The acid
treatment can contribute to not only removing impurities from
the surfacé but also eluting cations such as Al, Fe and Mg
present in the crystal str1:1cture to increase the surface area.
The alkali treatment can destroy crystal structure of clay to
bring about change in the structure of the clay. The salt
treatment and the organic substance treatment can produce, for
example, ionic composites, molecular compo'siﬁes, or organic

derivative to change the surface area or the distance between

| layers.

The ion-exchange layered compound for use in the

invention may be a layered compound in which the exchangeable
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ions between layers have been exchanged with other large and
bulky ions utilizing ion exchange properties to enlarge the
distance between the layers. The bulky ionplays apillar-like
roll to support the layer structure aﬁd is generally called
a "pillar". Introduction of other substances between 1a.yers
of a layered compound is called "intercalation". Examples of
the guest compounds to be intercalated include cationic
inorganic compounds, such as TiCl; and ZrCl,; metallic
alkoxides, such as Ti(OR)4, Zr(OR)4, PO(OR)3 and B(OR)3 (R is
a hydrocarbon group or the like); and metallic hydroxide ions,
such as [Ali304(OH)24]7*, [Zr,(OH)1412* and [Fe30(OCOCH;)g]*.

The compounds mentioned above may be used singly or in
combination of two or more kinds.

The intercalation of the compounds may be carried out in
the presence of polymers obtained by hydrolysis of metallic
alkoxides such as Si(OR)4, AL(OR)3 and Ge(OR), (R is a
hydrocarbon group or the like) or in the presénce of colloidal
inorganic compounds such as Si0O,. Examples of the pillars
include oxides producéd by intercalation of the above-
mentioned metallic hydroxide ions between layers, followed by
dehydration under heating. |

The clay, clay minerals and ion-exchange layered

' compounds mentioned above may be used as they are, or may be

used after they are subjected to a treatment of ball milling,

sieving or the like. Moreover, they may be used after they
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are subjected towater adsorptibn or dehydration under heating.
The clay, clay minerals and ion-exchange layered compounds may
be used singly or in combination of two or more kinds.

Of the above-mentioned fnaterials, preferable are clay and
clay minerals, and particularly preferable are
montmorillonite, vermiculite, hectorite, tenorite and
synthetic miéa.

The organic compo{md'lis, for example, a granular or
particulate solid compound having a particle diameter of 10
to 300 .um. Examples of such compounds include (co)polymers
produced using an O-olefin of 2 to 14 carbon atoms such as
e_thyl_ene, propylene, l-butene or 4-methyl—1jpentene as amain
ingfedieht, (co)polyméfs produced using vinylcyclohexane or
styrene as a main ingredient, and modified products thereof.

The olefin polymerization catalyst of the invéntion. may
fufther comprise the below-described specific organic
compound (D), if necessary, in addition to the transition metal
compound (A-1) or (A-2), at least one compound (B) selected
from the organometallic compound (B-1), the organoaluminum
oxy-compound (B-2) and the ionizing ionic compound (B-3), and

the optionally used carrier (C).

{D) Organic compound component
In the present invention, the organic compound component

(D) is optionally used to improve polymerizability and
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properties of the resultihg'polymer. Examples of the qrganic
compounds include alcohols, phenolic compounds, carboxylic
acids, phosphorus compounds and suifonates, but not limited
thereto.

As the alcohlols and the phenolic compounds, those
represented by R31-OH (R3! is a hydrocarbon group of 1 to 50
carbon afoms or a halogenated hydrocarbon group of 1 to 50
carbon atoms) are generally employed. Preferable alcohols are
those wherein R3! is a halogenated.hydrocarbon group.-
Preferable phenolic compounds are preferably those wherein the
o, 0'-positions to the hydroxyl group are substituted with
hydrocarbon groups of 1 to 20 carbon atoms.

As the carboxylic acids, those repreéented by R32-COCH
(R32 is a hydrocarbon group of 1 to 50 carbon atoms or a
halogenated hydrocarbon group of 1 to 50 carbon atoms,
preferably a halogenated hydrocarbon group of 1 to 50 carbon.
atoms) are generally employed. |

As the phosphorus compounds, phosphoric acids having
P-O-H bond, phosphates having P-OR bond or P=0 bond and
phosphine oxide compounds are preferably employed.

The sulfonates used in the invention are those

represented by the following formula (IX):
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In the above formula, M is an element of Group 1 to Group
5 14 of the periodic table.

R33 is hydrogen, a hydrocarbon group of 1 to 20 carbon
atoms or a halogenated hydrocarbon group of 1 to 20 carbon
atoms.

X is a hydrogen atom, a halogen atom, a hydrocafbon group

10 of 1 to 20 carbon atoms or a halogenated hydrocarbon group of
1 to 20 .carbon atoms. |

m is an integer of 1 to 7, and 1=n=<7.

In each of Fig. 1 and Fig. 2, a process for preparing the
olefin polymerization catalyst of the invention is shown.

15 Next, the process for olefin polymerization is described.

The process for olefin poiymerization according to the
invention comprises (co)polymerizing an olefin in the presence
of the catalyst described above.

In the polymérization, any method of using and 'feeding

20 and any order of feeding of the components can be selected,
and, some examples are given below.

(1) The transitionmetal compound (A-1) or (A-2) (simply
referred to as "component (A)" hereinafter) is fed to the

polymerization reactor.
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(2) The component (A) and at least one compound (B)
selected from the organometallic coﬁpound (B-1), the
organoaluminum oxy-compound . (B-2) and the ionizing ionic
compound (B-3) (simply referred to as "component (B)"
hereinafter) are fed to the polymerization reactor in an
arbitrary order.

(3) A catalyst obtained by previously contacting the
compoﬁent (A) with the component (B) is fed to the
polymerization reactor.

(4) A catalyst component obtained by previously
contacting the component (A) with the component (B), and the

component (B) are fed to the polymerization reactor in an

arbitrary order. 1In this case, the components (B) may be the

same or different.

(3) A catalyst component wherein the component (A) is
supported on the carrier (C), and the component (B) are fed
to the polyméfization reactor in an arbitrary order.

(6) A catalyst wherein the component (A) and the
coﬁponent (B) are supported on the carrier (C) is fed to the
polymerization reactor.

(7) A catalyst component wherein the component (A) and
the component (B) are supported on the carrier (C), and.the
component (B) are fed to the polymerization reactor in an
arbitrary order. 1In this case, the éomponents (B) may be the

same or different.
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(8) A catalyst component wherein the component (B) is
supported on the carrief (C), and the component (A) are fed
to the polymerization reactor in an arbitrary order.

(9) A catalyst component wherein the component (B) is
supported on the carrier (C), the component (A) and the
component (B) are fed to the polymerization reactor in an
arbitrary order. In this case, fhe components (B) may be the
same or different.

(10) A component'wherein the component (A) is supported
on the carrier (C), and a component wherein the component (B)
is supported on the carrier (C) are fed to the polymerization
reactor in an arbitrary order.

(11) A component wherein thé component (A) is supported
on the carrier (C), a component wherein the component (B) is
supported on the carrier (C),'and the component (B) are fed
to the polymerization reactor in an arbitrary order. 1In this
case, the components (B) may be the same or different.

(12) The component (A), the component (B) and the organic
compound cbmponent (D) are fed to fhe polymerization reactor
in an arbitrary order.

(13) A component obtained‘by previously contacting the
component (B) with the component (D), and the component (A)
are fed to the polymerization reactor in an arbitrary order.

(14) A component wherein the component (B) and the

component (D) are supported on the carrier (C), and the’
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component (A) are fed to the polymerization reactor in an
arbitrary order.

(15) A catalyst component cbtained by previously
contacting the component (A) with the component (B), and the
component (D) are fed to the pélymerization reactér in an
arbitrary ofdei.

(16) A catalyst component obtained'by previously
éontacting the component (A) with the component (B), the
component (B) and the component (D) are fed to- the
polymerization reactor in an arbitrary order.

(17) A catalyst component obtained by previously
contacting the component (A) with the component (B), and a
compdnent obtained by previously contacting the component (B)
with the component (D) are fed to the polymerization reactor
in an arbitrary order.

(18) A component wherein the component (A) is supported

on the carrier (C), the componeht (B) and the component (D)

~are fed to the polymerization reactor in an arbitrary order.

(19) A component wherein the component (A) is supported
on the carrier (C), and a component obtained by previously
contacting the component (B) with the component (D) are fed
to the polymerization reactor in an arbitrary order.

(20) A catalyst component obtained by previbusly

contacting the component (A), the compohent (B) and the
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component (D) with one another is fed to the polymerization
reactor.

(21) A catalyst component obtained by previously
contacting the component (A), the component (B) and the
component (D) with one another, and the component (B) are fed
to the polymerization reactor in an arbitrary order. 1In this
case, the compbnents (B) may be the same or different.

(22) A catalyst wherein the component (A), the component
(B) and the component (D) are supportea on the carrier. (C) is
fed to the polymerization reactor.

(23) A catalyst component wherein the component (A), the
component (B) and the component (D) are supported on the carrier
(C) , and the componént (B) are fed to the polymerization reactor
in an airbitrary order. In this case, the components (B) may
be the same or different.

An olefin may be prepolymerized onto a solid catalyst
component wherein the component (A) and the component (B) are
supported on the carrier (C).

In the process for olefin polymerization according to the
invention, an olefin is polymerized or copolymerized in the .
presence of the olefin polymerization catalyst described above
to obtain an olefin polymer.

In the present invention,' the polymerization can be

carried out as any of liquid phase polymerization, such as
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solution polymerization or suspension polymérization, and gas
phase polymerization.

Examples of inert hydrocarbon media for use in the liquid
phase polymerization include aliphatic hydrocarbons, such as
propane, butane, pentane, hexane, heptane, octane, decane,
dodecane and kerosine; alicyclic hydrocarbons, such as
cyclopentane, cyclohexane and methylcyclopentahe; aromatic
hydrocarbens, such as benzene, toluene and xylene; halogénated
hydrocarbons, such as ethylene chloride, chlorobenzene and
dichloromethane; and mixtures of these hydrocarbong. The
olefin itself can be used as the solvent.

In the polymerization of an olefin using the olefin
polymerization catalyst, the component (A) may be used in an
amount of usually 10-12 to 1072 mol, preferably 10710 to 10-3
mol, based on 1 liter of the reaction volﬁme. In the present
invention, even if the component (A) is used in a relatively
low concentration, an olefin can be polymerized with a high
polymerization activity.

The component (B-1) may used in such an amount that the
molar ratio of the component (B-1) to the tragsition metal étom
(M) in the component (A) ((B-1)/(M)) beéomes usually 0.01 to
100,000, preferably 0.05 to 50,000.

The component (B-2) may be used in such an amount that
the molar ratio of the aluminﬁm atom in the component (B-2)

to the transition metal atom (M) in the component (A) ((B-
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2)/(M)) becomes usually 10 to 500,000, preferably 20 to
100,000.

Thé component (B-3) may be used in such an amount that
the molar ratio of the component (B-3) to the transition metal
atom (M) in the component (A) ((B-3)/(M)) becomes usually 1
to 10, preferably 1 to 5. '

The component (D) may be used relative to the component
(B) in such an amount that for the component (B-1) the molar
ratio of (D)/(B~1) becomes usually 0.01 to 10, preferably'O.l
to 5; for the component (B-2) the molar rati§ of'the component
(D) to the aluminﬁm atom in the component (B-2) ((D)/(B-2))
becomes usually 0.001 to 2, preferably 0.005 to 1; and for the
component (B-3) the molar ratio of (D)/(B-~3) becomes usually
0.01 to 10, preferably 0.1 to 5.

In the olefin polymerization using the olefin
polymerization catalyst, the_polymerization temperature may
be in the range of usually -50 to 200 °C, preferably 0 to 170 °C.
The polymerization pressure may be in the fange of usually
atmospheric pressure to 100.kg/cm2, preferably atmospheric
pressure to 50 kg/cm2. The polymerization reaction can be
carried out by any of batchwise, semi-continuous and
continuous processes. The polymerization can also be
conducted in two or more stages under different reaction

conditions.
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The molecular weight of the resulting polymer can be
regulated by allowing hydrogen to be present in the
polymerization system or by changing the polymerization
temperature. The molecular weight can also be regulated also
by changing the type of the component (B).

Examples of the olefins which can be polymerized by the
use of the olefin polymerization catalyst include:

o-olefins of 2 to 20 carbon atoms, such as ethylene,
propylene, l-butene, l-pentene, 3—methyl—1-bﬁtene, 1—he2ene,
4—methyl-1—pentehe, 3-methyl-1-pentene, l-octene, l-decene,
l-dodecene, l-tetradecene, l-hexadecene, l-octadecene and
l-eicosene;

cycloolefins of 3 to 20 carbon atoms, such as cyclopentene,

'cycloheptene, norbornene, 5-methyl-2-norbornene,

tetracyclododecene and 2-methyl-1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene;

| polar monomers, e.g., unsaturated carboxylic acids
including o, B-unsaturated carboxylic acids, such as acrylic
acid, methacrylic acid, fumaric acid, maleic anhydride,
itaconic acid, itaconic anhydride and bicyclo(2,2,1]-5-
heptene-2,3-dicarboxylic acid; metallic salts of these acids,
such as sodium salts, potassium salts, lithium salts, zinc
salts, magnesium salts and calcium salts; unsaturated
carboxylic esters including o, B-unsaturated carboxylic esters,

such as methyl acrylate, ethyl acrylate} n-propyl acrylate,
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isopropyl acrylate, n-butyl acrylate, isobutyl acrylate,
tert—bﬁtyl-acrylate, 2-ethylhexyl acrylate, methyl
methacrylate, ethyl methacrylate, n-propyl methacrylate,
iéopropyl methacrylate, n-butyl methacrylate and isobutyl
methacrylate; vinyl esters, such as vinyl acetate, vinyl
propionate, vinyi caproate, vinyl caprate, vinyl laurate,

vinyl stearate and vinyl trifluorocacetate; and unsaturated

glycidyl esters, such as glycidyl acrylate, glycidyl

methacrylate and monoglycidyl itaconate.

Vinylcyclohexane, dienes and polyenes are also
em.ployablef

The dienes and the polyénes are cyclic or chain compounds
having 4 to 30 carbon atoms, preferably 4 to 20 carbon aﬁoms,
and having two or more double bonds. Examples of such
compounds include butadiené, isoprene, 4—methyi-1,3—
pentadiene, 1,3-pentadiene, 1,4-pentadiene, 1, 5-hexadiene,
1,4-hexadiene, 1,3—hexadiene, 1,3—bctadiene, 1,4-octadiene,
1,5;octadiene, 1, 6~octadiene, 1,7-octadiene, ethylidene
norbornene, vinyl norbornene and dicyclopentadiene;

7-methyl-1, 6-octadiene, 4-ethylidene-8-methyl-1,7-
nonadiene and 5,9-dimethyl-1,4,8-decatriene;

aromatic vinyl compounds including mono- or
polyalkylstyrenes, sﬁch as styrene, o-methylstyrene, m-
methylstyrene,‘p-methylstyrene, o,p-dimethylstyrene, o-

ethylstyrene, m-ethylstyrene and p-ethylstyrene;
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functional group-containing styrene derivatives, such as
methoxystyrene, ethoxystyrene, vinylbenzoic acid, methyl
vinylbenzoate, vinylbenzyl acetate, hydroxystyrene, o-

chlorostyrene, p-chlorostyrene and divnylbenzene; and

-further,

-3—phenylpropylene, 4—phenylpropylene and o~
methylstyrene.

The olefin polymerization catalyst of the invention
exhibits a high polymerization activity, and by the ﬁse of the
catalyst, a polymer having a narrow molecular weight
distribution can be obtained. When two or more kinds of
olefins are copolymerized, an olefin copolymer having a narrow
composition distribution can be obtained.

The olefin polymerization catalyst of the invention can
also be used for copolymerization of an o~olefin and a polar
monomer. Examples of the o~olefins employable herein include
the same straight-chain or branched o~olefins of 2 to 30 carbon

atoms, preferably 2 to 20 carbon atoms, as previously described.
Examplés of the polar monomers employable herein include the
same monomers as previously described.

The olefin polymerization catalyst of the invention can
also be used for copolymerization of an a;olefin and a
conjugated diene.

Examples of the a-olefins eméloyable hefein include the

same straight-chain or branched a-olefins of 2 to 30 carbon
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atoms, preferably 2 to 20 carbon atoms, as previouslydescribed.
Of these, preferable are ethylene, propylene, l-butene, 1-
pentene, l-hexene, 4-methyl-l-pentene and l-octene.
Particularly preferable are ethylene and propylene. These
o-olefins can be used singly.or in combination or two or more
kinds. |

Examples of the conjugated dienes include aliphatic
conjugated dienes of 4 to 30 carbon atoms, preferably 4 to 20
carbon atoms, such as 1,3-butadiene, isoprene, chloroprene,
1,3;cyclohexadiene;1,3—pentadiene,4—methyl—1,3—pentadiene,
1,3-hexadiene and 1, 3-octadiene. These conjugated dienes can
be used singly or in combination of two or more kinds.

According to the invention, a non-conjugated diene or
polyene can also be used in the copolymerization of the o~
olefin and the conjugated diene. Examples of the non;
conjugated dienes and polyénes include 1,4-pentadiene,
1;5-hexadiene, 1,4-hexadiene, 1,4-octadiene, 1,5-octadiene,
1,670ctadiene, 1,7-octadiene, ethylidene norborneﬁe, vinyl
norbornene, dicyclopentadiene, 7-methyl-1,6-octadiene, 4-
ethylidene-8-methyl-1, 7-nonadiene and 5,9-dimethyl-1, 4, 8-

decatriene.
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The present invention is further described with reference
to the following examples, but it should be construed that the
invention is in no way limited to those examples.

The structures of the compounds obtained in the synthesis

. examples were determined by 270 MHz lH-NMR (Japan Electron

Optics Laboratory GSH-270 Model), FT-IR (SHIMADZU FTIR-8200D
Model), FD-mass spectrometry (Japan Electron Optics
Laboratory SX-102A Modél) , metal content analysis (analysis
by ICP method after dry ashing and dissolution in dilute nitric
acid, device: SHIMADZU ICPS-8000 Model), and elemental

analysis for carbon, hydrogen and nitrogen (Helaus CHNO Model) .

The intrinsic viscosity (n) was measured in decalin at 135 °C.
Synthesis Example 1

Synthesis of compound represented by the formula (L1)
In a 100-ml reactor, 1.0 g (10.7 mmol) of aniline, 3.3
g (32.2 mmol) of concentrated hydrochloric acid and 5.4 ml of
water were Qigorously stirred to give a solution, and the
solution was cooled to 0 °C with ice. To the solution, a
solution obtained by dissolving 0.75 g (10.7 mmol) of sodium
nitrite (purity: 98.5 %) in 2.6 ml of water was slowly added
with stirring so as to maintain the temperature at not higher
than 5 °C. After the dropwise addition was completed, the

resulting mixture was stirred at 0 °C for 1 hour to prepare
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a benzenediazonium chloride aqueous solution. In a different
100-ml reactor, 2.22 g (10.7 mmol) of 2,4-di~t-butylphenol was
dissolved in 3 ml of tetrahydrofuran. To the solution, an
agueous solution obtained by dissolving 2.22 g (53 mmol) of
sodium hydroxide in 22 ml of water was added, and the resulting

mixture was cooled to 0 °C with ice. Then, the

 benzenediazonium chloride aqueous solution prepared above was

dropwise added slowly with stirring( and the mixture was

further stirred at 0 °C for 1.5 hours. After the temperature
of the reaction solution was raised to room ter.nperature,l to
the solution was added 30 ml of diethyl ether to separate the
solutioh into two phases. Then, the oil p.hase was washed with
dilute. hydrochloric acid and dehydrated on sodium sulfate.
The solvent was distilled off from the solutioh, and the

remainder was purified by a silica gel column to obtain 2.56
g (yield: 77 %) of a compoﬁnd represented by the following

formula (L1l) as a deep red solid.

2N
OH

tB tBu (L1)

FD-mass spectrometry: (M*) 310
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1H-NMR (CDCl3): 1.38 (s, 9H), 1.47 (s, 9H), 7.40-7.95 (m,

7H), 13.71 (s, 1H)

Synthesis of compound represented by the formula (a-1)
To a 100-ml reactor thoroughly dried and purged with argon,
1.07 g (3.45 mmol) of the compound represented by the formula
(L1) and 21 ml of diethyl ether were introduced, and they were
cooled to ~78 °C and stirred. To the r_esulting mixture, 2.25
nl of n-butyllithium (1.60 mmol/ml-n-hexane solution, 3.45

mmol) was dropwise added over a period of 5 minutes, and they

were slowly heated to room temperature and stirred at room

temperature for 3 hours to pﬁrepare a lithium salt solution.
The solution was dropwise added slowly to a mixture of 3.40
ml of a titanium tétrachloride solution (0.5 mmol/ml-heptane
soluj:ion, 1.70 mmol) and 21 ml of diethyl ether, said mixture
having been cooled to -78 °C.

After the dropwise addition was completed, the reaction
solution was slowly heated to room temperature with stirring.
The reaction solution was further stirred for another 4 hours
at room temperature, and then the solution was filtered through
a glass filter to remove insolubles. The filtrate was
concentrated under reduced pressure to precipitate a solid.
The solid was dissolved in 2 ml of pentane and allowed to stand
at -20 °C to precipitate crystals. The crystals were vacuum

dried to obtain 0.80 g (1.01 mmol, yield: 59 %) of a cbmpound
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represented by the following formula (a-1) as red black

crystals.

t8 tBu (a-1)
5
FD-mass spectrometry: (M*) 736
1H~-NMR (CDClg): 1.31 (s, 18H), 1.49 (s, 18H), 7.00~7.95
(m, 14H)
Elemental analysis: Ti: 6.7 % (calculated value: 6.5 %)
10
Synthesis Fxample 2
Synthesis of compound represented by the formula (b-1)
15 Toa]ﬂo—mlreacththoroughlydriedandpurgedwithargon,

1.07 g (3.45 mmol) of the compound represented by the formula
(L1) and 21 ml of diethyl ether were introduced, and they were
cooled to -78 °C and stirred. To the resulting mixture, 2.25
ml of n-butyllithium (1.61 mmol/ml-n-hexane solution, 3.45
20 mmol) was dropwise added over a period of 5 minutes, and;they

were slowly heated to room temperature and stirred at room
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temperature for 3 houfs to pfepare a lithium salt solution.
The soiution was dropwise added slowly to a mixture of 0.40
g (1.71 mmol) of zirconium tetrachloride and 21 ml of diethyl
ethér, said mixtufe having been cooled to -78 °C.

After the drdpwise addition was completed, the reaction
solution was slowly héated to room temperature with stirfing.
The reaction solution was further stirred for another 8 hours
atroomtemperature,andthenthesolutionwasfilteredthrough
a glass filter to remove insolubles. The filtrate was
concentrated under reduced pressure to precipitate alsolid.
The solid was.dissolved in 2 ml of pentane and allowed to stand

at -20 °C to precipitate crystals. The crystals were vacuum

~dried to obtain 1.30 g (1.66 mmol, yield: 97 %) of a compound

represented by the following formula (b-1) as red black

crystals.
Nﬁ N- T=- p -erI2
o 2
tB tBu (b-1)

FD-mass spectrometry: (M*) 780
lH-NMR (CDCl3): 1.37 (s, 18H), 1.47 (s, 18H), 6.75-7.95

(m, 14H)
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Elemental analysis: Zr: 11.4 % (calculated value: 11.7 %)
Synthesis Example 3
5 Synthesis of compound represented by the formula (L2)

Using 2.0 g (21.6 mmol) of aniline and 3.6 g (21.5 mmol)
of 2-t-butyl-4-methylphenol as startingmaterials, in the same
manner as in the synthesis of the compound represented by the

10 formula (Ll) in Synthesis Example 1, 4.98 g (18.6 mmol, yield:

86 %) of a compound represented by the following formula (L2)

as a vermilion solid, was synthesized.

N’N
_OH
tBu (L2)
15
| FD-mass spectrometry: (M*) 268
IH-NMR (CDCl3): 1.46 (s, 9H), 2.37 (s, 3H), 7.15-7.95 (m,

"TH), 13.62 (s, 1H)

20-
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Using 1.02 g (3.82 mmol) of the compound représented by
the formula (L2), in the same manner as in the synthesis of
the compound represented by the formula (a-1) in Synﬁhesis

Example 1, 0.34 g (0.52 mmol, yield: 27 %) of a compound

- represented by the following formula (a-2) was synthesized as

dark brown powder.

(a-2)

tBu

FD-mass spectrometry: (M%) 653

l1H-NMR (CDCl3): 1.46 (s, 18H), 2.30-2.40 (m, 6H) ,

7.00-7.90 (m, 14H)

Elemental analysis: Ti: 7.3 % (calculated value: 7.3 %)
Synthesis Example 4

Synthesis of compound represented by the formula (b-2)
Using 1.02 g (3.8 mmol) of the compotm_d represented by
the formula (L2), in the same manner as in the synthesis of

the compound represented by the formula (b-1) in Synthesis

Example 2, 0.22 g (0.32 mmol, yield: 17 %) of a compound
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represented by the following formula (b-2) was Synthesized as

red brown crystals.

(b-2)
tBu

5

FD-mass spectrometry: (Mt) 696

1H—NMR (CDC1l3): 1.47 (s, 18H), 2.38 (s, 6H), 6.95-7.90

(m, 14H)

Elemental analysis: 2r: 13.2 % (calculated value: 13.1 %)

10

Synthesis Fxample 5

Synthesis of compound represented by the formula (L3)
Using 1.77 g (10.0 mmol) of 2,6-diisopropylaniline and
15 1.94 g (10.0 mmol) of 2,4-dimethylphenyltrimethylsiiyl ether
as starting materials, in the same manner as in the synthesis
of the compound represented by the formula (L1l) in Synthesis
Example 1, 1.83 g (5.3 mmol, yield: 53 %) of a compound
represented by the following formula .(L3) was synthesized as

20. a deep red solid.
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ipr’©\ipr

N

SiMe3 .

(L3)

FD-mass spectrometry: (M+) 346
1H-NMR (CDC13): 0.03 (s, 9H), 1.15 (d, 12H), 2.36 (s, 3H),

5 2.50 (s, 3H), 2.79 (dg, 2H), 7.05-7.95 (m, 5H)

To a 100-ml reactor thoroughly purged with argon, 0.47
g (3.6 mmol) of cobalt dichloride and 15 ml of THF were
_10 introduced, and a solution of 1.21 g (3.5 mmol) the compound
represented by the formula (L3) in 10 ml of THF was added to
precipitate a yellow substance. The mixture was stirred for
"1 hour and filtered through a glass filter to separate the
precipitate. The resu;ting_solid was subjected to
15 reprecipitation with a diethyl ether/methylene chloride
éolution, then washed with 50 ml of hexane and vacuum dried
to obtain 1.13 g (yield: 68 %) of a compound represented by

the following formula (c~3) as brown powder.

20
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iP iPr
NN~ CoCle

4

O.
SiMea
(c-3)

FD-mass spectrometry: (M*) 476

Elemental analysis: Co: 12.5 % (calculated value: 12.4 %)

Example 1

To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with 100 l1/hr of ethylene.
Thereafter, 1.1875 mmol (in terms of aluminum atom) of
methylaluminoxane was added, and then 0.005 mmol of the
compound répresented by the formula (a-l) obtained in
Synthesis Example 1 was added to initiate polymerization. The
reaction was conducted at 25 °C for 30 minutes in an ethylene

gas atmosphere at atmospheric pressure. Then, a small amount

of isobutanol was added to terminate the polymerization.

After the polymerization was completed, the reaction mixture
was ihtroduced into a large amount of methanol to precipitate
a total amount of apolymer. Then, hydrochloric acidwas added,
and the mixture was filtered through a glass filter. The

resulting polymer was vacuum dried at 80 °C for 10 hours to

obtain 0.10 g of polyethylene.
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The polymerization activity was 42 kg/mol-Ti-hr, and the

intrinsic viscosity (M) of the polyethylene was 19.7 dl/g.

- Example 2

To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with 100 1/hr of ethylene.
Thereéfter, 0.25 mmol of triisobutyialuminum was added, ahd
then 0.005 mmol of the compound represented by the formula (a-1)
and 0.006 mmol of
triphenylcarbeniumtetrakis (penfafluorophenyl) borate were
successively added to initiate polyﬁerization. The reaction
was conducted at 25 °C for 1 hour in an ethylene gas atmosphere
at atméspheric pressure. Then, a small amount of isobutanol
was added to terminate the polymerization. After the
polymerization was completed, the reaction mixture was
introduced into a large amount of methanol to precipitate a
total amount of a polymer. Then, hydrochloric acid was added,
and the mixture was filtered through a glass filter. The.
resulting polymer was vacuum dried at 80 °C for 10 hours to
obtain 0.39 g of pblyethylene.

The polymerization activity was 155 kg/mol-Ti-hr, and the

intrinsic viscosity (%) of the polyethylene was 25.9 dl/g.

Example 3
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Using the compound represented by the formula (b-1),
polymerization reaction was conducted under the same
conditions as in Examplel. Asa résult, 0. Q7 g of polyethylene
was obtained. Thepolymerization activitywas 29 kg/mol-Zr-hr,

and the intrinsic viséosity {(n) of the polyethylene was 9.5

dl/g.

Example 4

Using the compound represented by the formula (b-1),
polymerization reaction was conducted under the same
conditions as in Example 2. As a result, 0.32 g of polyethylene
was obtained. The polymerization activity was 128 .kg/mol—

Zr-hr, and the intrinsic viscosity (1) of the polyethylene was

11.2 dl/g.

Example 5

Using the compound represented by the formula (a-2),
polymerization reaction was condﬁcted under the same |
conditions as in Example 1. Asaresult, 0.10 gof polyethylene
was obtained. Thepolymerizationactivitywas 40 kg/mol-Ti-hr,

and the intrinsic viscosity (n) of the polyethylene was 16.9

dl/g.

Example 6
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Using the compound represented by the formula (a-2),
polymerization reaction was conducted under the same
conditions as in Example 2. As a result, 0.70 g of polyethylene

was obtained. The polymerization activity was 280 kg/mol-

Ti-hr, and the intrinsic viscosity () of the polyethylene was

26.3 dl/g.

Example_l.

Using the compound represented _by the formula (b-2),
polymerization reaction was conducted undér the same
conditions as in Example l. Asaresult, 0.06 gof polyethylene
was obtained. The polymerization activity was 24 kg/mol-Zr'hr,

and the intrinsic viscosity (n) of the polyethylene was 9.7

dl/g.

Example §

Using the compound represenfed_ by the formula (b-2},
polymerization reaction was conducted under the same
conditions as in Example 2. As a result, 0.50 g of polyethylene
was obtainéd. The polymerization activity was 200 kg/mol-

Zr-hr, and the intrinsic viscosity (N) of the polyethylene was

5.6 dl/g.

Example 9
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To a 500-ml glass autoclave thoroughly purged with

nitrogen, 250 ml of toluene was introduced, and the liquid phase

‘and the gas phase were saturated with 100 1/hr of ethylene.

Thereaftef, 0.25 mmol of triisobutylaluminum was added, and
then 0.005 mmol of the compound represented by the formula (c-3)
was added to initiate polymerization. The reaction was
conducted at 250 °C for 1 hour in an ethylene gas atmosphere
at atmospheric pressure. Then, a small amount of isobufanol
was added to terminate the polymerization. After the
polymerization was completed, the reaction mixture was
introduced into a large amount of methanol to precipitate a -
total amount of a polymer. Then, hydrochloric acid was added,
and the mixture Qas filtered through a glass filter. The
resulting polymer was vacuum dried at 80 °C for 10 hours to
obtain 0.03 g.of polyethylene. The polymerization activity

was 12 kg/mol-Co-hr, and the intrinsic viscosity (n) of the

polyethylene was 3.9 dl/qg.
Synthesis Example 6

Synthesis of compound represented by the formula (L.4)
To a 100-ml reactor thoroughly purged with nitrogen, 10
ml of ethanol, 0.61 g (6.52 mmol) of aniline and 0.95 g (5.43
mmol) of 1-(2,4,6-triisopropylphenyl)-1, 3-butanedione were

introduced, and 5 g of molecular sieves 3A and 1 ml of acetic
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acid were added. Then, the mixture was heated to 80 °C and
stirred for 3 hours. The reaction solution was concentrated
under reduced pressure, and the concentrate was purified by
a silica gel column to obtain 0.60 g (1.53 mmol, yield: 47 %)
5 of a compound represen‘.ced.by the following formula (L4) as

grayish white crystals.

OH

iPr

iPr _ (L4)
10

FD-mass spectrometry: (M*) 391
'H-NMR (CDCls): 1.2-1.4 (m, 18H), 1.59 (s, 1H), 2.09 (s,
3H),.2.90 (dt, 1H), 3.11 (dt, 2H), 5.38 (s, 1H), 7.00 (s, 2H),
7.1-7.5 (m, 5H)
15 . .
Svnthesi £ . i ted by the f la_(a-4)
To a 100-ml reactor thoroughly dried and purged with argon,
0.31 g (0.85 mmol) of the compound represented by the formula
(L4) and 10 ml of diethyl ether were introduced, and they were

20 cooled to -78 °C and stirred. To the resulting mixture, 0.53
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ml of n-butyllithium (1.61 mmol/ml-n-hexane solution, 0.85

mmol) was dropwise added over a period of 5 minutes, and they

‘were slowly heated to room temperature and stirred at room

temperature for 3 hours to prepare a lithium salt solution.

The solution was dropwise added slowly to a mixture of 0.84
ml of a titanium tetrachloride solution (0.5 mmol/ml-heptane
solution, 0.42 mniol) and 6 ml of tetrahydrofuran, said mixtuf:e
having been cooled to -78 °C. After the dropwise addition was
completed, the reaction solution was slowly heated to room
temperature with stirring. The reaction solution was further
stirred for another 8 hours at room temperature, and the solvent
was distilled off from the solution under reduced pressure.
The remainder was dissolved in 10 ml of methylene chloride,
and the solution was filtered through a glass filter to remove
insolubles. The filtrate was concentrated under reduced

pressure to precipitate a solid. The solid was recrystallized

- from hexane and vacuum dried to obta_lin. 0.17g (0.20 mmol, yield:

48 %) of a compound represented by the following formula (a-4)

as blackish brown powder.
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(a-4)

iPr

FD-mass spectrometry: (M*) 842

Elemental analysis: Ti: 6.0 %
Synthesis Fxample 7

Synthesis of compound represented by the formula (h-4) |
To a 100-ml reactor thoroughly dried and purged with argon,
10 0.49 g (1.35 mmol) of the compound represented by the formﬁla
(L4), 12 ml1 of diethyl ether and 18 ml of tetrahydrofuran were
introduced, and they were cooled to -78 °C and stirred. To

the resulting mixture, 0.84 ml of n-butyllithium (1.61
mmol/ml-n-hexane solution, 1.35 mmol) was dropwise added over
15 a period of 5 minutes, and they were slowly heated to room
temperature and stirred at room temperature for 3 hours to
prepare a lithium salt solution. The solution was dropwise
added slowly to a mixture of 0.25 g (0.67 mmol) of a zirconium
tetrachloride-THF complex and 10 ml of tetrahydrofuran, said

20 mixture having been cooled to -78 °C. After the dropwise
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addition was completed, the reaction solution was slowly
heated to room temperature with stirring. The reaction
solution was further stirred for another 8 hours at room
temperature, and the solvent was distilled off from the
solufion under reduced pressure. The remainder was dissolved
in 10 ml of methylene chloride, and the solution was filtered
through a.glass filter to remove insolubles. The filtrate was
concentrated under reduced pressure to precipitate a solid.
The solid was recrystallized from hexahe and vacuum dried to

obtain 0.36 g (0.41mmol, yield: 61 %) of a compound represented

by the following formula (b-4) as yellow powder.

(b-4)

iPr

FD-mass spectrometry: (M*) 887
Elemental analysis: Zr: 10.5 %

Synthesis Example 8
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Synthesi e i : ted by the £ la (L5)

To a 100-ml reactor thoroughly purged with nitrogen, 10

ml of ethanol, 0.61 g (6.52 mmol) of aniline and 1.11 g (5.43
mmol) of 1-(2,4,6-trimethylphenyl)~-1,3-butanedione were

5 introduced, and 5 g of molecular sieves 3A and 1 ml of acetic

acid were added. Then, the mixture was heated to 80 °C and

stirred for 3 hours. The reaction solution was concentrated

under reduced pressure; and the concentrate was purified by

a silica gel column to obtain 1.29 g (4.62 mmol, yield: 85 %)

10 of a compound represented by the following formula (L5) as an

orange oil.

\OH

(L5)
15

FD-mass spectrometry: (M*) 279

Toa]ﬁO-mlreactorthoroughlydriedandpurgedwithargon,

20 0.67 g (2.40 mmol) of the compound represented by the formula
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(L5), 10 ml of diethyl ether and 5 ml of tetrahydrofuran-were
introduced, and they were cooled to -78 °C and stirred. To
the resulting mixture, 1.61 ml of n-butyllithium (1.55
mmol/ml-n-hexane solution, 2.50 mmol) was dropwise added over
a period of 5 minutes, and they were slowly heated to room
temperature and stirred at room temperature for 3 hours to
prepare a lithium salt solution. The solution was dropwise
added slowly to a mixture of 0.25 g (0.67 mmol) of zirconium
tetrachloride and 10 ml of tetrahydrofuran, said mixture
having been cooled to ~78 °C. After the dropwise additien was
completed, the reaction solution was slowly heated to room
temperature with stirring. The reaction solution was further
stirred for another 8 hours at room temperature, and the solvent
was distilled off from the solution under reduced pressure.
The remainder was dissolved in 10 ml of methylene chloride,
and the solution was filtered through a glass filter to remove
insolubles. The filtrate was concentrated under reduced
pressure to precipitate a solid. The solid was recrystallized
.from hexane and vacuum dried to obtain 0.47 g (0.65mmol, yield:
54 %) of a compound represented by the following formula (b-5)

as yellow powder.
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=N-"\7rcl,
o /2

(b=3)

FD-mass spectrometry: (M*t) 718
'H-NMR (CDCl3): 2.00-2.50 (m, 24H), 5.20-5.60 (m, 2H),
6.75-6.95 (m, 4H), 7.10-7.50 (m, 10H)

Elemental analysis: Zr: 12.5 %

Example 10
To a 500-ml glass autoclave thoroughly purged with

nitrogen, 250 ml of toluene was introduced, and the liguid phase
and the gas phase were saturated with 100 1/hr of ethylene.
Thereafter, 1.1875 mmol (in terms of aluminum atom) of

methylaluminoxane was added, and then 0.005 mmol of the

-compound represented by the formula (a-4) obtained in

Synthesis Example 6 was added to initiate polymerization. The
reaction was conducted at 25 °C for 30 minutes in an ethylene
gas atmosphere at atmospheric pressure. Then, a small amount

of isobutanol was added to terminate the polymerization.

' After the polymerization was completed, the reaction mixture

was introduced into a large amount of methanol to precipitate
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a total amount of a polymer. Then, hydrochloricacid was added,
and the mixture was filtered through a glass filter. The
resulting polymer was vacuum dried at 80 °C for 10 hours to
obtain 0.10 g of polyethylene.

The polymerization activity was 40 kg/mol-Ti-hr, and the

intrinsic viscosity (1) of the polyethylene was 6.5 dl/g.

Example 11

To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with 100 1/hr of ethylene.
Thereafter, 0.25 mmol of triisobutylalﬁminum was added, and
then 0.005 mmol of the compound represented by the formula (a-4)
and 0.006 mmol of | |
triphenylcarbeniumtetrakis (pentafluqrophenyl) borate were
added to initiate polymerization. The reaction was conducted
at 25 °C for 1 houf in an ethylene gas atmosphere at af_mospheric
pressure. Then, a small amount of iéobutanol was added ﬁo
terminate the polymerization. After the polymerization was
completed, the reaction mixture.. was introduced into a large
amount of methanol to precipitate a total amount of a polymer.
Then, hydrochloric acid was added, and the mixture was filtered
through a glass filter. The resulting polymer was vacuumdried

at 80 °C for 10 hours to obtain 0.30 g of polyethylene.
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The polymerization activity was 120 kg/mol-Ti-hr, and the

intrinsic viscosity (n) of the polyethylerie was 4.1 dl/g.

Example 12

To a 500-ml glass autoélave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquidphase
and the_ gés phase were saturated with 100 1/hr of ethylene.
Theréafter, 1.1875 mmol (in terms of aiuminum atom) of_
methylaluminoxane was added, and then 0.005 mmol of the

compound represented by the formula. (b-4) obtained in

~ Synthesis Example 7 was added to initiate polymerization. The

reaction was conducted at 25 °C for 30 minutes in an ethylene
gas atmosphere at atmospheric pressure. Then, ai small amount
of isobutanol was added to terminate the polymerization.
After the polymerization was completed, the reaction mixture
was introduced into a large amount of methanol to precipitate
a total amount of a polymer. Then, hydrochloric acidwas added,
and the mixture was filtered throuéh a glass filﬁer. The
résulting polymer was vacuum dried at 80 °C for 10 hours to
obtain 0.60 g of polyethylene.

The polymerization activity was 60 kg/mol-Zr-hr, and the

intrinsic viscosity (1) of the polyethylene was 6.8 dl/g.

Example 13
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To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with 100 1/hr of ethylene.
Thereafter, 0.25 mmol of triisobutylaluminum was added, and
then 0.005 mmol of the compound represented by the formula (b~-4)
and 0.006 mmol of
triphenylcarbeniumtetrakis (pentafluorophenyl)borate were
added to initiate polymerization. The reaction was conducted
at 25 °C for 1 hour in an ethylene gas atmosphere at ordinary
pressure. Then, a small amount of isobutanol was added to
terminate the polymerization. After the polymerization was
completed, the reaction mixture was introduced into a large
amount of methanol to precipitate a total amount of a polymer.
Then, hydrochloric acidl was added, and the mixture’was filtered
through aglass filter. The resulting polymer was vacuumdried
at 80 °C for 10 hours to obtain 0.30 g of polyethylene

The polymerization activity was 120 kg/mol~Zr-hr, and the

intrinsic viscosity (N) of the polyethylene was 6.8 dl/g.

Example 14

To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with 100 1/hr of ethylene.
Thereafi:er, 0.25 mmol of triisobutylaluminum was added, and

then 0.005 mmol of the compound represented by the formula (b-5)
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and 0.006 mmol of

t;‘iphenylcafbeniumtetrakis (pentafluorophenyl)borate were
added to initiate polymerization. The reaction was qonducted
at 25 °C for 1 hogr in an ethylene gas atmosphere at atmospheric
pressure. Then, a small amount of isobutanol was added to
terminate the polymerization. After the polymerization was
completed, fhe réaction mixture was introduced into a large
amount of methanol to precipitate a total amount of a polymer.

Then, hydrochloric acid was added, and the mixture was filtered

through a glass filter. The resulting polymer was vacuumdried

at 80 °C for 10 hours to obtain 0.20 g of polyethylene.
The polymerization activity was 80 kg/mol-Zr-hr, and the

intrinsic viscosity (M) of the polyethylene was 7.5 dl/qg.
Synthesis Example 9

Svnthesi £ ¢ i ted by the f la_(L6)

Toa 500-ml reactor thoroughlydried and purged with argon,
2.3 g (8.94 mmol) of 2, 2" ~iminodibenzoic acid and 50 ml of THF
were introduced, and they were cooled to .-_20 °C. At that
temperature, 90 ml of a THF solution (0.3 M) of bis(1-
methylpiperazine-4-yl)aluminum hydride was dropwise added
with stirring. Then, the temperature of the systemwas raised,
and the reaction was conducted for 24 hours under reflux. The

reaction solution was allowed to stand for cooling to room
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temperature. To the solution, 100 ml of diethyl ether was
added, and 150 ml of water was further added slowly with ice
cooling. The o0il layer obtained by phase separation was
concentrated and subjected to isolation by means of silica gel
column chromatography to obtain 673 mg of 2,2'-
iminodibenzaldéhyde. To a 100-ml reactor thoroughly dried and
purged with argon, 650 mg (2.89 mmol) of the 2,2'-
iminodibenzaldehyde; 699 mg (5.77 mmol) of 2,6-
dimethylaniline, 50 ml of dehydrated methanol and 0.2 ml of
acetic acid were introduced,'and they were reacted at roém
temperature for 12 hours. From the reaction solﬁtion, the
solvent was distilled off, and the remainder was subjected to
isoiation by means of silica gel column chromatography to
obtain 237 mg (yield: 6.1 %) of a compound represented by the

following formula (L6).

2N N

ZT

(L6)

1H-NMR (CDCls, §): 2.21 (s, 12H), 4.96 (s, 1H), 6.37-
7.74 (m, 14H), 8.21 (2H)
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synthesi £ i sresented by the formula (d-6)
To a 30-ml reactor thoroughly dried and purged with argon,
200 mg (0.46 mmol) of the compound represented by the formula
(L6) and 20 ml of THF were introduced, and they were céoled
to -78 °C and stirred. To the resulting mixture, 2.9 ml of

an n—butyllithium—hexane—THF solution (0.16 M) was dropwise

.added, and they were slowly heated to room temperature and

stirred for 1 hour to prepare a lithium salt solution. To a
30-ml reactor thoroughly dried and purged with argon, 58.7 mg
(0.46mmol) of ferrous éhloride and 20 m1 of THF were introduced,
and they were stirred at room temperature for 2 hours and cooled
to-78 °C. Then, the lithium salt solution previously prepared
was dropwise added. After the dropwise_ addition was completed,
the reaction solution was slowly heated to room temperature,
and thé solution was stirred at that temperature for 3 hours.
Then, the solution was filtered through a glass filter. The
filtrate was concentrated to give 5 ml of a concentrate, and
thereto was added 5ml of n-pentane. The resultingprecipitate
was filtered, then washed with 10 ml of n-pentane and dried
under reduéed pressure to obtain 203 mg (yield: 85 %) of a

compound represented by the following formula (d-6).
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N... N
7/ FeClp
N

(d-6)

FD-mass spectrometry: (M‘) 521

Example 15

To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the. gas phase were saturated with_ 100 1/hr of ethylene.
Thereafter, 1.1875 mmol (in terms of aluminum atom) of
methylaluminoxane was added, and then 0.005 mmol of the

compound represented by the formula (d-6) was added to initiate

'polymerization. The reaction was conducted at 25 °C for 30

minutes in an ethylene gas atmosphere at ordinary pressure.
Then, a small amount of isobutanol was added to terminate the

polymerization. After the polymerization was completed, the

- reactionmixture was introduced into a large amount of methanol

toprecipitate a total amount of a polymer. Then, hydrochloric
acid was added, and the mixture was filtered through a glass
filter. The resulting polymer was vacuum dried at 80 °C for
10 hours fo obtain 0.01 g of polyethylene. The polymerization

activity was 4 kg/mol-Fe-hr.
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Synthesis of compound represented by the formula (a-6)

To a 30-ml reactor thoroughly dried and purged with argon,
100 mg (0.23 mmol) of the compound represented by the formula
(L6) and 20 ml of THF were introduced, and they were cooled
to -78 °C and stirred. To the resulting mixture, .1.5 ml of
an n—butyllithium—hexane—THF soiution (0.1.6 M) was dropwise
added, and they were slowly heated to room temperature and
stirred foi‘ 1 hour to prepare a lithium salt solution. To a
30-ml reactor thoroughly dried and purged with argon, 43.6 mg
(0.23 mmol) of titanium tetrachloride and 20 ml of THF were
introduced, and they were stirred at room temperature for 2
hours and cooled to -78 °C. Then, the lithium salt solution
previously prepared was dropWise added. After the dropwise
addition was completed, the reaction solution was slowly
heated to room temperature, and the solution was stirred at
that temperature for 3 hours. Then, the solution was filtered_
through aglass filter. The filtrate was concentrated to give
5 ml of a concentrate, and thereto was added 5 ml of n-pentane. -
The resulting precipitate was filtered, then washed with 10
ml of n-pentane and dried under reduced pressure to obtain 83
mg (yield: 62 %) of a compound represented by the following
formula (a-6). |

FD-mass spectrometry: (M*) 584
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/" TiGk N

(a=-6)

Example 16

To a 500-ml glass autoclave thoréughly pﬁrged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with 100 1/hr of ethylene.
Thereafter, 1.1875 mmol (in terms of aluminurﬁ atom) of_
methylaluminoxane was added, and then 0.005 mmol of the
compound represented by the formula (a~6) was added to initiate
pblymerization. The reaction was conducted at 25 °C for 30
minutes in an ethylene gas atmosphere at ordinary pressure.
Then, a small amount of isobutanol was added to terminate the
polymerization. After the polymerization was completed, ti’le
reaction mixture was introduced into a large amount of methanol
toprecipitate a total amount of a polymer. Then, hydrochloric
acid was added, and the mixture was filtered ﬁhrouéh a glass
filter. The resulting polymer was vacuum dried at 80 °C for
10 hours to obtain 0.05 g of pelyethylene. The polymerization

activity was 21 kg/mol-Ti-hr.
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Synthesis Example 11

Sgn;hesis_gf_ggmnound represented bv the formula (b-68)

To a 30-ml reactor thoroughly dried and purged with argon,

200 mg (0 23 mmol) of the compound represented by the formula

(L6) and 20 ml of THF were introduced, and they were cooled

to -78 °C and stirred. To the resulting mixture, 1.5 ml of
an n-butyllithium-hexane-THF solution (0.16 M) was dropwis.e
added, and they were slowly heated to room temperature and
stirred for 1 hour to prepare a lithium salt solution. To a
30-ml reactor thoroughly dried and purged with argon, 53.6 mg
(0.23 mmol) of zirconium tetrachloride and 20 ml of THF were
introduced, and they were stirred at room temperature for 2
hours and cooled to -78 °C. Then, the lithium salt solution
previously prepared was dropwise added. After the dropwise
addition was eompleted, the reaction solution was slowly
heated to room temperature, and the solution was stirred at
that temperature for 3 hours. Then, the solution was filtered
through a glass filter. The filtrate was concentrated to give
5ml of a concentrate, and thereto was added 5 ml of n-pentane.
The resulting precipitate was filtered, then washed with 10
ml of n-pentane and dried under reduced pressure to obtain 53
mg (yield: 37 %) of a compound represented by the following

formula (b-6).
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FD-mass spectrometry: (M+) 626

D

(b-6)

Example 17

To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with 100 1/hr of ethylene.
Thereafter, 1.1875 mmol (in terms of aluminum atom) of
methylaluminoxane was added, and then 0.005 mmol of the
compound represented by the formula (d-6) was added to initiate
polymer:i_.zation. The reaction was conducted at 25 °C for‘30
minutes in an ethylene gas atmosphere at atmospheric pressure.
Then, a small amount of iscbutanol was added to terminate the
polymerization. After the polymerization was completed, the
reaction product was introduced into a large amount of methanol
toprecipitate a total amount ofl a polymer. Then, hyd;ochloric
acid was added, and the mixture was filtered thréugh a glass

filter. The resulting polymer was vacuum dried at 80 °C for
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10 hours to obtain 0.12 g of polyethylene. The polymerization

activity was 42 kg/mol-Zr-hr.
Synthesis Fxample 12

Synthesis of compound represented by the formula (L7)

In argon, é solution of 2.0 g (16.8 mmol) of anthranil
in 10 ml of THF was dropwise added at room temperature to 100
ml of a THF solution of phenylzinc chloride prepared from 36
ml (33.8 mmol) of a phenyllithium solution (0.94 mmol/ml) and
4.63 g (34mmol) of zincchloride. After stirring for 12 hours,
5 ml of 6N hydrochloric acid and then 50 ml of a 10 % NayCO3
aqueous solution were added to terminate the reaction.
Separation of the organic phase, removal of solvent by
distillation and column purification were carried out to
obtain 2.20 g (11.2 mmol, yield: 67 %) of the corresponding
formyl compound as yellow crystals.

0.79 g (4.0 mmol) of the formyl compound obtained above
was dissolved in 1.0 g (10.0 mmol) of cyclohexylamine and the
solution was stirred at room temperature for 12 hours. _The
mixture liquid was vacuum dried to remove the excessive
cyclohexylamine, whereby 1.13 g (4.0 mmol, yield: ;00 %) of
a-compound represented by the following formula (L7) was

obtained as yellow oil.
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ZTI

O (L7)

1H-NMR (CDCls): 1.2-2.0 (m, 10H), 3.19 (dt, 1H), 6.7-

7.4 (m, 9H), 8.43 (s. 1H), 11.47 (brs, 1H)

Toa 100-ml reactor thoroughly dried and purged with argon,
0.56 g (2.0 mmol) of the compound represented by the formula
(L7) and 10 ml of diethyl ether were introduced, and they were-

cooled to -78 °C and stirred. To the resulting mixture, 1.24

ml of n-butyllithium (1.61N hexane solution, 2.0 mol) was

dropwise added over a period of 5 minutes, and they were slowly
heated to room temperature to prepare a li'ghium salt solution.
The solution was dropwise added to a mixture of 2.0 ml of a
0.5N titaniumtetrachloride-decane solution and diethyl ether,
said mixture having been cooled to -78 °C. The solution was
sllowly heated to room temperature and stirred for 12 hours.
Then, the reaction solution was filtered and washed with

methylene chloride. The solvent was distilled off from the

filtrate. The resulting solid was subjected to
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reprecipitation with diethyl ether/hexane to obtain 0.21 g
(yield: 31 %) of a compound represented by the following formula

(a=7) as red brown powder.

| |

N__-->-(-TICIZ
2
N
O (a-=7)
1H-NMR (CDCl3): 0.9-2.4 (m, 20H), 3.3-3.6 (m, 2H), 6.8-7.8
(m, 18H), 8.60 (brs, 2H)
10

Synthsﬂmmm_la

Toa 100-ml reactor thoroughly dried and purged with argon,

15 0.56 g (2.0 mmol) of the compound represented by the formula
(L7) and 5 ml of diethyl ether were introduced, and they were
cooled to -78 °C and stirred. To the r-esulting mixture, 1.24

ml of n-butyllithium (1.61N hexane solution, 2.0 mmol) was
dropwise added over a period of 5 minut_es, and they were slowly

20 heated to room temperature to prepare a lithium salt solution.
The solution was dropwise added to a THF solution of 0.38 g

(1.0 mmol) of a zirconium tetrachloride/2THF complex, said THF
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solution having been cooled to -78‘ °C. The resulting solution
was slowly heated to room temperature and stirred for 12 hours.
Then, the solvent was distilled off, and the resulting solid
was washed with methylene chloride and filtered. The solvent
was distilled off from the filtraté, and the resulting solid
was reslurried in hexane to obtain 0.37 g (yield: 52 %) of a
compound represented by the following fo:_:mula (b-7) as orange

powder.

!H-NMR (CDCl3): 1.0-2.0 (m, 20H), 3.7-3.98 (m, 2H),
6.8-7.5 (m, 18H), 8.1-8.3 (m, 2H)

FD-MS (M*): 716

Example 18

To a 500-ml glass autoclave thoroughly burged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with ethylene. Thereafter,
1.25 mmol (in terms of aluminum atom) of methylaluminoxane was

added, and then 0.005 mmol of the compound represented by the
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formula (a-7) was added to initiate palymerization. The
reaction was conducted at 25 °C for 30 minutes in an ethylene
gas atmosphere at atmospheric pressure. After the
polyrﬁerization was completed, the reaction mixture was
introduced into a large amount of methanol to precipitate a
total amount of a polymer. Then, hydrochloric acid was added,
and the mixture was filte:;ed through a glass filter. The
resulting polymer was vacuum dried at 80 °C for 10 hours to
o_btain 0.09 g of polyethylene (PE).

The polymerization activity was 40 kg/mol-Ti-hr, and the

intrinsic viscosity (n) of the polyethylene was 11.0 dl/g.

Example 19

To a 500-ml glass autoclave thoroughly purged with’
nitrogen, 250ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with ethylene. Thereafter,
0.25 mmol of triisobutylalumihum was added, and then 0.005 mmol
of the compound represented by the formﬁla (a-7) and 0.006 mmol
of triphenylcarbeniumtetrakis (pentafluorophenyl)borate were
added to initiate polymerization. The reaction was conducted
at 25 °C for 15 minutes in an ethylene gas atmosphere at
atmospheric pressure. After the polymerizationwas completed,
the reaction mixture was introduced inf.o a large amount of
methanol to precipitate a total amount of a polymer. Then,

hydrochloric acid was added, and the mixture was filtered
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through a glass filter. The resultingpolymer was vacuumdried
at 80 °C for 10 hours to obtain 0.15 g of polyethylene (PE).
The polymerization activitywas 120 kg/mol-Ti-hr, and the

intrinsic viscosity (M) of the polyethylene was 30.2 dl/g.

Example 20

To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was intréduc;ed, and the liquid phase
and the gas phase were saturated with ethylene. Thereafter,
1.25 mmol (in terms of aluminum atom) of methylaluminoxane was
added, and then 0.005 mmol of the compound represented by the
formula (b-7) was added to initiate polymerization. The
reaction was conducted at 25 °C 'for 30 minutes in an ethylene
gas atmosphere at atmospheric pressure. After the
polymerization was completed, the reaction mixture was
introduced into a large amount of methanol to precipitate a
toﬁal amount of a polymer. Then, hydrochloric acid was added,
and the mixture was filtered thréugh a glass filter. The
resulting polymer was vacuum dried at 80 °C for 10 hours to
obtain 0.08 g of polyethylene (PE).

The polymerization.activity was 30 kg/mol-Zr-hr, and the.

intrinsic viscosity (m) of the polyethylene was 16.9 dl/g.

Example 21
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To a; 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with ethylene. Thereafter,
0.25 mmol of triisobutylaluminum was added, and then 0.005 mmol
of the compound represented by the formula (b-7_) and 0.006 mmol
of triphenylcarbeniumtetrakis (pentafluorophenyl)borate were
added to initiate polymerization.

The reaction was conducted at 25 °C for 20 minutes in an
ethylene gas atmosphere at atmospheric .pressure.- After the
polymerization was completed, the reaction mixture was
introduced into a larcje amount of methanol to precipitate a
total amount of a polymer. ' Then, hydrochloric acid was added,
and the mixture was filtered through a glass filter. The
resulting polymer was vacuum dried at 80 °C for 10 hours to
obtain 0.33 g of polyethylene (PE) .‘

The polymerization activity was 200 kg/mol-Zr-hr, and the

intrinsic viscosity (M) of the polyethYlene was 9.44 dl/g.
Synthesis Example 14

Synthesis of compound represented by the formula (I.8)
To & 50-ml reactor purged with nitrogen, 1.32 g (60 % in
oil, 33.0 mmol) of sodium hydride and 10 ml of DMF were

introduced, and a solution of 5.63 g (30.0 mmol) of 3-t-

butylsalicylaldehyde in 5 ml of DMF was dropwise added slowly
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with ice cooling. Thé mixture was stirred at room temperature
for 30 minutes, and then a DMF solution of .4.82 g (39.0 mmol)
of dimethylthiocarbamoyl chloride was dropwise added. The
resulting mixture was stirred at room temperature overnight,
then treated with water and subjected to column purification
to obtain 5.39 g of a yellow solid.

In nitrogen, 4.50 g of the yellow solid was heat treated
at 130 °C, whereby exchange reaction of oxygen atom for_ sulfur
atom proceeded. The resulting solid was subjected to column
purificatibn and dissolved in 30 ml of ethanol. The solution
was reacted with 0.90 g (9.68 mmol) of aniline at room
temperature for 5.5 hours in the presence of 0.1 ml of acetic
acid and then subjected to column purification to obtain 0;21
g (0.62 mmol, yield: 13 %) of a compound represented by the

following formula (1L8) as white crystals.

tBu (L8)

1H~NMR (CDCl3,): 1.40 (s, 9H), 3.01 (s, 3H), 3.22 (s, 3H),

6.6-8.0 (m, 8H), 8.38 (s. 1H)



F-1491/SF-601

237

Synthesis of compound represented by the formula (b-8)

InaJﬂO—mlreactorthorqughlydriedandpurgedwithargon,

0.04 g (0.11 mmol) of a zirconium tetra;hléride/ZTHF complex

5 was dissolved in 5 ml of THF, and the solution was cooled to
-78 °C. To the solution, a solution of 0.11 g (0.22 mmol) of
the compound represented by the formula (L8) in 5 ml of THF
was dropwise added, and they were heated to room temperature
and stirred for 4 days. After the solvent was distilled off,

10 the resulting solid was washed with methylene chloride and
filtered. From the filtrate, the solvent was distilled_off,
and the resulting solid_was reslurried in hexane to obtain a
compound represented by the following formula (b-8) as yellow

powder.

15

___>(ZrCI2
i& o

FD-MS (M*) : 698
20
Example 22
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~ To a 500-nl glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the 'gas phase were saturated with ethylene. Thereafter,
1.25 mmol (in terms of aluminum atom) of methylaluminoxane was
added, and then 0.005 mmol of the compound represented by the
formula (b-8) was added to initiate polymerization. The
reaction was conducted at 25 °C for 30 minutes in an ethylene
gas atmosphere at atmospheric pressure.. After the
polymerization was'completed, the reaction mixture was
introduced into a large amount of methanol to precipitate a
totél amount of a polymer. Then, hydrochloric acid was added,
and the mixture was filtered 'through a glass filter. The
resulting polymer was vacuum dr_iea at 86 °C for 10 hours to
obtain 0.35 g of polyethylene.

The polymerization activity was 140 kg/mol-Zr-hr, and the

intrinsic viscosity (n) of the polyethylene was 4.2 dl/g.

Example 23

To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid phase
and the gas phase were saturated with ethylene. Thereafter,

0.25 mmol of triisobutyialuminum was added, and then 0.005 mmol

of the compound represented by the formula (b-8) and 0.006 mmol

of triphenylcarbeniumtetrakis (pentafluorophenyl)borate were

added to initiate polymerization. The reaction was conducted
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at 25 °C for 1 hour in an ethylene gas atmosphere at atmospheric
pressure. After the polymerization was completed, the
reaction mixture was introduced into a large amount of methanol
toprecipitate a total amount of a polymer. Then, hydrochloric
acid was added, and the mixture was filtered through a glass
filter. The resulting polymer was vacuum dried at 80 °C for
10 hours to obtain 0..30 g of polyethylene (PE).

The polymerization activity was 60 kg/mol-Zr-hr, and the

intrinsic viscosity (M) of the polyethylene was 9.2 dl/g.

Synthesis of compound represented by the formula (I.9)
To a 100-ml reactor thoroughly purged with nitrogen, 10

ml of ethanol, 0.6l g (5.00 mmo-l) of 2,6-dimethylaniline and
0.95 g (3.3 mmol) of 1-(2,4,6-triisopropylphenyl)-1, 3~
butanedione were introduced, and 5 g of molecular sieves 3A
and 1 ml of acetic .acid were added. Then, the mixture was
heated to 80 °C and stirred for 3 hours. The reaction solution
was concentrated under reduced pressure, and the concentrate
was purified by a silica gel column to obtaiﬁ a compound as
grayish white crystals. This compound was dissolved in
diethyl ether and reacted with diazomethane to obtain 0.60 g
(1.48 mmol, yield: 43 %) of a compound répresénted by the

following formula (L9).
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N
\ OMe
iPr

iPr (@)

1H-NMR (CDCl3): 1.2-1.4 (m, 18H), 1.62 (s, 1H), 2.11 (s,
3H), 2.30 (s, 3H), 2.35 (s, 3H), 2.92 (dt, 1H), 3.14 (dt, 2H),

3.76 (s, 3H), 5.40 (s, 1H), 7.00 (s, 2H), 7.3-7.5 (m, 3H)

Synthesis of compound represented by the formula (c-9)
To a 100-ml reactor thoroughly purged with argon, 0.19

g (1.50 mmol) of cobalt dichloride and 15 ml of THF were
introduced, and thereto was added a solution of 0.60 g (1.48
mmol) of the compound represented by the formula (L9) in 10 |
ml of THF at room temperature, followed by stirring for 1 hour.
The precipitate was separat.ed by filtration, and the resulting
solid was washed with methylene chloride/diethyl ether to’
obtain 0.18 g (yield: 23 %) a brown powder represented by the

following formula (c-9).




5

10

15

20

F-1491/SF-601

241

(c-9)

iPr

FD-MS (M*) : 535

Example 24

To a 500-ml giass autoclave thoroughly purged with
nitrogen, 250 ml of toluene is introduced, and the liquid phase
and the gas phase are saturated with 100 1/hr of ethylene.
Thereafter, 1.1875 mmol (in terms of aluminum atom) of

methylaluminoxane is added, and then 0.005 mmol of the compound

.represented by the formula (c-9) is added to initiate

polymerization. The reaction is conducted at 25 °C for 60
minutes in an ethylene gas atmosphere at atmospheric pressure.
Then, a small amount of isobutanol is added to terminate the
polymerization. After the polymerization is completed, the
reaction mixture is introduced into a large amount of methanol
toprecipitate a total amount of a polymer. Then, hydrochloric

acid is added, and the mixture is filtered through a glass

~filter to obtain polyethylene.
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Synthesis Example 10

Synthesis of compound represented by the formula (1.10)
To a 200-ml reactor thoroughly purged with n-itrogen, 100
5 ml of.ethanol, 5.32 g (30.0 mmol) of 2,6-dimethylaniline and
3. 75 gl (20.0 mmol) of 3-t_-butylsalicylaldehyde were introduced,
.and thereto was added 0.5 ml of acetic acid. Then, the mixture -
was stirred at room tempefature for 14 hours. The reaction
'_solution was concentrated under reduced pressure and purified
10 byasilica gel column to obtain a compound as yellow oil. This
compound was dissolved in methanol and reacted with dimethyl
sulfuric acid to obtain 5.95 g (16.9 mmol, yield: 85 %) of a

compound répresented by the following formula (L10).

15
iP iPr
N
OMe
tBu . (L10)
1H-NMR (CDCl3,): 1.18 (d, 12H), 1.49 (s, SH), 3.01 (dt,
1H), 3.95 (s, 3H), 6.9~7.5 (m, 6H), 8.29 (s, 1H)

20 |
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In a 100-ml reactor thoroughly purged with argon, 0.25
g (2. 0 mmol) of irondichloride and 15 ml of THF were introduced,
and thereté was added a solution of 0.70 g (2.0 mmol) of tﬁe
compound represented lby the formula (L10) in 10 ml of THF at

5 room temperature, followed by stirring for 1 hour. The

precipitate was separated by filtration, and the resulting
solid was washed with methylene chloride/diethyl ether to
obtain 0.09 g (yield: 9 %) of a brown powder represented by
the following formula (c-9).

10

iP iPr
AN--peci,
N
B (a-10)
FD-MS (M*) : 478
15

Example 25
To a 500-ml glass autoélave thoroughly purged with.
nitrogen, 250 ml of tolueﬁe is introduced, and the liquid phase
and the gas phase are saturated with 100 1/hr of ethylene.
20 Thereaf'ter, 0.25 mmol of triisobutylaluminum (TIBA) is added,
and then 0.005 mmol of the compound represented by the formula

(d-10) and 0.006 mmol of
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triphenylcarbeniumtetrakis (pentafluorophenyl)borate are
added to initiate polymerization. The reaction is conducted
at 25 °C for 1 hour in an ethylene gas atmosphere at atmospheric
pressuré. Then, a small amount of isobutanol is added to
terminate the polymerization. After the polymerization is
completed, the reaction mixture is introduced into a large
amount of methanol to precipitate a total amount of a polymer. |
Then, hydrochloric acid is added, and the mixture is filtered

through a glass filter to obtain polyethylene.
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What is claimed is:
1. An olefin polymerization catalyst comprising a
transition metal compound (A-1) represented by the following

formula (I):

_—_—

- RO N

(I)

wherein M is a transition metal atom of Group 3 to Group 11
of the periodic table,
m is an integer of 1 to 3,

Qisa nitrogeri atom or a carbon atom .having a substituent

A is an oxygen atom, a sulfur atom, a selenium atom or
a nitrogen atom having a substituent RS,

Rl to RS may be the same or different, they are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a

heterocyclic compound residual group, an oxygen-containing

. group, anitrogen-containing group, a boron-containing group,

a-sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group or a
tin-containing group, two or more of them may be bonded to each

other to form a ring, and when m is 2 or greater, Rls, R2s,
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R3s, -R%s, R5s, or R6s may be the same or different, and one group
of Rl to RS contained in one ligand and.one group of Rl to R6
contained in other ligands may be bonded,

n is a number satisfying a valence of M, and

X is a hydrogen atom, a halogen atom, a hydrocarbon group,
an oxygen-containing group, a sul.fur—containing group, a
nitrogen-containing group, a boron~containing group, an
aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residual
group, a siiicon-containing group, a germanium-containing
group or a tin-containing 'groﬁp, and when n is 2 or greater,

Xs may be the same or different, and Xs may be bonded to each

cther to form a xing . T ) )

2. The olefin polymerization catalyst as claimed in
claim 1, wherein the transition metal cor;lpound (A-1) is a
transition metal compound in which Q in the formula (I) is a
carbon atom having a substituent R2 and which is represented

by the following formula (I-a):

(1-a)
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wherein M, m, A, Rl to RS, n and X have the same meanings as

those of M, m, A, R! to RS, n and X in the formula (I).

3. The olefin polymerization catalyst as claimed in
claim 2, wherein the transition metal compound (A-1) is a
transition metal compound in which R3 and R? in thg formula
(I-a) are bonded to fbr_m an aiomatic ring and which is

represented by the following formula (I-b):

* 4 L L] s *

(I-b)

wherein M, m, A, R!, R2, R5, Ré, n and X have the same
meanings as those of M, m, A, R, R%, R5, RS, n and X in the
formula (I),

R7 to R0 have the same meanings as those of R! to R6 in
the formula (I), and

Rl, R? and RS to R1°I may be the same or different, two or
more of them may be bonded to each other to form a ring, and.
when m is 2 or greater, Rls, R2s, RSs, RSs, R7s, R8s, R, of
R10s may be the same or different, and one group of R!, R2 and
RS to R0 contained in one ligand and one group of R!, R2 and

RS to R0 contained in other 1ligands may be bonded.
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4, The olefin polymerization catalyst as claiméd in
claim 1, wherein the transition metal compound (A-1) is a
transition metal compound ih which Q in the formula (I) is a
nj_.trogen. atom and R3_ and RY in the formula (I) are bonded to

forman aromatic ring, and which is represented by the following

formula (I-c):

| O

(I-c)

wherein M, m, A, R}, R5, RS, n and X have the same meanings
as those of M, m, A,.Rl, R5, R6, n and X in the formula (1),

R7 to R0 have the same meanings as those of R! to RS in
the formula (I), and

R! and RS to R0 may be the same or different, two or more
of them may be bonded to each other to form a ring, and when
mis 2 or greéter, Rls, R5s, RSs, R"’s,. R8s, R%s, or R10g may be
the same or different, and one group of R! and R5 to R10 contained
in one ligand and one group of R! and RS to R10 contained in

other ligands may be bonded.
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5. An olefin polymerization catalyst comprising a
transition metal compound (A-2) represented by the following

formula (II):

s

(IT)

wherein M is a transition metal atom of Group 3 to Group 11
of the periodic table, -0

m is an integer of 1 to 6,

Qisa nitrogen atom or a carbon atom having a substitﬁent
RZ,

‘A is an oxygen atom, a sulfur atom, a selenium atom or
a.nitrogen atom having a substituent RS,

R! to R? and R® may be the same or different, they are
each a hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing
group, a nitrogen-containing group, a boron-containing group,
a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group or a
tih—containing group, two or more of them may be bonded to each

other to form a ring, and when m is 2 or greater, Rls, R2s,

—_—
iy M A

* .
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‘RWE R

R3s, R%s, or RSs may be the same or different, and one group
of R! to R* and R® contained in one ligand and one group of
Rl to R?! and RS contained in other ligands may be bonded,

n is a number satisfying a valence of M, and

Xisa hydrogen atom, a halogen atom, a hydrocarbon group,

an oxygen-containing group, a sulfur-containing group, a

- nitrogen-containing group, a boron-~containing group, an

aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residual
group, a silicon-containing éroup, a germanium—qontaining

group or a tin-containing grouﬁ, and when n is 2 or greater,
Xs may be the same or different, and Xs may be bonded to each

other to form a ring.

6. The olefin polymerization catalyst as claimed in
claim 5, wherein the transition metal compound (A-2) is a
transition metal compound in which Q in the formula (II) is
a carbon atom having a substituent R2 and which is represented

by the following formula (II-a):

(II-a)



10

15

20

F-1491/SF-601

251
wherein M, m, A, R! t'o R4, R%, n and X have the same meanings

as those of M, m, A, Rl.to R%, RS, n and X in the formula (II).

7. The olefin polymerization catalyst as claimed in

claim 6, wherein the transition metal compound (A-2) is a

~ transition metal compound in which R3 and R? in the formula

(II-a) are bonded to form an aromatic ring and which is

repre.sénted by the following formula (II-b):

N ’bl’"; A A O A

wherein M, m, A, R!, R2, R, n and X have the same meanings
as those of M, m, A, R}, R2, RS, n and X in the formu_la (II),

.when m is 1, A is a sulfur atom, a selenium atom or a
nitrogen atom havj.ng a substituent RS, andwhenmis 2 or greater,
As'may be the same or different, they are each an oxygen atom,
a sulfur atom, a seienium atom or a nitrogen atom having a
substituent R, and at least one A is a sulfur atom, a selenium
atom or a nitrogen atom having a substituent RS,

R7 to R0 have the same meanings as those of R! to R¢ and

R in the formula (II), and
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R!, R? and RS to R!® may be the same or different, two or
more of them'may be bonded to each other to form a ring, and
when m is 2 or greater, R!s, R2s, Rfs, R’s, R8s, R%s, or R10s
may be the same or different, and one group of Rl, R2 and RS

5 toR10 contained in one ligand and one group of R!, R2 and R

to R0 contained in other ligands may be bonded.

8. The olefin polymerization catalyst as claimed in

claim 5, wherein the. transition metal compound (A-2) is a
10 transition metal compound in which Q. in the formula (II) is
a nitrogen atom and R3 and R?Y in the formula (II) are bonded

to form an aromatic ring, and which is.represerited by the

following formula (II-c):

y R
' I

(II-c)

wherein M, m, A, R}, R6, n and X have the same meanings as those
of M, m, A, R, R, n and X in the formula (II},
20 R7 to R10 have the same meanings as those of R! to R? and

Ré in the formula (II), and
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25 A O A

R! and R6 to R0 may be the same or different, two or more

of them may be bonded to each other to form a ring, and when

m is 2 or greater, Rls, Rés, R’s, R8s, R%s, or Rl0s may be the
same or 'differe_nt, and one group of Rl and R to R10 contained
in one ligand and one group of R! and RS to R0 contained in

other ligands may be bonded.

S. The olefin polymerization catalyst as claimed in any
one of claims 1 to 8, further comprising at least one compound
(B) selected from the group consisting of:

(B-1) an organometallic compound,

(B-2) an organoalqminum oxy-compound, and

(B-3) a compound which reacts with the transition metal

compound (A-1) or (A-2) to form an ion pair.

10. The olefin polymerization catalyst as claimed in

claim 9, further comprising a carrier (C).

11. A process for olefin polymerization, comprising
polymerizing or copolymerizing an olefin in the presence of
the olefin polymerization catalyst as claimed in any one of

claims 1 to 10.



