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TITLE
OLEFIN POLYMERIZATION CATALYST AND PROCESS FOR OLEFIN

POLYMERIZATION

EIELD OF THE INVENTION
The present invention relates to an olefin
polymerization éatalyst a.nd a process for olefin
polymerization using the catalyst. More particularly, the
invention rel_a.tes to a novel olefin polymerization cata.iyst
which has a high poiymeriza.tion activity, and also relates

to a process for olefin polymerization using the catalyst.

BACKGROUND OF THE INVENTION

"Kaminsky caﬁalysts" ‘are well kno;m'as olefin
polymerization catalysts. The Kaminsky catalysts exhibit
extremely high polymerizationactivity, and by the use of them,
polymers of mnarrow molecular weight distribution can be
obtained. Transitionmetal compounds known as emplo_yabie for
the Kaminsky ca.ta.iysts are, f;:r example,
bis(cyclopentadienyl)zirconium dichloride (see Japanese
Patent Laid-Open Publication No. 19309/1983) and

ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride

. (see dapanese Patent Laid-Open Publication No. 130314/1986).

IE is also known that the olefin polymerization activity and
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the properties of the resulting polyolefins greatly vary when
different transition metal compounds are used in the
polymerization. Recently, transition meta.l. compounds having
a ligand of diimine structure have been proposed as novel
olefin polymerization catalysts (see International Patent
Publication No. 9623010).

By the way, polyolefins gemerally have excellent
mechanical properties, so that they are used in many fields
such as fields of various molded products. However, witﬁ the
diversification of requireﬁents for the properties of
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 éatalysts
exhibiting excelient olefin polymerization activity and

capable of producing polyolefins of excellent properties.

OBJECT OF THE INVENTION
It is an object of the invention to provide an olefin
polymerization catalyst exhibiting an excellent olefin
polymerization activity and a process for olefin

polymerization using the catalyst.
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The olefin polymerization catalyst according to the
present invention comprises:

(A) a transition metal compound represented by the

following formula (I) .

(I)

wherein M is a transition metal atom selected from Group 3
to Group 11 of the periodic table, |

U is a carbon atom having a substituent group R2, a
nitrogen atom or a phosphorus atom,

A is a nitrogen atom or a phosphorus atom,

Q is.a carbon atom having a substituent group R3, a
nitrogen atom or a phosphorus atom,

S is a carbon atom having a substituent group R4, a
nitrogen atom or a phosphorus atom,

T is a carbon atom having a substituent group RS, a
nitrogen atom or a ph§sphorus atom,

m is an integexr of 2 to 6,

Rl to RS may be the same or different, when M is a

transition metal atom selected f£rom Group 3 to Group 5 and
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Group 7 to Group 11 of the periodic table, they are each a
hydrogen atom, a halogen atom, a .hydroca.rbon group, a
hetexrocyclic compound residual group, an o@gen-coﬁtaining
group, anitrogen~-containing group, a boron-containing group,
a sulfur-containing group, a phosphorus-containing group, a
gllicon-containing group, a germanium-containing group or a
tin-containing group, and when M is a transition metal atom
selected from Group 6 of the periodic table, R! is a hydrogen
atom, a halogen atom, an aliphatic hydrocarbon group, an
alicyclic hydrocarbon group, a heterocyclic compound residual
group, an oxygen-containing group, a nitrogen-containing
group, a boron-containing group, a suifur-containing group,
a phosphorus-containing group, a silicon-containing group,
a germanium-containing group or a tin-containing group and
R?2 to RS 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-

_cont:a.i.ning group, a sulfur-containing group, a

phosphorus-containing group, a silicon-co_nta.ining group, a
germanium-containing grdup or a tin-cox;ta.ining géoup,

two or more of R! to R® may be bonded to each other to
form a ring, and one group of Rl to RS coxﬂ_:a.ined in one ligand
and one group of R! to RS contained in another ligand may form
a bonding Qrou.p or a single bond,

n is a number satisfying a valence of M, and
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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-c;:nta.ining 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, and when n is 2 or greatex,
plural groups indicated by X may be the same or different.to
each other and plural groups indicated by X ma.y be bonded to
each other to form a ring.

The olefin polymerization catalyst according to the
present invention comprises:

(A) Transition metal compound represented by the above
formula (I), and

| (B) at least one compound selected from:
(B-1) an organometallic compound,
(B-2) an organoaluminﬁm oxy-compound, and
(B-3) a compound which reacts with the transit:ibn
met':al compound (A) to ?orm an ion pair.

The olefin polymerization catalyst according to the
present invention may further comprise a carrier (C) in
addition to the transition metal compound (A) and at least
one compound (B) selected from the organocmetallic compound

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

The process for olefin polymerization according to the
present invention comprises polymerizing oxr copolymerizing
an olefin in the presence of the above-mentioned olefin

polymerization catalyst.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is an explanatory view showing steps for preparing

the olefin polymerization catalyst according to the present

invention.

DETAILED DESCRIPTION OF THE JINVENTION

The olefin polymerization catalyst of the present
:i.nven'tion.a'.nd the process for olefin po1ymeriz#tion using this
catalyst are described in detail hereinafter.

The meaning of the term "polymerization™ used herein is
not limited to "homopolymerization"™ but may comprehend
"copolymerization™. Also, the meaning of the term “"polymer"
used herein is not limited to "homopolymez"" but ma.y comprehend
"copolymer"™,

The olefin polymerization catalyst according to the
invention is formed from:

(A) a transition metal compound represented by the

formula (I) described below, and



(B) at least one compound selected from:
(B-1) an organometallic compound,
(B-2) an organcaluminum oxy-compound, and
(B-3) a compound which reacts with the transition
5 metal compound (A) to form an ion pair.
First, the catalyst components for forming the olefin
polymerization catalyst of the invention are descr:'.bea.
{A) Transition metal compound
The transition metal compound (A) for use in the

10 invention is represented by the following formula (I).

(1)

In the above formula, M is a transition metal atom
selected fro;t Group 3 (including lanthanoid) to Group 11 of

15 the perioﬁic table, preferably a transition metal atom
selected from Group 3 (including lanthanoid) to Group 9, more
preferably a transition metal atom selected from Group 3 to
Group 5 and Group 9, pa.rticula_rly preferably a transition

metal atom selected from Group 4 and Group 5. Examples of



10

15

20

25

such metal atoms include scandium, titanium, zirconium,
hafnium, vanadium, niobium, tantalum, cobalt, rhodium,
yttxrium, chrogim, molybdenum, tungsten, manganese, rhenium,
iron and ruthenium. Of these, preferable are scandium,
titanium, zirconium, hafnium, wvanadium, nicbium, tantalum,
cobalt, rhodium and the like. More preferable are titanium,
zirconiuni, hafnium, cobalt, rhodium, vanadium, nicbium,
tantalum and the like. Particularly preferable are titanium,
zirconium and hafnium.

N----M generally indicates a coordinate bond, but in the
invention, it sometimes indicates no coordinate bond.

A is a nitrogen atom or a phosphorus atom, preferably
a nitrogen atom.-

A-M generally indicates a bond between A and the metal
M, Sut in the invention, it may indicate that a pyrrole group
(in the case where A is nitrogen) is TNn-bonded to the metal_
M.

U is a carbon atom héving a substituent group R? (- (R2)C=),
a nitrogen atom (-N=) or a phosphorus atom (-P=), preferably
a carbon atom having a substituent group R .o:‘r a phosphoius

atom, more preferably a carbon atom ha.ving a substituent group

2
R .

Q is a carbon atom having a substituent group R3 (- (R3)C=),
a nitrogen atom (-N=) or a phosphorus atom (-P=), preferably

3
a carbon atom having a substituent group R .
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S ig a carbon atom having a substituent group R¢ (- (R4)C=),
a nitrogen atom (-N=) or a phosphorus atom (-P=), preferably
a _carbon atom having a substituent group R‘.

T is a carbon atom having a substituent group R5 (- (R2)C=),
a nitrogen atom (-N=) or a phosphorus atom (-P=), preferably
a carbon atom having a substituent group Rs.

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

R! to :_R5 may be the same or different, when M is a
transition metal atom selected from Group 3 to Group 5 and
Group 7 td Group 11 of the periodic table, they are each a
hydrogen atom, a halogen afom, a hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing
group, anitrogen-containing group, a bof:on-containing group,
a sulfur-containiﬁg grdup, a phospho:;us-containing group, a
gilicon-containing group, a germanium-containing group or a
tin-containing éroup, and when M is a transition metal atom
selected from Group 6 of the periodic table, R! is a hydrogen
atom, a halogen atom, an aliphatic hydrocarbon group, an
alicyciic hydrocar.;én 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 g.roup,
a germanium-containing group or a tin-containing group and

R2 to RS are each a hydrogen atom, a halogen atom, a hydrocarbon
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group, a heterocyclic compound residual group, an oxygen-
containing group, a nitrogen-containing group, a boron-~
containing group, a sulfur-containing group, a
bhosphorus-containing group, a _silicon—containing gréup, a
germanium-containing group or a tin-containing group.

Examples of the hydrocarbon groups include:

aliphatic hydrocarbon groups, specifically,
straight-chain ox branched alkyl groups of 1 to 30 ca.:r;'bon atoms,
preferably 1 to 20 carbon atoms, such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert~
butyl, neopentyl and n-hexyl, straight-chain or branched
alkenyl groups of 2 to 30 carbon atoms, preferably 2 to 20
carbon atoms, such as vinyl, allyl and isopropenyl, and
straight-chain_. or bra.ﬁ.ched alkynyl groups of 2 to 30 carbon
atoms, preferably 2 to 20 carbon atoms, sﬁch as ethynyl and
propargyl;

'a.licyclic hydrocarbon groups, specifically, cyclic
saturated hydrocarbon groups of 3 to 30 carbon atoms,
preferably 3 to 20 carbon atoms, such as cyclopropyl,
cyclobutyl, cyclopentyi, cyclohexyl and adamantyl, and cyclic
unsaturated hydrocaxbon groups of 5 to 30 carbon atoms, such
as cyclopentadienyl, indenyl and fl;;orenyl ; and

aromatic hydrocarbon groups, specifically, aryl groups
of 6 to 30 carbon atoms, pref_era.bly 6 to 20. carbon atoms, such

as phenyl, benzyl, naphthyl, biphenylyl, terphenyl,
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phenanthryl and anthryl, and alkyl-substituted aryl groups,
such as tolyl, isopropylphenyl, t-~butylphenyl,
dimethylphenyl and di-t-butylphenyl.

In the above hyarocarbon groups, a halogen atom may be
substituted for the hydrogen atom. Examples of such
hydrocarbon groups include halogenated hydrocarbon groups of
1l to 30 carbon atoms, preferably 1 to 20 carbon atoms, such
as trifluoromethyl, pentafluorophenyl and chlc;rophenyl.

The above hydrocarbon groups may be substituted with
other hydrocarbon groups. Examples of the thus substituted
hydrocarbon groups include aryl-substituted alkyl groups,
such as benzyl and cumyl. |

Further, the above hydrocarbon groups may be substituted
with heterocyclic compound residual groups; oxygen-
containing gr.oups, such as an alkoxy group, an aryloxy group,
an estei: group, an ether group, an acyl group, a carboxyl §roup,
a carﬁona.to group, a hydroxyl group, a peroxy group and a
carboxylic anhydride group; nitrogen-containing groups, such
as an amino group, an imino group, an amido group, an imido
group, a hydrazino group, a h}}drazono group, a nitro group,
a nitroso group, a cyanc group, an isocyano group, a cyanic
ester group, an amidino group, a diazo group and an ammonium
salt derived from an amino group; boron-containing groups,
such as a boranediyl group, a boranetriyl groﬁp and a diboranyl

group; sulfur-containing groups, such as a mercapto group,
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a thiocester group, a dithiocester group, an alkylthio group,
an arylthio group, a thiocacyl group, a thioether group, a
thiocyanic ester group, an isothiocyanic ester group, a
sulfonic ester group, a sulfonamido group, a thiocarboxyl
group, a dithioca.:'r:boxyl group, a sulfo gréup, a sulfonyl group,
a sulfinyl group, a sulfenyl group, a sulfonato group and a
sulfinato group; phosphorus-containing groups, such as a
phosphido group, a phosphoryl group, a thiophosphoryl group
and a phosphato group; silicon—conta.ining groups;
germanium-containing groups; or tin-containing groups.

Thus, the hydrocarbon groups may be substituted with an
oxygen-cont&ining group, nitrogen-containing group, a
boron-containing group, a sulfur-containing group, a
phosphorus-containing group, a silicon-containing group, a
gemanim—containiﬁ;g grbu.p, a tin-containing group or the
like, and in this case, the substituent group such as the
oxygen-containing group is desirably a group whose
characteristic atomic group is not directly bonded to N ox
the carbon atom of U, Q, S, T or A in the formula (I).

of the above groups, preferable é.re 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-butyl, t-butyl, neopentyl and n-hexyl;
aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon

atoms, such as phenyl, naphthyl, biphenylyl, terphenyl,
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phenanthryl and anthryl; and substituted aryl groups wherein
the above aryl groups are substituted with 1 to 5 substituent
groups such as halogen atoms, alkyl groups of 1 to 30 carbon
atoms, preferably 1 to 20 carbon atoms, alkoxy groups of 1
to 30 carbon atoms, preferably 1 to 20 carbon atoms, aryl
groups of 6 to 30 carbon atom, preferably 6 to 20 carbon atoms,
and aryloxy groups of 6 to 30 carbon atoms, preferably 6 to
20 carbon atoms.

" Two or more of R! to R’ can be bonded to each other to
form a ring. Examples of such rings include condensed rings,
such as a benzene ring, a naphthalene ring, an acenaphthene
ring and an indene ring; and groups wherein alkyl groups such
as methyl, ethyl, propyl and butyl are substituted for the
hydrogen atoms on these condensed rings.

The heterocyclic compound residual group is a.' cyclid
group containing 1 to 5 heterc atoms therein, and the hetero
atom is O, N, S, P or B. The cyclic ring is, for éxample,
a monocfclic or polycyclic ring of 4 to 7 members, preferably
a monocyclic or polycyclic ring of 5 to 6 members. Examples
of such groués include residual groups of nitrogen-containing
compounds such as pyrrole, pyridine, pyrimidine, quinoline
and triaziné ; residual groups of oxygen-containing compounds
such as furan and pyran; residual groups of sulfur-containing
compounds such as thiophene; and groups wherein these residual

groups are further substituted with substituent groups such
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as alkyl groups of 1 to 30 carbon atoms, preferably 1 to 20
carbon atoms, and alkoxy groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atbms.

The oxygen-containing group is a group containing 1 to
5 o:qrge:i. atoms therein. In the oxygen-containing group, the
a.bove-desc:i.bed_heterocyclic compound residual group is not
included, and a group containing a nitrogen atom, .a sulfur
atom, a phosphorus atom, a halogen atom or a silicon atom each
of which is directly bonded to the o:;:ygen atom is not included
either. Examples of the oxygen-containing groups include 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 carboxylic anhydride group.
Preferable are an alkoxy group, an arylo:ﬁy group, an acetoxy
group, a carbonyl group, a hydroxyl group and the like. W’heﬁ
the oxygen-containing group contains carbon atom, the number
of carbon atoms is desired to be in the range of 1 to 30,
preferably 1 to 20.

The nitrogen-containing group is a group containing 1
to S nit_rogen 'a.toms therein, and the above-described
heterocyclic compound residual group is not included.
Examples of the nitrogen-containing groups include an amino
group, an imino group, an amido group, an imido group, a
hydrazino group, a hydrazono group, a nitro group, a nitroso

group, a cyano group, an isocyano group, a cyanic ester group,
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an amidino group, a diazo group and an ammonium salt group
derived from an amino group. Of these, preferable are an amino
group, an imino group, an amido group, an imido group, a nitro
group and a cyano group. When the nitrogen-containing group
contains carbon atom, the number of carbon atoms is desired
to be in the range of 1 to 30, preferably 1 to 20.

The sulfur-containing group is a group containing 1 to
5 sulfur atoms therein, and the above-described heterocyclic
compound residual group is not in::cluded. Examples of the
sulfur-containing groups include a mercapto group, a
thioes.ter group, a dithioester group, an alkylthio group, an
arylthio group, a thiocacyl group, a thioether group, a
thiocyanic ester group, an isothiocyanic ester group, a
sulfonic ester group, a suifona.mi.do group, a thiocarboxyl
group, a dithiocarboxyl group, # sulfo group, a sulfonyl group,
a sulfinyl group, a sulfenyl group, a sulfonato group and a
sulfinato group. Of these, preferable are a sulfonato group,
a sulfinato group, an alkylthio group and an arylthio group.
When the sulfur-containing group contains qa.rbon atom, the
number of carbon atoms is desired to be in the range of 1 to
30, preferably 1 to 20.

The silicon-containing group is a group containing 1 to
5 gsilicon atoms therein, and examples thereof include a silyl
group, such asa hydrocarbon-substituted silyl group, a siloxy

group, such as a hydrocarbon-substituted siloxy group, or the
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like. Examples of the hydrocarbon-substituted silyl groups
include 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. Examples of the
hydrocarbon-substituted siloxy groups include
trimethylsiloxy.

When the silicon-containing group contains carbon -a._tom,
the number of carbon atoms is desired to be in the range of -
1 to 30, preferably 1 to 20.

The phosphorus-containing group .is a group containing
1 to 5 phosphorus atoms therei..n, and the above-~described
ﬁeterocyclic compou:gd residual group is not included.
Examples of the phosphorus-containing groups include a

phosphino group, a phosphoryl group, a thiophosphorj_rl group

and a phosphono group.

The boron-containing group is a group containing 1 to
5 boron atoms therein, and the a]Sove—descr:i.bed heterocyclic
compound residual group is not included. Examples of the

boron-containing groups include a boranediyl group, a
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bo:;a.netriyl group and a diboranyl group. Preferable is a
boryl group substituted with 1 to 2 hydrocarbon groups of 1
to 30 carbon atoms, preferably 1 to 20 carbon 1at:omss, or a borate
group substituted with 1 to 3 hydrocarbon groups of 1 to 30
carbon atoms, preferably 1 to 20 carbon atoms. When the
boron-containing group is a group substituted with two or more
hydrocarbon groups, the hydrocarbon groups may be the same
or different. |

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

The oxygen~containing group, nitrogen-containing group,
splfur-containing group, boron-containing group,
aluminum-containing group and phosphorus-containing group
mentioned above are each prefe-rably a group whose
characteristic atomic group is directly bonded to N or the
carbon atom of U, Q, S, T or A in the formula (I).

The above examples of the groups indicatgd by R! to RS
are more specifica.ily described below.

Of the oxygen-containing groups, pref.erred examples of
the alkoxy groups include methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, isobutoxy and tert-butoxy; preferred
examples of the aryloxy groups include phehoxy, 2,6-

dimethylphenoxy and 2,4, 6-trimethylphenoxy; preferred
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examples of the acyl groups include férnxyl, acetyl, benzoyl,
p-chloxrobenzoyl a.nd p-methoxybenzoyl; and preferxed e_xamples
of the ester groups include acetyloxy, benzoyloxy,
metho;qrcarbonyl, 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 groués
include alkylamino groups, such as n;;thylamino, dimethylamino,
diethylamino, dipropylamino, dibutylamino and
dicyclohexylamino, and arylamino groups or alkylarylamino
groups, such as phenylamino, diphenylamino, ditolylamino,
dinaphthylamino and methylphenylamino; 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 sﬁlfur-contai.ning groups, preferred examples of

the alkylthio groups include methylthio and ethylthio;

y preferred examples of the arylthio groups include phenylthio,

methylphenylthio and naphthylthio; preferred examples of the
thiocester groups include acetylthio, benzoylthio,
methyl_thioca.rbonyl and phenylthiocarbonyl : preferred
examples of sulfonic ester groups include methylsulfonate,

ethylsulfonate and phenylsulfonate esters; and preferred
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examples of the sulfonamido groups include phenylsulfonamido,
N-methylsulfonamido and N-methyl-p~-toluenesulfonamido.

Examples of the sulfonato groups include methylsulfonato,
trifluoromethanesulfonato, phenylsulfonato,
benzylsulfonato, p-i;oiuenesulfonato,

trimethylbenzenesulfonato, triisobutylbenzenesulfonato,

p-chlorobenzenesulfonato and pentafluorobenzenesulfonato.

Examples of the sulfinato groups include methylsulfinato,
phenylsulfinato, benzylsulf :'.na.to,:.. p-toluenesulfinato,
trimethylbenzenesulfinato and pentaf1uorobenzenesulfinai:o.
Of the phosphor_}zs-containing groups, preferred examples
of the phosphino groups include dimethylphosphino group,

diphenylphosphino group or the like; preferred examples of

_the phoéphq_:;yl groups include methylphosphoryl group,

isopropylphosphoryl group, phenylphosphoryl group or the
like; preferred examples of the thiophosphoryl groups include
methylthiophosphoryl group, isopropylthiophosphoryl group,
pheﬁylth:iophosphoryl group or the like; preferred examples
of the phosphono groups include phosphoric acid group,
phosphate ester group, such as di.methyl phosphate,
diisopropyl phosphate, diphenyl phosphate, or the like.

When M is a transition metal atom selected from Group
3 to Group 5 and Group 7 to Group 11 of the periodic table,
R! to RS are each preferably a hydrogen atom, a halogen atom,
a hydrocarbon group, a heterocyclic compound residual group,

an oxygen-containing group, a nitrogen-containing group, a



10

15

20

25

20

boron-containing group, a sulfur-containing group, a
silicon-containing group, a germanium-containing group or a
tin-containing group. When M is a transition metal atom
selected from Group 6 of the periodic table, R! is preferably
a hydrogen atom, a halogen atom, an aliphatic hydrocarbon
group, an alicyclic hydrocarbon group, a heterocyclic
compound residual group, an oxygen-containing group, a
nitrogen-conta.ihing group, a boron-containing group, a
sulfur-containing group, a silicon-containing group, a .
germanium~-containing group or a tin-containing group, and R2
to RS are each preferably a hydroéen atom, a halogen atom,
a hydroca.zjbon group, a heterocyclic compound residﬁal group,
an oxygen-containing group, a nit;r:ogen—containing group, a
boron-containing group, a sulfur-containing group, a
gilicon-containing group, a germanium-containing group or a

tin-containing group.

wWhen M is a transition metal atom selected from Group
3 to Group 5 and Group 7 to Group 11 of the periodic t&i:le,
Rl to RS are each especially a hydrogen atom, a halogen atom,
a hydrocarbon group, a heterocyclic cémpoxmd rasidual group,
an oxygen-containing group, a nitrogen-containing group, a
sulfur-containing group or a silicon-containing group. When
M is a transition metal atom selected from Group 6 of the
periodic table, R! is especially a hydrogen atom, a halogen
atom, an aliphatic hydrocarbon group, an alicyclic

hydrocarbon group, a heterocyclic compound residual group,

an oxygen-containing group, a nitrogen-containing group, a

sulfur-containing group or a silicon-containing group, and
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R? to RS are each especially preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a heterocyclic compound
residual group, an oxygen-containing group, a nitrogen-
containing group, a sulfur-containing group or a silicon-
containing group.

In particular, as regards activity, RS is preferably a
hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residual group, a hydrocarbon-
substituted silyl group, a hydroéérbon—substituted siloxy
group, an alkoxy group, an alkylthio group, an arylo:gr group,
arylthio group, an acyl group, an ester group, a thioester
group, an amido group, an amino group, an imido group, an imino
group, a sulfonic ester group, a sulfonamido group, a cyano
group, a nitro group or a hydroxyl group, more preferably a
hydrogen atom, a halogen atom, a hydrocarbon group or a
hydrocarbon-substituted silyl group.

Preferred examples of the hydrocarbon groups indicated
by R5 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-butyl, tert-butyl, neopentyl and n-hexyl; cyclic
saturated hydrocarbon groups of 3 to 30 carbon atoms,
preferably 3 to 20 ca.rbox; atoms, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and adamantyl; aryl

groups of 6 to 30 carbon atoms, preferably 6 to 20 ca.rbén atoms,
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such as phenyl, benzyl, naphthyl, biphenylyl and triphenylyl;
and groups wherein the above groups are substituted with
substituent groups such as an alkyl or alkoxy gréup of 1 to
30 carbon atoms, preferably 1 to 20 carbon atoms, a halogenated
alkyl group of 1 to 30 carbon atoms, preferably 1 to 20 carbon
atoms, an aryl or aryloxy groﬁp of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atoms, halogen, a cyano group, a
nitro group and a hydroxyl group. |

Preferred examples of the hydz:;)carbon- substituted silyl
groups indicated by R5 include methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl,
dimethyl-t-butylsilyl and dimethyl (pentafluorophenyl)silyl.
Particularly pref_e:_r;able are trimethylsilyl,
triethylphenylsilyl, diphenylmethylsilyl, isophenylsilyl,
dimethylphenylsilyl, dimethyl-t-butylsilyl and
dimethyl (pentafluorophenyl) silyl_ . |

Two or more groups of Rl to R3, preferably neighboring
groups, may be boz}_ded to each other to form an aliphatic ring,
an aromatic ring or a hydrocarbon ring containing a hetero
atom such as a ni.troge# atom. These ring's' may further have
a substituent group.

One group of R! to R® contained in one ligand and one group

of R! to RS contained in another ligand may form a bonding group
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or a single bond, and R!s, R2s, R3s, Rés, or RSs may be the
same or different.

n is a number satisfying a valence of M, spec.ifically,
an integer of 0 to 5, -prefera.bly an integer of 1 to 4, more
prefera_.bly an integer of 1 t;.o 3.

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
aluminum-containing group, a phosﬁhorus-containing group, a
halogen-containing group, a heterocyclic compound residual
group, a silicon~containing group, a germanium-containing
group or a tin-containing group. When n is 2 or greaterx,
plural groups indicated by X may be the same or different.

The halogen atom is flgorine, chlorine, bromine or
iodine.

Examples of the hydrocarbon groups include the same
groups as previously described with respect to R! to R5.
Specifically, there can be mentioned aikyl groups, such as
methyl, ethyl, propyl, but:Yl, hexyl, cctyl, __nonyl, dodec:fl
and eiéosyl ; cycloalkyl groups of 3 to 30 carbon atoms, such
as cyclopentyl,'cyclohexyl, norbornyl and adamantyl; alkenyl
groups, such as vinyl, propenyl and cyclohexenyl; arylalkyl
groups, such as benzyl, phenylethyl and phenylpropyl; and aryl
groups, such as phenyl, tolyl, dimethylphenyl,

trimethylphenyl, ethylphenyl, propylphenyl, biphenylyl,
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naphthyl, methylnaphthyl, anthryl and phenanthryl. These

hydrocarbon groups include halogenated hydrocarbon groups,
specifically, groups wherein at least one hydrogen is replaced
with halogen in the hydrocarbon groups of 1 to 20 carbon atoms.

Of the above groups, preferable are hydrocarbon groups
of 1 to 20 carbon atoms.

Examples of the oxygen-containing groups include the
game groups as previously described with respect to R? to RS.
Specifically, there can be mentioneé. a hydroxyl 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
phenylethoxy; an acetoxy group; and a ca.:."bonyl group.

Examples -of the sulfur-containing groups include the
same groups as previouéiy described with respect to Rl to R5.
Specifically, there can be mentioned sulfonato groups, such
as methylsulfonato, trifluoromethanesulfonato,
phenylsulfonato, benzylsulfonato, p-toluenesulfonato, -
trimef:hylbenz enesulfonato, triisobutylbénzenesulf onato,
p-chlorobenzenesulfona.t;a and pentafluorobenzenesulfonato;
sulfinato groups, such as methylsulfinato, phenylsulfinato ’
benzylsulfinato, p-toluenesulf inato .
trimethylbenzenesulfinato and pentafluorobenzenesulfinato;

alkylthio groups; and arylthio groups.
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Examples of the nitrog;n-containing groups include the
same groups as previously described with respect to Rl 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.

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

Examples of the aluminum~-containing groups include AlR,g
(R is a hydrogen, an alkyl group, an aryl group which may have
a substituent group, a halogen atom or the like).

'Examples of the phosphorus-cont';a;.ining' groups include
trialkylphosphine groups, such as 'trimethylphosﬁhine,
tributylphosphine and tricyclohexylphosphine;
triarylphosphine groups, such as triphenylphosphine and
tritolylphosphine; phosphite groups (phosphido groups), such
as methylphosphite, ethylphosphite and phenylphosphite; a
prhosphonic a:c:i.d group; and a phosphinic acid group.

Examples of the halogen-~containing groups include
fluorine-containing groups, such as PFg and BFy; chlorine-~
containing groups, such as Cl0; and SbClg; and iodine-

containing groups, such as IOq.
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Examples of the heterocyclic compound residual groups
include the same groups as previously described with respect
to Rl to RS,

Examples of the silicon-containing groups include the
same groups as previously described with respect t§ Rl to RS.
Specifically, there can be mentioﬁed_ hydrocarbon-substituted
silyl groups, such as phenylsilyl, diphenylsilyl,
trimethylsilyl, triethylsilyl, tripropylsilyl,
tricyclohexylsilyl, triphenylsilyl, methyldiphenylsilyl,
tritolylsilyl and trinaphthylsilyl; hydrocarbon-substituted
silyl ether groups, such as trimethyisilyl ether;
silicon-substituted alkyl groups, such as
trimethylsilvimethyl; and silicon;substituted arvyl groups,
such as trj.fnethylsilylphenyl. |

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 above-mentioned
gilicon-containing groups.

Examples of the tin—containi;g groups include the same
groups as previousiy described with respect to R! to R5.
Specifically, there can be- mentioned groups wherein silj.con

igs replaced with tin in the above-mentioned silicon-

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

X is preferably a hydrogen atom, a halogen atom, a
hydrocarbon group, an oxygen-containing group or a
nitrogen-containing group, | more preferably a hydrogen atom,
a halogen atom or a hydrocarbon group.

Examplés of the transition metal compounds represented
by the formula (I) are given below, but the transition metal
compounds are not limited to those examples.:

In the fo.il.lowing examples, M is a transition metal atom,
e.g., Sc(IIr), Ti(IIx), Ti(IVv), Zr(III), Zr(IV), HE(IV),
v(IvVv), Nb(V), Ta(V), Co(II), CO(III), Rh(II), Rh(III) or
Rh(IV). Of these, Ti(IV), Zxr(IV) or Hf(IV_) is particularly
preferable.

X is halogen such as Cl or Br, or an alkyl group such
as methyl. When plural X are present, _t:hey may be the same
or different. |

n 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 éase 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 Zx(IV), and n = 2 in case of HE(IV).
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More specific examples of the transition metal compounds
represented'by the formula (I) include following titanium
compounds and compounds wherein titanium is replaced with

hafnium or zirconium in the following titanium compounds.
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Examples of the compounds represented by the above
formula (I) wherein M is a transition metal atom M' of Group
6 of the periodic table are given below, but the compounds

are not limited to those examples.
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Examples of the transition metal compounds represented
by the above formula (I) wherein M is a transition metal atom
of Group 6 of the periodic table are given below, but the

transition metal compounds are not limited to those examples.
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In the above examples, Me denotes a methyl group, Et
denotes an ethyl group, iPr | denotes an i-propyl group, tBu
denotes a tert-butyl group, and Ph denotes a phenyl group.

The transition metal compound represented by t:hé formula
(I) wherein m is 2 and one group of R! to R® contained in one
ligand and one group of R! to R5 contained in another ligand
form a bonding group or a single bond is, for example, a

compound represented by the following formula (I-a).

(I-a)

In the formula (J:-a), M, A, Q; S, T, U, R! to R® and X
have the same meanings as those of M, A, Q, S, T, U, Rl to
R5 and X in the formula (I), and A' has the same meaning as
that of A. |

U' is a carbon atom having a substituent group R12 (-
(R12)C=), a nitrogen atom (-N=)or a phosphorus atom (-P=),
preferabl:f a carbon atom having a substituent group R12 or a
pPhosphorus atom, more preferably a carbon atom having a

12
substituent group R .
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Q' is a carbon atom having a substituent group R13? (-
(R13)C=), a nitrogen atom (-1-\T=) or a phosphorus atom (-P=),
preferably a carbon atom having a substituent group Rn. .

S' is a carbon atom having a substituent group R4 (-
(R14)C=), a nitrogen atom (-N=) or a phosphorus atom (-P=),
preferably a carbon atom having a.- substituent group Ru

T' is a carbon atom having a substituent group R15 (-~

(R15)C=), a nitrogen atom (-N=) or a phosphorus atom (-P=),

15

preferably a carbon atom having a substituent group R

Rl to R!5 may be the same or different, Rl has the game
meaning as that of R1, and R12 to R15 have the same meanings
as those of R? to RS. |

R! to RS and Rl to R15 may be the same or different, and
two or more groups of R! to R5 and R11 to R15, preferably
neighboring groups, may be bonded to each other to férm 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 formed f£rom at least
one group selected from R! to RS and at least one group selected
from R11 to R15,

The bonding group indicated by Y is specifically a group
containing at least one atom selected from oxygen, sulfur,
carbon, nitrogen, phosphorus, silicon, selenium, tin, boron
and the like. Examples of such groups include groups

containing chalcogen atomsg such as -0-, -S- and -Se-;
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nitrogen- or phosphorus-containing groups, gsuch as ~-NH-,
-N(CH;)2~-, -PH~ and -P(CH;)2~; hydrocarbon groups of 1 to 20
carbon atoms, such as ~-CH;~, ~CH;-CHz~ and -C(CHj3)3~-; residual
groups of cyclic unsaturated hydrocarbons of 6 to 20 carbon
atoms, such as benzene, naphthalene and anthracene; residual
groups of heterocyclic compounds bhaving 3 to 20 carbon atoms
and containing hetero atoms, such as pyridine, quinocline,
thiophene and furan; silicon atom-containing groups, such as
-SiH;- and -Si(CH3)2-; tin atom-containing groups, such as
-SnH,- and -Sn(CH;)2~; and boron atom~containing groups, such
as -BH-, -B(CH3)- and ~BF-.

The transition metal compound represented by the formula

(I-a) wherein R! and R11 form a bonding group or a single bond

is, for example, a compound represented by the following

formula (I-b).

/Y\

/ . \U'
/K / \ A-\/\/Q'
\s————-'r T=F

(I-b)

In the formula (I-b), M, A, Q, S, T, U, R2 to R5 and X

have the same meanings as those of M, A, Q, 8, T, U, R2 to
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R5 and X in the formula (I), and A*', Q', S', T', U' and R12
to R1% have the same meanings as those of A', Q', S§', T*, U'
and R12 to R15 in the formula (I-a).

R2 to RS and R12 to R15 may be the same or different, and
two or more groups of R2 to R5 and R12 to RIS, j)referably
neighboring groups, may be 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.

In the formula (I-b), at least one of R4 and R4,
particularly both of them, are each prefe_rably 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.

n is a number satisfying'a. valence of M.

X is particularly preferably a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms or a sulfonato group.
When n._is 2 or greater, the ring formed from two or more of
X bonded to each other may be an aromatic ring or an aliphatic
ring.

Y' has the same meé.ning as that of Y in_the formula (I-a),
and when Y is a hydrocarbon group, the hydrocarbon group has
3 ormore carbon atoms. Such a bonding group ¥Y' has a structure

wherein the main chain is constituted of preferably 3 or more
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atoms, more preferably 4 to 20 atoms, particularly preferably
4 to 10 atoms. Such a bonding group may have a substituent
group.

Examples of the divalent bonding groups (Y') include
chalcogen atoms, such as -O-, -S- and -Se-; nitrogen- or
phosphorﬁs—containing groups, such as -m'-, -N(CH3)~-, -PH-
and -P(CH3)-; silicon-containing groups, such as -SiH,- and
~8i(CH3)2~; tin-containing groups, such as -SnH;- and -
Sn{CH;3) 2~; and boron-containing groups, such as -BH~-, -B{CH,) ~
and -BF-. Examples of the hydrocarbon groups include
saturated hydrocarbon groups of 3 to 20 carbon atoms, such
as -(CHz)¢-, -(CHy)s~ and -(CHz)g~-; cyclic saturated
hydrocarbon groups, such as s cyclohexylidene group and a
cyclohexylene group; groups wherein parts of these éatura.ted
hydrocarbon groups are substituted with 1 to 10 substituent
groups such as hydrocarbon groups, halogens (e.g., fluorine,
chlorine, bromine) and hetero atomé (e.g., Ooxygen, sulfur,
nitrogen, phosphorus, silicon, selenium, tin, boron):;
residual groups of cyclic unsaturated hydrocarbons of 6 to
20 carbon atomsg, such ;s benzene, naphthalene and anthracene;
and residual groups of heterocyclic compéunds having 3 to 20
carbon atoms and containing hetero atoms, such as pyridine,

quinoline, thiophene and furan.
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Examples of the transition metal compounds represented
by the formula (I-b) are given below, but the compounds of

the formula (I-b) are not limited to those examples.
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In the above examples, Me denotes a methyl group, and
Ph denotes a phenyl group.

In the presént invention, transition metal compounds
wherein the titanium metal is replaced with a metal other than
titanium, such as zirconium or hafnium, in the above~-mentioned
compounds are also employable.

The process for preparing the transition metal compound
{A) is not specifically limited. For example, a compound
(ligand precursor) which will become a ligand in the
synthesized transition metal compouﬁd (a) is allowed to react
with a transitionmetal-containing compound such as a compound
represented by MX; (M and X have the same meanings as those
of M and X in the formula (I) and k is a.' number satj.sfying
a valence of M). |

The process is now 's;)ecifically describéd. When the
ligand for constituting the transition metal compound (A) is
a pyrrole-aldoimine ligand, a compound (ligand precursor)
which will become the pyrrole-aldoimine ligand in the
synthesized transition metal compound (A) is obtained by
allowing an acylpyrrole compound to react with a primary amine
compound represented by the fomula. R1-NH, (R! has the same
meaning as that of R:l in the formula (I) ). gsuch as an aniline
compound or an alkylamine compound. More specifically, the
acylpyrrole compound and the primary amine compound are

'dissolved in a sclvent. Then, the resulting solution is
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stirred under the conditions of a temperature of room
temperature to reflux temperature for about 1 to 48 hours,

whereby the corresponding ligand precursor is obtained in a

" high yield. As the solvent, any solvent generally used for

such reaction is employable. ' Above all, an alcoho.jl. solvent
such as methanol or ethanol or a hydrocarbon solvent such as
toluene is preferable.

When the ligand for constituting the transition metal
compound (A) is a phosphole aldoimine ligand, the ligand
pPrecursor can be obtained by, for ei:a.mple_, allowing an
acylphosphole compound obtained by formylation of halogenated
phosphole (by a method described in Angew Chem 1994, 106 (11),
1214) to react with an aniline compound or R1-NH, (R! has the
same meaning as that of Rl in the formula (I)) in the same
manner as describe&' above. |

Also, when tﬁe ligand is a five-membered heterocyclic
compound wherein in the formula (I) U is a carbon atom, A is
a nitrogen atom or a phosphorus atom, and at least one of Q,
S and T is a nitrogen atom or a phosphorus atom, e.g., pyrazole
aldoimine, the ligand precursor can be si;nthesized by
rerforming o-formylation and introduction of an imino group
in the same manner as described above.

In the synthesis of a ligand precursor wherein U in the
formula (I) is a nitrogen atom, the ligand precursor can be

obtained by allowing a five-membered heterbcyclic compound
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having hydrogen at .the o-position, such as pyrrole, indole,
phosphole or pyrazole, to react with a diazonium compound
synthesized from an aniline or alkylamiz.xe compound. More
specifically, both of the sta.rt;ing compounds are dissolved
in a solvent, a.nd the resulting solution' is stirred at a
temperature of 0 T to ref_lux teméerature for about 1 to 48
hours, whereby the corresponding ligand is obtained. A water
solvent is preferable as the solvent.

The diazonium compound is obtained by, for example,
allowing a primary aniline or amine compound to react with
sodium nitrite, alkyl nitrite or the like and a strong acid
such as hydrochloric acid in water.

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

Then, the thus obtained ligand precursor is allowed to
react with a transition metal-containing comx::ound to
synthesiz_e the corresponding transition metal compoimd. '
More specifically, the synthesized ligand precufsor is
dissolved in a solvent and then allowed to directly react with -
the transition metal-containing compound, to synthesize the

corresponding transition metal conipound.
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If necessary, the ligand precursor may be contacted with
a base to prepare a salt, and the salt may be mixed with a
metallic compound such as a metallic halide or a metallic
alkylate at a low temperature and stirred at a temperature
of =78 °C to room temperature or under reflux for about 1 to
48 hours.

As the solvent, any solvent generally used for such
reaction is employable. Above all, a polar solvent such as
ethyl ether or tetrahydrofuran (THF) or a hydrocarbon solvent
such as toluene is preferably employed.

Examples of the bases used for preparing a 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, although the bases employable
are riot limited thereto. |

It is possible to éxchange the metal M in the synthesized
transition metal compound with another transition metal in
a coﬁventiona.l way. When any of Rl to RS is i{, a substituent
group other tﬂan H can be introduced in any stage of the
synthesis process.

The transition metal compounds (A) mentioned above are
used singly or in combination. The transition metal compound
(A) can be used in combination with other transition metal

compounds, e.g., known transitionmetal compounds constituted
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of ligands containing a hetero atom such as nitrogen, oxygen,
sulfur, boron or phosphorus.

In addition to the transition metal compound (A), a
titanium catalyst component containing magnesium, titanium
and halogen as its essential ingredients is employable.

Other transition metal compounds

E:?amples of the transition metal compounds other than
the above transitionmetal compounds (A) include the following
transition metal compounds, without limiting to those

examples.

(a~1l) Transition metal imide compound represented by the

following formula (I-¢c):s

R31
I
32
R /N,\
MXq
. Lo
R N
,;34

(I-c)

In the above formula, M is a transition metal atom
selected from Group 8 t;o Group 10 of tl;:.e periodic table,
preferably nickel, palladium or platinum.

R31 to R3¢ may be the same or different and are each a

hydrocarbon group of 1 to 50 carbon atoms, a halogenated
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hydrocarbon group of 1 to 50 carbon atoms, a hydrocarbon-
substituted silyl group or a hydrocarbon group substituted
with a substituent group containing at least one atom selected
from nitrog'en, oxygen, phosphorus, sulfur and silicon.

Two or more of the groups indicated by R31 to R34,

.preferably neighboring groups, may be boned to each other to

form a ring.

g is an integer of 0 to 4.

X is a hydrogen atom, a halogen atom, a hydrocarbon group
of -1 to 20 carbon atoms, a halogenated hydroca.rbon. group of
1 to 20 carbon atoms, an oxygen-containing groi:.p, a
sulfur-containing group, a silicon;containing group or a
nitrogen-containing group. When q is 2 or greater, plural
groups indica.ted by X may be the same or different.

(a=2) Transition metal amide compound represented by the

following formula (I-d):

Tl
N
(EmA) r.<N>Mx|o

l"
R

(x-4)
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In the above formula, M is a transition metal atom
selected from Group 3 to Group 6 of the periodic table,
preferaﬁly 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 ca.rl;on atoms,
a halogenated hydrocarbon group of 1 to 50 carbon atoms, a
hydrocarbon~substituted silyl group or a substituent group.
having at least one atom selected from nitrogen, oxygen,
phosphorus, sulfur and silicon.

m is an intgger of 0 to 2.

n is an integer of 1 to 5.

A is an atom selected from Group 13 to Group 16 of the
periodic table, specifically boron, carbon, nitrogen, oxygen,
silicon, phosphorus, sulfur, germanium, selenium, tin or the
like, preferably carbon or silicon. When n is 2 orx greé.ter,
plural atoms indicated by A may be the same or different..

E is a substituent group having at least one atom selec_ted
from carbon, hy&ogen, oxygen, halogen, nitrogen, sulfur,
phosphorus, boron and silicon.. When m is 2, two of E may be
the san:e or different of may be i:onded to each other to form
a ring.

P is an integer of 0 to 4.

X is a hydrogen atom, a halogen atom, a hydrocarbon group
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of

1l 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 p is 2 or greatei:', plural
groups indicated by X may be the same or different. X is
preferably a halogen atom, a hydrocarbon group of 1 to 20
carbon atoms or a sulfonato group.

(a-3) Transition metal diphenoxy compound represented

by the following.fomula. (I-e):

(A)y—
-
(AYm—O

(I-e)

In the above formula, M is a transition metal atom
selected from Group 3 to Group 11 of the periodic table.

1l and m are each an integer of 0 or 1.

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

B is a hydrocarbon group of 0 to 50 carbon atoms, a
halogenated hydrocarbon group of 1 to 50 carbon atoms, a group

represented by RIR2Z, oxygen or sulfur. R! and R2? are each
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a hydrocarbon group having 1 to 20 carbon atoms or a
hydrocarbon group having 1 to 20 carbon atoms and containing
at least one hetero atom, and Z is carbon, nitrogen, sulfur,
phosphorus or silicon.

p 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 hydrocarbon group of
1l to 20 carbon atoms,. an oxygen—containing. group, a
sulfur-containing group, a silicon-containing group or a
nitrogen-containing group. When. p is 2 or greatér, plural
groups indicated by X may be the same or different or may be
bonded to each other to form a ring.

(a-4) Transition metal compound containing a ligand
having cyclopentadienyl skeleton containing at least one

heteroc atom, said compound being represented by the following

formula (I-f£):

Ra
(l)

R R |
)( O/x/ MYc
F

a’ a
(R) (R)™ b

(T-£)
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In the above formula, M is a transition metal atom
selected from Group 3 to Group 11 of the periodic table.

X is an atom selected frém Group 13, Group 14 and Group
15 of the periodic table, and at least one X is an atom other
than carbon.

a is 0 or 1.

Each R may be the same or different and is a hydrogen
atom, a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a hydrocarbon-substituted silyl group or
a hydrocarbon group having a substituent group containing at
least one atom selected from nitrogen, oxygen, phosphorus,
gsulfur and silic&n. Two or more of R may be bonded to each
other to form a ring.

b is an integer of 1 toc 4. When b is 2 or greater, groups
indicated, by [((R)a)s-X5] may be the same or different, and
Rs ﬁay be crosslinked to each other.

c is a numbér satisfying a valence of M.

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 oxyg;n-containing group, a
sulfur-containing group, a silicon-containing group or a
nitrogen-containing group.

When ¢ is 2 or greater, plural groups indicated by Y may
be the same or different, and plural groups indicated by Y

may be bonded to each other to form a ring.
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(a-5) Transition metal compound represented by the

following formula:
PB(Pz)3MX,

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

R is a hydrogen atom, a hydrocarbon group of 1 to 20 carbon
atoms or a halogenated hydrocaﬁbon group of 1 to 20 carbon
atoms.

Pz is a pyrazoyl gréup_ or a substituted pyrazoyl 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 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. When n is 2 or greater, plural
groups indicated by X may be the same or different or may be
bonded to eé.ch other to form a ring.

(a~6) Transition metal compound represented by the

following formula (I-g):

43 R
41 i
R j:KiKg<:Rw
42 v2 YR
R R4/8 RY

(I-g)
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In the gbove formula, Y! and Y3 may be the same or different
and are each an atom selected from Group 15 of the periodic
table, and Y2 is an atom selected from Group 16 of the periodic
table.

R4l to RY® 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 hydrocarbon 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 bonded to each other to form a ring.

(a-7) c;ompound comprising a compound represented by the
following formula (I-~h) and a transition metal atom selected

from Group 8 to Group 10 of the periodic' table:

R51 __ 952
el
R53 \N_R54

(I-h)

In the above formula, R51 to R5¢ may be the same or
different, they are each a hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms or a halogenated
hydrocarbon group of 1 to 20 carbon atoms, and two or more
of them may be bonded to each other to form a ring.

(a-8) Transition metal compound represented by the

following formula (I-i):
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RE'
R%8 RE2 ' RES
Ya [ TOU | w
RS’ REe RE5
m RG4

(I—1)

In the above formula, M is a transition metal atom
selected from Group 3 to Group 11' of the periodic table.

m is an integer of 0 to 3. |

n is an integer of 0 or 1.

p is an integer of 1 to 3.

g is a number satisfying a valence of M.

RS to RS® may be the same or diffez:ent; they are each
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 gi'oup 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 atom, a hydrocarbon group
of 1 to 20 carbon atoms, a halogenated hYdroc_arbon group of

1 to 20 carbon atoms, an oxygen-containing group, a

sulfur-containing group, a silicon-containing group or a
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nitrogen-containing group. When ¢ is 2 or greater, plural
groups indicated by X may be the same or different or may be
bonded to each other to fozin a ring.

Y is a group to crosslink a boratabenzene ring and is
carbon, silicon or germanium.

A is an atom selected from Group 14, 'Group 15 and Group
16 of the periodic table.

(a-9) Transition metal compound represented by the

following formula (I-j):

(X-3)

In the above formula, M is a transition metal atom

Mselected from Group 3 to Group 11 of the periodic table.

m is an integer of 1 to 3.

A is an oxygen atom, a sulfur atom, a selenium atom or
a nitrogen atom having a substituent group R77.

R71 to R77 may be the same or different, they are each
a hydrogen atom, a halogen atom, a hydrocarbon group, a

hetexrocyclic 'compound residual group, an oxygen-containing
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group, anitrogen—containing group, a boron-containing group,
a sulfur-containing group, a pi:.osphorus-containing group, a
silicon—cont;aihing group, a germanium-containing group or a
tin-conﬁa:ining group; two or _mo‘x:e of them may be bonded to -
eé.ch other'i:o form a ring, 'when.m is 2 or gi'ea.t'er, o'n-e" ﬁibup
of R71 to R77 contained in one ligaﬁd and one group of R71 to
R77 contained in another ligand may be bonded to each other,
and R71s, R73g, R73§_, R74s, R75g,”R76s or R77g& may be the’ -s;me
or differént:. s |

n is an integer satisfying a valence of M.

X is a hydrogen atom, a halogen atom, a hydrocarlzon group,
an oxygen-containing group, a sulfur—conta.inipg group,; a
nitrog"en—conté.ini.ng group, a boron-containing group, an
aluminum-containing group, a phosphdrus-containing group, a
halogen~containing group, a heterocyclic compound residual
group, a silicon-containing gretip, a germanium-containing
group or a tin-coﬁtaining group, and whgn nis 2 or g;_:'ea;ter,
plural groups indicated by X may be the sa.tﬁe 6r different and
plﬁral groups indicated by X 'ma.y be bonded-to' each other to

form a ring.

(a-10) Transition metal compound'containing a ligand
hé.Ving.. cyclopentadienyl skeleton -
(a-11) Vanadium compound represented by the following

formula:
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In the above formula, R is an aliphatic hydrocarbon
residua.l group.

X is a halogen atom.

n is a number satisfying the condition of 0O<ne3.

{B=1) Organometallic compound

Exa.mples' of the orga.nbmetallic compounds (B-1) for use
in the invention include the below-described compounds which
contain a metal selected from Group 1, Group 2, Group 12 and
Group 13 of the periodic table.

(B-1la) Organoaluminum compound represented by the
following formula:

R*%:Al (ORP) jH X
wherein R® and R® may be the same or different and are eaéh
a hydrocarbon group of 1 to 15 carbon a.t'oms‘, preferably 1 to
4 carbon atoms; X is a ha.i'og'en atom; and m,l n, pand q ar;..
numbers satisfying the conditions of O<me3, 0en<3, 0ep<3,
Oeg<3 and min+p+qg = 3.

(B-1b) Alkyl complex compound comprising a metal of Group
1 of the periodic table and aluminum, said compound being
represented“. by the following formula:

M2A1R2,
wherein M2 is Li, Na or K; and R® is a hydrocarbon group of

1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.
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(B-1c) Dialkyl compound containing a metal of Group 2
or Group 12 of the periodic table, said compound being
represented by the following formula:

RaRrbM3
wherein R® and R® 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 Mg, Zn or Cd. -

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

an organoaluminum compound represented by the following

formula:

R%,A1 (ORY) 3.,
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
csﬁdition of 1.5-#1-,3;

an organocaluminum compound represented by the following

-formula:

R‘,,Alx;;_;
wherein R2 is a hydrodarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, X is a halogen atom, and m
is preferably a number satisfying the condition of 0<m<3;

an organoaluminum compound represented by the following

formula:

R‘nA:l-Ha -m
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wherein R2 is a hydrocarbon groug ©of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, a=i m is preferably a number
gsatisfying the cpndit:ion of 2em<3;

and

an organocaluminum compound repiresented by the following
formula:

Ra,A1 (ORP) nX
wherein R® and RP may be the same or different and are each
a hydrocarbon group of 1 to 15 car>on atoms, preferably 1 to
4 carbon atoms, X is a halogen é.tcm.., and _m, n and q are numbers
satisfying the conditions of O<m+3, 0en<3, Oe¢qg<3 and m+n+q
= 3.

Particular examples of the crganocaluminum compounds
(B-la) include:

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

branched~chain trialkylalunminmumg, such as
triisopropylaluminu:;, triisobutylaluminum, Itri—sec—
butylaluminum, tri-tert-butylaluminum, tri-2-
methylbutylaluminum, tri-3-methylbutylaluminum, tri-2-
methylpentylaluminum, tri-3-methwlpentylaluminum, tri-4-
methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-

methylhexylaluﬁinum and tri-2-ethylhexylaluminum;
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tricycloalkylaluminums, such as tricyclohexylaluminum
and tricyclooctylaluminum;

triarylaluminums, such as triphenylaluminum and
tritolylaluminum;

dialkylaluminum hydrides, such as diisobutylalu:ﬁimim
hydride;

trialkehylaluminums represented by (i-C¢Hg),Al,(CsHig)x
(wherein x, y and z are each a pgsitive number, and zs2x),
such as triisoprenylaluminum; o

alkylaluminum alkoxides, such as isobul';ylaluminum
xﬁethoxide, iscbutylaluminum ethoxide_ and isobutylaluminum
isopropoxide;

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

alkylaluminum sesquialkoxides, such as ethylaluminum
sesquiethoxide and butylaluminum sesquibutoxide;

partially alkoxylat.ed alkylaluminums having an average
composition represented by R2; sAL(ORP)g.s;

dialkyla.lumi:-:um aryloxides, such as diethylaluminum
phenoxide, diethylaluminum(2,6 _-di-t -butyl-4-
methylphenoxide), ethylaluminumbis(2,6-di-t-butyl-4-
methylphenoxide), diisobutylalumium(2,6-di-t-butyl-4-
methylphenoxide) and isobutylaluminumbis(z, 6~-di-t-butyl-

4-methylphenoxide) ;
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dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, dibutylaluminum
chloride, diethylaluminum bromide and diisobutylaluminum
chloride; -

alkylaluminum sesquihalides, such as ethylaluminum
gsesquichloride, but:yla.luminun sesquichloride and
ethylaluminum sesquibromide,

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

dialkylaluminum hydrides, such as diethylaluminum
hydride and dibutylaluminum hydride i

partially hydrogenated other alkylaluminums,
specifically, alkylaluminum dihydrideg, such as
ethylaluminum dihydride and propylaluminum dihydride; and

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

Compounds analogous to the organocaluminum compound
(B~la) are also employa.b]la. For example, there can be
mentioned organocaluminum compounds wherein two or more
aluminum compounds are combined thfough a nitrogen atom, such
as (CzHs) 2A1N(CaHs)Al (CaHs) 2. |

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

LiAl (CyH3is)¢
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Other compounds, such as methyllithium, ethyllithium,
propyllithium, butyllithium, methylmagnesium bromide,
methylmagnesium chloride, ethylmagnesiﬁm bromide,
ethylmagnesium chloride, propylmagnesium bromide,
propylmagnesium chloride, butylmagnesium bromide,
butylmagnesium chloride, dimethylmagnesium,
diethylmagnesium, dibutylmagnesium and butylethylmagnesium,
are also employable as the organométa.llic compounds (B-1).

Combinations of compounds éabable of producing the
above-mentioned organocaluminum compounds in the
polymerization system, e.g., a combination of halogenated
aluminum and alkyllithiun_t and a combination of hﬁlogena.ted
aluminum and alkylmagnesium, are also employa.bie.

Of the org'anopetallic 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 organcaluminum oxy-compound (B-2) for use in the
invention may be conventiocnal aluminoxane or such a
benzene-insoluble organcaluminum oxy-compound 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) An organocaluminum compound such as
trialkylaluminum is added to a hydrocarbon medium suspension
of a compound containing adsorption water or a salt containing
water of crystallization, e.g., magnesium chloride hydrate,
copper sulfate hydrate, aluminum sulfate hydrate, nickel
sulfate hydrate or cerous chloride hydrate, to allow the
organocaluminum compound to react with the adsorption water
or the water of crystallization.

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

(3) An organotin oxide such as dimethyltin oxide or
dibut:yltih. oxide is allowed to react with an organcaluminum
compound such as trialkylaluminum in a medium such as decane,
benzene or toluene.

The aluminoxane may contain a sx;é.il amount of an
organometallic component. Further, it is possible that the
solvent or the unreacted organocaluminum compound is distilled
off from the recovered solution of aluminoxane and the
remainder is redigsolved in a solvent or suspended in a poor

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

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

Examples of the solvents used for preparing the
aluminoxane include a.romatic 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, cyclohexix;e, cycI_L_qoctane and
methylcyclopentane; petroleum fractions, such as gasoline,
kerosine and gas oil; and halogenated products of these
aromatic, aliphatic and alicyclic hydrocarbons, particularly
chlorinated or brominated products thereof. Ethers such as
ethyl ether and tetrahydrofuran are also employable. Of the
solvents, paz;ticularly preferable are aromatic hydi'ocarbons
and aliphatic hydrocarbons.

The benzene-insoluble organcaluminum oxy-compound for
use in the invention is preferably an organocaluminum oxy-
compound containing an Al component that is soluble in benzene

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 organocaluminum oxy-compound for use in the invention
is, for example, an organcaluminum oxy-compound containing

boron and represented by the following formula (IV):

R2! R20 R21
\ - /
/Al—O—B——O—AI

\

R21 R21

(xv)
wherein R20 ig a hydrocarbon group of 1 to 10 carbon atoms;
and each R2! 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 organocaluminum oxy-compound containing boron and
represented by the formula (IV) can be prepared by allowing
an alkylboronic acid represented by the following formula (V)
to react with an organcaluminum compound in an inert solvent
at a temperature of -80 °C to room temperature for a period
of 1 minute to 24 hours under an inert gas atmosphere,

R20-B-(OH) » (V)

wherein R20 is the same group as described above.
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Examples of the alkylboronic acids represented by the
formula (V) include methylboronic acid, ethylboronic acid,
isopropylboronic acid, n-propylboronic acid, n~-butylboronic
acid, isobutylboronic acid, n~hexylboronic acid,
cyclohexylboronic acid, phenylboronic acid, 3,5~
difluoroboronic acid, pentafluorophenylboronic acid and
3,5-bis(trifluoromethyl)phenylboronic acid. Of these,
preferable are methylboronic acid, n-butylboronic acid,
isobutylboronic acid, 3,5-difluorophenylboronic acid and
pentafluorophenflboronic acid. These alkylboronic acids are
used singly or in combination of two or more kinds.

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

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

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

Examples of the compound (B~3) which reacts with the

transition metal compound (A) to form an ion pair (referred
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to as "ionizing ionic compound" hereinafter) include Lewis
acid, an ionic compox;nd, a borane compound and a carborane
compound described in Japanese Patent Laid-Open Publications
No. 50195071989, 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 are also available.

The Lewis acid is, for example, a compound represented
by BR3 (R is fluorine or a phenyl .group which may have a
substituent group such as fluorine, methyl or
trifluoromethyl). Examples of such compounds include
trifluorohoron, triphenylboron, tris(4-fluorophenyl)boron,
tris(3, 5-difluorop_heny1)boron, tris(4-
fluoromethylphenyl)boron, ' tris (peﬁtaf luorophenyl)boron,
trié (p-tolyl)boron, tris(o-tolyl)boron and tris(3,5-
dimethylphenyl)boron.

The ionic compound is, for example, a compound

represented by the following formula (VI).

R24

R’%{” —_— 1‘3 © R
I
R26

(v1)
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In the above formula, R?2 ig H¥, 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 axyl group or a substituted aryl
group.

Examples of the ‘carbonium cations include tri-
substituted carbonium cations, such as triphenylcarbonium
cation, tri (methylph.enyl)ca'rbonium cation and
tri(dimethylphenyl)carbonium cation.

Examples of the ammonium cations include
trialkylammonium cations, such as trimethylammonium cation,
triethylammonium cation, tripropylammonium cation,
tributylammonium cation and tri (n-hutyl)ammonium-cation;":
N, N-dialkylanilinium cations, suéh as N,N-dimethylanilinium
cai:ion, N,N-diethylanilinium cation and N,N-2,4,6~
pentamethylanilinium cation; and dialkylammonium cations,
such as d%(isopropyl)amonium cation and
dicyclohexylammonium cation.

Examples of the phosphonium cations include
triarylphosphonium cations, such as triphenylphosphonium
cation, tri(methylphenyl)phosphonium cation and

tri (dimethylphenyl)phosphonium cation.
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R22 jig preferably carbonium cation, ammonium cation or
the like, 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 (pheayl)boron,
tripropylammoniumtetra (phenyl)boron, tri(an-
butyl)ammoniumtetra (phenyl)}boron,
trimethylammoniumtetra (p-tolyl)boron,
trimethylammoniumtetra(o-tolyl)boron, tri(n-
butyl)ammoniumtetra (pet_xﬁ:af 1uorc_>_phenyl) boron,
tripropylammoni.umtetra (o, p-dimethylpheny-i Yboron, tri(n-
butyl)ammoniumtetra (m,m~dimethylphenyl)boron, tri(n-
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-dialkylanilinium salts include
N,N-dimethylaniliniumtetra (phenyl)boron, N,N-
diethylaniliniumtetra (phenyl) boron and N,N-2,4,6-

pentamethylaniliniumtetra (phenyl Yboron.
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Examples of the dialkylammonium salts include d4i(1-
propyl)ammoniumtetra (pentafluorophenyl)boron and
dicyclohexylammoniumtetra (phenyl)boron.

Further employable as the ionic compound is

5 triphenylcarbeniumtetrakis(pentafluorophenyl)borate, N,N-
dimethylaniliniumtetrakis (pentafluorophenyl)borate,
ferroceniumtetra (pentafluorophenyl)borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complex,
N,N-diethylaniliniumpentaphenylcyclopentadienyl complex or

10 a boron compound represented by the following formula (VII)

or (VIII).

@ Et,0,82

' CF3
4

(VII)

15 wherein Et is an ethyl group.
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CF3

CFg

(VIII)

Examples of the borane compdgnds include:
decaborane (14);
salts of anions, such as bis(tri(n-

butyl)ammonium)nonaborate, bis(tri(n-

.butyl)ammonium)decaborate, bis(tri(n-

butyl)am@onium)undecaborate, bis(tri(n-
butyl)ammonium)dodecaborate, bis(tri(n;
butyl)ammonium) decachlorodecaborate and bis(tri(n-
butyl)ammonium)dodecachlorododecaborate; and

salts of metallic borane anions, such as tri(n-
butyl)ammoniumbis (dodecahydridododecaborate)cobaltate (IIT
) and bis(tri(n-buﬁyl)ammonium[bis—
(dodecahydridododecaborate)nickelate(III)..

Examples of the carborane compounds include:

salts of aniéns, such as 4-carbanonaborane(14), 1,3-
dicarbanonaborane(13), 6,9-dicarbadecaborane(l4),
dodecahydrido-1-phenyl-~1, 3-dicarbanonaborane,

dodecahydrido-i-methyl-1, 3-dicarbanonaborane,
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undecahydrido-1,3-dimethyl-1, 3~-dicarbanonaborane, 7,8-
dicarbaundecaborane(13), 2,7-dicarbaundecaborane(13),
undecahydrido-?,8-dimethy1-7,8-dicarbéundecaborane,
dodecahydrido-1l-methyl-2,7-dicarbaundecaborane, tri(n-
butyl)ammonium-l1-carbadecaborate, tri(n-butyl)ammonium-1-
carbaundecaborate, tri(n;butyl)ammoniumrl-
carbadodecaborate, tri(nfbutyl)amﬁonium-1-trimethy1sily1-
l-carbadecaborate, tri(n-butyl)ammoniumbromo-l-
carbadodecaborate, tri(n-butyl)amnonium-6-
carbadecaborate(1l4), tri(n-butyl)ammonium-6-
carbadecaborate(l1l2), 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-s-methyl-?,9-
dicaﬁbaundecaborate, tri(n-butyl)ammoniumundecahydrido-8-
ethyl-7,9-dicarbaundecaborate, - tri(n-
butyl)ammoniumundecahydrido-8-butyl~7,9-
dicarbaundecaborate, tri(n-butyl)ammoniumundecahydrido-8-
a11y1;7,9-di¢arbaundecaborate, t;i(n—
butyl)ammoniumundecahydrido-9-trimethylsilyl-7,8-
dicarbaundecaborate and tri(n-

butyl) ammoniumundecahydrido-4, 6~dibromo~7-

carbaundecaborate; and
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gsalts of metallic carborane anions, such as tri(n-

butyl)ammoniumbisg (nonahydrido~-1,3~
dicarbanonaborate)cobaltate (III), tri(n-
butyl)ammoniumbis (undecahydrido-7,8~
dicarbaﬁndecaborate)ferrate(III), tri(n-
butyl) ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)cobaltatg(III), tri (n-
butyl) ammoniumbis (undecahydrido~7, 8-
dicarbaundecaborate)nickelate(IIT), tri(n-
butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)cuprate(III), tri(n-
butyl)ammoniumbis (undecahydrido-7, 8~

dicarbaundecaborate)aurate (III), tri(n-

lbutyl)ammoniumbis(nonahydrido-7,8-dimethyl-7,8-

dicarbaundecaboraﬁe)ferrate(III), tri(n-
butyl)ammopiumbis(nonahydrido-7,8-dimethyl-7,8-
dicarbaundecaﬁorate)chromate(III), tri(n-
butyl)ammoniumbis (tribromooctahydrido-7, 8-
dicarbaundecaborate)coSaltate(III), tris(tri(n-
butyl)ammonium)bis (undecahydrido-7-
carbaundecaborate)chromate (IXI), bis(tri(n-
butyl)ammonium)bis (undecahydrido-7-
carbaundecaborate)manganate(IV), bis(tri(n-
butyl)ammonium)bis (undecahydrido-~7-

carbaundecaborate)cobaltate(III) and bis(tri(n-
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butyl)ammonium)bis (undecahydrido~7~
carbaundecaborate)nickelate(IV).

The heteropoly compound comprises an atom selected from
silicon, phosphorus, t:itanium,' germanium, arsenic and tin and
one or more 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,
rhosphomolybdic acid, titanomolyb’&ic acid, germanomolybdic
acid, arsenomolybdic acid, stannomolybdic acid,
phosphotungstic acid, germanotungstic acid, stannotungstic
acid, phosphomolybdovanadic acid, phosphotungstovanadic
acid, germanotungstovanadic acid,
phosphomolybdotungstovanadic acid,
germanomolybdotungstovanadic acid, phosphomolybdotungstic
acid, phosphomolybdoniobic acid and salts of these acids, for
example, the salt of these acids and metals of Group 1 or Group
2. of the periodic table (e.g., lithium, sodium, potassium,
rubidium, cesium, beryllium, magnesium, cq.f.l.c:i.um, stront_;ium,
barium), and organic salts such as saltls of these acic_'ls and
triphenylethyl salt.

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

If the organcaluminum oxy-compound (B-2) such as

methylaluminoxane is used as a cocatalyst component, the
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transition metal compound qata.lyst according to the invention
exhibits an extremely high copolymerization with an excellent
activity against olefin compounds. If the ionizing ionic
compound (B-3) such as

triphenylcarboniumtetrakis ('penta.f l'l;zorophenyl )borate is
used as a cocatalyst componént, an olefin polymer having an
extremely highmolecular weight can be obtained with excellent
activity.

In the olefin polymerization catalyst according to the.
invention, the below-described carrier (C) can be used, if
necessary, in addition to the transition metal compound (A)
and at least one compound (B) selected from the organometallic
compound (B-1), the organocaluminum oxy-compound (B-2) an.d_ the
ionizing ionic com-pound (B-3).

{C) Carrier

The carrier (C) for use in the invention is an inorganic
or organi¢ compound in the form of granular or particulate
solid.

_As the inorganic compound, porous oxide, inorganic
halogenide, clay, clay mineré.l or an ion-exchange layered
compound is preferable.

Examples of the porous oxiaes include §i0O,, Al,03, MgoO,
ZrO, TiO,, B;0i, Ca0O, ZnO, BaO, ThO,, and complex compounds
or mixtures containing these oxides, such as natural or

synthetic zeolite, Si0O,-MgoO, SiOg-A-lgOg,' 8i0,-Ti0,;, S10,-V,0s,
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8i0;-Cxr203 and Si0,-TiO;-MgO. Of these, preferable are
compounds containing S§i0; and/or Al,0; as their major
component.

The inorganic oxides may contain small amounts of
carbonate, sulfate, nitrate and oxide components, such as
Na,CO;3, KzCO0;, CaCO;, MgCO;, NazS04, Aly(804)3, BaSO,, KNOj3,
Mg (NOa);, Al(NO3);, NazO, X0 and Li,O.

Although the porous oxides differ in their properties
dependix_:.g upon the type and the préparation process theréof,
the carrier preferably used in the invention has a particle
diameter of 10 to 300 um, preferably 20 to 200 um, a specific
surfaée area of 50 to 1000 m2/g, preferably 100 to 700 m2/g,
and a pore volume of 0.3 to 3.0 cm3/g. If necessary, the
carrier is calcined at 100 to 1000 °C, preferably 150 to 700 °C,
prior to use.

Examples of the inorganic halogenides employable in the
invention include MgCl;, MgBr,, MnCl;, and MnBr,. The
inorganic halogenide z.nay be used as it is, or may be used after
pulverized by a ball mill or an oscillating :1};'.11. The
inorganic halogenide may be used as f£ine particles of a
Precipitate obtained by dissolving the inorganic halogenide
in a solvent such as alcohol and then conducting precipitation
using a precipitant.

The clay employable in the invention is generally mainly

composed of clay mineral. The ion-exchange layered compound
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employable in the invention is a compound having a crystal
structure wherein plural layers are laminated in parallel to
one another with a weak bond strength by ionic bonding or the
like, and the ions coﬁta.ined in the compound 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 not limited to
natural ones but include synthetic ones.

Examples of such clay, clay ﬁinerals and ion-exchange
layered compounds include clay, clay minerals and ion
crystalline compounds having layered c;'ysta.l structures such
as hexagonal closest packing type, antimony type, CACl, type
and CdI, type.

Particular examples _of the clay and the clay minera.ls__'
include kaolin, bentonite, kibushi clay, gairome cla.y,.
allophané, hisingerite, pyrophyllite, mica, montmorillonite,
vermiculite, chlorite, palygorskite, kaolinite, nacrite,
dickite and halloysite. Particular exa.mpies of the ion-
exchange laye_red compounds include crystalline acid salts of
polyvalent metalsg, such as a—Zr(HAso4)2-ﬁ20, d-Zr(HPonz,
0-Zr (KPO4) 2« 3H,0, O-Ti(HPOg)az, O-Ti (HRSO4) 2 -H20, O-
Sn(HPOy)3+-H;0, Y-Zxr (HPOy)a, Y-Ti(HPO;)2 and y-Ti (NH,PO4);-H20.

The clay, the clay minerals and the ion-exchange layered
compounds are preferably those having a pore volume, as

measured on pores having a radius of not less than 20 A by
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a mercury penetration method, of not less than 0.1 cc/g, and
are particularly preferably those having a pore volume of 0.3
to 5 cc/g. The pore volume is measured on the pores having

a radius of 20 to 3x104 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 qclg
is used as the carrier, it tends to be difficult to obtain.
high polymerization activity.

It is preferable that the clay and the clay minerals for
use in the invention are subjected to chemical treatments.
Any of surface treatments to remove impurities attached to

the surface and treatments having an influence on the crystal

~ structure of the clay are employable. Examples of such

chemiéé.; treatments include acid treatment, alkali treatment,
salt treatment and organic substance treatment. The acid
treatment contributes to not only removing impurities from
the surface but also eluting cations such as Al, Fe and Mg
present in the crystal structure to increase the surface area.
The alkali treafment destroys crystal structure of clay t;
bring about change in the structure of the clay. The salt
treatment and thé organic substance treatment can p_z:oduce
ionic complex, molecular complex, organic derivative or the

like to change the surface area or the distance between layers.
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The ion-exchange layered compound for use in the
invention may be a layered compound in which the exchangeable
ions between layers have been exchanged with other large and
bulky ions utilizing ion exchange properties to enlarge the
distance between the iajers. The bulky ion plays a |
pillar-like roll to support the layer structure and is

generally called a "pillar®". Introduction of other

" substances between layers of a layered compound is called

"intercalation". Examples of the guest compounds to be
intercalated includé cationic inorganic compounds, such as
TiCly and ZxCl,; metallic alkoxides, such as Ti(OR)., Zr(OR),,
PO(OR)3; and B(OR)3 (R is a hydrocarbon group or the like); and
metallic hydroxide ions, such as (Al;304(OH)24)7*, (Zrs(OH)14)2*
and (Fe3O0(OCOCH3)g)*. These compounds are used singly or in
combination of two or more kindé . The intercalation of the
compounds may be carried out in the presence of polymers
obtained by hydrolysis of metallic alkoxides such as Si(OR)y,
Al (OR); and Ge(OR)4 (R is a hydrocarbon group or the like) ox
in the presence of colloidal inorganic compounds such as Si0,.
Examples of the pilla;.;r:s include oxides produced by
intercalation of the above-mentioned metallic hydroxide ions
between layers, followed by dehydration under heating. |
The clay, c¢lay 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,
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sieving or the like. Moreover, they may be used after they

‘are subjected to water adsorption or dehydration under heating.

The clay, clay minerals and ion-exchange layéreé. compounds
may be used singly or in combination of two or more kinds.

Of the above-mentioned materials, preferable are clay
and clay minerals, and particularly preferable are
montmorillonite, vermiculite, pectol'ite, taeniolite and
synthetic mica.

The organic compound is, for example, a granular oxr
particulate solid compouﬁd having a particle diameter of 10
to 300 ym. Examples of such compounds include (co)polymers
produced using an d-olefin of 2 to 14 carbon atoms such as
ethylene, propylene, 1-but:e:_:1e or 4-methyl-l-pentene as a
chief ingredie_nt, (co‘) polymers produced using
vinylcyclohexan;é or styrene as a chief ingredient, -a.nd
modified products theréof,.

. The olefin polymerization ca.ta],ysﬁ of the invention may
further comprise the below—describe‘d. specific organic |
compound component (D), if necessary, i_.n"'é.ddition to the
transition metal compound (A), at least .one compound (B)
selected from the organometallic compound (B-1), the
organocaluminum oxy-compound (B-2) and the iorﬁ.éing jonic
compound (B-3), and the optionally used carrier (C).
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In the present invention, the organic compound component
(D) is optionally used for the purpose of improving
polymerizability and properties of the resulting polymer.
Examples of the organic compounds includ'e-a.lcohols, phenolic
compounds, carboxylic acids, phosphorus compounds and
sulfonates.

As the alcohols and the phenolic compounds, those
represented by R31-0OH (R3i is a hydrocarbon group of 1 to 50
carbon atoms or a halogenated hydrocarbon group of 1 to 50
carbon atoms) are generally emplbyed.

The alcohols are preferably those of the above formula

" wherein R31 ig a halogenated hydrocarbon group. The phenolic

compounds are preferably those wherein the ¢, 0'-positions of
the hydroxyl group are substituted with hydrocarbon groups
of 1 to 20 carbon atoms.

As the carboxylic acids, those represented by R32-COOH
(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 en'tployed:.

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

The sulfonates employable herein are those represented

by the following formula (IX):
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wherein M is an atom gselected from Group 1 to Group 14 of the

(IX)

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
hydrocarbon group of 1 to 20 carbon atoms or a halogenated
hydrocarbon group of 1 to 20 carbon atoms; m. is an integer
of.l to 7; and lene7.

In Fig. 1, steps for pr_eparing the olefin polymerization
catalyst of the invention are shown.

In the polymerization, the components can be used in any
way and in any order. Some examples of the processes are g:i.vén
below.

(1) The component (A) and the compound (B) a.:i;e fed to
the polym_eri.zati.on reactor in an arbitrary order.

(2) A catalyst component wherein the component (A) is
supported on the carrier (C), and the component (B) are fed

to the polymerization reactor in an arbitrary oxrder.
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(3) A catalyst component wherein the component (B) is
supported on the carrier (C), and the component (A) are fed
to tl_:.e polymerization reactor in an arbitrary order. |

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

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

In the above processes, two or more of the .catalyst
components may be previously contacted.

An olefin may be prepolymerized ontc a solid catalyst
component wherein the component (A) and the component (B) are
supportéd on the carrier (C). On the prepolymerized solid
catalyst component, a catalyst component may be further
suppori:ed.

In the process for olefin polymerization according to
the invention, an olefin is polymerized oxr copolymerized in
the presence of the abové-mentioned olefin polymeriéation
catalyst to obtain an olefin polymer.

In the present invention, the polymerization can be
carried out ag .any of liquid phase polymerization, such as
solution polymerization or suspensionpolymerization, and gas

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

In the polymerization of an olefin using the olefin
polymerization catalyst, the component (A) is used in an
amount of usually 10-12 to 10-2 mol, preferably 10-10 to 10-
2 mol.

The component (B-1) is used in such an amount that the
molar ratio ((B-1)/(M)) of the component (B-1) toc the
transition metal atom (M) in the component (A) becomes usually
0.01 to 100000, preferably 0.05 to 50000. The component (B-2)
is used in such an amount that the molar ratio ((B-2)/(M))
of the aluminum atom in th; compon;nt (B-2) to the transition
metal atom (M) in the componént (A) becomes usually 10 to
500000, preferably 20 to 100000. The component (B-3) is used
in such an amount that the molar ratio ((B-3)/(M)) of the
component (B-3) to the transition metal atom (M) in the

component (A) becomes usually 1 to 10, preferably 1 to 5.
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When the component (B-1) is 'used as the component (B),
the component (D) is optionally used in such an amount that
the (D)/(B-1) ratio by mol becomes usually 0.01 to 10,
preferably 0.1 to 5. When the component (B-:) is used as the
component (B), the component (D) is optionally used in such
an amount that the (D)/(B-2) ratio by mol becomes usually 0.001
to 2, preferably 0.005 to 1. When the component (B-3) is used
as the component (B), the component (D) is optionally used
in such an a.m.o'unt: that the (D)/(B-3) ratio by mol becomes
usually 0.01 to 10, preferably 0.1 to 5.

In the olefin polymerization using the olefin
polymerization catalyst, the polymerization temperature is
in the range of usually -50 to +200 °C, preferably 0 to 170 °cC.
The polymerization pressure is in the range of usually
atmosphéric pressure to 100 kg(cmz, preferabiy atmogpheric
pPressure to 50 kg/cm?2. The polymerization reaction can be
carried out by any of batchwise, semi-continuous and
continuous processes. The polymerization can bé conducted
in two or more stages under different. reaction conditions.

The molecular weight of the resulting olefin polymer can
be controlled by allowing hydrogen to be present in the
rolymerization system or by changing the. polymerization
temperature. The molecular weight can be controlled also by

changing the type of the component (B).
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~ Examples of the olefins which can be polymerized by the

use of the olefin_polymerization catalyst include:
straight-chain or branched o-olefins of 2 to 30 carbon

atoms, preferably 2 to 20 carbon atoms, such as ethylene,
propylene, 1-butene, 2-butene, l-pentene, 3~methyl-l-butene,
1—hexene,4-methy1—1-pentene,3-methy1-1-pentene,1-octene,
l-decene, l-dodecene, l-tetradecene, 1-héxadecene, 1~
octadece;e and l-eicosene; and

cycloolefins of 3 to 30 carbon atoms, preferably 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 are also employable.. Examples of the
polar monomers include 0, f-unsaturated car;'.!..-':oxylic 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 anhydride;
metallic salts of o,B-unsaturated carboxylic acids, such as
sodium salts, pot#ssium salts, lithium salts, zinc salts,
magnesium salts and calcium salts of the above acids;

o, f-unsaturated carboxylic esters, such as methyl acrylate,
ethyl acrylate, n-propyl acrylate, isopropyl acrylate, n-
butyl acrylate, iscbutyl acrylate, tert-butyl acrylate,

2—ethy1hexyl acrylate, methyl methacrylate, ethyl
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methacrylate, n-propyl methacrylate, isopropyl methacrylate,
n-buéylmethacrylateandisobutylmethacrylate;vinylesters,
such as vinyl acetate, vinyl propionate, vinyl caproate, vinyl
caprate, vinyl laurate, vinyl stearate and vinyl
trifluorocacetate; unsaturated glycidyl esters, such as
glycidyl acrylate, glycidyl methacrylate and monoglycidyl
itaconate; and halogen—coﬁtaining.olefins, such_as vinyl
chloride and vinyl fluoride. |
Vinylcyc}ohexane, dienes and polyenes are also
employablé. The dienes and the polyenes employable herein
are cyclic or chain compounds having 4 to 30 carbon atoms,
preferably 4 to 20 carbon atoms, and having .t:wo or more double
bonds. Examples of such compounds include butadiene,
isoprene, 4-methyl-1l,3-pentadiene, 1,3-pentadiene, 1,4-
pe#éadiene, 1,5-hexadiene, 1,4-hexadiene, 1,3-hexadiene,
1,3-octadiene, 1,4-octadiene, 1,5-octadiene, 1, 6-octadiene,
1,7-octadiene, ethylidene norbormene, wvinyl norbornene,
dicyclopentadiene, 7-methyl-1,6~octadiene, 4-ethylidene-
8-methyl-1,7-nonadiene and 5,9-dimethyl-1,4,8-decatriene.
Aromatic vinyl compounds are also employable. Exampmies
of such compounds include mono- or polyalkylstyrenes, such
as styrene, o-methylstyrene, m-methylstyrene, p-
methylstyrene, o,p-dimethylstyrene, o-ethylstyrene, m-~
ethylstyrene and p-ethylstyrene; functional group-

containing styremne derivatives, such as methoxystyrene,
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ethoxystyrene, vinylbenzoic acid, methyl vinylbenzoate,
vinylbenzyl acetate, hydroxystyrene, o-chlorostyrene'," p-
chlorostyrene and divinylbenzene; and other compounds, such
as 3-phenylpropylene, 4-phenylpropylene and o-
methylstyrené . |

The olefins mentioned above can be used singly or in

combination of two or more kinds.

EFFECT OF THE INVENTION
The olefin polymerization catalyst according to the
present invention exhibits a high polymerization activity

against olefins.

EXAMPLE

The present invention is further descr;i.bed with
reference to the following examples, but it should by
construed that the invention is in no way limited to those
examples.

Some examples of syntheses of complexes are given below.

The structures of the compounds obtained in the synthesis
examples were determined by 270 MHz 1H-NMR (Japan E;I.ectron
Optics Laboratory GSH-270 Model), FD-mass spectrometry (Japan
Electron Optics Laboratory SX-102A Model) and metal content

analysis (analysis by ICP method after dry ashing and
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dissolution in dilute nitric acid, device: SHIMADZU ICPS-

8000 Model).
Synthesig Example 1
Synthesis of ligand precursor (1)

Into a 300 ml reactor thoroughly purged with nitrogen,
150'm1 of ethanol, 5.0 g (53 mmol) of aniline and 5.1 g (53
mmol) of pyrrole-2-carboxyaldehyde were introduced. To the
reactor was further added 1 ml of formic acid, followed by
stirring at room temperature for 24 hours. The reaction
solution obtained was vacuum concentrated to remove the
solvent and then subjected to silica gel colu;nn purification
to obtain 6.0 g (34.9 mmol, yield: 66 %) of a white s;alid.
The analytical resulté of the white s0lid are described below.

1H-NMR (CDC1l3): 6.3 (d, 1H), 6.69 (dd; 1H), 6.89 (d, 1H),
7.1-7.5 (m, 4H), 8.29 (s, 1H), 9.85 (brs, 1H)

FD-mass spectrometry: 170

From the above results, the white solid proved to be a

compound (ligand precursor (1)) represented by the following

formula.
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Synthesis of transition metal compound (l-a)

Ina 100 ml reactor thoroughly dried and purged with argon,
16 m1 of a diethyl ether solution containing 1.04 g (6.08 mmol)
of the ligand precursor (1) was cooled to -78 °C. To the
solution, 4.2 ml of a hexane solution cont#ining 6.08 mmol
of n-Buli was slowly dropwise added, and then the temperature
of the resulting solution was raised to rc;om temperature. The
solution was then slowly dropwise added to a mixture
consisting of 6.08 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 16 ml of diethyl ether, said mixture having been
cooled to -78 °C. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room tempgrature for 8 hours. The reaction
solution was filtered through a glass filter, and the filtrate
was vacuum concentrated. The solid precipitated was
di.ssolved in 5 m1 of methylene chloride, and to the solution
was slowly added 10 ml of hexane with stirring. The mixture
was allowed to stand at room temperature to érecipitate a dark
brown solid. The solid wa.é filtered off on a glass filter,
washed with pentane and vacuum dried to obtain 1.10 g (2.40
mmol, field: 79 %) of a dark brown solid. The analytical
results of the dark brown solid are descrii:ed below.

lH-NMR (CDCl3): 6.0-7.9 (m, 16H), 7.80 (s, 2H)
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FD-mass spectrometry: 456 (M%)

Elemental analysis: Ti: 10.4 % (calculated value: 10.5 %)

From the above results, the dark brown solid proved to
be a compound (transition metal compound (l-a)) represented

by the following formula.

. Synthesis Example 2

Into a 300 ml reactor thoroughly dried and purged with
az;gon, 1.11 g (2.95 mmol) of a zirconium tetrachloride/2THF
complex and 40 ml of tetrahydrofuran were introduced, and they
were cooled to -__7.8 °C. To the reactor, 15 ml of a diethyl
ether solution containing 1.02 g (6.0 mmol) of the ligand
precursor (1) was slowly dropwise added. After the _dropwise
addition was completed, the t:einp_erature of the resulting
solution was slowly raised to room temperature with stirring.
Then, the solution was further stirred at room temperature

for 8 hours. The reaction solution was filtered through a
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glass f£ilter, and the filtrate was vacuum concentrated. The
solid precipitated was dissolved_ in 10 ml of methylene
chloride, and to the solution was slowly added 70 ml of pentane
with stirring. The mixture was allowed to stand at room
temperature to precipitate reddish brown crystals. The
crystals were filtered off on a glass filter, w&shed with
pPentane and vacuum dried to obtain 0.35 g (0.70 mmol, yield:
24 %) of a yellowi.sh green solid. The analytical results of
the vellowish green solid are described below.

1H-NMR (CDCl3;): 6.55-7.85 (m, 16H), 8.95 (s, 2H)

FD-mass spectrometry: 500 (M%)

Elemental analysis: Zr: 18.4 % (calculated value: 18.2 %)

From the above results, the yellowish green solid proved

to be a compound (transitionmetal compound (1-b)) represented

by the following formula.
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In an atmosphere of nitrogen, 24.8 g (0.26 mol) of
pyrrole-2-carboxyaldehyde was introduced into 44.8 g (0.50
mol) of a 50 % aqueous Isoluti.on of dimethylamine to give a
solution. After the solution was stirred at room temperature
for 3 hours, water was add'ed‘ to the solutﬁion. As a result,
a light'yellow slurry was obtained. The precipitate was
filtered, washed with dichloromethane and water, and then
vacuum dried to cbtain 29.6 g (yield: 82.0 %) of a purple soi:l.d

(dimer compound (2a) represented by the following formula).

MesN \ /

In an atmosphere of nitrogen, 5.0 g (20.5 mm_ol) of the
dimer compound was dissolved in 100 ml of THF. After the
solution was cooled to -15 °C, 31.9 ml of a hexane solution
containing 49.0 mmol of n~BuLi was slowly dropwise added, and
the tenipera.ture of the resulting solution was raised to room
temperature. The solution was then cooled to -78 °C, and 3.1
ml (43.0 mmol) of methyl iodide was slowly dropwise added.
The temperature of t:he.resdl-tix_xg solution was raised to room
temperature, and the solution was sti.rréd for 3 hours. The
reaction solution was quénc_hed with a 0.4 mole sodium acetate
aqueous solution, and .ﬁhe.' organic layer was extracted and

recrystallized from ethyl acetate toobtain 3.27 g (12.0 mmol,
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yield: 59 %) of a white solid (o-methyl substituted dimer

compound represented by the following formula).

I\ NMe,

N
N

Me,N \ /
. H

5 The O~-methyl substituted dimer compound was dissolved
in 40 ml of THF, and the solution was mixed with 60 ml of a
0.4 mole sodium acetate aqueous solution. Tﬁe reaction of
the mixture was conducted for 6 hours under reflux, whereby
hydrolysis proceeded. After the reaction was completed, the

10 orxganic layer was éxtra.cted with diethyl ether, then the
so]-.1ﬂrent was distilled off, and the remainder was vacuum dried
to obtain 2.53 g (23.2 mmol, vield: 96.7 %) of 5~
methylpyrrole-2-carboxyaldehyde as a reddish purple solid.

Thereafter, 2.52 g of the 5-methylpyrrole-2-

15 carboxyaldehyde was allowed to react with 2.12 g (22.8 mmol)
of aniline in the same manner as in the synthesis of the 1i;and
Precursor (1), to obtain 2.39 g (vyield: 57 %) of a brown solid.
The analytical results of the brown solid are described below.

1g-NMR (CDCl;): 2.56 (s, 3H), 6.31 (4, 1H), 7.2-7.7 (m,

20 6H), 8.10 (s, 1H), -13.88 (brs, 1H)

 FD-mass spectrometry: 184 (M¥)
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From the above results, the brown solid proved to be a

compound (ligand precursor (2)) represented by the following

formula.

In a 100 ml reactor thoroughly dried and purged with argon,
20 ml of a diethyl ether solution containing 0.76 g (4.11 mmol)
of the ligand precursor (2) was cooled to -78 °C. To the
solution, 2.8 ml of a hexane solution containing 4.48 mmol
of n-BulLi was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then sloﬁly_ dropwise added to a mixture
consisting of 3.9 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 20 ml of diethyl ether, said mixture having been
cooled to -78 °C. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was '
further stirred at room temperature for 8 hours. The reaction

solution was filtered through a glass filter, and the filtrate
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was vacuum concentrated. The solid precipitated was
dissolved in 5 ml of methylene chloride, and to the solﬁtion
was slowly added 10 ml of hexane with stirring. The mixture
was allowed to stand at room temperature to precipitate a dark
brown solid. The solid was filtered off on a glass filter,
washed with hexane and vacuum dried to obtain 0.23 g (0.47
mmol, yiéld: 23 %) of a dark green solid. The analytical
results of the dark green solid are described below.
1H-NMR (CDCl3): 2.52 (s, 6H), 6.1;8.0 {m, 16H)
FD-mass spectrometry: 484 (M*)
Elemental analysis: Ti: 9.7 % (calcﬁlated value: 9.9 %)
From the above results, the dark green solid proved to
be a compound (transition metal compound (2-A)) represenﬁed

by the following formula.

Synthesis Example 4
In an atmosphere of nitrogen, 10.1 g (41.3 mmol) of the

dimer compound (2a) which was a synthetic intermediate of the
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ligand precursor (2) was dissolved in 200 ml of THF, and the
solution was cooled to -15 °C. To the solution, 62 ml of a
hexane solution containing 99.2 mmol of n-BuLi was slowly
dropwise added, and the temﬁerature of the resulting solution
was raised to room temperature. Then, the solutionwas cooled
to -78 °C, and 12.5 ml (99.2 mmol) of trimethylsilyl chloride
was dropwise added. Thereafter, the temperature of the

resulting solution was raised to room temperature, and the
solution was stirred for 3 hours.  The reaction solution was
quenched with a 0.4 mole sodium acetate aqueous solution, and
the organic 1a.1yer was extracted to obtain 16.6 g (41.3 mmol,

yield: 100 %) of an O~trimethylsilyl substituted dimer

)

compound as white needle crystals.

Then, 12.4 g (32.0 mmol) of the O-trimethylsilyl
s@stituted dimer compound was dissolved in 150 ml of THF,
and the solution was mixed with 300 ml of a 0.75 mole sodium
acetate aqueous solution. The reaction of the mixture was
conducted for 15 hours under reflux, whereby hydrolysis
proceeded. After the reaction was completed, the organic
layer was extracted with diethyl ether, then the solvex;t was
distilled off, and the remainder was vacuum dried to obtain
10.7 g (64.0 mmol, yield: quant.) of 5-
trimethylsilylpyrrole~2-carboxyaldehyde.

Thereafter, 5.0 g (28.7 mmol) of the 5-

trimethylsilylpyrrole-2~carboxyaldehyde was allowed to
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react with 2.67 g (28.7 mmol) of aniline in the same manner
as in the synthesis of the ligand precursor (1), to obtain
4.18 g (yield: 54 %) of a wine red oil (GC purity: 90 %).

1H-NMR (CDCl3): 0.30 (s, 9H), 6.49 (4, 1H), 6.81 (4, i),
7.1-7.5 (m, 5H), 8.29 (s, 1H), 9.35 (brs, 1EH)

FD-mass spectrometry: 242 (M%)

From the above results, the wine red oil proved to be

a compound (ligand precursor (3)) represented by the following

formula.
= N
Z “NH
SiMeg

Ina 100 ml reactor thoroughly dried and purged with argon,
20 ml of a diethyl ether solution conta.:i.n..ing 0.848 g (3.50
mmol) of the ligand precursor (3) was' cooled to -78 °C. To
the solution, 2.8 ml of a hexane solution containing 4.48 mmol

of n-Buli was slowly dropwise added, and the temperature of
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the resulting solution was; raised to room temperature. The
solution was then slowly dropwise added to a mixture
consisting of 3.5 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 20 ml of diethyl ether, said mixture having been
cooled to -78 °C. After the dropwise addition was completed,
the temperature of the resulting solution was slc_:wly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperature for 8 hours. The reaction
gsolution was filtered through a glass filter, and the filt:::ate
was vacuum concentrated. The solid precipitated was
subjected to recrystallization from hexane and then vacuum
dried to cbtain 0.52 g (0.86 mmol, yvield: 49 %) of a black
solid. The analytical results of the black solid are
described below.

ig-NMR (CDCl;): 0.60 (s, 18H), 6.2-6.4 (m, 4¥), 6.9-7.2
(m, 10H), 7.82 (s, 2H)

| FD-mass spectrometry: 600 (M*)

Elemental analysis: Ti: 7.8 % (calculated value: 8.0 %)

From the above results, the black solid proved to be a
compound (transition metal compound (3-A})) represented by the

following formula.
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Into a 100 ml reactor thoroughly dried and purged with
argon, 0.45 g (1.19 mmol) of a zirconium tetrachloride/2THF
complex and 15 ml of THF were introduced, and they were cooled
to -78 °C. ToO the resulting solution, 15 ml of a THF solt;tion
containing 0.58 ¢ (3.7 mmol) of the ligand precursor (3) was
slowly dropwise added. After the dropwise addition was
completed, the temperature of the resulting solution was
slowly raised to room temperature with stirring. Then, the
solution was further stirred for 7 hours under heating at 55°C.
After the reaction solution was filtered, the filtrate was
vacuum conc;;:.trated. The solid precipitated was washed with
hexane and vacuum dried to obtain 0.70 g (1.0_9 mmol, yield:
81 %) of mud yellow solid. The analytical results of the mud
vellow solid are described below.

1H-NMR (CDCl;): 0.53 (s, 18H), 6.38 (d, 2H), 6.43 .(d, 2H),

6.8-7.2 (m' 10H)’ 7-87 (S, ZH)
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FD-mass spectrometry: 644 (M%)

Elemental analysis: Zr: 14.4 % (calculated value: 14.2 %)

From the above results, the mud yellow solid proved to
be a compound (transition metal compound (3-B)) represented

by the following formula.

Synthesis of ligand precursor (4)

Into a 300 ml reactor lthoroughly purged with nitrog;n,
150 ml of ethanol, 5.22 g (52.6 mmol) of cyclohexylamine and
5.0 g (52.6 mmol) of pyrrole-2-carboxyaldehyde were
introduced to dissolve cyclohexylamine and pyrrole-2-
carboxyaldehyde in ethanol, and the solution was stirred at
room temperature for 24; hours. The reaction solution was
vacuum concentrated to remove the solvent and vacuum dried
to obtain 8.88 g (50.4 mmol, yield: 96 %) of a dark brown oil.

The analytical results of the dark brown oil are described

below.
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1g-NMR (CDCl;3): 1.1-1.9 (m, 10H), 3.0-3.2 (m, 1H), 6.21
(4, 18), 6.48 (4, 1K), 6.89 (44, 1H), 8.13 (s, 1H), 8.35 (brs,
1H)

FD-mass spectrometry: 176

From the above results, the dark brown oil proved to be
a compound (ligand precursor (4)) representea by the following

formula.

Ina 100 ml reactor tﬁéroughly dried and purged with argon,
25 ml of a diethyl ether solution containing 1.02 g (5.78 mmol)
of the liga.nd precursor (4) was cooled to -78 °C. To the
solution, 3.8 ml of‘ a hexane solution containing 6.08 mmol
of n-BulLi was slowly dropwise added, and -the temperature of
the-resulting solutic;n was raised to room temperature. The
solution was then slowly dropw:i.se added to 'a mixture
consisting of 5.78 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5

mmol/ml) and 25 ml of diethyl ether, said mixture having been

cooled to -78 °C. After the dropwise addition was completed,
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the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperature for 8 hours. The reaction
solution was filtered through a glass filter, and the filtrate
was vacuum concentrated. The solid precipitated was
dissolved in 5 ml of methylene chloride, and to the solution
was slowly added 10 ml of hexane with stirring. The mixture
was allowed to stand at room temperature to precipitate a black
solid. The solid was filtered off'on a glass filter, washed
with hexane and vacuum dried to obtain 0.52 g (1.11 mmol,
yield: 38 %) of a black solid. The analytical results of the
black solid are described below.

1H-NMR (CDCli): 0.7-2.7 (m, 22H), 6.2-7.9 (m, 6H), 8.00
(s, 2H)

FD-mass spectrometry: 468 (M*)

Elemental analysis: Ti: 17.8 % (calculated value: 17 . 8 %)

From the above results, the black solid proved to be a

compound (transitionmetal compound (4-A)) represented by the

following formula.
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Ina 100 ml reactor thoroughly dried and purged with argon,
30 ml of a diethyl ether solution containing 1.11 g (6.28 mmol)
of the ligand precursor (4) was cooled to -78 °C. To the
solution, 3.8 ml of a hexane solution containing 6.08 mmol
of n-BulLi was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The |
solution was then slowly dropwise added to a mixture
consisting of 1.14 g of a ZxCl, (THF), complex £3.0 mmol) and
40 ml of THF, said mixture having been cooied to ~78 °C. After
the dropwise addition was completed, the temperature of the
resulting solution was slowly ra.i;ed to room temperature with
stirring. Then, the solution was further stirred at room
temperature for 8 hours. The reaction solution was filtered
through a glass filter, and the filtrate was vacuum
concentrated. The solid precipitated was filtered off on a

glass filter, washed with hexane and vacuum dried to obtain
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0.78 g (1.52 mmol, yield: 48 %) of a vellow solid. The
analytical results of the yellow solid are described below.
1g-NMR (CDCl;): 0.6-2.0 (m, 20H), 2.6-3.2 (m, 2H),
6.0-6.9 (m, 6H), 8.07 (s, 2H)
FD-mass spectrometry: 512 (Mt)
Elemental analysis: Zr: 18.1 % (calculated value: 17.8 %)
From the above results, the yellow solid ﬁroved to be
a compound (transition metal compound (4-B)) represented by

the following formula.

Ina 100 ml reactor thoroughly dried and puré‘ed with argon,
25 ml of a THF solution containing 1.02 g (5.78 mmol) of the
ligand precursor (4) was cooled to -78 °C. To the solution,
3.8 ml of a hexane solution containing 6.08 mmol of n-BuLi
was slowly dropwise added, and the temperature of the
resulting solution was raised to room temperature. The

solution was then slowly dropwise added to 25 ml of a THF
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solution containing 1.08 g (2.89 mmol) of a chromium
trichloride/3THF complex, .sa.:i.d THF solution having been
cooled to -78 °C. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. To the solution wasg then
added 2.7 ml (2.90 mmol) of a 1.0 mole trimethylaluminum
toluene solution. The resulting solution was further stirred
at room temperature for 2 hours. The réa.ction solution was
filtered through a glass filter, and the filtrate was vacuum
concentrated. The solid precipitated was dissolved in 5 ml
of methylene chloride, and to the solution was slowly added
10 ml of hexane with stirring. The mixture was allowed to
sta.nd. at room temperature to precipitate a black solid. The
solid was filtered off on a glass filter,. washed with hexane
and vacuum dried to obtain 0.09 g (0.22 mmol, yield: 8 %) of
a black solid. The analytical result of the black solid is
described below.

FD-mass spectrometry: 417 (M+)

From the above result, the black solid proved to be a

cbmpound (transition metal compound (4-C)) represented by the

following formula.
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Into a 300 ml reactor thoroughly purged with nitrogen,

150 ml of ethanol, 26.3 ml of a methanol solution containing

52.6 mmol of ethylamine and ;5.0 g (52.6 mmol) of pyrrole-
2-carboxyaldehyde were introduced to dissolve ethylamine and
pyrrole-2-carboxyaldehyde in ethanol, and the solution was
stirred at room temperature for 24 b.gurs. The reaction
solution was vacuum concentrated to remove the so_lve;:.t and
then vacuum dried to obtain 4.15 g (34.0 mmol, yield: 65 %)
of a reddish brown powder. The analytical results of the
reddish brown powder are described below.

1H-NMR (CDCl3): 1.26 (t, 3H), 3.56 (g, 2H), 6.26 (4, 1H),
6.43wkd, 1H), 6.89 (dd, 1H), 8.13 (s, 1H), 9.20 (brs, 1K)

FD-mass .spectrometryz 122

From the above result:.s, the reddish brown powder proved

to be a compound (ligand precursor (5)) represented by the

following formula.
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N

o
. éNH

In a 100 ml reactor thoroughly dried and purged with argon,
24 ml of a diethyl ether solution containing 0.80 g (6.55 mol)
of the ligand precursor (5) was ctpoled to -78 °C. To the
solution, 4.3 ml of a hexane solution contaj.ning 6.88 mmol
of n-Bulii was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture
consisting of 6.6 ml of a heptane solution of titanium
t:et:rachlox;ide (concentration of titanium tetrachloride: 0.5
mmol/ml) and 25 ml of diethyl ether, said mixture having been
cooied to =78 °C. After the dropwise addition was 'completeé.,
the temperature of the resulting sc;lution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temp'eratﬁre for 8 hours. The reaction
solution was filtered through a glass £ilter, and the filtrate
was vacuum concentrated. The solid precipitated was
dissolved in 5 ml of methylene chloride, and to the solution
was slowly added 10 ml of hexane with stirring. Thg mixture

was allowed to stand at room temperature to precipitate a black
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gsolid. The solid was filtexed off on a glass filter, washed
with hexane and vacuum dried to obtain 0.68 g (1.88 mmol,
yield: 58 %) of a black solid. The analytical results of the
black solid are described below.

1g-NMR (CDCl;3): 1.05 (t, 6H), 3.09 (g, 4H), 6.2-7.9 (m,
6H), 8.00 (s, 2H)

FD-mass spectrometry: 360 (M%)

Elemental analysis: Ti: 13.3 % (calculated value: 13.3 %)

From the above results, the black solid proved to be a
compound (transitionmetal compqund {5-A)) represented by the

following formula.

Synthesi £ 14 3 (6)
Into a 300-ml reactor thoroughly purged with nitrogen,
150 ml of ethanol, 4.73 g (50.8 mmol) of aniline and 4.9 g
(49.8 mmol) of imidazole-4-carboxyaldehyde were introduced
to dissolve aniline and imidazole-4-carboxyaldehyde in
ethanol, and the solution was stirred at room temperature for

20 hours. The reaction solution was vacuum concentrated to
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remove the solvent and then vacuum dried to obtain 8.47 g (49.5
mmol, yield: 99 %) of a white powder. The a.ﬁalytical results
of ti:.e white powder are described below.

IH-NMR (CDCl;3): 6.6-7.9 (m, 7H), 8.43 (s, 1H)

FD-mass spectrometry: 171 |

From the above results, the white powder proved to be

a compound (ligand precursor (6) ) represented by the following

s

formula.

N

Z “NH
\—/

In a 100 ml reactor thoroughly dried and purg‘ea with argon,
30 ml of a diethyl eﬁher solution containing 1..03 g (6. 02 mmolh)
of the ligan_d precursor (6) was cooled to -78 °C. To the
solution, 3;76 ml of a hexane solution containing 6.02 mmol
of n-BuLi was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture
congisting of 6.0 ml of a heptane solution of titanium

tetrachloride (concentration of titanium tetrachloride: 0.5
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mmol/ml) and 30 ml of diethyl ether, said mixture having been
cooled to -78 °C. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stir:r;'ing. Then, the solution was
5 further stirred at room temperature for 8 hours. The reaction
solution was filtered through a glass filter, and the filtrate
was vacuum concentrated. The solid precipitated was
- dissolved in 5 ml of methylene chloride, and to the solution
was slowly added 10 ml of hexane with stirring. The mixture
10 was allowed to stand at room temperature to precipitate a black
solid. The solid was filtered off on a 'glass filter, washed
with hexan-.e' and v-a.cuum dried to obtain 0.11 g {(0.24 mmol,
yield; 8 %) of a black solid. The analytical results of the
black solid are described below.
15 1H-NMR (CDCl3): 6.0-7.7 (m, 16H)
FD-mass spectrometry: 458 (M%)
From the above results, the black solid proved to be a

compound (transition metal compound (6-A)) represented by the

following formula.

20 synthesis Example 12
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Synthesis of ligand precursor (7)

Into a 300 ml reactor thoroughly purged with nitrogen,
90 ml of ethanol, 1.92 g (21 mmol) of aniline and 3.0 g (21
mmol) of indole-2-aldehyde were introduced, then 0.2 ml of
acetic acid was added, and the mixture was stirred at room
temperature for 24 hours. The reaction solution was vacuum
concentra.tea to remove the solvent, and the concentrate was
purified by the use of hexane and dichloromethane to obtain
4.17 g (20 mmol, yield: 93.2 %) of a deep red powder. The
analytical results of the deep red solid are described below.

1H-NMR (CDCl;3): 6.98 (s, 1H), 7.1-7.8 (m, 9H), 8.50 (s,
1H), 9.32 (brs, 1H)

FD-mass spectrometry: 220

From the above results, the deep red solid proved to be

a compound (ligand precursor (7)) represented by the following

formula.
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In a 100 ml reactor thoroughly dried and purged with argon,
20 ml of a diethyl ether solution containing 1.0 g (4.54 mmol)
of the ligand precursor (7) was cooled to -78.C. To the
solution, 2.98 ml of a hexane solutio:;. cont:a:i.ning 6.08 mmol
of n-Buli was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture
consisting of 4.54 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 20 ml of diethyl ether, said mixture having been
cooled to -78 C. After the dropwise addition was complet:ea,
the temperature of the resulting solution was slowly raised
to room temperature with st;.irring. Then, the solution was
further stirred at room temperature £or 8 hours. The reaction
solution was filtered through a glass filter, and the filtrate
was vacuum concentrated. The solid precipitated was washed
with hexa.;:.e, and the resulting black powder was dissolved in
10 mll of ether and 50 ml of methyléne chloride. The solution
was filtered through a glass filter,- and the filtrate was
concentrated to obtain a black powa;r. The black powder was
washgd with hexane and vacuum dried to obtain 0.79 g (1.41
mno.l, yvield: 6;. %) of a dark brown solid. The analytical
results of the dark brown solid are described below.

1H-NMR (CDClz): 6.0-8.5 (m, 20H), 8.92 (s, 2H)

FD-mass spectrometry: 556 (M*)
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From the above results, the dark brown solid proved to
be a compound (transition metal compound (7-A)) represented

by the following formula.

Synthesis Example 13
Synthesis of ligand precursor (8)
Into a 300 ml reactor thoroughly purged with nitrogen,
150 ml of ethanol, 12.05 g (52.58 mmol) of 3,5-

10 bis(trifluoromethyl)aniline and 5.0 g (52.58 mmol) of
pyrr§1e-2-carboaqraldehyde were introduced, then 0.2 ml of
acetic acid was added, and the mixture was stirred at room
temperature for 1 week. The reaction solution was wvacuum
concentrated to remove the solvent, and the concentrate was

15 purified by the use of hexane and dichloromethane .to obtain
9.65 g (31.5 mmol, yield: 60.0 %) of a dark brown solid. The

analytical results of the dark brown solid are described

below.
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1g-NMR (CDCl;): 6.39 (dd, 1H), 6.80'(d, iH), 7.08 (4, 1H),
7.60 (s, 2H), 7.68 (s, 1H), 8.30 (s, 1H), 9.40 (brs, 1K)

FD-mass spectrometry: 306

From the above results, the dark brown solid proved to

S5 be a compound (ligand precursor (8)) represented by the

£ oilowing formula.

Fa CF3

Ina 100 ml reactor thorogghly dried and purged with axrgon,
10 40ml of adiethyl etﬂer solution containing 1.02 g (3 ;32 mmol)
of the ligand precursor (8) was cooled to -78 T. To the
solution, 2.22 ml of a hexane solution containing 3.55 mmol
of n-Buli was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
15 solution was then slowly dropwise added to a n;.ixture
consisting of 3.25 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 40 ml of diethyl ether, said mixture having been
cooled to -78 T. After the dropwise addition was completed,

20 the temperature of the resulting solution was slowly raised
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to room temperature with stirring. Then, the solution was
further stirred at room t:emperaﬁui:e for 12 hours. The
reaction solution was filtered through a glass filter, and
the filtrate was vacuum concentrated. 'l‘he_ solid precipitated
was washed with hexane, and the resulting black solid was
vacuum dried to obtain 0.75 g (1.02 mmol, yield: 62 %) of a
dark brown solid. The analytical results of the dark brown
8olid are described below. _

1H-NMR'(CDC13) : 6.18 (dd, 2H),°6.48 (d, 2H), 6.62 (4, 2H),
7.0-8.5 (m, 8H)

FD-mass spectrometry: 728 (M*)

From the above results, the dark brown solid proved to
be a compound (transition metal compound (8-A)) represented

by the following formula.

Fs CFs3

Into a 200 ml reactor thoroughly purged with nitrogen,
90 ml of ethanol, 2.0 g (20.25 mmol) of cyclohexylaniline and

3.0 g (20.25 mmol) of indole-2-aldehyde were introduced, and
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they were stirred at room temperature for 12 hours. The
reaction solution was vacuum concentrated to remove the
solvent, and the concentrate was crystallized and purified
by the use of hexane to obtain 3.46 g (15.3 mmol, yield: 75.5 %)
5 of a brown solid. The analytical results of the brown solid
are described below.
1g-NMR (CDCl;): 1.0-2.0 (m, 10H), 3.1-3.4 (m, 1H), 6.70
(s, 1H), 7.0-7.7 (m, 4H), 8.32 (s, 1lH), 9.30 (brs, 1H)
FD-mass spectrometry: 226
10 From the above results, the brown solid proved to be a

conmpound (1igahd precursor (9)) represented by the following

formula.
E/ %NH
15 In a 100 ml reactor thorocughly dried and purged with argon,

30 ml of a diethyl ether solution containing 1.02 g (4.51 mmol)
of the ligand precursor (9) was cooled to -78 CT. To the
solution, 2.9 ml of a hexane sclution containing 4.51 mmol

of n~-Buli was slowly dropwise added, and the temperature of
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the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture
consisting of 4.5 ml .o:E a heptané solution of titanium
tetrachloride (concentration of tita#ium tetrachloride: 0.5
mmol/ml) and 40 ml of diethyl ether, said mixture having been
cooled to -78 C. After the dropwise addition was completed,
the temperature of the résulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperature for 12 hours. The
reaction solution was filtered through a glass filter, and
the resulting black solid was washed with diethyl et_her. The
solid was extracted with di.chloromet':hane and vacuum
concentrated. The solid precipitated was washed with hexane,
and tﬁe resulting b].ack solid was vacuum dried to obt;ain 0.84
g (1.48 mmol, yield: 65 %) of a black solid. The ana.-]:yti.cal
results of the black solid are described below.

ig-NMR (CDCl;3): 0.3-2.8 (m, 22H), 6.7-7.8 (m, 8H), 8.30
(s, 2H), 8.95 (d, 2H)

FD-mass spectrometry: 568 (M%)

mf‘rom the above results, the black solid proved to be a

compound (transitionmetal compound (9-3A)) represented by the

following formula.
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Synthesis Example 15

Into a 200 ml reactor thoroughly purged with nitrogen,
100 ml of ethanol, 5.67 g (21.0 mmol) of n-~octadecylamine and
2.0 g (21.0 mmol) of pyrrole-2-~carboxyaldehyde were
introduced, and they were stirred at room temperature for 12
hours. The rea.c_tion solution was vacuum concentrated to
remove the solvent, and the concentrate was vacuum dried to
obtain 6.46 g (18.6 mmol, yield: 88.5 %) of a white powder.
The analytical results of the white powder are described
below.

1H-NMR (CDCl;): 0.90 (t, 3H), 1.28 (m, 30H), 1.62 (m, 2H),
3.52 (t, 2H), 6.24 (44, 1H), 6.48 (d, 1H), 6.88 (4, 1H), 8.08
(s, 1H), 9.20 (brs, 1H)

FD-mass spectrometry: 346

From the above results, the white powder proved to be

a conipound (ligand precursor (10)) represented by the

following formula.
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Inal00ml reactor thoroughly dried and purged with argon,
40 ml of a diethyl ether solution containing 1.0 g (2.91 mmol)
of the ligand precursor (10) was :.cooled to -78 T. To Ehe
solution, 1.95 ml of a hexane solution containing 2.91 mmol
of n-Bulii was slowly dropwise added, and the temperature of
the resulting solution was raised to r:oom temperature. The
solution was then slowly dropwise a.c'ided to a mixture
consisting of 2.9 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 30 ml of diethyl ether, said mixture having been
cooled to -78 C. After the di:opwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further st irréd at room temperature for 8 hours. 'l‘hé reaction
solutionwas filtered through a glass £ilter, and the filtrat;e
was vacuum concentrated. The solid precipitated was
dissolved in 5 ml of methylene chloride, and to the solution
was slowly a.d.ded 10 ml of hexane with stirring. The mixture

was allowed to stand at room temperature to precipitate a black
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solid. The solid was filtered off by a glass filter, washed
with hexane and vacuum dried to obtain 0.44 g (0.54 mmol,
yvield: 37 %) of a black solid. The analytical results of the
black solid are described below.

1g-NMR (CDCly): 0.9-2.0 (m, 70H), 2.8-3.3 (m, 4H),
6.2-7.9 (m, 6H), 8.88 (s, 2H)

FD-mass spectrometry: 809 (M%)

From the above results, the black so0lid proved to be a
compound (transition metal compound (10-A)) represented by -

the following formula.

Syntl . £ 14 3 (11)
Into a 200 ml feact:or thoroughly purged with nitrogen,
100 ml of ethanol, 6.47 g (52.54 mmol) of p-anisidine and 5.0
g (52.58 mmol) of pyrrole-2~carboxyaldehyde were introduced,
then 0.5 ml of acetic acid was added, and the mixture was
stirred at room temperature for 3 days. The reaction solution
was vacuum concentrated to remove the solveht, and the

concentrate was vacuum dried to obtain 10.24 g (51.1 mmol,
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vield: 96.3 %) of an umber powder. The analytical results
of the umber powder are described below.

1H-NMR (CDCl;): 3.82 (s, 3H), 6.28 (dd, 1H), 6.68 (d, 1H),
6.8-7.0 (m, 3H), 7.1-7.3 (m, 2H), 8.30 (s, 1H), 10.10 (brs,
1H)

FD-mass spectrometry: 200

From the above results, the umber powder proved to be
a compound (ligand precursor (11)) represented by the

following formula.

OMe

Ina 100 ml reactor thoroughly dried and purged with argon,
40 ml of a diethyl ether solution containing 1.03 g (5.12 mmol)
of the ligand precursor (l11l) was cooled to -78 L. To the
solution, 3.4 ml of a hexane solution containing 5.12 mmol
of n-BuLi was slowly dropwise added, and the temperature of
the r.esult:ing' solution was raised to room temperature. The
solution was then slowly dropw_ise added to a mixture

consisting of 5.0 ml of a heptane solution of titanium
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tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 30 ml of diethyl ether, said mixture having been
cooled to -78 T. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperature for 12 hours. The
reaction solution was filtered through a glass filter, and
the filtrate was vacuum concentrated. The solid precipitated
was dissolved in 5 ml of methylene chloride, and to the
sélution was slowly added 10 ml of hexane with stirring. The
mixture was allowed to stand at room temperature to
precipitate a black solid. The solid was filtered off by a
glass filter, washed with hexane and vacuum dried to obtain
0.64 g (1.24 mmol, yield: 48 %) of a black solid. The
analytical results .of the black ;oli.d are described below.

14-NMR (CDClz): 3.6-4.0 (m, 6H), 6.0~8.2 (m, 16H)

FD-mass spectrometry: 516 (Mt)

From the above results, the black solid proved to be a

compound (transition metal compound (11-A)) represented by

the following formula.
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OMe

Into a 200 ml reactor thoroué'hly purged with ni.trogén,
80 ml of ethanol, 8.64 g (53.63 mmol) of trifluoro-p-toluidine
and 5.1 g (53.63 mmol) of pyrrole-2-carboxyaldehyde were
introduced, then 0.5 ml of acetic acid was added, and th9
mixture was stirred at room temperature for 3 days. The
reaction solution was vacuum concentrated to remove the
solvent, and the concentrate was vacuum dried to obtain 10.16
g (42.7 mmol, yield: 79.5 %) of a black solid. The analytica;l
results of the black solid are described below.

1H-NMR (CDCl3z): 6.30 (dd, 1H), 6.72 (d, 1H), 6.98 (4, 1H),
7.26 (d, 2H), 7.60 (4, 2H), 8.28 (s, 1H), 9.70 (brs, 1H)

FD-mass spectrometry: 238

¥From the above results, the black solid proved to be a

compound (ligand precursor (12)) represented by the following

formula.
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CF3

Ina l00ml reactor thoroughly dried and purged with argon,
40 m1 of a diethyl ether solution co;:.ta.ining 1.13 g (4.73 mmol)
of the ligand precursor (12) was cooled to =78 T. To the
solution, 3.0 ml of a hexane solution containing 4.73 mmol
of n-ﬁuLi was slowly dropifJise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture
consisting of 4.7 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 30 ml of diethyl ether, said mixture having been
cooled to -78 C. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperature for 12 hours. The
reacti;n solution wais filtered through a glass filter, and
the filtrate was vacuum concentrated. The solidprecipitated
was dissolved in 5 ml of methylene chloride, and to the

solution was slowly added 10 ml of hexane with stirring. The
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mixture was a.lloiwed to stand at room temperature to
precipitate a black solid. The solid_wa.s filtered off by a
glass fi.lte:;.', washed with hexane and vacuum dried to obtain
0.81 g (1.37 mmol, yield: 58 %) of a black powder. The
analytical results of the black powder are described below.

1g-NMR (CDCli): 6.10 (dd, 2H), 6.50 (d, 2H), 6.8-8.5 (m,
12H) o

FD-mass spectrometry: 592 (M¥)

From the above results, the ‘black powder proved to be

a compound (transition metal compound (12-A)) represented by

the following formula.

Fa

Into a 200 ml reactor thoroughly purged with nitrogen,
80 ml of ethanol, 4.56 g (33.72 mmol) of o-isopropylaniline
and 3.22 g (33.83 mmol) of pyrrole-2-carboxyaldehyde were
introduced, then 0.5 ml of acetic acid was added, and the

nixture was stirred at room temperature for 3 days. The
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reaction solution was vacuum concentrated to remove the
solvent, and the concentrate was vacuum dried to obtain 5.2
g (24.5 mmol, yield: 72.6 %) of av;hite solid. The analytical
results of the white solid are described below.

1H-NMR (CDCl3): 1.20 (4, 6H), 3.56 (m, 1H), 6.28 (dd, 1H),
6.5-7.0 (m, 2H), 7.1-7.4 (m, 4H), 8.20 (s, 1H), 9.78 (brs,
1H) |

FD-mass spectrometry: 212

From the above results, the white solid proved to be a

compound (ligand precursor (13)) represented by thé following

formula.

iPr

In a 100 ml reactor thoroughly dried and purged with argon,
40 ml of a diethyl etﬁer solution containing 1.0 g (4.71 mmol)
of the ligand precursor (13) was cooled to =78 T. To the
solution, 3.15 ml of a hexane solution containing 4.71 mmol
of n-Bul.i was slowly dropwise added, and the temperature of

the resulting solution was raised to room temperature. The
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solution was then slowly dropwise added to a mixture
consisting of 4.71 ml of a heptane solution of titanium
tetrachloride (concentration .of titanium tetrachloride: 0.5
mmol/ml) and 20 ml of diethyl ether, said mixture having been
cooled to =78 T. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperature for 12 hours. The
reaction solution was filtered through a glass filter, and
the filtrate was vacuum concentrated. The solid precipitated
was dissolved in 5 ml of methylene chloride, and to the
solution was slowly added 10 ml of hexane with stirring. The
mixture was allowed to stand at room temperature to
precipitate a black solid. The solid was filtered off by a
glass filter, washed with hexane and vacuum dried to obtain
0.22 g (0.41 mmol, yield: 17 %) of a black powder. The
analytical results of the black powder are described below.

1H-NMR (CDCl3): 1.0-1.4 (m, 12H), 3.4-3.6 (m, 2H),
6.3-8.0 (m, 16H)

FD-mass spectrometry: 540(M%)

From the above result:s,_' the black powder proved to be
a compound (transition metal compound (13-A)) represented by

the following formula.
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Into a 200 ml reactor thorouglhly purged with nitrogen,
100 ml of ethanol, 5.0 g (49.4 mmol) of n-hexylamine and 4.7
g (49.4 nmol) of pyrrole—z.-carboxyaldehyde were introduced,
and they were stirred at room temperature for 12 hours. The
reaction solution was vacuum concentrated to remove the
solvent, and the concentrate was vacuum dried to obtain 8.54
g i47.9 mmol, yield: 96.4 %) of a brown liquid. The analytical
results of the brown liquid are described below.

1H-NMR (CDCl3): 0.90 (d, 3H), 1.30 (ﬁ, 6H), 1.65 (m, 2H),
3.52 (t, 2H), 6.24 (44, 1H), 6.45 (4, 1H), 6.88 (d, 1H), 8.08
(s, 1H), 9.48 (bré, 1H)

-FD-mags spectrometry: 178

From the above results, the brown liquid proved to be

a compound (ligand precursor (14)) represented by the

following formula.
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Ina 100 ml reactor thbroughiy dried and purged with argon,
40 ml of a diethyl ether solution containing 1.03 g (5.72 mmol)
of the ligand precursor (14) was cooled to -7'8 CT. To the
solution, 3.83 ml of a hexane solution containing 5.72 mmol
of n-BuLi was siowly dropwise added, and the temperature of
the resulting solution was raised to room tempera.tur'e. The
solution was then slowly dropwise added to a mixture'
consisting of 5.72 ml of a heptane so{l.uti_.on of titanium
tet’:.r:':a.chloride (concentration of titanium tetrachloride: 6.5
mmol/ml) and 30 ml of diethyl ether, said mixture having been
cooled to -78 °C.. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further sf:i.rred at room temperature for 12 hours. The
reaction solution was filtered through a glass filter, and
the filtrate was va.cuﬁm concentrated. The solid precipitated
was dissolved in 5 ml of methylene chloride, and to the
solution was slowly added 40 ml of hexane with .stirring. The

mixture was allowed to stand at room temperature to
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precipitate a black solid. The solid was filtered off by a
glass filter, washed with hexane and vacuum dried to obtain
0.50 g (1.05 mmol, yield: 37 %) of a black solid. The
analytical results of the black solid are described below.

1H-NMR (CDCl;): 0.8-1.6 (m, 22H), 2.7-3.3 (m, 4H), 6.28
(ad, 2E), 7.68 (4, 2H), 7.7-8.0 (m, 4H)

FD-mass spectrometry: 47‘2 (mt)

From the above results, the black solid proved to be a
compound (transition metal compound (14-A)) represented by

the following formula.

Into 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 etizylene at a flow
rate of 100 1/hr. To the autoclave, 1.25 mmol (in terms of
aluminum atom) of methylaluminoxane was added, and then 0.005
mmol of the transition metal compound shown in Table 1 was
successively added to initiate polymerization. The reaction
was conducted at 25 C for the period of time shown in Table

1 in an atmosphere of an ethylene gas at ordinary pressure.
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Thén, a small amount of isobutyl alcohol was added to terminate
the poljmeriza.tion. After the polymerization was completed,
the reaction product was introduced into a large amount of
methanol to precipitate the total amount of a polymex. 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 polyethylene (PE). The

results are set forth in Table 1.
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Table 1

Transi- Polymer~ Yield of Polymer- Intrin-

tion ization polymer ization sic

metal time (g) activity viscos-

compound (min) B ity (1)

(dl/g)

Ex. 1 1-a 5 0.94 2.27 2.03
Ex. 2 1-B 30 0.52 0.21 18.3
Ex. 3 2-a 30 0.16 0.06 13.0
Ex. 4 3-a 30 0.09 0.04 9.56
Ex. 5 3-B 30 0.16 0.07 12.0
Ex. 6 4-a 5 1.32 3.17 © 13.9
Ex. 7 4-B 30 ° 0.34 0.13 4.64
Ex. 8 4-c - 30 0.02 0.01  5.10
Ex. 9 5-a 30 0.29 0.11 18.6
Ex. 10 6-2a 30 0.08 0.04 15.0
Ex. 11 7-A 20 0.29 0.17 2.25
Ex. 12 8-a 10 0.76 1 0.91 30.3
Ex. 13 9-a 10 0.33 0.36 2.01
Ex. 14 10-A 20 0.29 0.17 11.0
Ex. 15 11-a 5 0.91 2.19 5.57
Ex. 16 12-2 5 1.38 3.32 2.78
Ex. 17 13-a 10 0.02 0.02 4.37
Ex. 18 14-A 20 0.42  0.25 18.3

*1l: kg/mmol {(transition metal) hr

Examples 19 - 34

Into a 500 ml glass autoclave thoroughly purged with.
nitrogen, 250 ml of toluene was introduced, and the ligquid
phase and the gas phase were saturated with ethylene at a £low
rate of 100 1l/hr. To the autoclave, 0.25 mmol (in terms of

aluminum atom) of triisobutylalﬁminum was added, and then
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0.005 mmol of the transition metal compound shown in Table
2 was successively added. Thereafter, 0.006 mmol of
triphenylcarbeniumtetrakis ('pen_.ta.f luorophenyl)borate was
added to initiate polymerization. The reaction was conducted
at 25 C for the period of time shown in Table 2 in an atmosphere
of an ethylene gas at ordinary pressure. Then, a small amount
of isobutyl alcohol was added to terminate the polimerization.
After the polymerization was completed, the reaction product
was introduced into a large amount ‘of methanol to precipitate
the 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 polyethylene (PE). The results are set forth in

Table 2.
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Table 2

Transi~ Polymer- Yield of Polymer- Intrin-

tion ization polymer ization sic

metal time (g) activity viscos-

compound (min) *1 ity (n)

(d1/g)
Ex. 19 1-A 10 0.20 0.24 29.8
Ex. 20 1-8B 30 0.11 0.04 24.3
Ex. 21 2-A 30 0.30 0.12 30.4
Ex. 22 3-A 30 0.10 0.04 16.1
Ex. 23 3-B 30 0.16 0.07 12.0
Ex., 24 4-A 5 1.10 2.64 21.3
Ex. 25 4-B 30 0.21 0.08 7.04
Ex. 26 5-A 5 0.67 1.62 24.9
Ex, 27 7-A 20 0.09 0.06 11.1
Ex. 28 8-A 30 0.24 0.10 22.0
Ex. 29 9-A 30 0.07 0.03 10.5
Ex. 30 10-A 10 0.46 0.55 30.9
Ex. 31 11-A 30 0.20 0.08 *2
Ex. 32 12-A 10 0.25 0.30 *2
Ex. 33 13-aA 10 0.06 0.08  23.0
Ex. 34 14-A 10 0.78 . 0.94 *2

*1: kg/mmol(transition metal) hr
*2: unmeasurable (The polymer under test was insoluble in a

solvent for measuring intrinsic viscosity.)

Examples 35 -~ 39

Into a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liq:uid.
rhase and the gas phase were saturated with a mixed gas of
ethylene (fléw rate: 50 1l/hr) énd propylene (flow rate: 150

1/hr). Tothe autoclave, 1.25mmol (in terms of aluminum atom)
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of methylaluminoxane was added, and then 0.005 mmol of the
tra.ﬁsit:ion metal compound shown in Table 3 was successively
added to ix;.itiat:e polymerization. The reaction was conducted
at 25 C for the period of time shown in Table 3 in an atmosphere
of the mixed gas at ordinary pressure. Then, a small amount
of isobutyl alcohol was added to terminate the polymerization.
After the polymerization was completed, the reaction .product
was introduced into a large amount of methanol to precipitate
the 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 T for 10 hours
to obtain an ethylene/propylene copolyméer (EPR). The results

are set forth in Table 3.

Table 3

Transi- Poly- Yield Poly~ Intrin- Content

tion meriza- of meriza- sic of
metal tion polymer tion +wviscos- propyl-
com- time " (g) activ- ity (1) ene
pound {min) ity (dl/g) (mol%)
*]
Ex. 35 1-a 60 0.30 . 0.02 4.94 30.7
Ex. 38 i1-a 30 0.90 0.36 6.43 51.2
Ex. 39 12-A 30 0.77 0.31 4.44 34.7

*]1 . kg/mmol(éra.nsition metal) * hxr
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Into 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 a mixed gas of
ethylene (flow rate: 50 1/hr) and propylene (flow rate: 150
1/hr). To the aﬁtocla.ve, 0.25mmol (in terms of aluminum atom)
of trii_sobutylalum:_ii:.um was added, and then 0.005 mmol of the
transition metal compound shown in Table 4 was successively
added. Thereafter, 0.006 mmol of
triphenylcarbeniumtetrakis( peptaf luorophenyl)borate was
added to initiate polymerization. The reaction was conducted
at 50 T for the period of time shown in Table 4 in an atmosphere
of the mixed gas at ordinary pressure. Then, a small amount
of isobutyl alcohol was added to terminate the polymerization.
After the polymerization was completed, the reaction product
was introduced into a large amount of methanol to precipitate
the 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 an ethylene/propylene copolymer (EPR). The results

are set forth in Table 4.
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Table 4

Transi- Poly- Yield Poly- Intrin- Content

tion meriza- of meriza- sic of
metal tion polymer tion viscos- propyl-
com- time (g) activ- ity (1) ene
pound (min) ity (dl/g) (mol%)
*]
Ex. 40  4-A 30 0.20 - 0.08 4.08 8.4
Ex. 41 5-A 30 0.08 0.03 27.9 " 12.0
Ex. 42 14-A 30 0.12 0.05 27.8 9.2

*1: kg/mmol(transition metal) * hr

Examples 43 - 45

Into 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 at a flow
rate of 100 1/hr. Then, l-hexene in the amount shown in Table
5 was further introduced. To th;. autoclave, 1.25 mmol (in
terms of aluminum atom) of methylaluminoxane was added, and
then 0.005 mmol of the transitionmetal compound shown in Table
5 was successively added to initia.te polymerization. The
reaction was conducted at 25 T for the period of time shown
in Table 5 in an atmosphere of an ethylene gas at ordinary
pressure. Then, a small amount of isobutyl alcohol was added
to terminate the polymerization. After the-polymerization
was completed, the reaction product was introduced ihto a
large amount of methanol to precipitate the total amount of

a polymer. Then, hydrochloric acidwas added, and the mixture
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was filtered through a glass filter. The resulting polymer
was vacuum dried at 80 T for 10 hours to obtain polyethylene

(PE). The results are set forth in Table 5.

5 Table 5

Trans- Amount Poly- Yield Poly~ In- Con-~

ition of 1- meriz- of meriz- trin- tent
metal hexene ation poly- ation gic of 1~
com- (ml) time mery activ- <wvis- hexene
pound (min) (g), ity cosity (mol%)
' *1 (n)
(dl/g)

Ex. 43 4-2 5 5 2.10 5.04 7.65 1.5
Ex. 44 4-a 10 5 1.24 2.97 6.73 2.0
Ex. 45 4-A 15 5 0.94 2.26 5.27 2.9
*1l: kg/mmol (transition metal) hr

In the measurement of an intrinsic viscosity of the
10 polymer obtained in each example, the polymer was dissolved
in deca.iin and the intrinsic viscosity was measured at 135 C
using a Ubbelohde viscometer.
The content of propylene or l-hexene in the copolymer

was measured by IR analysis (Nippon Bunko FTIR—BSO_) .
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1. An olefin polymerization catalyst comprising (A)

What is claimed is:

a trangition metal compound represented by the following

formula (I):

5 (1)

wherein M is a transition metal atom selected from Group 3
to Group 11 of the periodic table,
U is a carbon atom having a substituent éfoup R2, a
10 nitrogen atom or a phosphorus atom,
A is a nitrogen atom or a phosphorus atom,
Q is a carbon atom having a substituent group R3?, a
nitrogen atom or a phosphorus atom,
S is a carbon atom having a substituent group R4, a
15 nitrogen atom or a phosphorus atom,
7T is a carbon atom having a substituent group R5, a
nitrogen atom or a phosphorus atom,

m is an integer of 2 to 6,

AR
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Rl to RS may be the same or different, when M is a
transition metal atom selected from Group 3 to Group- 5 and
Group 7 to Group 11 of the periodic table, they are each a
hydrogen a.tqm, 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, and when M is a transition metal atom
selected from Group 6 of the periodic table, R? is a hydrogen
atom, a halogen atom, an aliphatic hydrocarbon group, an
alicyclic hydrocarbon group, a heterocyclic compound reéidua.l
group, an oxygen-containing group, a nitrogen-containing
group, a boron-containing group, a sulfur-containing group,
a phospﬁérus-containing group, a silicon—c;)ntaining group,
a germanium-containing group or a tin-containing group and
R2 to RS 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 R! to R5 may be bonded to each other to

form a ring, and one group of R! to RS contained in one ligand

* [ L M S *
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and one group of R! to R5 contained in another ligand may form
a bonding group or a single bond;

n is a number satisfying a 1.ralence 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, a boron-containing group, an
aluminum-containing group, a phosphorus-containing group, a
halogen-contﬁining group, a heterocyclic compound residual
group, a silicon-containing groui:, a germanium-containing
group or a tin-contaihing group, and when n is 2 or greater,
plural groups indicated by X may be the same or different to

each other and plural groups indicated by X may be bonded to

each other to form a ring.

2. An olefin polymerization catalyst cdmpr;i.;sing:
(A) a transition metal compound represented by the above
formula (I), and
(B) at least one compound selected from:
(B-1) an organometallic compound,
(B-2) an organocaluminum oxﬁr-compound, and
(B-3) a compound which reacts with the transition

metal compound (A) to form an ion pair.

3. An olefin polymerization catalyst comprising a

carrier (C) in addition to the transition metal compound (A)

* c L M S *
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