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' OLEFIN POLYMERIZATION CATALYST AND PROCESS FOR PRODUCING

'OLEFIN POLYMER

BACKGROUND OF THE INVENTION
Field of the Invention

The present inventioo relates to an olefin
polymerization catalyst prepared by using a modified
aluminumoxy compound as one component, and a process for
producing an olefin polymer with said catalyst.

Description of Related Arts

Mahy processes for producing an oiefin polymer.using
a metallocene complex have been already reported. For
example, a process for producing an olefin polymer, using
a metallocene complex and an aluminoxane is reported in
JP58-19306A. However, this prooess using bis(7n
s-cyclopentadienyl)zirconium dichloride and
methylaluminoxane provided olefip polymers of low
molecular weight. |

Though many'proposals relating to modification of an
aluminum oxy compound have been reported in order to solve
these problems, there have been few proposals relating to
a method for increasing the molecular weight of olefin
polymers.

For example, JP—A-02—172991 discloses a
benzene-insoluble aluminumoxy compound prepared by
reacting an aluminoxane with water. Further,
JP-A-07-70145 discloses an aluminumoxy compound obtained

by reacting an aluminoxane with a catecol borane. The
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increase of the molecular weight of the olefin polymef
according to these methods has not been completed.

Thoughanolefinpolymerizationprocessusingzirconécene
and an aluminum oxy compound having an electron withdrawing
group such as a pentafluorophenoxy group or the like is
disclosed in JP-A-06-329714, the molecular weight of the
olefin polymers obtained is not necessarily sufficient.
Therefore, the more increase of the molecular weight has
been required.

Though Choong Hoon Leé et al. in Journal of Molecular
Catalyéis A: Chemical 132(1998)231-239, reported with
respect to olefin polymerization using a reaction product
afmethylaluminoxaneandtrispentéfluorephenylborane,and
bis(cyclopentadienyl)zirconium dichloride, the molecular
weight of the olefin polymer was not mentioned.

As amethod for increasing a molecular weight of a olefin
polymer, thought JP-A-64-045406 discloses an olefin
polymerization method which uses
bis(cyclopentadienyl)zirconium dichloride,
methylaluminoxane and tetraethoxysilane, the molecular
weight of thus obtained olefin polymer was insufficient
from the industrial view point. Particularly, when
copolymerization of ethylene with l1-hexene is éarried out
at high temperature, the molecular weight of thus obtained
copolymer was very low.

Further, JP-A-09-087313 discloses aprocess for producing
a copolymer of ethylene with l-hexene using

dimethylsilylene(tetramethylcyclopentadienyl)
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(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride,

triisobutylaluminum and N,N-dimethylaniliniumtetrakis
(pentafluorophenyl)borate. Though a copol&mer of
comparatively high molecular weight is obtained with a high
activity by using them, further increase of the molecular

weight has been desired

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
6lefin polymerization cafalyst giving an olefin polymer of
higher niolecular weight and a process for producing an olefin
polymer having a high molecular weight using said catalyst.
' The present inventoi:s have extensively studied
concerning modification of an aluminumoxy compound for long
time, and as results, found a specific olefin polymerization
catalyst prepared by using a modified almninumoxy'.compound
obtained by pre-reacting an aluminumoxy compound with ‘a
specific boron compound, and the like} and a process for
producing an olefin polymer by polymerizing én olefin with
said olefin polymerization catalyst. ‘

That is, the present invention relates to an olefin
polymerization catalyst prepared by contacting (A) with (B)
describéd below, or (A), (B) and (C) described below, and
further to a proc':ess' for producing an olefin polymer which
comprises polymerizing an olefin with said catalyst:

(A) a transition metal compound in which the number
of a transition metal is the same as that of group having

a cyclopentadiene type anion skeleton, in its molecule.
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{B) at least one aluminum compound "selected'from the

following (Bl) to (B3);

(B1) an oréanoaluminum compound represented by thé general
formula E',A1%Z;.,,

(B2)acyclicaluminoxanehavingastructure represented
by the general formula {-Al(E?)-O-}s, and

{(B3)a lineér aluminoxanehavingastructurerepresented
by the general formula E3{-A1(E%®)-0-}.A1E3,

(wherein E!, E? and E® respectively represents a hydrocarbon
group, all of E!, E? ant:l.E3 may be the same or different,
Z repreéents a hyd;rogen atom or a halogen atom, and all of |
Z may be the same or different, a represents a numeral
satisfying 0<a=<.3, b represents an integer of not less than
2, and c represents an integer of not less than 1):; and

(C)amodified aluminumoxy compound obtained bfy reacting
(cl) an aluminumoxy compound with a boron compound
represented by the general formula BQ'Q*Q3
(wherein B is a boron atom in the trivalent valence state;
andQ', 9*’andQ®are respectively ahalogen atom, ahydrocarbon
group, a halogenated hydrc;»carbon group, a substituted silyl

group, an alkoxy group or a di-substituted amino group which

may be the same or different).

BRIEF DESCRIPTION OF THE DRAWING
Fig.1lshowsaflowchart forassistingtheunderstanding
of the present invention. The flowchart isa typical example
of the mode of operation of the present invention, but the

present invention is not limited thereto.
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‘DETAILED DESCRIPTION OF THE INVENTION

The present invention is further illustrated in

detail below.

(A)Transition metal compound:

The transition metal compound is a transition metal
compound in which the number of a transition metal of the
Group IV of the Periodic Table of the Elements is the same
as that of a group having a cyclopentadiene type anion
skeleton, in its molecuie, and for example, a transition
metal cc;mpound having one transition metal of the Group IV
and one group having a cyclopentadiene type anion skeleton,
and a U -oxo type dimmer thereof.

Herein, the transition metal atom of the Group IV
represents a transition metal atom of the Group IV of the
Periodic Table of the Elements (Revised edition of IUPAC
Inorganic Chemistry Nomenclature 1989), and examples
thereof include a titanium atom, a zirconiumatom , a hafnium
atom and the like. A titanium atom or a zirconium atom is
préferable.

The transition metal compound used in the present
invention is preferably a transition metal cdmpound
represented by the general formula (I) or (II):

CpMx'; (1)

(CPMX'p) 2X%3m (I1)

(wherein M represents a transition metal atom of the Group
IV of the Periodic Table of the Elements; Cp represents a

group having a cyclopentadiene type anion skeleton; each
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of X! represents a hydrogen atom, a haloéen atom, an alkyl
group, an aralkirl group, an éryi group, a substituted silyl
group, analkoxygroup, anaralkyloxy group, anaryloxy group,
a di-substituted amino group, an alkylthio group, an
aralkylthio group, an arylthio group, an alkylseleno group,
an aralkylseleno group or arylseleno group:; X? represents
an atom of Group XVI of the Periodic Table of the Elements;
m is 1 or 2; and a plurarity of respective Cp, M, X' and X2
may be the same or different and Cp and x! may be bonded
each other directly through a bridging group.)

M is the same transition metal atom of the Group IV
of the Periodic Table of the Elements as described above.

Further, examples of the group having a cyclopentadiene
type anion skeleton represented as the substituent group,
Cp., include an 775—(substituted)cyclopentadienyl group, an
7°-(substituted)indenyl group, an 73-(substituted)
fluorenyl group and the like. Specific examples include an.
n°-cyclopentadienyl group, an 7°-methylcyclopentadienyl
group, an ‘n5-dimethylcyclopentadienyl group, an 7} |
5-trimethylcyclopentadienyl group, an 7
5—tetramethylcyc1opentadienyl group, an 7
5-pentam'ethylcyclopentadienyl group, an 7
*-ethylcyclopentadienyl group, an 7
5—n-propylcyclopentadienyl group, an 70
5—isopropylcyclopentadienyl group, an 7
S-n-butylcyclopentadienyl group, an 7
*-sec-butylcyclopentadienyl group, an 7

5—tert-butylcyclo;:oentadienyl group, an 7]
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" S.phenylcyclopentadienyl group, an 7

S-trimethylsilylcyclopentadienyl group, én n
5—tert-butyldimethylsilylcyclopeﬁtadienyl gfoup, an 7
®-.indenyl group, an ns-methylindenYl group, an 7
5-dimethylindenyl group, an 7 °-n-propylindenyl group, an
7 3-isopropylindenyl group, an 71 3-n-butylindenyl group, an
n°-tert-butylindenyl group, an 71°-phenylindenyl group, an
ﬂs-methylphenylindenylgroup,an 71 3-naphthylindenyl group,
an ns-trimethylsilylindenyl group; an 7
S.tetrahydroindenyl group, an 73-fluorenyl group, an 7
S—methyifluorenyli group, an 7 °-dimethylfluorenyl group, an
7°-tert-butylfluorenyl group, an 7

5-di-tert-butylfluorenyl group, an ns-phenylfluorenyl

- group, an 7°-diphenylfluorenyl group, an 7

-trimethylsilylfluorenyl group, an 7
*-bis-trimethylsilylfluorenyl group and the like. An 7
®-cyclopentadienyl group, an 71°-methylcyclopentadienyl
group, an n5-n-butylcyclopentadienyl group, an 70
5-tert-butylcyclopentadienyl group, an 7]
5-tetramethylcyclopentadienyl.group, an 7 °-indenyl group,
an ns—tetrahydroindenyl group or an 7°-fluorenyl group is
preferable.

As the halogen atom in the substituent, X!, a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom .
are illustrated. A chlorine atom or a bromine atom is
preferable and a chlorine atom is more preferable.'

As the alkyl group in the substituent, X!, aﬁ alkyl

group having 1 to 20 carbon atoms is preferred, and examples
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include a methyl group, an ethyl group, a n-.propyl group, .
an isopropyl group, a n-butyl group, a sec_:—butyl group, a
tert-butyl group, an isobufyl group, a n-pentyl group, a
neopentyl group, a sec-amyl group, a n-hexyl group, an-octyl
group, a n_—decyl group, a n-dodecyl group, a n-pentadecyl
group, a n-eicosyl group and the like, and a methyl group,
an ethyl group, an isopropyl group, ﬁ tert-butyi group or
an isobutyl group or a sec-amyl group is more preferable.

All of these alkyl groups may be substituted w_ith a
halogen atom such as a fluorine atom, a chlorine atom, a
bromine. atom or an iodine atom. Examples of thé alkyl group
having 1 to 10 carbon atoms which is substituted with the
halogen atom, include a fluoromethyl group, a
trifluoromethyl group, a chlorbmethyl group, a
trichloromethyl group, a fluoroethyl group, a _
pentafluoroethyl group, a perfluoropropyl group, a
perfluorocbutyl group, a perfluorohexyl group, a
perfluorooctyl group, a perchloropropyl group, a
perchlorobutyl group, a perbromopropyl group and the like.

Further, all of these alkyl groups may be partially
substituted with an alkoxy group such as a methoxy group,
an ethoxy group or the like, an aryloxy group such as a phenoxy
group or the like or an aralkyloxy group such as a benzyloxy
group or the like, etc.

As the aralkyl group in the substituent, X', an aralkyl
group having 7 to 20 carbon atoms is preferable, and examples
thereof include a benzyl group, a (2-methylphenyl)methyl
group, a (3-methylphenyl)methyl group, a
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(4-methylphenyl)methyl group, a
(2,3-dimethylphenyl)methyl group, a
(2,4-dimethylphenyl)methyl group, a
(2,5-dimethylphenyl)methyl group, a
(2,6-dimethylphenyl)}methyl group, a
(3,4-dimethylphenyl)methyl group, a
(3,S-dimethylphenyl)methyl group; a
(2,3,4-timethylphenyl)imethyl group, a
(2,3,5-timethylphenyl)methyl'group, a
(2,3,6-timethylphenyl)méthyl group, a
(3,4,S-fimethylphenyl)methyl group, a
(2,4,6-timethylphenyl)methyl group, a
(2,3,4,5-tet;amethylphenyl)methyl group, a
(2,3,4,6-tetramethylphenyl)methyl group, a
(2,3,5,6-tetramethylphenyl)methyl group, a
(pentamethylphenyl)methyl group, an (ethyiphenyl)methyl
group, a (n-prppylphenyl)methyl group, an _
(isopropylphenyl)methyl group, a (n-butylphenyl)methyl
group, a (sec-butylphenyl)methyl group, a
(tert-butylphenyl)methyl group, a (n-pentylphenyl)methyl
group, a (neopentylphenyl)methyl group, a
(n-hexylphenyl)methyl group, a (n-octylphenyl)methyl group,
a (n-decylphenyl)methyl group, a (n-dodecylphenyl)methyl
group, a.naphthylmethyl'group, an anthracenylmethyl group
and the like, and a benzyl group is more preferable.
All of these aralkyl groups may be partially substituted
with a halogen atom such as a fluorine atom, a chlorine atom,

a bromine atom or an iodine atom, an alkoxy group such as
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a methoxy .gJ‘:'oup,. an ethoxy group or the like, an aryloxy
group such as a phenoxy group or the like or an aralkyloxy
group such as a benzyloxy group or the like, etc.

As the aryl group in the substituent, X', an aryl group
having 6 to 20 carbon atoms is preferable, and examples
thereof include a phenyl group, a 2-tolyl group, a 3-tolyl
group, a 4-tolyl group ,. az2,3-xylylgroup, a2,4-xylyl group,
a 2,5-xylyl group, a 2,6-xylyl group, a 3,'4—xylyl group,
a 3,5-xylyl group, a 2,3.,4-trimethylphenyl group, a
2,3,5-trimethylphenyl group, a 2,3, 6-trimethylphenyl group,
a 2,4, 6;trimethylphenjl group, a 3,4,5-trimethylphenyl
group, a 2,3.,4, 5-'tetramethylphényl group, a
2,3,4,6-tetramethylphenyl group, a

2,3,5,6-tetramethylphenyl group, a pentamethylphenyl group,

an ethylphenyl group, a n-propylphenyl group, an -

isopropylphenyl group, a n-butylphenyl gjroup, a
sec-butylphenyl group, a tert-butylphenyl group., a
n-pentylphenyl group, a neopentylphenyl group, a
n-hexylphenyl group, an-octylphenyl group, a n-decylphényl
group, a n-dodecylphenyl group, an-tetradecylphenyl group,
a naphthyl group, an anthracenyl group and the like, and
a phenyl group is more preferable.

All of these aryl groups'may be partially substituted
with a halogen atom such as a fluorine atom, a chlorine atom,
a bromine atom or an iodine atom, an alkoxy group such as
a methoxy group., an ethoxy group or the like, an aryloxy
group such as a phenoxy group or the like or an aralkyloxy

group such as a benzyloxy group or the like, etc.
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The substituted silyl group in the substituent, X',

'is a silyl group substituted with a hydrocarbon group, and

examples of the hydrocarbon group include alkyl groups having
1 to 10 carbon atoms such as a methyl group, an ethyl group,
a n-propyl group, an isopropyl group, a n-butyl group, a
éec-butyl group, a tert-butyl group, an isobutyl group, a
n-pentyl group, a n-hexyl group, a cyclohexyl group and the
like, and arfl groups having up to 10 carbon atoms such as
a phenyl group and the like, etc. Examples of. such
substituted silyl group having 1 to 20 carbon atoms include
mono—suﬁstituted silyl groups having 1 to 20 carbon atoms
such as a methylsilyl group, an ethylsilyl group, a
phenylsilyl group and the like; di-substituted silyl groups
having 2 to 20 carbon atoms such as a dimethylsilyl group,
a diethylsilyl group, a diphenylsilyl group and the like;
and tri-substituted silyl groups having 3 to 20 carbon atoms
such as a trimethylsilyl group, a triethylsilyl group, a
tri-n-propylsilyl group, a triisopropylsilyl group, a
tri-n-butylsilyl group, a tri-sec-butylsilyl group, a
tri-tert-butylsilyl group, a tri-isobutylsilyl group, a
tert-butyl-dimethylsilyl group, a tri-n-pentylsilyl group,
a tri-n-hexylsilyl group, a tricyclohexylsilyl group, a
triphenylsilyl group and the like, andatrimethylsilyl group,
a tert-butyldimethylsilyl group or a triphenylsilyl group
is preferable.

All of the hydrocarbon groups of these substitutedsilyl
groups may be partially substituted with a halogen atom such

as a fluorine atom, a chlorine atom, a bromine atom or an

~
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iodine atom, an aikoxy grdup such as a methoxy group, an
ethoxy group or the like, an aryloxy group such as a phenoxy
group or the like or an aralkyloxy group such as a be.nzyloxy
group or the like, etc. _

As the alkoxy group in the substituent, X!, an alkoxy
group having 1 to 20 carbon atoms is preferable, and examples
thereofincludeanmthoxygroup,anethoxygroup,an—propoxy
group, an isopropoxy group, a n-butoxy group, a sec-butoxy
group, a tert-butoxy group, a n-pentoxy group, a neopentoxy
group,an-hexoxygroup,aﬁ-octoxygroup,an—dodecoxygroup,
a n-penfadecoxy group, a n-eicosoxy group and the like, and
a methoky group, an ethoxy group, an isopropoxy group oI
a tert-butoxy group is preferable.

All of these alkoxy groups may be partially substituted
with a halogen atom such as a £fluorine atom, a chlorine atom,
a bromine atom or an iodine atom, an alkoxy group such as
a methoxy gfoup, an ethoxy group or the like, an-aryloxY
group such as a phenoxy group or the like or an aralkyloxy
group such as a benzyloxy group or the like, etc.

As the aralkyloxy group in the substituent, X!, an
aralkyloxy group having 7 to 20 carbon atomés is preferable,
and examples therecf include a benzyloxy group, a
(2-methylphenyl)methoxy group, a (3-methylphenyl)methoxy
group, a (4-methylphenyl)methoxy group, a

-(2,3-dimethylphenyl)methoxy group, a

(2,4-dimethylphenyl)methoxy group, a
(2,5-dimethylphenyl)methoxy group, a

(2,6-dimethylphenyl )methoxy group, a
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(3,4-dimethjlpheny1)methoxy group, a
(3,5-dimethylphenyl )methoxy group,.a
(2,3,4-trimethyiphenyl)methoxy group, a
(2,3,5-trimethylphenyl)methoxy group, a
(2,3,6-trimethylphenyl)methoxy group, a
(2,4,5-trimethylphenyl)methoxy group, a
(2,4,6-trimethylphenyl)methoxy group, a
(3,4,5-trimethylphenyl)methoxy grouﬁ, a
(2,3,4,5-tetramethylphenyl)methoxy group, a

'(2,3,4,6-tetramethylphenyl)methoxy group, a

(2,3,5, 6 -tetramethylphényl Jmethoxy group, a
(pentamethyiphenyl)methoxy group, an {ethylphenyl)methoxy
group, a (n-propylphenyl)methoxy group, an
(isopropylphényl)methoxy group, (n-butylphenyl )methoi:y
group, a (sec-butylphenyl)methoxy group, a
(tert-butylphenyl)methoxy group, a {n-hexylphenyl )méthoxy
group, a (n-octylphenyl)methoxy group, a

- (n-decylphenyl)methoxy group, a naphthylmethoxy group, an

anthracenylmethoxy group and the like, and a benzyloxy group
is more preferable.

All of these aralkyloxy groups may be partially
substituted with a halogen atom such as a fluorine atom,
a chlorine atom, a bromine atom or an iodine atom, an alkoxy
group such as a methoxy group, an ethoxy group or the like,
an aryloxy gfoup such as a phenoxy group or the like or an
aralkyloxy group such as a benzyloxy group or the like, etc.

As the aryloxy group in the substituent X', an aryloxy

- group having 6 to 20 carbon atoms is preferable, and examples



M

10

15

20

25

-14-

thereof include a phenoxy group, a 2-methylphenoxy group,

a 3-methylphenoxy group, a 4-methylphenoxy group, a

2,3-dimethylphenoxy group, a 2,4-dimethylphenexy group, a
2,5-dimethylphenoxy group, a 2,6-dimethylphenoxy group, a
3,4-dimethylphenoxy group, a 3,5-dimethylphenoxy group, a
2-tert-butyl-3-methylphenoxy group, a
2-tert-butyl-4-methylphenoxy group, a.
2-tert-butyl-5-methylphenoxy group, a
2-tert-butyl-6-methylphenoxy group, a
2,3,4-trimethylphenoxy éroup, a 2,3,5-trimethylphenoxy
group, é 2,3,6-trimethylphenoxy group, a
2,4,5-trimethylphenoxy groﬁp, a 2,4,6-trimethylphenoxy
group, a 2-tert-butyl-3,4-dimethylphenoxy group, a
2-tert-butyl-3,5-dimethylphenoxy group, a
2-tert-butyl-3,6~dimethylphenoxy group, a
2,6—di—tertfbutyl—3-methylphenoxy group, a
2-tert-butyl-4,5-dimethylphenoxy group, a
2,6-di-tert-butyl-4—methylphenoxy'grﬁup, a
3.4,5-trimethylphenoxy group, a
2,3,4,5-tetramethylphenoxy group, a
2-tert-butyl-3,4,5-trimethylphenoxy group, a
2,3,4,6-tetramethylphenoxy group, a-

2-tert-butyl-3,4,6-trimethylphenoxy group, a

2,6-di-tert-butyl-3,4-dimethylphenoxy group, a

2,3,5,6-tetramethylphenoxy group, a 2-
tert-butyl-3,5,6-trimethylphenoxy group, a
2,6-di-tert-butyl-3,5-dimethylphenoxy group,

pentamethylphenoxy group, an ethylphenoxy group, a
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n-propylphenoxy group, an isopropylbhenoxy groﬁp; a
n-butylphénoxy éroup, a sec-butylphenoxy group,”é
tert-butylphenoxy group, a n-hexylpﬁenoxy group, a
n-octylﬁhenoxy group; a n-decylphenoxy group, a
n-tetradecylphenoxy group, a naphthoxy group, an
anthracenoxy group and the like.
Alléfthesearyloxygroupsmaybepaftiallysubstituted
with a halogen atom such as a fluorine atom, a chlorine atom,
a bromine atom or an iodine atom, an alkoxy group such as

a methoxy group, an ethoxy group or the like, an aryloxy

group sﬁch as a phenoxy group or the like or an aralkyloxy

group such as a benzyloxy group or the like, etc.

The di-substituted amino group in theAsubstituent, xi,
is'an amino group substituted with two hydrocarbon groups
or silyl groups, and examples of the hydrocarbon group
include alkyl groups having 1 to 10 carbon atoms such as
amethylgroup,anethy;group,arhpropylgroup,anisoprole
group, an-butyl group, asec-butyl group, atert-butyl group,
an isobutyl group, a n-pentyl group, a n-hexyl group, a
cyclohexyl group and the like; aryl groups having 6 to 10
carbon atoms such as a phenyl group and the like; aralkyl
groups having 7 to 10 carbon atoms such as a benzyl group
and the like, etc. The silyl group include, for example, '
a tfimethylsilyl group, tert-butyldimethylsilyl gréup and
the like. Examples of such di-substituted amino group include
a dimethylamino group, a diethylamino group, a
di-n-propylamino group, a diisopropylamino group, a

di-n-butylamino group, a di-sec-butylamino group, a
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di-tert-butylémino gtdup, a di—isobutyiamino group, a
tert-butylisopropylamino group, a di-n-hexylamino group,
a di-n-octylamino group, a.diphenylamino group, a
bistrimethylsilylamino group, a
bis-tert-butyldimethylsilylamino group and the like, and
a dimethylamino group, an diethylamino group, a
diisopropylamino group, a di-tert-butylamino group, a
bis-trimethylsilylamino group are preferred.

All of these di-substituted amino groups may be
partially substituted wifh a halogen atom such as a filuorine
atom, a chlorine atom, a bromine atom or an iodine atom,
an alkoxy group such as a methoxy group, an ethoxy group
or the like, an .aryloxy group such as a phenoxy group or
the like or an aralkyloxy group such as a benzyloxy group
or tﬁe like, etc.

As the alkylthio group in the substituent, X!, an
alkylthio group having 1 to 20 carbon atoms is preferred,
andexamplesincludeanmthylthiogroup,anethylthiogroup,
a n-propylthio group, an isopropylthio group, a n-butylthio
group, a sec-butylthio group, a tert-butylthio group, a
n-pentylthio group, a neopentylthio group, a n-hexylthio
group, a n-octylthio group, a n-dodecylthio group, a
n-pentadécylthio group, a n-eicosylthio group and the like,
and a methylthio group, an ethylthio group, an
isopropylthio group or a tert-butylthio group is more
preferable.

All of these alkylthio groups may be substituted with

a halogen atom such as a fluorine atom, a chlorine atom,
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a bromine atom or an iodine atom. Further, all of these

alkylthio groups méy be partially substituted with an alkoxy

group such as a methoxy group, an ethoxy group or the like,

an aryloxy group such as a phenoxy group or the like or an

~aralkyloxy group such as a benzyloxy group or the like, etec.

As the aralkylthio group in the substituent, X', an
aralkylthio group having 7 to 20 carbon atoms is preferable, _
and examples thereof include a benzylthio group, a
(2-methylphenyl)methylthio group, a
(3-methy1phenyl)methyltﬁio group, a
(4—meth&lphenyl)methylthio group, a
(2,3-dimethylphenyl)methylthio group, a
(2,4-dimethylphenyl)methylthio group, a
(2,5-dimethylphenyl)methylthio group, a
(2,6-dimethylphenyl)methylthio group, a

(3,4-dimethylphenyl)methylthio group, a

(3,55dimethylphenyl)mgthylthio group; a
(2,3,4—timethyl§henyl)methylthio group; a
(2,3,5-timethylphenyl)methylthio group, a
(2,3,6-timethylphenyl)methylthio group, a
(2,4,5-timethylphenyl)methylthio group, a
(2,4,6-timethylphenyl)methylthio group, a
(3,4,5-timethylphenyl)methylthio group, a
(2,3,4,5-tetramethylphenyl)methylthio group, a
(2,3,4,6-tetramethylphenyl)methylthio group, a
(2,3,5,6—tetramethylphenyl)methylfhio group, a
(pentamethylphenyl)methylthio group, an
(ethylphenyl)methylthio group, a
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(n-propylphenyl Jmethylthio group, an
(i'sopropylphenyl)methylthio group, a

(n-butylphenyl)methylthio group, a

(: sec-butylphenyl)methylthio group, a
(tert-butylphenyl)methylthio group, a

( n-hexylphenyl Jmethylthio group, a
(n-octylphenyl)methylthio group, a'
(n-decylphenyl)methylthio group, a naphthylmethylthio
group, an anthracenyimethylthio group and the like, and a
benzylthio group is moré preferable.-

Ali of these aralkylthio groups may bé partially
substituted with a halogen atom such as a fluorine atom,
a chlorine atom, a bromine atom or an iodine atom, an alkoxy
group such as a methoxy group, an ethoxy group or the like,
an aryloxy group such as a phenoxy group or the like or an
aré.lkyloxy group su_ch as a benzyloxy group or the like, etc

As the arylthiogroupinthe substituent, x!, an arylthio
group having 6 to 20 carbon atoms is preferable, and examples
thereof include a phenylthio group, a 2-methyphenylthio
group, a 3-methylphenylthio group, a 4-methyl§henylthio
group, a 2,3-dimethylphenylthio group, a
2,4-dimethylphenylthio group, a 2,5-dimethylphenylthio
group, a 2,6-dimethylphenylthio group, a
3,4-dimethylphenylthio group, a 3,5-dimethylphenylthio
group, a 2-tert-butyl-3-methylphenylthio group, a
2-tert-butyl-4-methylphenylthio group, a
2-tert-butyl-5-methylphenylthio group, a
2-tert-butyl-6-methylphenylthio group, a
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'2,3,4-trimethylpheny1£hio_group, a
2,3,5-trimethylphenylthio group, a
2,3,6-trimethylphenylthio group., a
2,4,5-trimethylphenflthio group, a
2,4,6-trimethylphenylthio group, a
2-tert-butyl-3,4-dimethylphenylthio group, a
2-tert-butyl-3,5-dimethylphenylthio group, a
2-tert-butyl-3,6-dimethylphenylthio group, a
2,6-di-tert-butyl-3-methylphenylthio group, a
2-tert-butyl-4,S—dimethflphenylthio group, a
2,6—di—£ert—butyl-4—methylphenylthio group, a
3,4,5-trimethylphenylthio group, a
2,3,4,5-tetramethylphenylthio group, a
2,3,4,6~-tetramethylphenylthio group, a
2-tert-butyl-3,4,6-trimethylphenylthio group, a
2,6~-di-tert-butyl-3,4-dimethylphenylthio group, a
2,3,5,6-tetramethylphenylthio group, a
2-tert-butyl-3,5,6-trimethylphenylthio group, a
2,6-di-tert-butyl—3,5-dimethylphenulthio group, a
pentamethylphenylthio group, an ethylphenylthio group, a
n-propylphenylthio group, an isopropylphenylthio.group, a
n-butylphenylthio group, a sec-butylphenylthio group, a
tert-butylphenylthio group, a n-pentylphenylthio group, a
neopentylphenylthio group, a n-hexylphenylthio group, a
n-octylphenylthio group, a n-decylphenylthio group, a
n-tetradecylphenylthico group, a naphthylthio group, an
anthracenylthio group and_the like.

All of these arylthio groups may be partially
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substituted with a halogen atom such as a fluorine atom,
a chlorine atom, a bromine atom or an iodine atom, an alkoxy
group such as a methoxy group, an ethoxy group or the like,
an aryloxy group such as a phenoxy group or the like or an
aralkyloxy group such as a benzyloxy group or the like.

As the alkylseleno group in the substituent, X',analkyl
group having 1 to 20 carbon atoms is preferred, and examples
include a methylseleno group, an ethylseleno group, a
n-propylselenc group, an isopropylseleno group, a
n-butylseleno group, a 'Sec-butylseleno group, a
tert-bufylseleno group, a n-pentylseleno group, a
neopentylseleno group, a n-hexylseleno group, a
n-octylseleno group, a n-dodecylseleno group, a
n—pentadécylseleno group, a n-eicosylselen_o group and the
like, and a methylseleno group, an ethylseleno group, an
isopropylseleno group or a tert-butYlseleno group is more
preferable.

All of these alkfl_seleno_groups may be partially
substituted with a halogen atom such as a fluorine atom,
a chlorine atom, a bromine atom or an iodine atom, an alkoxy
group such as a methoxy group, an ethoxy group or the like,
an aryloxy group such as a phenoxy group or the like or an
aralkyloxy group such as a benzyloxy group or the like.

As the aralkylseleno group in the substituent, X!, an
aralkylseleno grouphaving 7 to20carbonatoms ispreferable,
and examples thereof include a benzylseleno group, a
(2-methylphenyl)methylseleno group, a.
(3-methylphenyl)methylseleno group, a
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(4-methylpheﬁyi)methylséleno'group, a
(2,3-dimethylphenyl)methylselenc group, a
(2,4—dimethylphenyl)methylseleno group, a
(2,5-dimethylphenyl)mefhylseleno group, a
(2,6-dimethylphenyl)methylseleno group, a
(3,4-dimethylphenyl)methylseleno group, a
(3,5-dimethylphenyl)methYlseleno group, a
(2,3,4-timethylphenyl)methylseleno group, a
(2,3,5—timethylphenjl)methylseleno group, a
(2,3,6-timethylphenyl)méthylseleno group, a
(2,4,5-fimethylphenyl)methylseleno group, a
(2,4,6-timethylphenyl)methylselenc group, a
(3,4,5-timethylphenyl)methylseleno group, a
(2,3,4,5-tetramethylpheﬁy1)methyiseleno group, a
(2,3,4,6-tetramethylphenyl)methylseleno group, a
(2,3,5,6-tetramethylphenyl)methylseleno group, a
(pentamethylphenyl)methylseleno group, an
(ethylphenyl)methylseleno group, a
(n-propylphenyl)methylseleno group, an
(isopropylphenyl)methylseleno group, a
(n-butylphenyl)methylseleno group, a
(sec-butylphenyl)methylseleno group, a
(tert-butylphenyl)methylseleno group, a
(n-hexylphenyl)methylseleno group, a
(n-octylphenyl)methylseleno group, a
(n-decylphenyl)methylseleno group, a naphthylmethylseleno
group, an anthracenylmethylseleno group and the like, and

a benzylseleno group is more preferable.
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All of these'aralkylseleno groups méj Be partially
substituted with a halogen atom such as a flud;ine atom,
a chlorine atom, a bromine atom or an iodine at.om, an alkoxy
group such as a methoxy group, an ethoxy group or the like,
an aryloxy group such as a phenoxy group or the like or an
aralkyloxy group such as a benzyloxy group or the like.

As the arylseleno group in the substituent, %', an
arylseleno group having 6 to 20 carbon atoms is preferable,
and examples thereof inblude a phenylseleno group, a
2-methylphenylseleno gro:up, a 3-methylphenylseleno group,
a 4-methylphenylseleno group, a 2,3-dimethylphenylseleno
group, a 2,4-dimethylphenylseleno group. a
2,5-dimethylphenylselenc group, a
2,6-dimethylphenylseleno group, a
3.4-dimethylphenylseleno group, a
3,5-dimethylphenylseleno group, a
z-fert-butyl—3—methylphenylseleno group, a
2—tert—butyl—4-methylphenylseleno group, a
2-tert-butyl-5-methylphenylseleno group, a
2-tert-butyl-6-methylphenylseleno gfoup,.a
2,3,4-trimethylphenylseleno group, a
2.3,5-trimethylphenylseleno group, a
2,3,6-trimethylphenylseleno group, a
2.4,5-trimethylphenylseleno group, a
2,4,6-trimethylphenylseleno group, a

2-tert-butyl-3,4-dimethylphenylseleno group, a

2-tert-butyl-3,5-dimethylphenylseleno group, a

2-tert-butyl-3,6-dimethylphenylseleno group, a
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2,6-di-tert-butyl-3-methylphény;seleno group, a
2-tert-butyl-4,5-dimethylphenylselenc group, a
2,G-di-tert-butyl-4-methylphenylseleno group, a
3,4,5-trimethylphénylseleno group, a
2,3,4,5-tetramethylphenylseleno group, a
2,3,4,6~-tetramethylphenylseleno group, a
2-tert-butyl-3,4,6-trimethylphenylseleno group, a
2,6-di-tert-butyl-3,4-dimethylphenylseleno group, a
2,3,5,6~-tetramethylphenylselenc group, a
2-tert-butyl-3,5,6-trimethylphenylseleno group, a
2,6-di-fert;butyl-3,5-dimethylphenulseleno group, a
pentamethylphenylseleno group, an ethylphenylseleno group,
a n-propylphenylseleno group, an isopropylphenylseleno
group, an-butylphenylseleno group, a sec-butylphenylseleno

group, a tert-butylphenylselenoc group, a

n-pentylphenylseleno group, a neopentylphenylseleno group,

a n-hexylphenylseleno group, a n-octylphenylseleno group,
a n-decylphenylseleno group, a n-tetradecylphenylseleno
group, a naphthylseleno group, an anthracenylseleno group
and the like.

All of these arylseleno groups may be partially
substituted with a halogen atom such as a fluorine atom,
a chlorine atqm, a bromine atom or an iodine atom, an alkoxy
group such as a methoxy group, an ethoxy group or the like,
an aryloxy group such as a phenoxy group or the like or an
aralkyloxy.group such as a benzyloxy group or the like.

x! is preferably a halogen atom, an alkyl group, an

aralkyl group, an alkoxy group, an aryloxy group or a
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di-substituted amino group, aﬁd more i_:referably a halogen
atom, an alkyl group, an alkoxy group or an aryloxy group.

X2 in the general fofmula (I) or (II) represents an
atom of Group XVI of the Periodic Table of the Elements,
and specificexamples thereof include anoxygenatom, asulfur
atom and a selenium atom, an oxygen atom or a sulfur atom
is preferable and an oxygen atom is more preferable.

In the general formula (I) or (II) above, Cp may be

~bonded to X_1 directly or trough a bridging group. The bridging

group includes a divalent bridging group containing an atom
of the éroup XIV of the Periodic Table of the Elements aln.(‘.I
the like, preferably a divélent bridging group containing
a carbon atom or silicon groﬁp, more p;'eferably a divalent
bridging group in which an atom bonded to Cp and X1 is a
carbon atom and/or silicon atom, further preferably a

divalent bridging group in which an atom bonded to Cp and
X' is a carbon atom and/or silicon atom and in which Cp is
bonded to X! through at most 3 atoms. Speéific examples
thereof include amethylene group, ethylene group, propylene

group, dimethylmethylene group(isopropylidene group),

diphenylmethylene group, tetramethylethylene group,

silylene group, dimethylsilylene group, diethylsilylene
group, diphenylsilylene group, tetramethyldisilylene group,
dimethoxysilylene group and the like, preferably amethylene
group, ethylene group, dimethylmethylene group,
dimethylsilylene group, diethylsilylene group and
diphenylsilylene group. Preferably, the transition metal

compound represented by the general formula(I) or (II) is
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a transitionmetal compound in which Cp is 5onded to X! trough.
a bridging group.

As the transition metal compound used in the present
invention, a transition metal compound represented by the

general formula (III) oxr (IV) below is more preferable:

CpyMx', , (I11)
(CpYMX',) X% (1IVv)

(wherein respective M, Cp, X! and X* is the same as defined

in the géneral formula (I)or (II) above; Y is a group having
at least one atom of the Group XV or XVI of the Periodic
Table of the Elements and O -bonding to M through the atom
in the group; Cp and x* may be bonded each other directly
or throﬁgh a bridging group:; n is 0 or 1; and a plurarity
of respective Cp, M, X'and X*? may be the same or different. )

Y inthe formula (III) or (IV) represent.s agrouphaving
an atom of the Group XV or XVI of the Periodic Table of the
Elements and 0 -bonding to M through the afom in the group,
for example, a group having an oxygen atom, nitrogen atom,
sulfur atom or phosphorus atom and ¢ -bonding to M through
the atom in the'group, respectively, preferably having an
oxygeﬁ atom or nitrogen atom and 0 -bonding to M through
the oxygen atom or nitrogen atom.

In the general formula (III) or (IV) described above,
respective Cp and Y are bonded each other' directly or through

a bridging group. The bridging group includes a divalent

. bridging group containing at least one atom of the Group

X1V, XV or XVI of the Periodic Table of the Elements (Revised
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edition of iUPAC Inorganic Chemistry Nomenclature 1989),
preferably a divalent bridging group containing a carbon
atomand/orsiliconatom, more preferablyadivalent bridging
group in which an atom bonding to Cp or Y is é carbon atom
or silicon atom, and particularly preferabiy a divalent
bri&ging group in which an atom bonding toCpor Y is a carbon
atom or silicon atom, and in which Cp is bonded to ¥ through
at most 3 atoms. Example of the divalent bridging group

include the following divalent groups:

pe 2

¢ —{—, 70—, =S~ —$—8— —S0—,—50,
Ra Ra
Ra Ra Ra BX3 Ra

b ! l A I

o —P~—, —P— —P—, —N— ,and the like.

Wherein_, RrR? rep’resénts a halogen atom, an alkyl group having
1 to 20 carbon atoms, which may be substituted with a halogen
atom, an aralkyl group having 7 to 20 carbon atoms, which
may be substituted with a halogen atom or an aryl group having
6 to 20 carbén atoms, which may be substituted with a halogen
atom, and X represents a hydrogen atom or halogen atom.
Specific examples thereof preferably include a
methylene group, ethylene group, propylene group,
dimethylmethylene group(isopropylidene group),
diphenylmethylene group, tetramethylethylene group,
silylene group, dimethylsilylene group, diethylsilylene

group, diphenylsilylene group, tetramethyldisilylene group,

- dimethoxysilylene group and the like, more preferably a
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methylene group, éthylene group, dimethylmethylene group,
dimethylsilylene group, diethylsilylene group and
diphenylsilylene group.

As Y, examples -of a group O -bonding to M through an
oxygen atom include -O-, an alkoxy group, aryloxy groﬁp and
aralkyloxy group, and specific examples include -0~ and the
same examples as those listed in the alkoxy group, aryloxy
group and aralkyloxy group of X'. Herein, -O- means that
an oxygen atom is C -bonded to M and is bonded to Cp through
a bridging group. o

As Y; examplesof agroup O -bonding_toM through anitrogen
atom include a mono-substituted amino group and
di-substituted amino group, and specific examples include
the same examples as those listed in the di-substituted amino
group of X!.

As a substituent, ¥, a mono—substitute‘d group is an amino
group substituted with one hydrocarbon or silyl group, and
the hydrocarbon group includes an alkyl group having 1 to

10 carbon atoms such as a methyl group, ethyl group, n-propyl

'group, isopropyl group., n-butyl group, sec-butyl group,

tert-butyl group, isobutyl group, n-pentyl group, n-hexyl
group, cyclohexyl group and the like; an aryl group having
6 to 10 carbon atoms such as phenyl group and the 1ike; and
an aralkyl group having 7 to 10 carbon atoms such as benzyl
group and the like. Examples of the silyl group include
trimethylsilyl group, tei:t -butyldimethyls ilyl groupand the
like. Examples of the mono-substituted amino group include,

for example, a methylamino group, ethylamino group,
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n-propylamin§ group, isopropylaﬁino group, n-butylamino
group, sec-butylamino.group. tert-butylamino group,
isobutylamino-group, n-pentylamino group, n-hexylamino
group, n-octylamino group, phenylamino group,
trimethylsilyl amino group, tert-butyldimethylsilylamino
group and the like, and preferably a methylamino group,
ethjlamino Qroup, isopropylamino group, tert-butylamino
group and trimethylsilyl amino group. These
mono-substituted amino group may be partially substituted
with a halogep atom such é.s a fluorine atom, chlorine atom,

bromine_atom and iodine atom, an alkoxy group such as methoxy -

"group, ethoxy group and the like, an aryloxy group such as

phenoxy group and the like and an aralkyloxy group such as
benzyloxy group and the like.

In the mono-substituted amino group as Y , the nitrogen
atom is 0 -bonded to M and is bonded to Cp through a bridging
group. |

Specific examples of the transition metal compound
represented by the general formula (III) or (IV) include
dimethylsilylene(methylamino) (cyclopentadienyl)titanium
dichloride, dimethylsilylene(tert-butylamino)
(cyclopentadienyl)titanium dichloride, dimethylsilylene
{phenylamino) (cyclopentadienyl)titanium dichloride,
dimethylsilylene(cyclohexylamino) (cyclopentadienyl)
titanium dichloride and the like, compounds in which
cyclopentadienyl in the above-compounds is replaced with
methyicyclopentadienyl, tetramethylcyclopentadienyl,

ethylcyclopentadienyl, n-butylcyclopentadienyl,
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tert-butylcyclopentadienyl,
di-tert-butylcyclopentadienyl,
tert-butylmethylsilylcyclopentadienyl,
phenylcyclopentadienyl, ethyindenyl, phenylindenyl or
fluorenyl,'compoﬁnds in which dimethylsilylene in the
above-compounds is replaced with dimethylsilylene,
_diphenylsilY1ene, methylene, ethylene orxr isbpropylidene,
compounds in which titanium in the above-compounds is
replaced with zirconium or hafnium, and compounds in which
dichlorideintheabove—cémpoundsisreplacedwithdimethyl,
dimethokide, bis(dimethylamido) or bis(diethylamide); 4
-oxobis{dimethylsilylene(methylamino) (cyclopentadienyl)
titanium chloride}, «
-oxobis{dimethylsilylene(tert-butylamino)
(cyclopentadienyl)titanium chloride}, i
-oxobis{dimethylsilylene
(phenylamino)(cyclopeptadienyl)titanium chloride}, 4
-oxobis{dimethylsilylene(cyclohexylamino) {cyclopentadie
nyl) titanium chloride} and the like, compounds in which
cyclopentadieﬁyl in the above-compounds is replaced with
methylcyclopentadienyl, tetramethylcyclopentadienyl,
ethylcyclopentadiehfl, n-butylcyclopentadienyl,
tert-butylcyclopentadienyl,
di-tert-butylcyclopentadienyl,
tert-butylmethylsilylcyclopentadienyl,
phenylcyclopentadienyl, ethyindenyl, phenylindenyl or
fluorenyl, compounds in which dimethylsilylene in the

above-compounds is replaced with dimethylsilylene,
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diphenylsilylene, methylene, ethylene or isopropylidené,
compounds in which titanium in the.above-compounds is
replaced with zirconiﬁm or hafnium, and compounds in which
chloride in the above-compounds is replaced with methyl,
methoxide, dimethylamido or diethylamide; and di- i
-oxobis{dimethylsilylene{methylamino) (cyclopentadienyl)
titanium}, di-u«
-oxobis{dimethylsilylene(tert-butylamino)
(cyclopentadienyl)titanium}, di-u#
~-oxobis{dimethylsilylene
(phenylémino)(cyclopentadienyl)titanium}, di-u
—oxobis{dimethylsilylene(cyclohexylamiﬁo)(cyclopentadie
nyl)titanium} and the’like, compounds in which
cyclopentadienyl in the above-compounds is replaced with
methylcyclopentadienyl, tetramethylcyc;opentadienyl,
ethylcyclopentadienyl, n-butylcyclopentadienyl,
tert-butylcyclopentadienyl,

di~-tert-butylcyclopentadienyl,

'tert—butylmethylsilylcyclopentadienyl,

phenylcyclopentadienyl, ethyindenyl, phenylindenyl or
fluorenyl, compounds in which dimethylsilYlene in the
above-compounds is replaced with dimethylsilylene,
diphenylsilylene, methylene, ethylene or isopropyliéene,
and compounds in which titanium in the above-compounds is
replaced with zirconium or hafnium.

More preferable transition metal compound used in the
present invention include transition metal compounds

represented by the general formulas (V), (VI) and (VII):;
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M— 1 ' -
5 X .
o /
R A .
. W
R3 R1 . |
2
R R and

wherein, in the general formula (V), (VI) or (VII), M

represents a transition metal atom of the Group 1V of the
Periodic Table of the Elements; A represents an atom of the
Group XVI of the Periodic Table of the Elements;: J represents
an atom of the Group XIV of the Periodic Table of the Elements}
Cp represents a group having a cyclopentadiene type anion
skeleton; each of X', R*, R?, R?, R*, R® and R® independently
represents a hydrogen atom, a halogen atom, an alkyl group,
an aralkyl group, an aryl group, a substituted silyl group,

an alkoxy group, an aralkyloxy group, an aryloxy group, a
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di-substituted aminé group, an alkylthio group, an _
aralkylthio group, an arylthio group, an alkylseleno groub,
an aralkylseleno group or arylseleno group:; X? represents
an atom of Group XVI of the Periodic Table of the Elements;
R', R?, R?}, R*, R® and R® may be optionally combined with each
other to form a ring:; and in the general formula (VI) or
(VII), two of M, A, J, Cp, X', X%, rR*, R?, R, R*, R® and R®
may be respectively the same or different.},

M, Cp, and X? in the general formula (V), (VI) or (VII)
are the same as those défined in the general formula (I)
or (II) described above. And, each of X!, X2, R!, R?, R®, R%,
R® and R® in the general formula (V), (VI) or (VII) is
independently the same as X! defined in the general formula
(I) or (II) described above. |

Further, each of R}, R?, R® and R! is independently

preferably a hydrogen atom, halogen atom; alkyl group,

aralkyl group, aryl group, substituted silyl group, alkoxy

group, aralkyloxy group or aryloxy group, and among these,
alkyl group, aralkyl group, aryl group or substituted silyl
group as R! are mofe preferable.

Moreover, each of R® and R® in the general formula (V),
(VI) or (VII), is independently preferably a hydrogen atom,
alkyl group, aralkyl group, aryl group, substituted silyl
group, alkoxy group, aralkyloxy group or aryloxy group.

Furthermore, A in the general flormula (V), (VI) or (VII),
is an atom of the Group XVI of the Periodic Table of the
Elements such as an oxygen atom, sulfur atom, selenium atom

or the like, preferably an oxygen atom.



10

15

20

25

-33-

J in thé general formula (V), (VI) or (VII), represents
a transition metal atom of the Group IV of the Periodic Table
of the Elements.such asa carbdn atom, siliconatom, germanium
atom and the like, and preferably a carbon atom and silicon
atom.

As such transition metal compounds, specific examples
of those represented by fhe general formula (V) include
methylene(ns-cyclopentadienyl)(3,5-dimethyl-2-phenoxy)
titanium dichloride, methylene( n°-cyclopentadienyl)
(3-tert-butyl-2-phenoxy)titaniumdichloride, methylene(n
5—cyc;oﬁentadienyl)(3—tert-butyl-5-methyl-2—phenoxy)tit
anium dichloride, methylene( n
s-cyclopentadienyl)(3-phenyl-2—phenoxy)titanium
dichloride, methylene(n
®-cyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-
2-phenoxy)titanium dichloride, methylene( 7
5—cyclopentadienyl)(3—_trimethylsilyl-5—methyl-2—phenox'y
)titanium dichloride, methylene(7
5—cyclopentadienyl)(3-tert-butyl—5—methoxy-2—phenoxy)ti
tanium dichloride, methylene( 7
5-cyclopentadienyl)(3—tert—butyl-5-chloro-2-phenoxy)tit
anium dichloride, methylene(n
5--tetramethylcyclopentadienyl)(3,5-dimethyl-2—phenoxy)t
itanium dichloride, methylene(n
5-tetramethylcyclopentadienyl)(3-tert—butyl-2—phenoxy)t
itanium dichloride, methylene(7n
5-tetramethylcyclopentadienyl)(3-tert-butyl—5-methyl-2-

phenoxy)titanium dichloride, methylene( 7
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5-tetrameth_ylc_yc],opentadienyl)(3-phenyl—2-phenoxy)titan_
ium dichloride, methylene(n
5-tetramethyléyclopentadienyl)(3-tert-buty;dimethylsily
1-5-methyl-2-§henoxy)titanium dichloride, methylene(n
5-tetramethylcyclépentadienyl)(3-trimethylsilyl-5-methy
1-2-phenoxy)titanium dichloride, methylene( 7
5-tetramethylcyc1opentadieny1)(3-tert—butyl-5—mefhoxy—2
-phenoxy)titanium dichloride, methylene( 7
5-tetramethylcyclopentadienyl)(3-tert—buty1--5—chloro-2-
phenoxy)titanium dichloride, isopropylidene(n
5—cyclo§entadienyl)(3,5-dimethyl—2—phenoky)titanium
dichloride, isopropylidene(7n
5-cyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium
dichloride, isopropylidene(n

®-cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)tit
anium dichloride, isopropylidene
(ns—cyclopentadienyl)(3-phenyl—2—phenoxy)titanium
didhloride, isopropylidene( 7
5-cyclopentadienyl)(3-tert-butyldimethylsilyl-s-met_hyl—
2-phenoxy)titanium dichloride, isopropylidene( 7 '
5-cycldpentadienyl)(3-trimethylsilyl—5-methyl-2-phenoxy
)titanium dichloride, isopropylidene(n
*-cyclopentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)ti
tanium dichloride, isopropylidene
(ns-cyclopentadienyl)(3—tert-butyl-5-chloro-2-phenoxy)
titanjum dichloride, isopropylidene( 7
5-tetramethylcyclopentadienyl)(3,S-dimethyl-z-phenoxy)t

itanium dichloride, isopropylidene( 7
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5-tetramethylcyclopentadienyl)(3-tert-buty1-2—phenoﬁy)t
itanium dichloride, isopropylidene( 7
5—tetramethylcycldpentadienyl)(3-tert-but§1-5-methyl-z-
phenoxy)titanium dichloride, isopropylidene( 7
5—tetramethylcycl'opentadienyl)(3-phenyl-2-phenoxy)titan
ium dichloride, isopropylidene(n
>-tetramethylcyclopentadienyl) (3-tert-butyldimethylsily
1-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene(n

5_tetramethylcyclopentadienyl) (3-trimethylsilyl-5-methy

'1-2-phehoxy)titanium dichloride, isopropylidene(7n

5—tetramethylcyclopentadienyl)(3-tert-butyl-5—methoxy-2
~phenoxy)titanium dichloride, isopropylidené(n
5—tetramethylcyclopentadienyl)(3-tert—butyl-5-chloro—z-
phenoxy)titanium dichloride, diphenylmethylene(7n
S_cyclopentadienyl) (3, 5-dimethyl-2-phenoxy)titanium
dichloride, diphenylmethylene(7
5—cyclopentadienyl)(3-tert-butyl-2-phenoxy)titanium
dichloride, -diphenylmethylene( n
5--cyclopentadienyl)(3-tert-butyl—5—methyl-z—phenoxy)tit
anium dichloride, diphenylmethylene(7
5-cyclopentadienyl)(3-phenyl-2-phen6xy)titanium
dichloride, diphenylmethylene(n
5-cyclopentadienyl)(3-tert—butyldimethylsilyl-5-methy1-
2—phenoxy)titaniﬁm dichloride, diphenylmethylene( 7
5-cyclopentadienyl)(3—trimethylsilyl-5-methyl—2—phenoxy
Ytitanium dichloride, diphenylmethylene(n

5-cyclopentadienyl)(3-tert-butyl—5-methoxy-2-phenoxy)ti
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tanium dichloride, diphenylmethylene(n
S-cyclopentadienyl) (3-tert-butyl-5-chloro-2-phenoxy)tit
anium dichioride, diphenylmethylene( 7
®_tetramethylcyclopentadienyl)(3,5-dimethyl-2-phenoxy)t
itanium dichloride, diphenylmethylene(ﬂ'
5-tetramethylcyclopentadienyl)(3—tert-butyl-2-phenoxy)t
itanium dichloride, diphenylmethylene( 7
5-tetramethylcyclopentadienyl)(3-tert—butyl-5—methyl—2¥
phenoxy)titanium dichloride, diphenylmethylene(n
5-tetramethylcyclopentadienyl)(3-phenyl-2—phenoxy)titan
ium dichloride, diphenylmethylene( n |
S-tetramethylcyclopentadienyl) (3-tert-butyldimethylsily
l1-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene( 7 3-tetra

methylcyclopentadienyl) (3-trimethylsilyl-5-methyl-2-phe
noxy)titanium dichloride, diphenylmethylene( 7
®-tetramethylcyclopentadienyl) (3-tert-butyl-5-methoxy-2
—ﬁhenoxy)titanium dichloride, diphenylmethylehe(n

- ®-tetramethylcyclopentadienyl) (3-tert-butyl-5-chloro-2-

phenoxy)titaniumdichiorideandthelike;compoundsinwhich
titanium of these compounds is replaced with zirconium or
hafnium; compounds in which dichloride of these compounds
is replaced by dimethyl, dibenzyl, dimethoxide, diphenoxide,
bis(dimethylamino) or bis(diethylamino);: compounds in
which ( 7°-cyclopentadienyl) of these compounds is replaced
with (7°-methylcyclopentadienyl), (7
S.dimethylcyclopentadienyl), (7
®-trimethylcyclopentadienyl), (7
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S—n-bﬁtylcyclopentadiel'_lyl), )., (M
s--'tert.:-buty].o::yclopentadienyl)',(_T)_
*_trimethylsilylcyclopentadienyl), (7
S_-tert-butyldimethylsilylcyclopentadienyl), (ﬂs—indenY1),
( n5-methylindenyl), (7°-phenylindenyl) or (7 _
5_fluorenyl); compounds in which (3,5-dimethyl-2-phenoxy)

- of these compounds is replaced with (2-phenoxy),

(3-methyl-2-phenoxy), (3,5-di-tert-butyl-2-phenoxy).,
{3-phenyl-5-methyl-2-phenoxy),
(3—tert-butyldimethylsiiyl—z-phenoxy) or
(3-triméthylsilyl-2-phenoxy);

Furthermore, dimethylsilyléne (n
®.cyclopentadienyl)(2-phenoxy)titanium dichloride,
dimethylsilylene( 75-cyclopentadienyl)
{3-methyl-2-phenoxy)titanium dichloride,
diméthylsilylene(ns-cyclopentadienyl)
(3,5-dimethyl—2-phenoxy)titanium dichloride,
dimethylsilylene( n°-cyclopentadienyl)
(3-tert-butyl-2-phenoxy)titanium dichloride,
dimethylsilylene( n°-cyclopentadienyl)
(3-teft-butyl—5-methyl-2—phenoxy)titanium dichloride,
dimethylsilylene( n°-cyclopentadienyl)
(3,S-di-tert-butyl-z—phenoxy)titanium dichloride,
dimethylsilylene( n°-cyclopentadienyl)
(5-methyl-3-phenyl-2-phenoxy)titanium dichloride,

dimethylsilylene( 7 °-cyclopentadienyl)

- (3~tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium

dichloride, dimethylsilylene(n
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S.cyclopentadienyl) (5-methyl-3-trimethylsilyl-2-phenoxy
Ytitanium dichloride, dimethylsilylene( 7
5—cyclopentadienyl)(3-tert-butyl-5-methoxy-2-phenoxy)ti
tanium dichloride, dimethylsilylene( 7
5-cyclopentadienyl)(3—tert-butyl-5—chlor6—2-phenoxy)tit
anium dichloride, dimethylsilylene(7 |
5—cyclopentadienyl)(3,5-di—sec-amyl-2-phenoxy)titanium
dichloride, dimethylsilylene( 7 ,
5-cyclopentadienyl)(l-ﬁaphtoxy—z-yl)titaniumdichloride,
dimethylsilylene |
(n5—teframethylcyclopentadienyl)(2-phenoxy)titanium
dichloride, dimethylsilylene(7n
5;tetramethylcyclopentadienyl)(3-methyl—2—phenoxy)
titanium dichloride, dimethylsilylene(n
*-tetramethylcyclopentadienyl) (3,5-dimethyl-2-phenoxy)t
itanium dichloride, dimethylsilylene( 7
5—tetramethylcyclépentadienyl)(3-tert-butyl-2-phenoxy)t
jtanium dichloride, dimethylsilylene(7n
5-tetramethylcyclopentadienyl)(3-tert—butyl-5-methy1-2-
phenoxy)titanium dichloride, dimethylsilylene(Dn
5-tetramethylcyclopentadienyl)(3,5—di-tert-butyl—2-phen
oxy)titanium dichloride, dimethylsilylene(n
5—tetramethylcyclopentadienyl)(5-methyl—3—phenyl-2-phen
oxy)titanium dichloride, dimethylsilylene(n
5—tetramethylcyclopentadienyl)(3-tert-butyldimethylsily
1-5-methyl-2-phenoxy)titanium dichloride,
dimethylsilylene(n5-tetramethylcyclopentadienyl)
(5-methyl-3-trimethylsilyl-2-phenoxy)titaniumdichloride,
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dimethylsilylene(n5-fétréﬁéthyléyclopentadienyl)
(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilylene(n5-tétramethylcyclopentadienyl)
(3—tert-butyl-5-chlorb—z-phenoxy)titahium dichloride,
dimethylsilylene( n°-tetramethylcyclopentadienyl)
(3,5-di-sec-amyl-2-phenoxy)titanium dichloridg, and
dimethylsilylene( 77 °-tetramethylcyclopentadienyl)
(1-naphtoxy-2-yl) titanium dichloride:; compounds wherein
(n;-cyclopentadienyl) of these compounds is replaced by
(n5—methylcyclopentadieﬁyl), &/
5_.dimethylcyclopentadienyl), (7
5—trimethylcyc1opentadienyl_),-(77s—ethylcyclopentadienyl),
(n5-n-propylcyclopentadieﬁyl), (n
>.isopropylcyclopentadienyl), (7
S-n-butylcyclopentadienyl), (7
5.sec-butylcyclopentadienyl), (7
*-isobutylcyclopentadienyl), (7
5_tert-butylcyclopentadienyl), (7
*-trimethylsilylcyclopentadienyl), (7N
5—tert-bu‘i:yidimethylsilylcyclopentadienyl), (n
®.phenylcyclopentadienyl), (7°-indenyl), (7
*_methylindenyl), (n°-phenylindenyl) or ( 771°-fluorenyl);
compounds wherein (2-phenoxy) of these compounds is replaced
with (3-phenyl-2-phenoxy), (3-trimethylsilyl-2-phenoxy)
or (3-tert-butyldimethylsilyl-2-phenoxy); compounds in
which dimethylsilylene of these compounds is replaced with
diethylsilylene, diphenylsilylene or dimethoxysilylene;

compounds in which titanium of these compounds is replaced
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witﬁ zirconium or hafﬁium; and compounds in which dichloride
of these compounds is replaced with dimethyl, dibenzyl,
dimethoxide, diphenoxide, bis(dimethylamino) or
bis(diethylamino); and the like.

Specific examples of the transition metal compound
represented by the general formula (VI) include U
—oxobis{isopropylidene(ns—cyclopentadienyl)

(2-phenoxy) titaniumchloride}, 4 -oxobis{isopropylidene(7n
S-cyclopentadienyl) (2-phenoxy)titanium methoxide}, 4
-oxobis{isopropylidene( n°-cyclopentadienyl) _
(3-tert;butyl—5-methyl—2—phenoxy)titanium chloride}, U
-oxobis{isopropylidene(ns-cyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium methoxide}, u«
—oxobis{isopropylidene(ns-methylcyclopentadienyl)
(2-phenoxy)titanium chloride}, i -oxobis{isopropylidene
(n5-methylcyclopentadienyl) (2-phenoxy)titanium
methoxide}, U -oxobis{isopropylidene(n
5-methylcyclopentadienyl)(3—tert-butyl-5-methyl—z-phenox
y)titanium chloride}, X -oxobis{isopropylidene

{ n5-methylcyclopentadienyl)
(3-tert-buty;-s—methyl—z-phenoxy)titanium methoxidel}, U
-oxobis{isopropylidene
(ng-tetramethylcyclopentadienyl)(2-phenoxy)titanium
chloride}, U ~oxobis{isopropylidene(n
>-tetramethylcyclopentadienyl) (2-phenoxy)titanium
methoxide}, U -oxobis{isopropylidene(n
*-tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-p

henoxy)titanium chloride}, U -oxobis{isopropylidene
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( 7°-tetramethylcyclopentadienyl)
(3—tert-butyl-5—methyl—2—phenoxy)titanium.methoxide}, 13
-oxobis{dimethylsilylene(n.
5--cyclopc—:ntadienyl)(2-phenoxy)titanium chloride}, ji
-oxobis{dimethylsilylene(n

S.cyclopentadienyl) (2-phenoxy)titanium methoxide}, i«
-oxobis{dimethylsilylene( n

S.cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)tit
anium chloride}, U -oxobis{dimethylsilylene( 7
5—cyclopentadienyl)(3—tért—buty1-5—methyl-z-phenoxy)tit
anium méthoxide}, # -oxobis{dimethylsilylene( 7
S-methylcyclopentadienyl) (2-phenoxy)titanium chloride},
{4 -oxobis{dimethylsilylene( 7

S.methylcyclopentadienyl) (2-phenoxy)titanium methoxide},
M-oxobis{dimethylsilylene(n
5—methyicyclopentadienyl)(3-tert-butyl—s-methyl--z-pheno
xy)titanium chloride}! I -oxobis{dimethylsilylene( 7
*-methylcyclopentadienyl) (3-tert-butyl-5-methyl-2-pheno
xy)titanium.methoxide}, @ -oxobis{dimethylsilylene(n
®_tetramethylcyclopentadienyl) (2-phenoxy)titanium
chloride}, M -oxobis{dimethylsilylene(n
*-tetramethylcyclopentadienyl)(2-phenoxy)titanium
methoxide}, U -oxobis{dimethylsilylene(n
5-tetramethylcyclopentadienyl)(3-tert—buty1-5-methyl-2-
phenoxy)titanium chloride}, U -oxobis{dimethylsilylene( 7]
S_tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium methoxide}; compounds in which titanium

of these compounds is replaced with zirconium or hafnium;
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compounds in which chloride of these compounds is replaced

‘with methyl, benzyl, phenoxide, dimethylamino or

diethylamino; compounds in which (ns-cyclopentadienyl) of
these compounds is replaced with (7
®-dimethylcyclopentadienyl), (7
*-trimethylcyclopentadienyl), (7 _
®.n-butylcyclopentadienyl), (7
®-tert-butylcyclopentadienyl), (7
5-trimethylsilylcyclopentadienyl), (n
®_tert-butyldimethylsilylcyclopentadienyl), ( 77°-indenyl),
(ns—mefhylindenyl), ( n°-phenylindenyl) or.(n
5-fluorenyl); and compounds in which (2-phenoxy) of these
compounds is replaced with (3-methyl-2-phenoxy),
(3,5¥dimethyl-2-phenoxy),(3,5-di-tert-butyl—z—phenoxy),
(3-phenyl-5-methyl-2-phenoxy) or -
(3—trimethylsilyl—5-methyl-2-phenoxyj.

Specific examples of the transition metal compound
represented by the general formula (VII) include di-u
-oxobis{isopropylidene(ns-cyclopentadienyl)
(2-phenoxy)titanium}, di- 4 -oxobis{isopropylidene(n
5-cyclopentadienyl)(3—tert-butyl-5-methyl-2-phenoxy)'tit
anium}, di- MU -oxobis{isopropylidene(n
5-methylcyclopentadienyl)(2-phenoxy)titanium}, di-u
-oxobis{isopropylidene(ns-methylcyclopentadienyl)
(3-tert-butyl-S-methyl-2—phenoxy)titanium}, di-u
-oxobis{isopropylidene(n5-tetramethylcyclopentadienyl)
(2—phenoxy)titanium}, di- U4 -oxobis{isopropylidene(n
*-tetramethyl cyclopentadienyl)
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(3-tert-butyl-5;methyl-2¥phenoxy)titanium}) di-u
-oxobis{dimethylsilylene (7 °-cyclopentadienyl)
{2-phenoxy)titanium}, di- % -oxobis{dimethylsilylene( 7
5—cyclopentadienylf(3-tért-butyl—5-methy1—2-phenoxy)tit-
énium}, di- /L -oxobis{dimethylsilylene(n
5-methylcyclopentadienyl) (z-phenoxy)titanium}, di-u
—oxobis{dimethylsilylené ( 73-methylcyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium}, di-u
-oxobis{dimethylsilylene( 7
5—tetramethylcyclopentadignyl)(2-phenoxy)titanium}, di-
u-oxobis{dimethylsilylene(ns-tetramethyl
cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)titan
ium}; compounds in which titanium of these compounds is
replacgd.with zirconium or hafnium; compounds in which (7
S-cyclopentadienyl) of these compounds is replaced with (7
*.dimethylcyclopentadienyl), (N
*-trimethylcyclopentadienyl), (7
S_n-butylcyclopentadienyl), (7
®-tert-butylcyclopentadienyl), (7
®-trimethylsilylcyclopentadienyl), (7
S-tert-butyldimethylsilylcyclopentadienyl), ( 7°-indenyl),
( n°-methylindenyl), (7n°-phenylindenyl) or (7
>-fluorenyl); énd compounds in which (2-phenoxy) of these
compounds is replaced with (3-methyl-2-phenoxy),.
(3,5~-dimethyl-2-phenoxy), (3,5-di-tert-butyl-2-phenoxy).
(3-phenyl-5-methyl-2-phenoxy) or
(3-trimethylsilyl-5-methyl-2-phenoxy); and the like.

These transition metal compounds can be synthesized
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by a known method.
(B) Aluminum compound

The aluminum compound(B) used in the present invention
is an aluminum compound selected from the following (B1)
to (B3):

(Bl) an organoaluminum compound represented by the general
formula E',AlZ;.,,

(B2) acyclic aluminoxane having a structure represented
by the general formula {-Al(E?)-0-},, and

(B3) a linear aluminoxané having a structure represented
by the general formula E?{-Al(E3)-O-}cAlE32

(wherein E', E?® and E® respectively represent a hydrocarbon
group, all of E!, E? and E® may be the same or different,
Z represents a hydrogen atom or a halogen atom, and all of
Z may be the same or different, a represents a numeral
satisfying 0<a= 3, D represents an integer of not less than
2, and c represents an integer of not less than 1.)

As the hydrocarbon group in E!, E? or E*, a hydrocarbon
group having 1 to 8 carbon atoms is preferable and an alkyl
group is more preferable.

Specific examples of the organoaluminum compound (Bl),
represented by the general formula E.AlZ;., include
trialkylaluminums such as trimethylaluminum, |
triethylaluminum, tri-n-propylaluminuﬁ,
triisopropylaluminum, triisobutylaluminum,
tri-n-hexylaluminum and the like; dialkylaluminumchlorides
such as dimethylaluminumchloride, diethylaluminumchloride,

di-n-propylaluminumchloride, diisopropylaluminumchloride,
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diisobutylaluminum chloride, di-n-hexylaluminum chioride
and the like; alkyla.lumiﬁum dichlorides such as
methylaluminum dichloride, ethylaluminum dichloride,
n-propylaluminumdichloride, isopropylaluminumdichloride,
isobutylaluminum dichloride, n-hexylaluminum dichloride
and the like; and dialkylaluminum hydrides such as
dimethylaluminum hydride, diethylaluminum hydride,
di-n-propylaluminum hydride, diisopropylaluminum hydride,
diisobﬁtylaluminum hydride, di-n-hexylaluminum hydride and
the like, etc. Trialkylaluminums are preferable, and
triethyialuminum and triisobutylaluminum are more
preferred. _

Specific examples of E2 and E® in the cyclic
aluminoxane(B2) havingastructure representedbythe general
formula {-Al(E?)-0-}, and the linear aluminoxane (B3) having
a structure represented by the general formula
E>-{A1(E®)-0-}.A1lE? include alkyl groups such as a methyl
group, an ethyl group, a n-propyl group, an isopropyl group.
a n-butyl group, an isobutyl group, a n-pentyl group, a
neopentyl group, etc. b is an integer of not less than 2,
c is an integer of not less than 1. Preferably, each of E?
and E? is independently a methyl group or an isobutyl group,
b is from 2 to 40 and ¢ is from 1 to 40. Methylaluminoxane,
methylisobutylaluminoxane and butylaluminoxane are
particularly preferable.

The above aluminoxane is prepared by various methods.
The method is not specifically limited, and the aluminoxane

may be prepared according to a known method. For example,
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the aluminoxane is prebared by contacting asolution obtained
by dissolving a trialkylaluminum (e.g. trimethylaluminum)
ifx a suitable organic solvent (e.g. benzene, aliphatic
hydrocarbon) with water. ' Also, there can be illustrated a
method fc'ar preparing the aluminoxane by contacting a
trialkylaluminum(e.g. trimethylaiuminum, etc.)with amei;al
salt containing crystal water (e.g. copper sulfate hydrate,
etc.). It is supposed that thus obtained aluminoxane or a

commercial aluminoxane is generally a mixture of (B2) and

(B3).
(C) Modified aluminumoxy compound
The modified aluminum oxy compound (C) used in the
present invention is a modified aluminumoxy compound
obtained by reacting an aluminumoxy compound(Cl) with a
boron compound (C2) represented by the general :Eormulé:
BQ'Q%Q?
wherein B represents a boron atom in the trivalent valence
state; Q' toQ® are respectively ahalogen atom, a hydrocarbon
groﬁp , ahalogenated hydrocarbon group, a substituted silyl
group, an alkoxy group or a di-substituted amino group and
fhey may be the same or different.
(C1l) Aluminumoxy compound
An aluminumoxy compound (Cl) is used for préparing the
modified aluminumoxy compound (C).
Examples of the aluminumoxy compound include
methylaluminoxane, ethylaluminoxane, pro.pylaluminoxane .
n-butylaluminoxane, isobutylaluminoxane,

methylethylaluminoxane, methylbutylaluminoxane,
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methylisobutjlaluminoxane, n-pentylaluminixane,

n-hexylaluminoxane and the like.

Further, the aluminumoxy compound (Cl) preferably
include a cyclic aluminoxanes (Cla) having a structure
represented by the general formula {-Al(E?)-0-}p ,

a linear aluminoxane (Clb) having a structure
represented by the general formula E*{-AL(E®)-0-}.ALE>,
(wherein E? and E? respectively represent a hydrocarbon group,
all of E?and all of E’may be the same or different, b represents
an ihteger of not less thén 2, and c_represents an integer
of not-iess than 1.), and a mixture thereof.

The (Cla) and (Clb) are the same as (B2) and (B3) described
above, respectively. As the aluminumoxy compound (Cl) used
in the present invention, isobutylaluminoxane is most
ﬁreferable.

The aluminumoxy compounds may be used alone or in

combination of 2 or more kinds.

(C2) Boron compound

A boron compound (C2) represented by the general
formula:

' BQ'Q*Q?

wherein B and Q' to Q® are the same as defined above, is
used in preparation of the modified aluminumoxy compound.

Eachof Q' toQ® is preferably a halogen atom, a hydrocarbon

group having 1 to 20 carbon atoms, a halogenated hydrocarbon
group having 1 to 20 carbon atoms, a substituted silyl group

having 1 to 20 carbon atoms, an alkoxy group having 1 to

20 carbon atoms or a di-substituted amino group having 2
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to .20 carbon atoms, and each of more preferable Q' to @
isa haiogen atom, a hydrocarbon group having 1 to 20 carbon
atoms or a halogenated hydrocarbon group having 1 fo 26
carbon atoms. Each of the more preferable Q' to @Q* is a
fluorinated hydrocarbon group having 1 to 20 carbon atoms
whichcontains at least one fluorineatom, and in particular .
eachof Q' toQ®is preferably a fluorinated aryl group having
6 to 20 carbon atoms which contains at least one fluorine
atom. |

Specific examples of the compound (C2) include
tris( péntaf luorophenyl)borane,
tris(2,3,5,6-tetrafluorophenyl)borane,
tris(2,3,4,5-tetrafluorophenyl)borane,
tris(3.4,5 -.trifluo.rophenyl Jborane,
tris(2,3,4-trifluorophenyl)borane, -
phenylbis(pentafluorophenyl)borane and the like, and
tris(pentafluorophenyl)borane is most preferable.

Production of modified aluminumoxy compound

The modified aluminumoxy compound (C) used in the
present invention is obtained by reacting the aluminumoxy
compound (Cl) with the boron compound represented.by the
general formula BQ'Q?%Q° (C2).

The reaction is preferably carried out under an inert
gas atmosphere. The reaction temperature isnot specificalljr
limited, and is usually -80C to 200C, preferably -50C to
150C, and more preferably 50C to 150C. The reaction time
is not specifically limited, and is usually 1 minute to 20

hours and preferably' 2 minutes to 15 hours. Further, the
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reaction may be carried out in the presence or absence of
a solvent. 'Thé solvent used is not specifically limited,
and includes an aliphatic hydrdcarbon solvent or an afomatic
hydrocarbon solvent. Specific examples thereof include
hexane, heptane, benzene, toluene and the like.

The molar ratio of respective components used in the
reaction is not specifically limited, and the molar ratio
of the component (Cl) to the component (C2) [(Cl): (C2)] is
preferablywithinarangeofl:3tol:0.01, morepreferably
lzltol:0.0_S. |

The modified aluminumoxy compound obtained by the
reé.ction described above can be used as a catalyst component
for olefin polymerization after purification by isolation
such as recrystallization or the like, but the reaction
solution can be also used for the catalyst component for
olefin polfmerization as it is. [Polymerization of Olefin].

The polymerization catalyst obtained by contacting the
above-lmentioned (A) and (C), or (A), (B) and ((_:) is used.
As contact methods, any means can be adbpted so far as contact
of (A) and (B) or (A), (B) and (C) is completed to form the
catalyst. Forexample, amethod inwhich (A) and (B) or further
(C) are mixed to contact them together after diluting at
least one of them or without dilut_ing them, and a method
in which they are separately supplied in a polymerization
reactor to contact them together in the reactor, and the
like can be adopted. |

As' a method for supplying' respective catalyst

components to a polymerization reactor, they are preférably
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sﬁpplied under a water-free condition in an inert gas such
as nitrogen, argon or the like.

When (A), (B) and (C) are used to form the catalyst,
a reaction product obtained by previously contacting
arbilitrary two components of them and the remainder may be
separately supplied to a polymerization reactor.

With respect to amounts of the respect_ive components
used, itisusuallydesirable touse therespective components
so that the molar ratio of the aluminum compound(B) to the
transition metal compound (A)[transition metal atom
containéd in the transition metal compound] is 0.1 to 10000
and preferably 5 to 2000, the molar ratio of the modified
aluminumoxy compound(C) to the transition metai compound
(2A)[transition metal atom contained in the transition metal
compound] is 1 to 10000 and preferably 1 to 5000.

When the respective components are used as a solution,
a suspension or slurry in which they are dissolved, suspended
or slurried in a solvent, the concentration of the respective
components is appropriately selected accofding to the
conditions suchas theabilities of apparatuses for supplying
the respective components in a polymerization reactor, etc.
It is desirable to use the respective components so that
the concentration of (A) is usually 0.001 to 200 mmol/L in
terms of a transition metal atom contained in the transition
metal compound (A), more preferably 0.001 to 100 mmol/L and
further preferably 0.05 to 50 mmol/L; that of respective
(B) and (C) is usually 0.01 to 5000 mmol/L, more preferably

0.1 to 2500 mmol /L and further preferably 0.1 to 2000 mmol/L



10

15

20

25

-51-

in terms of Al'atoﬁ;

The method for supplying the :espective components or
the catalyst ina poiymerization reactor is not particularly
limited, and the réspective catalyst components may be
supblied to the polymerization reactor in a solid state,
inastate of asolutiondissolvedwitha hydrocarbon solvent .
in a suspénsion statelﬁr in a slurry state, or the like.

As olefins which can be applied to the
polymerization in the present invention, olefins having
2 to 20 carbon atoms such.as, particularly, ethylene and
an @ -olefin having 3 to 20 carbon atoms, diolefins having
4 to 20 carbon atoms and the like can be used, and two
or more of olefins described above as monomers can also
be used, simultaneously. Specific exainples of the olefin
include straight chain olefins such as ethylene,
propylene, l-butene, l-pentene, l~hexene, l-heptene,
l-octene, l-nonene, l1-decene and the like; branched
olefins such as 3-methyl-l-butene, 3-methyl-i-pentene,
4-methyl-l-pentene, 5-methyl-l-hexene and the like;
vinylcyclohexane, etc., but the present invention should
not be 1imited to the above-mentioned compounds. Specific
examples of the combination of monomers in case of
conducting copolymerization include combinations of
ethylene with an ¢ -olefin having 3 to 20 carbon atoms
such as ethylene with propylene, ethylene with l-butene,
ethylene with l1l-hexene, ethylene with l-octene, a
combination of propylene with 1-butene and the like, but

the present invention should not be limited thereto.
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The present invention can be effectively aéplied to the
production of the copolymer of ethylene and the &-olefin
such as in particular, propylene, l-butene,:
4-methyl-l-pentene, l-hexene, l-octene or the like.

The polymerization process should not be also
specifically limited, and there can bé a solvent:
polyﬁerization or slurry polymerization in which an
éliphatic hydrocarbon such as butane, pentane, hexane,
héptane, octane or the like; an aromatic hydrocarbon such
as benzene, toluene or thé like; or ahalogenated hydrocarbon
such as'methylene dichloride or the like is used as a
polymerization medium. Further, a high pressure ionic
polymerization in which the polymerization of an olefin is
conducted without a solvent under which a produced olefin
polymer ismelt in the olefin in a supercritical liquid state
at a high temperature under a high pressure, and a gas phase
polymerizationinagaseousmonomer and the like arepossible.
Further, bothof a continuous polymer:i_.zatioﬁ andabatch-wise
polymerization are possible.

The polymerization temperature can be usually
adopted within a range of -50C to 350C, preferably 0T
to 300C, more preferably 50C to 300C. The present
invention is preferably applied to a high temperature
polymerization having a highly industrial wvalue. The
polymerization temperature is particularly preferably
within a range of 150TC to 350C

The polymerization pressure can be adopted at a range

of usually normal pressure to 350Mpa, normal pressure
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to 300Mpa, and more preferably normal pressure to 200Mpa.

In the present invention, the polymerization is

preferably performed by a high pressure ionic

polymerization.

Specifically, the polymerization is

carried out at a temperature of 100C or more, preferably

135 t0300C, undera pressure of at least 30MPa, preferably

35 to 300MPa.

The polymerization may be performed in a batch-wise

manner or a continuous manner, preferably a continuous

manner.. As a reactor, a stirring vessel type reactor or

a tubular reactor can be used. The polymerization can

be performed in a single reaction zone. Alternatively,

the polymerization can also be performed by partitioning .

one reactor into a plurality of reaction zones or

communicatingapluralityof reactorsinseriesorparallel.

In case of using a plurality of reactors, a combination

of vessel reactors or a combination of a vessel reactor

and a tubular reactor may be adopted. In a method for

plurality of reactors,

- polymerizing using a plurality of reaction zones or a

polymers having different

charactéristics can also be produced by changing the.

temperature, pressure and gas compositionof eachreaction

zone.

Ingeneral, the polymerization time is appropriately

determined according to the kind of a desired polymerxr

and a reaction apparatus,

and the conditions are not

specifically limited and a range of 1 minute to 20 hours

can be adopted.

Further,

a chain transfer agent such
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as hydrogen or the like can also be added to adjust the

molecular weight of a copolymer in the present invention.

EXAMPLE

The present invention is further illustrated in
detail according to Examples and Comparative Examples
below, but the present invention is not limited thereto.

Properties of the polymers in Examples were measured
according to methods described below.
(1) Mellting point of cépolymer:

It was measured under the following conditions using
SSC5000 thermal analeis system manufactured by Seiko

Instruments Inc.

Heating: heating to 150C and maintaining for 5
minutes _

Cooling: 150C to 10T (5T /min.) and maintaining
for 10 minutes '

Measurement: 10C to 160C (5C/min.)
(2) Content of repeating unit derived from & -olefin in
copolymer:

It was determined £from the characteristic absorption
of ethylene and & -olefin using an infrared spectrometer
(FTIR1600 series, manufactured by Perkin-Elmer Inc.) and

was represented as a short-chain branch (SCB) number per

1000 carbon atoms.
(3) Intrinsic viscosity ([7n1]):
100 mg of a obtained copolymer was dissolved in 50ml

of tetralin at 135C and the solution was set in an oil bath
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maintained at 135C. Using an Ubbelohde viscometer, the

intrinsic viscosity was determined by the falling speed of

the tetralin solution in which said sample was dissolved.
(Unit: di/g)
(4) Weight average molecular weight (Mw), number average
molecular weight (Mn) and molecular weight distribution
{Mw/Mn) : |

They were determined under the following conditions

using gel permeation chromatograph (150, C, manufactured

by Waters Co.).
Column: TSK gel GMH-HT
Measurement temperature: set at 145T

Measurement concentration: 10 mg/10 ml

ortho- dichlorobenzéne

Réference Example 1

[Synthesis of transition metal compound:
dimethylsilylene( 71 °-tetramethylcyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium
dimethoxide](Compound al)

In a Schlenk tube, 0.131g (4.lmmol) of mefhyl
alcohol was dissolved in 10ml of anhydrous diethyl ether
and a diethyl ether solution (3.9ml, 4.1lmmol) of
methyllithium having a concentration of 1.05mol/L was
added dropwise at -78C thereto. The resulting mixture
was heated to 20'C, the formation of lithium methoxide
was confirmed by gas generation, and the resulting

reaction solution was again cooled to -78C. Into the
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réaction soiution, 20ml of an anhydrous diethyl ether
suspensioﬁ ligquid of 0.919g (2.0mmol) of
dimethylsilylene( 7
S.tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl
-2-phenoxy)titanium dichloride which was previously
prepared in another Schlenk tube was trénsferred, and
then, theresultingreactionmixture was graduallyheated
to room temperature to obtain a reaction solution. After
concentrating the reaction solution, 20ml of toluene was
addedandaninsolublepfoductwasseparatedbyfiltration.
The filtrate was concentrated to obtain
dimethylsilylene(n5-teframethchyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium
dimethoxide representediby the structural formula
described below of yellow crystals (0.86g,
95%) (hereinafter, referred to as "Compound al”).
'H-NMR (270MHz, CeD¢): 07.26 (m, 2H), 4.13(s, 6H), 2.33

(s, 3H), 1.97(s, 6H), 1.89(s, 6H), 1.59(s, 9H), 0.55(s, 6H)

Me Me
Me “Me
Mell _OMe
S Tis
Me /  OMe
O
t
Me Bu

Example 1(1)
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After a dropping funnel was installed on a 50ml
three-necked flask and the atmosphere was replaced with
nitrog.en, a thermometer was installed. Into the flask, 10ml
of polybutylaluminoxane (PBAO manufactured by Tosoh-Akzo
Co., Ltd., hexane solution: 0.68mol/l) was charged and
stirred. Into the dropping funnel, 7.4 ml of
trispentafluorophenylborane (toluene solution: 0.19mol/1)
was charged and added dropwise thereto at 25 to 30TC. Aft.er
completion of the dropwise additioq ., the resultant was heated
and stirred at 60T for 4 hours and further at 80C for 2
hours. 10.2 ml of toluene was added thereto to obtain a light
vellow transparent solution (the concentration of Al is
0.25mol/1. ac_:cording to the charge amount) (hereinafter,

referred to as "Compound cl solutipn").

Example 1(2)

After the atmosphere of a 0.4 liter inner volume of
autoclave type reactor equipped with a stirrer was replaced
with argon, 185ml of cyclohexane as a solvent and 15ml of
l-hexene as an a-olefin' were charged thereto, and the
temperature of the reactorwas raised to 180 C. After raising
the temperature, ethylene was fed while adjusting its
pressure at 2.5Mpa. After the system was stabilized, 2 ml
of the Co_mpound cl solution (equivalent £to 0.5 mmol in terms
of Al atom) and 0.5 ml of a heptane solution in which a
mixture of the compound al and triisobutylaluminum was
dissolved(the concentrationof the compoundalisl # mol/ml,
the concentration of triisobutylaluminum is 50 4mol/ml,

and the molar ratio of Al to Ti was adjusted to 50) (namely,
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0.54mol of the compound ai and 254mol of
triisobutylaluminum) were charged. Polymerization was
carried out for 2 minutes. As a result of the polymerization,
2.32g of an ethylene-1l-hexene copolymer having a [ 7] of
1;69d1/g, an SCB of 29.9, melting points of 85.8C, Mw of
116600 and Mw/Mn of 1.7 was obtained. Polymerization
activity based on 1 mole of Ti atom was 4.6X10° g/mol-Ti
per 2 minutes.

Example 2(1)

After a dropping funnel was installed on a 50ml
three-necked flask and the atmosphere was replaced with
nitrogen, a thermometer was installed. Into the flask, 10ml
of polyisobutylaluminoxane (PBAOmanufacturedby Tosoh-Akzo
Co., Ltd., hexane solution: 0.96mol/l) was charged and
stirred. Into the dropping funnel, 9.4 ml of
trispentafluorophenylborane (toluene solution: 0.20mol/1)
was charged and added dropwise thereto at 25 to 30°C. After
completionof the dropwise addition, theresultantwas heated
to 95C and stirred for 8 hours. A light yellow transparent
solution (the concentration of Al is 0.49mol/1 according
to the charge amount) (hereinafter, referred to as "Compound
c2 solution") was obtained.

Example 2(2) |

After the atmosphere of a 0.4 liter inner volume of
autoclave type reactor equipped with a stirrer was replaced
with argon, 185ml of cyclohexane as a solvent and 15ml of
l-hexene as an Q@ -olefin were charged thereto, and the

temperature of the reactor was raised to 180°C. After raising
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the temperature, ethylene was fed while adjusting its_
pressure ét 2.5Mpa. After the system was stabilized, 1.04
ml of the Compound cz.solution(equivalent to 0.5 mmol in
terms of Al atom) and 0.5 ml of a heptane solution in which
a mixture of the compound al and triisobutylaluminum was
dissqlved(theconcentrationofthecbmpoundalis].u mol/ml,
the concentration of triisobutylaluminum is 50 4Zmol/ml,
and the molar ratio of Al to Ti was adjusted to 50) (namely,
0.54mol of the compound al and 254mol of
triisobutylaluminum) wére charged. Polymerization was
carriedoutfoandnutes.Asaresultofthepolymerization,
4.15g of an ethylene-l-hexene copolymer having a [77] of
1.47d1/g, anSCBof 29.3, meltingpointsof 77.4°C and88.3TC,
Mw of 100100 and Mw/Mn of 1.9 was obtained. Polymerization
activity based on 1 mole of Ti atom was 8.3><1069/mol—Ti
per 2 minutes.
Comparative Example 1

After the atmosphere of a 0.4 liter inner volume of
autoclave type reactor equipped with a stirrer wés replaced
with argon, 185ml of cyclohexane as a solvent and 15ml of
l-hexene as an ¢ -olefin were charged thereto, and the
temperatureofthereactorwasraiéedto18013.Afterraising
the temperature, ethylene was fed while adjusting its
pressure at 2.5Mpa. After the system was stabilized, 0.2
mmol of triisobutylaluminum and 0.5 ml of a heptane solution
inwhich amixture of the compound al and triisobutylaluminum
was dissolved(the concentration of the compound al is 1 U

mol/ml, the concentration of triisobutylaluminum is 50 U4
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mol/ml) (namely, 0.54mol of the compouhd al and 25/ mol of
triisobutylaluminum) were chafged, and subsequently 1.5 ml
of a heptane slurry of |
dimethylaniliniumtétrakispentafluorophenylborate(slurry
concentration of 1 & mol/ml) was charged. Polymerization
was carried out for 2 minutes. As a result of the
polymerization, 2.33g of an ethylene-1l-hexene copolymer
having a [ ] of 1.04d1/g, an SCB of 31.7, melting points
0£78.3C and89.9C, Mwof 56500 andMw/Mnof 1.9 wasobtained.
Pplymérization activity based on 1 mole of Ti atbm was 4.7
X 10%'g/mol-Ti per 2 minutes.
Comparative Example 2

After the atmosphere of a 0.4 liter inner volume of
autoclave type reactor equ:l_.pped with a stirrer was replaced
with argon, 185ml of cyclohexane as a solvent and 15ml of
l-hexene as.an a-olefin were charged thereto, and the
temperature of the reactorwas raised to 180°C. After raising
the temperature, ethylene was fed while adjusting its
pressure at 2.5Mpa. After the system was stabilized, 0.72ml
(equivalent to 0.5mmol in terms of Al atom) of
polybutylaluminoxane(PBAOmanufacturedbyTosoh-AkzoCo.,
Ltd., and hexane solution: 0.68mol/1l}), 0.5ml of a heptane
solution in which the compound al and tributylaluminixane
were mixed (the concentration of the compound al was 1
u,mol/ml and the concentration of PBAO was 50 tmol/ml, the
molar ratio of Al atom to Ti atomwas adjusted at 50. ) (namely
0.54mol of the compound al and 25/ mol of

tributylaluminixane), and 1.5ml of a heptane slurry of
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N,N-dimethylaniliniumtet;akiépentafluorphenylbprate
(concentration of 1/ mol/ml) were charged. Polymerization
was carried out for 2 minutes. As a result of the
polymerization, 2.20g of an ethylene-hexene-1 copolymer
having an [ 77] of 0.9841/g, a SCB of 34.8, melting points
of 73.6C and 84.9C, a Mw of 56300 and a Mw/Mn of 2.4 was
obtained. Polymerization activity based on 1 mole of Ti
atom was 4.4X10° g/mol-Ti per 2 minutes.
Comparative Example 3

| After the atmosphefe of é 0.4 liter inner volume of
autoclave type reactor equippedwith a étirrer was replaced
with argon, 140ml of cyclohexane as a solvent and 60ml of
l-hexene as an @-olefin were charged thereto, and the
temperatureofthereactorwasraisedto180T3.Afte:raising
the temperature, ethylene was fed while adjusting its
pressure at 2.5Mpa. After the system was étabilized, 1.04
ml of the Compound cz_solution(equivalént to 0.5 mmol in
terms of Al atom) prepared in Example 2(1) and 0.5 ml of
a heptane soiution in which a mixture of
bis-n-butylcyclopentadienylzirconium
dichloride(herein-after, referred to as "compound a2”) and
triisobutylaluminumwas dissolved(the concentratioﬁ of the
‘compound a2 is 1 L mol/ml, the cbncentration of
triisobutylaluminum is 50 umol/ml; and the molar ratio of
Al to Zr was adjusted to 50) (namely, 0.5 4 mol of the compound
a2 and 254mol of triisobutylaluminum) were charged.
Polymerization was cafried out for 2 minutes. As a result

of the polymerization, 1.37g of an ethylene-l-hexene
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copolymer havihg aln] of 0.49d1/g, an SCB of 9.3, melting
points of 111.2C and 115.5C, Mw of 20700 and Mw/Mn of 2.01
was obtained. Polymerization activity based on 1 mole of

Zr atom was 2.7X10° g/mol-Zr per 2 minutes. .

As described above in detail, according to the present
invention, an olefin polymerization éatalyst giving an
olefin polymér of high molecular weight and a process for

producing an olefin polymer of high molecular weight are

provided.
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WHAT 1S CLAIMED IS:

1. An olefin polymerizafion catalyst prepared by a
.process comprising contacting (a) ahd (B), or (A), (B) and
{C) described below: -

(A) a trénsition metal compound in which the number
of a transition metal is the same as that of group having
a.cyclopentadiene type anion skeleton, iﬁ its molecule,

(B) at least one aluminum compound selected from the

following (Bl) to (B3f;
(Bl)anorganoaluminuméompoundrepresentedbythegeneral

formula E'AlZ:..,

(B2) acyclicaluminoxane havingastructure represented

| by the general formula {-A1(E?)-0-},, and

(B3) alinearaluminoxanehavingastructure represented
by the general formula E’{-A1(E’)-0-3}:AlE’,,
wherein El, E? and E? respectively represent a hydrocarbon
group, all of El; E? and E® may be the same or different,
Z represents a hydrogen atom or a-halogen atom, and all of
Z may be the same or different, a represents a numeral
satisfying o<a= 3,0 represents an integer of not less than
2, and c¢ represents an integer of not less than 1; and
(C)amodified aluminumoxy compound obtained by reacting
an aluminumoxy compound (Cl) with a boron compound_(CZ)
represented by the general formula BQ'Q?Q?,
wherein B is a boron atom in the trivalent valence state;
andQl,Qzananarerespectivelyahalogenatom,ahydrocarbon.
group, a halogenated hydrocarbon group, a substituted silyl

group, an alkoxy group or a di-_subst'ituted amino group, and

This Sheet Has Been Rep

U
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they may be the same or different. .
2. The olefin polymerization catalyst according to claim
1, wherein (Cl) is (Cla) and/or (Clb) described below:
(Cla) a cyclic aluminoxane having a structure
represented by the general formula {-Al1(E2?)-0-},, and
{Clb) a iinear aluminoxane having a structure
represented by the general formula E3{-Al(E®)-0-3}.A1E%,,
wherein E? and E* respectively represent a hydrocarbon group,
allof EZand all of E*may be the same or different, b repi‘esents

an integer of not less than 2, and ¢ represents an integer

~of not less than 1.

3. The olefin polymerization catalyst according to claim
1, wherein respective Q', Q? and Q*® are a halogenated
hydrocarbon group.
4. The olefin polymerization catalyst according to claim
1, wherein the modified aluminumoxy compound(C) is obtained
by reabting the almninmnoxy compound (Cl) with the boron
compound (C2) at a temperature of from 50C to 150TC.
5. Theolefin polymerization catalyst according to claim
1, wherein the transition metal compound (A) is a transition
metal compound represented by the general formula (I) or
(II): |
CpMx'; (1)
(CPMX'n) 2X%3-m (11),
wherein M represents a transition metal atom of the Group
IV of the Periodic Table of the Elements; Cp represents a
group having a cyclopentadiene type anion skeleton; each

of X!'s independently represents a hydrogen atom, a halogen



10

15

20

25

cos-[AURL AT

atom, an alkyl group,l an aralkyl group, an aryl group, a
substituted silyl group, an alkdxy group, an aralkyloxy group,
an aryloxy group, a di-substitutea a.mind group., an alkylthio
group, an aralkylthio gioﬁp', an arylthio group, an
alkylseleno group, an aralkylseleno group or arylseleno
group:; x? represents an atom of Group XVI of the Periodic
Table of the Elements: m is 1 or 2; when a plurarity of
respective Cp, M, X' and X? exists, theymay be respectively
the same or different, and Cp may be bonded to X' directly
or through a bridging group.
6. 'i'he olefinpolymerizationcatalyst according toclaim
5, wherein (A) is a transition compound in which Cp and X'
in the general Iformula {I) or (I1I) are bonded each other
through a bridging group.
7. Theolefinpolymerizationcatalystaccordingtoclaim
1, wherein (A) is a transition metal compound represented
by the general formula (III) or (IV) below:
CpYMX?', ' (III)
(CPYMX';) X%, n (1Iv),

wherein respective M, Cp, X! and X? is the same as defined

in the general formula (I)or (II) above; Y is a group having
an atom of the Group XV or XVI of the Periodic Table of the
Elements and 0 -bonding to M through the atom in the group:
Cp and xt may be bonded each other directly or through a
bridging group; n is 0 or 1; and a plurarity of respective
Cp, M, X' and X* may be the same or different.

8. The olefin polymerizatiqn catalyst according to claim

1, wherein (A) is a transition metal compound selected from
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the group consisting of transition compounds represented

by the general formulas (I), (II) or (I1I):
1 .

R\/

wherein, in the general formula (I), (II] or (XIII], M

represents a transition metal atom of the Group IV of the
Periodic Table of the Elements; A represents an atom of the
Group XVI of the Periodic Table of the Elements; J represents
an atomof the Group XIV of the Periodic Table of the Elements;
Cp represents a group having'. a cyclopentadiene type anion
skeleton; each of X', R, R?, R®, R*, R® and R® independently

represents a hydrogen atom, a halogen atom, an alkyl group,
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an aralkyl gfbup, én aryl group, a substituted silyl group,
an alkoxy group, an aralkyio'xj group, an aryloxy group, a
di—substittnzt.ed amino groﬁﬁ, an alkylthio group., an
aralkylthio group, an arylthio group,' an alkylseleno.group,
an aralkylseleno group or arylseleno group: X2 represents
an atom of Group XVI §f the Periodic Table of the Elements;
R', R?, R*, R%, R® and R® may be op’tionally combined with each
other to form a ring; and in the general formula (II) or
(III), two of M, A, J, Cp, X*. X2, X3, R*, R?, R®, R*, R® and
R® may be respectively the sa:ile or different.

9. The olefin polymérization catalyst according to claim
1, v(rherein (B) is an organoaluminum compound selected from
the group consisting of triethylaluminum,
triisobutylaluminum, methylaluminoxane,
methylisobutylalumihoxape and butylaluminoxane.

10. A process for producing’ an olefin polymer which
comprises polymerizing an ol'efin' with the olefin
polymerization catalyst of any one of claims 1 to 9.

11. The process for producing an olefin polymer according
to claim 10, wherein the o.lefi_'n polymer is a copolymer of
ethylene and an ¢ -olefin hé_ving 3 to 20 carbon atoms.

12. The process for producing an olefin.polymer according
to claim 10, the polymerization temperature is 150 to 300TC.

13. The process for producing an olefin polymer according

to claim 11, the polymerizatibn temperature is 150 to 300C.



