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OLEFIN POLYMERIZATION CATALYST, PROCESS FOR PREPARING

* OLEFIN POLYMER, AND OLEFIN POLYMER

EIELD OF THE INVENTION

~ The present invention relates to olefin polymerization
catéiysts, processes for preparing olefin polymers, and
olefin polymers. °‘More particularly, the invention relates
to olefin polymerization catalysts which are capable for
giving olefin (co)polymers of high molecular weight_with
extremely high polymeriéation activities and olefin
copolymers héving a high comonomer content even if a
comonomer is used in a small amount, and also relates to
processes for preparing olefin polymers by which olefin
(co)pélymers of high molecular weight can be obtaiﬁed with
extremely high polfmerization activities'and olefin
copolymers having a high comonomer content can be obtained
even if a comonomer is used in a small amount,'and to

olefin polymers obtained by the processes.

BACKGROUND QF THE INVENTION

For preparing olefin (co)polymers such as an ethylene
homopolymer, an ethylene-t-olefin copolymer, a propylene

homopolymer and a propylene-oa-olefin copolymer, processes

of polymerizing olefins in the presence of a Ziegler

catalyst comprising a titanium compound and an

organocaluminum compound or a vanadium catalyst comprising a
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vanadium compound and an organocaluminum compound are

conventionally known.

Also known are processes of polymerizing olefins in
the presence of a metallocene catalyst comprising a
transition metal compound such as zirconocene and an
organocaluminum oxy compound (aluminoxane), and it is known
that the use of the metallocene catalyst.makes it possible
to polymerize olefins with high activities and to obtain
olefin (co)polymers of narrow molecular weight distribution
and narrow composition distribution. |

Recently, the requirements for properties of the
olefin (co)polymers have varied, and olefin (co)polymers of
various properties have been desired. Moreover,
development of a transition metal compound catalyst
component capable of producing such olefin (co)polfmers is
also desired. |

Uhder the circumstances, Japanese Laid-Open
Eublicétion No. 345793/1993 discloses a novel transition
metal compound having an indenyl group and.é fluorenyl
group as ligands serving as an olefin polymerization
catalyst component. However, in polymerization of an
olefin using this transition metal compound as a catalyst
component, the polymerization activity is low so that only
a polymer of low molecular weight is produced.

EP0707016A1 also discloses a transition metal compound
having an indenyl group and a fluorenyl group and a
catalyst in which a specific aryl group such as a phenyl

group or a naphthyl group is introduced intq.a specificm
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position (4-position) of the indenyl group. However, in

-polymerization of an olefin using this transition metal

compound as a catalyst component, the polymerization
activity is also low so that only a polymer of low
molecular weight is produced.

The present inventors have studied under such
circumstances as mentioned above, and as a result they have
found that by the use of a compound wherein a specific
substituent is introduced at the specific positidn of the
indenyl group in the above-mentioned transition metal
compound, an olefin (co)polymer of high molécular weight
can be prepared with high polymerization activities and an
olefin copolymer of high comonomer content can be obtained.
Further, the present inventors have also found that an
olefin (co)polymer of high molecular weight can be prepared
with much higher polyﬁeriiatioﬁ activities and an olefin
copolymer of much higher comonomer content can be obtained
by introducing a specific substituent atlthe specific
position of the fluorenyl group of the characteristic
transition metal compound. Thus, the present inventioq has

been accomplished.

T QF N
It is.an object of the present invention to provide an
olefin pol§merization catalyst which is capable for giving
an olefin (co)polymer having a high molecular weight with
extremely high polymerization activities aﬁd an olefin

copolymer -having a high comonomer content. It is another
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an olefin polymer usihg the catalyst and an olefin polymer

obtained by the process.

H N N

The olefin polymerization catalyst according to the
present invention comprises:

(A-1) a Group IVB transition metal compound
represented by the following férmula (1),

(B) (B-1) an organoaluminum oxy-compound, and/or

(B-2) a compound which reacts with the transition

metal compound (A-1) to form an ion pai#,

and optionally

(C) an organocaluminum compound;

(I)

wherein M is a transition metal atom of Group IVB of the
periodic table,

Rl's may be the same as or differenﬁ from each other,
at least one of them is an aryl group of 11 to 20 carbon

atoms, an arylalkyl group of 12 to 40 carbon atoms, an
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arylalkenyl group of 13 to 40 carbon atoms or an alkylaryl group of
12 to 40 carbon atoms, or at least two adjacent groups among groups
indicated by R! form an aromatic ring or an aliphatic ring together
with carbon atoms to which said at least two groups are bonded (in
this case the rings formed by R! have 4 to 20 carbon atoms as a
whole), and the remainder of R! is hydrogen atom, a halogen atom or
an alkyl group of 1 to 10 carbon atoms, |
R?’s may be the same as or different from each other, they

are each hydrogen atom, a halogen atom, an alkyl group of 1 to 10
carbon atoms, an aryl group of 6 to 20 carbon atoms, an alkenyl
group of 2 to 10 carbon atoms, an arylalkyl group of 7 to 40 carbon
atoms, an arylalkenyl group of 8 to 40 carbon atoms, an alkylaryl
group of 7 to 40 carbon atoms, a silicon-containing group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-containing
group or a phosphorus-containing group, and at least two adjacent
groups among groups indicated by R? may form an aromatic ring or
an aliphatic ring together with carbon atoms to which said at least two
groups are bonded (in this case the rings formed by R? have 4 to 20
carbon atoms as a whole including carbon atoms to which the R?
groups are bonded, and the remainder of R? is hydrogen atom, a
halogen atom or an alkyl group of 1 to 10 carbon atoms), _

R! and R? inay be the same as or different from each other,

R? and R* may be the same as or different from each other, and
are each hydrogen atom, a halogen atom, an alkyl group of 1 to 10
carbon atoms, an aryl group of 6 to 20
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carbon aﬁoms, an alkeﬁyl group of 2 to 10 carbon atoms, an
arylalkyl group of 7 to 40 carbon atoms, an arylalkenyl
group of 8 to 40 carbon atoms, an alkylaryl group of 7 to
40 carbon atoms, a silicon-containing group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-
containing group or a phosphorus—cqntaining group,

X1 and X? may be the same as or different from each
other, and are each hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a'halogenated
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-
containing group, a sulfur-containing group or a nitrogen-
containing group, or a combination of X! and X2 may form a
stable conjugated diene (a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to 20
carbon atoms, a silicon-containing group), and -

Y is a divalent hydrocarbon group of 1 to 20 carbon
atoms, a divalent halogenated hydrocarbon'group of 1 to 20
carbon atoms, a divélent silicon—containing group, a
divalent germanium-containing group, a divalent tin-
containing group, -0-, -CO-, =-S-, -S0-, =-SO;~-, ~-NRS5-,
=P (R5) -, -P(0) (R%)-, -BR3- or -AlR5- (RS is hydrogen atom, a
halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
or a halogenated hydrocarbon group of 1 to 20 carbon
atoms) .

The olefin polymerization catalyst according to the
invention includes an embodiment of a solid catalyst
wherein at least one of the component (A-1), thé component

~(B-1), the component (B-2) and the component (C) is
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‘supported on a fine particle carrier and an embodiment of a

prepolymerized catalyst comprising a fine particle carrier,
the component (A-1), the component (B-1l) (or the component
(B-2)), an olefin polymer produced by'prepolymerization,
and optionally, the component (Cj.

The first process for preparing an olefin pdlymer
according to the invention comprises homopolymerizing an
olefin or copolymerizing two or more kinds of olefins in
the presence of the above-described olefin polymerization
catalyst.

The process of the invention can be applied for
homopolymerization of ethylene, copolymerization of
ethylene and an 0-olefin of 3 to 20 carbon atoms,
homopolymerization of propylene or copolymerization of
propylene and an a-olefin other than propylene. |

The first olefin polymer according to the invention is
prepared by the above-mentioned process.

The first ethylene polymer and the first propylene
polymer according to the invention are prepared by the
above-mentioned process.

The second process for preparing an olefin polymer
according to the invention comprises homobolymerizing an
olefin or copolymerizing two or more kinds of olefins in
the presence of a catalyst which comprises:

(A-2) a Group IVB transition metal compound
represented by the following formula (II),

(B) (B-1) an organoaluminum oxy—compoﬁnd, and/or
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(B-2) a compound which reacts with the transition
metal compound (A-2) to form an ion pair,
and optionally

(C) an organoaluminum compound;

(II)

wherein M is a transition metal atom of Group IVB of the
periodic table,

Ré's may be the same as or different from each other,
and are éach hydrogen atom, a halogen atom, an alkyl group
of 1 to 10 carbon atoms, an aryl group of 6 to 10 carbon
atoms, an alkenyl group of 2 to 10 garbon atoms, a silicon-
containing group, an oxygen-containing group, a sulfur-
containing group, a nitrogen-containing group br a
phosphorus-containing group,

R7's may be the same as or different from each other,
and are each hydrogen atom, a halogen atom, an alkyl Qroup
of 1 to 10 carbon atoms, an aryl group of 6 to 20 carbon
atoms, an alkenyl group of 2 to 10 carbon atoms, an

arylalkyl group of 7 to 40 carbon atoms, an arylalkenyl

group of 8 to 40 carbon atoms, an alkylaryl group of 7 to
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40 carbon atoms, a silicon-containing group, an oxygen-
containing group, a sulfur—contgining group, a nitrogen-
containing group or a phosphorus-containing group,

R® and R’ may be the same as or different from each
other,

any one of R® and R? is an alkyl group of 1 to 5
carbon atoms, and the remainder is hydrogen atom, a halogen
atom, an alkyl group of 1 to 10 carbon atoms, an alkenyl
group of 2 to 10 carbon atoms, a silicon—céntaining group,
an oxygen-containing group, a sulfur-containing group, a
nitrogen—-containing group or a phosphorus-containing group,

X! and X2 may be the same as or different from each
other, and are the same as X! and X2 in the above formula
(I), and

Y is the same as Y in the above formula (I).

The process of the invention can be applied for
homopolymerization of ethylene, copolymerization of
ethylene and an o-olefin of 3 to 20 carbon atoms,
homopolymerization of propylene or copolymerization of
propylene and an o—~olefin other than propylene.

The second olefin polymer according to the invention
is prepared by the above-mentioned process.

The second ethylene polymer and the second propylene
polymer according to the invention are prepared by the

above-mentioned process.,

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

preparing the first olefin polymerization catalyst

according to the present invention.

Fig. 2 is an explanatory view showing steps for

preparing the olefin polymerization catalyst used in the

second process for preparing an olefin polymer according to

the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The olefin polymerization catalyst, the process for

preparing an olefin polymer and the olefin polymer

according to the invention are described in detail

hereinafter.

The meaning of the term "polymerization" used herein

is not limited to "homopolymerization"™ but may comprehend

"copolymerization". Also, the meaning of the term

“polymer“ used herein is not limited to "homopolymer" but

may comprehend "copolymer".

The olefin polymerization catalyst according to the

invention is formed from:

(A-1) a Group IVB transition metal compound

represented by the following formula (I),

(B)

(B-1) an organoaluminum oxy-compound, and/or

(B-2) a compound which reacts with the transition

metal compound (A-1) to form an ion pair,

and optionally

(C)

an organocaluminum compound.
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First, each component for forming the olefin
polymerization catalyst of the invention is described
below.
The transition metal compbund (A-1) used in the
invention is a transition metal compound represented by the

following formula (I).

(I)

In the formula (I), M is a transition metal atom of
Group IVB of the periodic table, specifically titanium,
zirconium or hafnium,'preferably zirconium.

Rl's may be the same as or dif@erent from each other;
and at least one of them is an aryl group of 11 to 20
carbon atoms, an arylalkyl group of 12 to 40 carbon atoms,
an arylalkenyl group of 13 to 40 carbon atoms or an
alkylaryl group of 12 to 40 carbon atoms, or at least two
adjacent groups among groups indicated by R! form single or
plural, aromatic or aliphatic rings together with carbon
atoms to which said at least two groups are bonded. In
this case, the rings formed by R! have 4 to 20 carbon atoms

as a whole.
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Examples of rings formed by at least two adjacent R!
groups include a condensed phenyl group, a condensed
cyclohexyl group, a condensed cyclopentadienyl group, a
condensed dihydrocyclopentadienyl group, a condensed
indenyl group, a condensed tetrahydroindenyl group, a
condensed octahydrofluorényl gréup, a condensed fluorenyl
group and a condensed tetrahydrofluorenyl group. The ring
formed by R! may be substituted with a linear alkyl grbup,
a cyclic alkyl group, a halogen atom, a halogen-substituted
alkyl group, an aryl group, a silicon-containing group, an
oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group or a phosphorus-containing group.

R' other than the aryl group, the arylalkyl group, the
arylalkenyl group, the alkylaryl group and R! for forming
the aromatic ring or the aliphatic ring is hydrogen atom, a
halogen atom, an alkyl group of 1 to 10 carbon atdms or
silicon-containing alkyl group.

Examples of the aryl groups of 11 to 20 carbon atoms
include biphenylyl, anthryl and phenanthryl.

Examples of the arylalkyl groups of 12 to 40 carbon
atoms include phenanthrylmethyl, phenanthrylethyl and
phenanthrylpropyl.

Examples of the arylalkenyl groups of.13 to 40 carbon
atoms include vinylphenanthryl.

Examples of the alkylaryl groups of 12 to 40 carbon
atoms include methylphenanthryl, ethylphenanthryl and

propylphenanthryl.
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Examples of the halogen atoms include fluorine, chlorine,
bromine and ijodine. ‘ .

Examples of the alkyl groups of 1 to 10 carbon atoms include
methyl, ethyl, propyl, butyl, hexyl, cyclohexyl, bctyl and nonyl.

Examples of the silicon-containing alkyl group include

dimethylsilyl, diethylsilyl and trimethylsilyl.

These alkyl groups, aryl groups, arylalkyl groups, arylalkenyl
groups and alkylaryl groups may be substituted with halogens.

R?’s may be the same as or different from each other, and are
each hydrogen atom, a halogen atom, an alkyl group of 1 to 10
carbon atoms, an aryl group of 6 to 20 carbon atoms, an alkenyl
group of 2 to 10 carbon atoms, an arylalkyl group of 7 to 40 carbon
atoms, an arylalkenyl group of 8 to 40 carbon atoms, an alkylaryl
group of 7 .to 40 carbon atoms, a silicdn—containing group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-containing
group or a phosphorus-containing group.

At least two adjacent groups among groups indicated by R? may
form single or plural, aromatic or aliphatic rings together with carbon
atoms to which said at least two groups are bonded. In this case, the
rings formed by R? have 4 to 20 carbon atoms as a whole including
carbon atoms to which the R? groups are bonded, and R? other than
R? for forming the aromatic ring or the aliphatic ring is hydrogen
atom, a halogen atom, an alkyl group of 1 to 10 carbon atoms or

silicon-containing alkyl group.
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When the two groups indicated by R? form single or
plural, aromatic or aliphatic ring(s), the ring(s) may form

the following structure together with the fluorenyl group.
o

Examples of the alkyl groups of 1 to 10 carbon atoms
and the halogen atoms are the same as those described
above.

Examples of the aryl groups of 6 to 20 carboh atoms
include phenyl, biphenylyl, o~ or PB-naphthyl, anthryl and
phenanthryl.

Examples of the arylalkyl groups of 7 to 40 carbon
atoms include benzyl, phenylethyl, phenylpropyl,
phenanthrylmethyl, phenanthrylethyl and phenanthrylpropyl.

Examples of the arylalkenyl groups of 8 to 40 carbon
atoms include styryl and vinylphenanthryl.

Examples of the alkylaryl groups of 7 to 40 carbon
atoms include tolyl, dimethylphenyl; trimethylphenyl,
ethylphenyl, propylphenyl, methylnaphthyl,®
methylphenanthryl, ethylphenanthryl and propylphenanthryl.

Examples of the alkenyl groups of 2 to 10 carbon atoms
include vinyl, propenyl and cyclohexenyl.

Examples of the silicon-containing groups include
methylsilyl, phenylsilyl, dimethylsilyl, diphenylsilyl,

trimethylsilyl, triethylsilyl, tripropylsilyl,
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tricyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl,
methyldiphenylsilyl, tritolylsilyl and trinaphthylsilyl.
Examples of the oxygen-containing groups include
hydroxyl group; alkoxy groups, such as methoxy, ethoxy,
propoxy and butoxy; aryloxy éroups, such as phenoxy,
methylphenoxy, dimethylphenoxy and naphthoxy; and
arylalkoxy groups, such as phenylmethoxy and phenylethoxy.’
Examples of the_sulfur-containing groups include those
wherein oxygen is replaced with'sulfur in the above-
exemplified oxygen-containing groups; sulfonato groups,
such as methylsulfonato, trifluoromethanesulfonato,
phenylsulfonato, benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-
chlorobenzenesulfonato and peﬁtafluorobenzenesulfonato; and
sulfinato groups, such as methylsulfinato, phenylsﬁlfinato,
benzenesulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentafluorobenzenesulfinato.

Examples. of the nitrogen-containing groups. include

‘amino group; alkylamino groups, such as methylamino,

dimethylamino, diethylamino, dipropylamino, dibutylamino
and dicyclohexylamino; and arylamino or alkylarylamino
groups, such as phenylamino, diphenylamino, ditolylamino,
dinaphthylamino and methylphenylamino.

| Examples of the phosphorus-containing groups include
dimethylphosphino-and diphenylphosphino.

Of these, R? is preferably hydrogen or an alkyl group,

particularly preferably hydrogen or a hydrocarbon group of

1 to 3 carbon atoms, i.e., methyl, ethyl or propyl.
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R! and R? may be the same as or different from each
other.

R3 and R? may be the same as or different from each
other, and are each hydrogen atom, a halogen atom, an alkyl
gfoup of 1 to 10 carbon atoms, an aryl group of 6 to 20
carbon atoms, an alkenyl group of 2 to 10 carbon atoms, an
arylalkyl group of 7 to 40 carbon atoms, an arylalkenyl
group of 8 to 40 carbon atoms, an alkylaryl group of 7 to
40 carbon %toms, a silicon—éontaining group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-'
containing group or a phosphorusfcontaining group.

Of these, at least one of R3 and R? is preferably an
alkyl group of 1 to 3 carbon atoms.

X! and X2 may be the same as or different.from each
other, and are each hydrogen atom, a halogen aﬁom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group Qf 1 to 20 carbon atoms, an oxygen-
containing group, a sulfur-containing group or a nitrogen-
containing group, or a combination of X!l and X2 may form a
stable conjugated diene (a hydrocarbon group of 1 to 20
carbon atoms, é halogenated'hydrocarbon group of 1 to 20
carbon atoms and a silicon-containing group).

Examples of the halogen atoms, the oxygen—-containing
groups, the sulfur-containing groups and the nitrogen-
containing groups are the same as those described above.

Examples of the hydrocarbon groups of 1 to 20 carbon

atoms include alkyl groups, such as methyl, ethyl, propyl,

butyl,_hexy;,-cyclohexyl, octyl;.npnyl, dodecyl, eicosyi,
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norbornyl and adamantyl; alkenyl groups, such as vinyl,
propenyl and cyclohexenyl; arylalkyl groups, such as
benzyl, phenylethyl and phenylpropyl; and aryl groups, such
as phenyl, tolyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenylyl, «- or B-naphthyl,
methylnaphthyl, anthryl, phenanthfyl, benzylphenyl,
pyrenyl, acenaphthyl, phenalenyl, aceanthrylenyl,
tetrahydronaphthyl and indanyl.

Examples of the halogenated hydrocarbon groups of 1 to
20 carbon atoms include those wherein halbgens are
substituted in the above-exemplified hydrocarbon groups of
1 to 20 carbon atoms.

As the diene formed from X! and X2, there are
exemplified n4-1,4—diphenyl-l,345utadiene, n4-1,3-
butadiene, n%-1,4-dibenzyl-1,3-butadiene, n4—l—phenyl—l,3—
pentadiene, n4—3—methyl—l,3—pentadiéne, n4-1,4- |
bis (trimethylsilyl)-1,3-butadiene, 2,3-dimethylbutadiene,
N4-2, 4-hexadiene, and isoprene. Among these, preferred are
1,3-butadiene, 2,4-hexadiene, l-phepnyl-1,3-pentadiene, and
1,4-diphenylbutédiene, and each may be éubstituted with a
hydrocarbon group of 1 to 10 carbon atoms.

Of these, preferable are the halogen atoms, the
hydrocarbon groups of 1 to 20 carbon atoms and thé sulfur-
containing groups.

Y is a divalent hydrocarbon group of 1 to 20 carbon
atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a

divalent germanium-containing group, a divalent tin-
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containing group, -0-, -CO-, -S-, -SO-, -SOz-, -NR®-,
-P (R5) -, —P(b)(RS)-, -BRS- or -AlRS- (R® is hydrogen atom, a
halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
or a halogenated hydrocarbon group of 1 to 20 carbon
atoms) .

Examples of such groups include:

divalent hydrocarbon groups of 1 to 20 carbon atoms,
such as alkylene groups, specifically, methylene,
dimethylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene,
1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexylene and
1,4-cyclohexylene, and arylalkylene groups, specifically,
diphenylmethylene and diphenyl-1,2-ethylene;

halogenated hydrocarbon gfoups wherein halogens are
substituted in the above-exemplified divalent hydrocarbon'
groups §f 1 to 20 carbon atoms, such as chloromethylene;

divalent silicon-containing groups, such as |
alkylsilylene, alkylarylsilylene and arylsilylene groups
specifically, methylsilylene, dimethylsilylene,
diethylsilylene, di(n-propyl)silylene, di (i-
propyl) silylene, di(cyclohexyl)silylené,
methylphenylsilylene, diphenylsilylene, di(p—tolyl)éilylene
and di (p-chlorophenyl)silylene, and alkyldisilylene,
alkylaryldisilylene and aryldisilylene groups,
specifically, tetfamethyl-l,2-disilylene and tetraphenyl-
1,2-disilylene;

divalent germanium-containing groups wherein silicon
is replaced with germanium in the above-exemplified

divalent silicon-containing groups; and
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divalent tin-containing groups wherein silicon is
replaced with tin in the above-exemplified divalent
silicon-containing groups.

Of these divalent groups, preferable are those wherein
the shortest linkage part of -Y- in the formula (I) is
composed of one or two atoms. -

RS is the same halogen atom, hydrocarbon group of 1 to
20 carbon atoms or halogenated hydrocarbon group of 1 to 20
carbon atoms as described above.

Of these, Y is preferably a divalent hydrocarbon group
of 1 to 5 carbon atoms, a divalent silicon-containing group
or a divalent germanium-containing group, more preferably a
divalent silicon-containing group, particularly preferably
alkylsilylene, alkylarylsilylene or arylsilylene.

Listed beiow are examples of the transition métal
compounds represented by the formula (I).

Ethylene{2-methyl-4 (9-phenanthryl) -1-indenyl} (9-
fluorenyl) zirconium dichloride,

Ethylene{z—methyl-4(9—phenanthryl)—1—indenyl}(2,7—
dimethyl-9-fluorenyl)zirconium dichloride,

Ethylene{2—methyl—4(9-phénanthryl)—1-indenyl}(2,7—di—
t-bqtyl-9—flﬁorenyl)zirconium dichloriae,

Ethylehe(2—methyl-4,S—benzo—l?indenyl)(9—
fluorenyl) zirconium dichloride,

Ethylene(2—me£hyl—4,S-benzo—l—indenyl)(2,7—dimethyl—9—
fluorenyl) zirconium dichloride,

Ethylene(2—methyl—4,S—benzo—l—indenyl)(2,7—di—t—butyl—

9-f;uorenyl)zir¢onium déchlo;ide,
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Ethylene (2-methyl-4,5-benzo-1-indenyl) (2, 7-dibromo-9-
fluorenyl)zirconium dichloride, |

Ethylene (2, 6-dimethyl-4,5-benzo-1-indenyl) (2, 7-di-t-
butyl-9-fluorenyl) zirconium dichloride,

Ethylene(2,G;dimethyl—4,5—benzo—1-indenyl)(2,7—
dibromo—9¥fluorenyl)zircénium dichloride, '

Ethylene(2—methyl—a—acenaphtho-l-indenyl)(9—
fluorenyl) zirconium dichloride,

Ethylene (2—methyl-a-acénaphtho-l—indenyl) 2,7-
dimethyl-9-fluorenyl)zirconium dichloride,

Ethylene (2-methyl-o~acenaphtho-1-indenyl) (2, 7-di-t-
butyl-9-fluorenyl) zirconium dichloride,

Dimethylsilylene{2-methyl-4 (S-phenanthryl)-1-
indenyl} (9-fluorenyl)zirconium dichloride, .

Dimethylsilylene{2—n—propyl-4(9-phenathryl)—1;“
iﬁdenyl}(9—fluorenyl)zirc0hium dichloride,

Dimethylsilylene{2—methy1-4(9—phenaﬁthryl)—1-
indenyl} (2, 7-dimethyl-9-fluorenyl) zirconium dichloride,

Dimethylsilylene{2-methyl-4 (9-phenanthryl) -1~
indenyl}(2,7—di—t—butyl-9—f1uorenyl)zirconium dichloride,

Dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (9-
fluorenyl) zirconium dichloride,

Dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (2,7~
dimethyl-9-fluorenyl)zirconium dichloride,

Dimethylsilylene(2—methyl—4,5—benzo-1-indenyl)(2,7—di-
t-butyl-9-fluorenyl)zirconium dichloride,

Dimethylsilylene (2-methyl-0-acenaphtho-l-indenyl) (9-

fluorenyl)zirconium dichloride,
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Dimethylsilylene(2—methyl—a-acenaphtho*1—ind§nyl)(2,7—
dimethyl-9-fluorenyl)zirconium dichloride,

Dimethylsilylene (2-methyl-a-acenaphtho-l-indenyl) (2, 7-
di-t-butyl-9-fluorenyl)zirconium dichloride,

Diphenylsilylene{2-methyl-4 (9-phenanthryl)-1-
indenyl} (9-fluorenyl) zirconium dichloride,

Diphenylsilylene{2-methyl-4 (9-phenanthryl)-1-

.indenyl}(2,7-dimethyl—9—fluorényl)zirconium dichloride,

Diphenylsilylene{2—methylf4(9—phenanthryl)-1—
indenyl} (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,
Diphenylsilylene (2-methyl-4, 5-benzo-1-indenyl) (9-
fluorenyl) zirconium dichloride,
Diphenylsilylene(2—methy1—4,S—benzo—l—indenyl)(2;7—
dimethyl-9-fluorenyl) zirconium dichléride, _
Diphenylsilylene(2—methyl;4,S—benzo-l—indenyl)(2,7—di—
t-butyl-9-fluorenyl)zirconium dichloride,
Diphenylsilylene(2—methyl—a—acenaphtho—l—indenyl)(9—
fluorenyl) zirconium dichloridé,
Diphenylsilylene (2-methyl-o-acenaphtho-1-indenyl) (2, 7-
dimethyl-9-fluorenyl)zirconium dichloride,
Diphenylsilylene(2-methyl—a—acenaphtho-1—indenyl)(2,7—
di-t~butyl-9-fluorenyl)zirconium dichloride,
Methylphenylsilylene{2-methyl-4 (9-phenanthryl)-1-
indenyl}(9—fluorenyl)zirc6nium dichloride,
Methylphenylsilylene{2-methyl-4 (9-phenanthryl)-1-

indenyl} (2, 7-dimethyl-9-fluorenyl) zirconium dichloride,
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Methylphedylsilylene{2—methyl—4(9—phenanthryl)—1—
indenyl}(2,7;di—t—butyl-9—fluorenyl)zirconium dichloride,
Methylphenylsilylene (2-methyl-4, 5-benzo-1-indenyl) (9-
fluorenyl) zirconium dichloride;
Methylphenylsilylene (2-methyl-4, 5-benzo-1-
indenyl)(2,7—dimethyl—9—f1uorenyl)zirconium_dichloride,
Methylphenylsilylene (2-methyl-4, 5-benzo-1-~
indenyl)(2,7—di—t—butyl—9—fluorenyl)zirconium dichloride,
Methylphenylsilylene (2-methyl-0-acenaphtho-1-
indenyl) (9-fluorenyl)zirconium dichloride;
Methylphenylsilylene (2-methyl-a—-acenaphtho-1-
indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium dichloride,
Methylphenylsilylene (2-methyl-0-acenaphtho-1-
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,
Ethylene{3—methyl—4(9-phenanthryl)-l—indenyl}(9—
fluorényl)zirconium dichloride,
Ethylene{3-methyl-4 (9-phenanthryl)-1l-indenyl} (2,7~
dimethyl—g—fluorenyl)zirconium dichloride,
Ethylene{3-methyl-4(9—phenanth;yl);1-indenyl}(2,7-di-
t-butyl-9-fluorenyl)zirconium dichloride,
Ethylene(3—methyl-4,S—benzo—l-indenyl)(9—
fluorenyl) zirconium ‘dichloride,
Ethylene (3-methyl-4, 5-benzo-l-indenyl) (2, 7-dimethyl-9-
fluorenyl) zirconium dichloride, |
Ethylene (3-methyl-4, 5-benzo-1-indenyl) (2, 7-di-t-butyl-
9-fluorenyl) zirconium dichloride, |
Ethylene (3-methyl-a-acenaphtho-1-indenyl) (9-

f;uorenyl)zirconium dichloride,
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Ethylene (3-methyl-a-acenaphtho-1-indenyl) (2,7-
dimethyl-9-fluorenyl) zirconium dichloride,
Ethylene (3-methyl-a-acenaphtho-1-indenyl) (2, 7-di-t-
butyl-9-fluorenyl) zirconium dichloride,
Dimethylsilylene{3-methyl-4(9-phenanthryl)-1-
indenyl} (9-fluorenyl) zirconium dichloride,
Dimethylsilylene{3-methyl-4 (9-phenanthryl)-1-
indenyl}(2,7-dimethyl—9—fluorenyl)zirconium dichloride,
| Dimethylsilylene{3-methyl-4 (9-phenanthryl)-1-
indenyl} (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,
Dimethylsilylene (3-methyl-4, 5-benzo-l-indenyl) (9~
fluorenyl) zirconium dichloride, |
Dimethylsilylene (3-methyl-4, 5-benzo-1-indenyl) (2,7~
dimethyl-9-fluorenyl)zirconium dichloride, '
Dimethylsilylene(3—methyl—4,5-benzo—1—indehyl)(2,7—di—
t-butyl-9-fluorenyl) zirconium dichloride,
. Dimethylsilylene (3-methyl-a-acenaphtho-l1-indenyl) (9-
fluorenyl)zirconium dichloride, |
Dimethylsilylene(3—methyl—a-acenaphtho—l—indgnyl)(2,7-
dimethyl-9-fluorenyl)zirconium dichloride,
| Dimethylsilylene(3-methyl—a—acenaphtho-l—indenyl)(2,7—
di-t-butyl-9-fluorenyl)zirconium dichloride,
Diphenylsilylene{3-methyl-4 (9-phenanthryl)-1-
indenyl} (9-fluorenyl)zirconium dichloride,
Diphenylsilylene{3-methyl-4 (9-phenanthryl)-1-

indenyl} (2, 7-dimethyl-9-fluorenyl) zirconium dichloride,
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Diphenylsilylene{3-methyl-4 (9-phenanthryl)-1-
indenyl} (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,
Diphenylsilylene (3-methyl-4, 5-benzo-1-indenyl) (9-
fluorenyl)zirconium dichloride,
Diphenylsilylene (3-methyl-4, 5-benzo-l-indenyl) (2,7-
dimethyl-9-fluorenyl) zirconium dichloride, _
Diphenylsilylene(3—methyl-4,5—benzo—1-indenyl)(2,7—di—
t~butyl-9-fluorenyl) zirconium dichloride,
Diphenylsilylene(3—methyl—afacenaphthb-1-indenyl)(9—
fluorenyl)zirconium dichloride,
Diphenylsilylene (3—-methyl-a-acenaphtho-1l-indenyl) (2, 7-
dimethyl-9-fluorenyl)zirconium dichloride,
Diphenylsilylene(3¥methyl-a—acenaphtho—1-indenyl)(2,7—
di-t-butyl-9-fluorenyl)zirconium dichloride,
Methylphenylsilylene{3—methyl—4(9—phenanthrylf—l—
indenyl}(9-fluorény1)zirconium dichloride,
Methylphenylsilylene{3-methyl-4 (9-phenanthryl)-1-
indehyl}(2,7—dimethyl—9—fluorenyl)zirconium dichloride,
Methylphenylsilylene{3-methyl-4 (9-phenanthryl)-1-
indenyl}(2,7—di—t*butyl—Q—fluorgnyl)zirconium dichloride,
Methylphenylsilylene(3-méthyl-4,5—benzo—1—indeny1)(9—.
fluorenyl)zirconium dichloride, |
Methylphenylsilylene (3~methyl-4,5-benzo~1-
indenyl)(2,7-dimethyl-9-fluore?yl)ziréonium dichloride,
Methylphenylsilylene(3—methyl—4,5-benzo—l—
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,
Methylphenylsilylene(3-methyl—a—acenaphtho—l—

indepyl)(foluorenyl)zirconiumidichloride,
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Methylphenylsilylene(3—methyl—a—acenaphtho—l—
indenyl) (2, 7-dimethyl-9-fluorenyl)zirconium dichloride,
Methylphenylsilylene(3—methyl—a—acenaphtho-1—
indenyl)(2,7—di;t—butyl—9—fluorenyl)zirconium dichloride,

Ethylene (2-methyl-4,5-benzo-1-indenyl) (2,7-
ditrimethylsilyl-9-fluorenyl)zirconium dichloride,

Ethylene(2,6;dimethyl-4,5-benzo-l—indenyl)(2,7—di—t-
butyl-9-fluorenyl) zirconium dichloride,

Ethylene (2, 7-dimethyl-4, 5~-benzo-1-indenyl) (2, 7-di-t-
butyl-9-fluorenyl) zirconium dichloride,

Ethylene(2,7—dimethyl—4;5—(2—methyl—benzo)—l—
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,

Dimethylsilylene (2-methyl-4,5-benzo-l1-indenyl) (2,7~

ditrimethylsilyl-9-fluorenyl)zirconium dichloride,

Dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (2,7-di-

t-butyl-9-fluorenyl) zirconium-bis (methanesulfonate),

Dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (2, 7-di-

t-butyl-9-fluorenyl) zirconium-
bis(triflﬁoromethanesulfonato), ‘
Dimethylsilylene (2, 6-dimethyl-4, 5-benzo-1-

indenyl) (2, 7-ditrimethylsilyl-9-fluorenyl) zirconium

- dichloride,

Dimethylsilylene (2, 6-dimethyl-4,5-benzo-1-
indenyl) (2, 7-ditrimethylsilyl-9-fluorenyl) zirconium-

bis (methanesulfonate),
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Diemthylsilylene(2,6-dimethyl—4,5—benzo—l—

indenyl) (2, 7-ditrimethylsilyl-9-fluorenyl)zirconium-

bis (trifluoromethanesulfonate),
Dimethylsiiylene(Z,6—dimethyl-4,5—benzo—l—

indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,
Dimethylsilylene (2, 7-dimethyl-4, 5-benzo-1- |

indenyl)(2,7—di—t-butyi—9—fluorenyl)zircohium dichloride,
Dimethylsilylené(z,7—dimethyl—4,5—(2—methyl—benzo)-1—

indényl)(2,7—di—t—butyl—g—fluorenyl)zirconium dichloride,
Dimethylsilylene (2-methyl-4, 5-benzo-1-indenyl) (2, 7-

dibromo-9-fluorenyl) zirconium dichloride,
Dimethylsilylene (2, 6—dimethyl-4, 5-benzo-1-

indenyl)(2,7—dibromo—9—fluorenylizirconium dichloride,
Dimethylsilyiene(2—methyl—4,5-benzo—1—indeny1)(2,7—di—

t-butoxy-9-fluorenyl) zirconium dichloride, |
Dimethylsilylene(z,6—dimethyl—4,5—behzo—1—

indenyl)(2,7—di—t—butoxy—Q—fluorenyl)zirconium dichloride,
Dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (2, 7-

diphenyl-9-fluorenyl) zirconium dichloride,
Dimethylsilylene(z,6—dimethyl-4,5—bénzo-1-

indenyl) (2, 7-diphenyl-9~-fluorenyl) zirconium dichloride,
Dimethylsilylene (2-methyl-4,5-benzo-1l-indenyl) (2,7-di-

i-propyl-9-fluorenyl) zirconium dichloride,
Dimethylsilylene (2, 6-dimethyl-4,5-benzo-1-

indenyl) (2, 7-di-i-propyl-9-fluorenyl) zirconium dichloride,
Dimethylsilylene (2, 6-dimethyl-4,5-benzo-1-

indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium dichloride,
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Dimethylsilylene (2, 6-dimethyl-4,5- (1l-methyl-benzo) -1~
indenyl)(2,7—di—t-butyl—9—fiuorenyl)zirconium dichloride,
Dimethylsilylene(2,7—dimethyl—4,5—(2—methyl—benzo)-1—
indenyl) (2, 7-di-trimethylsilyl-9-fluorenyl)zirconium
dichloride,
Dimethylsilylene (2, 7-dimethyl-4,5-(2-methyl-benzo) -1-
indenyl) (2, 7-dibromo-9-fluorenyl)zirconium dichloride,
Dimethylsilylene(2,7—dimethyl—4,5—(2—methy1—benzo)—1—
indenyl)(2,7—di—t—butdxy—9—f1uorenyl)zirconium dichloride,
Dimethylsilylene(2,7—dimeth§1—4,5—(2—methyl—benzo)—1—
indenyl)(2,7—diphenyl—9-flﬁorenyl)zirconium dichloride,
Dimethylsilylene (2, 7-dimethyl-4, 5-(2-methyl-benzo) -1~
indenyl) (2, 7-di-i-propyl-9-fluorenyl) zirconium dichloride}
Dimethylsilylene (2, 7-dimethyl-4,5~- (2-methyl-benzo) -1~
indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium dichlofide,
DimethylsilYlene(2,7—dimethyi-4,5—(1—methyl—benzo)—l—
indenyl) (2, 7-di-t-butyl-9-fluorenyl)zirconium dichloride,
Dimethylsilylene (2, 7-dimethyl-4,5-(1-methyl+benzo) -1-
indenyl)(2,7—di—trimethylsilyl—9—fluorenyl)zirconium
dichloride,
Dimethylsilylene(Z,7—dimethyl-4,5—(1—methyl—benzo)—1—
indenyl)(2,7—dibromo—9—fluorenyl)zirconium dichloride,
Dimethylsilylene (2, P~dimethyl-4,5- (1-methyl-benzo)-1-
indenyl) (2, 7-di-t-butoxy-9-fluorenyl) zirconium dichloride,
Dimethylsilylene(2,7—dimethyl—4,5—(1—methyl—benzo)—1—
indenyl) (2, 7-diphenyl-9-fluorenyl) zirconium dichloride,

Dimethylsilylene(Z,7—dimethyl—4,5—(l—methyl—benzo)-l—

_indenyl) (2, 7-di-i-propyl-9-fluorenyl)zirconium dichloride,
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Dimethylsilylene (2, 7-dimethyl-4, 5- (1-methyl~benzo) -1-
indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium dichloride,
Dimethylsilylene(2—methyl—4,5—benzo—1—indényl)(2,7—
dibrom§—9—fluorenyl)zirconium bis(methanesulfonate),
Dimethylsilylene (2, 6-dimethyl-4,5~benzo-1-
indenyl) (2, 7-dibromo-9-fluorenyl) zirconium
bis {methanesulfonate), _
Dimethylsilylene(Z—methyl—4,S—benzo—l—inaenyl)(2,7—di—
t-butoxy-9-fluorenyl) zirconium bis (methanesulfonate),
Dimethylsilylene (2, 6—dimethyl-4, 5-benzo-1-

indenyl) (2, 7-di-t-butoxy-9-fluorenyl)zirconium

_ bis (methanesulfonate),

Dimethylsilylene (2-methyl-4, 5-benzo-1l-indenyl) (2, 7-

diphenyl-9-fluorenyl) zirconium bis (methanesulfonate),
Dimethylsilylene (2, 6—~dimethyl-4,5-benzo-1-~ |

indenyl) (2, 7-diphenyl-9-fluorenyl) zirconium

bis(ﬁethanesulfonate),
Dimethylsilylene(2—methy1—4,S—benzo—l—indenyl)(2,7—di—

i—propyl—9—fluoreny1)zirconium bis (methanesulfonate),
Dimethylsilylene (2, 6—-dimethyl-4,5-benzo-1-

indenyl) (2, 7-di-i-propyl-9-fluorenyl) zirconium

bis (methanesulfonate),
Dimethylsilylene (2, 6-dimethyl-4, 5-benzo-1-

indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium

bis (methanesulfonate), |
DiMethylsilylene(2,7—dimethyl-4,5—(2—methyl—benzo)-l-

indenyl) (2, 7-di-trimethylsilyl-9-fluorenyl) zirconium

bis(methanesulfoﬁa;e)L
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Dimethylsilylene (2, 7-dimethyl-4,5-(2-methyl-benzo)-1-
indenyl) (2, 7-dibromo-9-fluorenyl) zirconium
bis (methanesulfonate),
Dimethylsilylene(é,?—dimethyl-4,5—(2-methyl—benio)—1—
indenyl)(2,7—di—t-butoxy-9-fluorehy1)zirconium
bis (methanesulfonate),
Dimethylsilylene (2, 7-dimethyl-4, 5- (2-methyl-benzo) ~-1-
indenyl) (2, 7-diphenyl-9-fluorenyl) zirconium
bis(methanesulfonate),
Dimethylsilylene (2, 7-dimethyl-4, 5~ (2-methyl-benzo) -1-
indenyl)(2,7—di—i—pro§yl—9—fluorenyl)zirconium
'bis(meﬁhanésulfonate),
Dimethylsilylene (2, 7-dimethyl-4,5-(2-methyl-benzo) -1~
indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium
bis (methanesulfonate),
Dimethylsilylene(2,7—dimethyl-4,5—(l-methyl—benzo)—1—
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium
bis(methanésulfonate), '
Dimethylsilylene (2, 7-dimethyl-4, 5-(1-methyl-benzo)-1-
indenyl) (2, 7-di-trimethylsilyl-9-fluorenyl) zirconium
bis (methanesulfonate),
Dimethylsilyiene(Z,7-dimethyl—4,5-(1—methy1—benzo)—1—
indenyl) (2, 7-dibromo-9-fluorenyl) zirconium
bis (methanesulfonate),
Dimethylsilylene (2, 7-dimethyl—-4, 5-(1-methyl-benzo)-1-
indenyl)(2,7—di—t-butoxy-9-fiuorenyl)zirconium

bis (methanesulfonate),
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Dimethylsilylene (2, 7-dimethyl-4,5- (1-methyl-benzo) -1-
indenyl) (2, 7-diphenyl-9-fluorenyl) zirconium
bis (methanesulfonate),
Dimethylsilylene (2, 7-dimethyl-4,5- (1-methyl~benzo)-1-
indenyl) (2, 7-di-i-propyl-9-fluorenyl) zirconium
bis(methanesulfonatei, .
Dimethylsilylene (2, 7-dimethyl-4,5- (1-methyl-benzo) -1-
indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium
bis(methénesulfonate), .
Dimethylsilylene(2—methyl—4,5—benzo—1—indenyl)(2,7-
dibromo—9—(4,5—methyienephenanthryl))zirconium dichloride,

Dimethylsilylene (2, 6-dimethyl-4, 5-benzo-1-

indenyl)(2,7—dibromo—9—(4,5-methylénephenanthryl))zirconium

dichloride,
Dimethylsilylene(2—methy1—4,S—benzo—l—indenylf(2,7-di—

t-butoxy-9- (4, 5-methylenephenanthryl)) zirconium dichloride,
Dimethylsilylene (2, 6~dimethyl-4, 5-benzo-1-

indenyl) (2, 7-di-t-butoxy-9-(4, 5-

methylenephenanthryl))zirconium dichloride,
Dimethylsilylene (2-methyl-4, 5-benzo-1-indenyl) (2,7~

diphenyl-9- (4, 5-methylenephenanthryl)) zirconium dichloride,
Dimethylsilylene (2, 6-dimethyl-4,5-benzo-1-

indenyl) (2, 7-diphenyl-9- (4, 5-

methylenephenanthryl)) zirconium dichloride,
Dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (2, 7-di-

i-propyl-9-(4,5-methylenephenanthryl)) zirconium dichloride,
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Dimethylsilylene (2, 6-dimethyl-4,5-benzo-1-
indenyl)(2,7—di-i—propyl—9—(4,5—
methylenephenanthryl))zirconium dichloride,

Dimethylsilylené(Z,6-dimethyl-4,5—benzo-1—
indenyl) (2, 7-dimethyl-9-(4, 5-
methylenephenanthryl))zirconium dichloride,

Dimethylsilylene (2, 7-dimethyl-4,5- (2-methyl-benzo) -1-
indenyl) (2, 7-di-trimethylsilyl-9-(4,5-
methylenephenanthryl) ) zirconium dichloridé,

Dimethylsilylene(Z,7—dimethy1—4,5—(2—methyl—benzo)-1—
indenyl) (2, 7-dibromo-9- (4, S—methylenephenanthryl) ) zirconium
dichloride,

Dimethylsilylene (2, 7-dimethyl-4,5-(2-methyl-benzo)-1-
indenyl)(2,7—di—t-butoxy—9-(4,5-.
méthylenephenanthryl))zircdﬁium dichloride,

Dimethylsilylene(Z,7—dimethyl—4,5—(2-méthyl—benzo)—1—

indenyl) (2, 7-diphenyl-9-(4, 5-

methylenephenanthryl))zirconium dichloride,

Dimethylsilylene (2, 7-dimethyl-4,5- (2-methyl-benzo) ~1-
indenyl) (2, 7-di-i-propyl-9-(4,5-
methylenephenanthryl)) zirconium dichloride,

Dimethylsilylene (2, 7-dimethyl-4, 5- (2-methyl-benzo) -1-
indenyl) (2, 7-dimethyl-9-(4, 5-
methylenephenanthryl))zirconium dichloride,

Dimethylsilylene(Z,7—dimethyl—4,S—kl—methyl-benzo)—1-
indenyl) (2, 7-di-t-butyl-9-(4,5-

methylenephenanthryl))zirconium dichloride,
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Dimethylsilylene (2, 7-dimethyl~4, 5~ (1-methyl-benzo) -1-
indenyl) (2, 7-di-trimethylsilyl-9-(4,5-
methylenephenanthryl))zirconium dichloride,

Dimethylsilylene (2, 7-dimethyl-4, 5- (1-methyl-benzo)-1-
indenyl) (2, 7-dibromo-9- (4, 5-methylenephenanthryl) ) zirconium
dichloride,

Dimethylsilylene (2, 7-dimethyl-4,5- (1-methyl-benzo)-1-

‘indenyl) (2, 7-di-t-butoxy-9- (4, 5-

methylenephenanthryl))zirconium dichloride,
Dimethylsilylene (2, 7-dimethyl-4,5- (1-methyl-benzo) -1-
iﬁdenyl)(2,7—dipheny179—(4,5—
methylenephenanthryl))zirconium dichloride,
Dimethylsilylene (2, 7-dimethyl-4,5-(1-methyl-benzo) -1-
indenyl)(2,7-di—i;propyl—9-(4,5—
methylenephenanthryl))zircbnium dichloride,
Dimethylsilylene(Z,7—dimethyl—4,5?(1-methyl—benzo)—1—
indenyl) (2, 7-dimethyl-9-(4, 5-
methylenephenanthryl))ziréqnium dichloride, _
Dimethylsilylene (2-methyl-4,5-Benzo-1-indenyl) (2, 7-di-
t-butyl—9—(4,5—methylenephénanthryl))zirconium dichloride,
Dimethylsilylene (2-methyl-4,5-benzo-l-indenyl) (2, 7-di-
trimethylsilyl-9- (4, 5-methylenephenanthryl))zirconium
dichloride,
Dimethylsilylene (2, 6-dimethyl-4,5-benzo-1-
indenyl) (2, 7-di-t-butyl-9-(4, 5-

methylenephenanthryl))zirconium dichloridé,'
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Dimethylsilylene (2, 6-dimethyl-4, 5-benzo-1-
indenyl) (2, 7-di-trimethylsilyl-9~ (4,5~
methylenephenanthryl))zirconium dichloride,
Dimethylsilylene (2, 7-dimethyl-4, 5-(2-methyl-benzo) -1-
indenyl) (2, 7-di-t-butyl-9-(4,5—
methylenephenanthryl))zirconium dichloride,
Dimethylsilylene (2, 7-dimethyl-4, 5- (2-methyl-benzo) -1-
indenyl) (2, 7-di-trimethylsilyl-9-(4,5-
methylenephenanthryl))zirconium dichloride,
Dimethylmethylene (2-methyl-4, 5-benzo-1-indenyl) (2,7-
dibrqmo—9—fluoreny1)zirconium dichloride,
Dimethylmethylene (2, 6~dimethyl-4, 5-benzo-1-
indenyl)(2,77dibromo-9—fluorenyl)zirconium dichloride,
Dimethylmethylene (2-methyl-4,5-benzo-1-indenyl) (2,7~
di-t-butoxy-9-fluorenyl)zirconium dichloride,
Dimethylmethylene (2, 6-dimethyl-4, 5-benzo-1-
indenyl) (2, 7-di-t-butoxy-9-fluorenyl) zirconium dichloride,
Dimethylmethylene (2-methyl-4,5-benzo-1-indenyl) (2,7~
diphenyl—9—fluorenyl)zirconium'dichloride,
Dimethylmethylene(z,6—dimethyl-4,5—benzo—1-
indenyl) {2, 7-diphenyl-9-fluorenyl) zirconium dichloride,
. Dimethylmethylene (2-methyl-4,5-benzo-1l-indenyl) (2,7-
di—i—propyi—9-fluorenyl)zirconium dichloride,
Dimethylmethylene (2, 6-dimethyl-4, 5-benzo-1-
indenyl)(2,7fdi—i—propyl-9—fluorenyl)zirconium dichloride,
Dimethylmethylene (2, 6~dimethyl-4, 5-benzo-1-

indenyl)(2,7—diméthyl—9-fluorenyl)zirconium dichloride,



10

15

20

25

34

Dimethylmethylene(2,7—dimethY1—4,5—(2—methyl—benzo)—1—
indenyl) (2, 7-di-trimethylsilyl-9-fluorenyl)zirconium
dichloride, '
| Dimethylmethylene(2,7—dimethy1—4,5—(2fmethyl—benzo)-1—
indenyl) (2, 7-dibromo-9-fluorenyl) zirconium dichloride,

Dimethylmethylene (2, 7-dimethyl-4, 5- (2-methyl-benzo) -1-
indenyl) (2, 7-di-t-butoxy—-9-fluorenyl) zirconium dichloride,

Dimethylmethylene (2, 7-dimethyl-4, 5- (2-methyl-benzo) -1-
indenyl) (2, 7-diphenyl-9-fluorenyl) zirconium dichloride,

Dimethylmethylene (2, 7-dimethyl-4, 5- (2-methyl-benzo) -1-
indenyl) (2, 7-di-i-propyl-9-fluorenyl)zirconium dichloride,

Dimethylmethylene(2,7—dimethyl—4,5—(Z—ﬁethyl—benzo)—l—
indenyl)(2,7—dimethyl—9—fluorenyl)zirconium dichloride,

Dimethylmethylene (2, 7-dimethyl-4, 5- (1-methyl-benzo) -1-
indenyl)(2,7—di—t-butyl-g-fluorényl)zirconium dichloride,

Dimethylmethylene (2, 7-dimethyl-4, 5~ (1-methyl-benzo) -1~
indenyl) (2, 7-di-trimethylsilyl-9-fluorenyl) zirconium
dichloride, )

Dimethylmethylene (2, 7-dimethyl-4, 5- (1-methyl-benzo)-1-
indenyl)(2,7—dibromo-9—fiuoreny1)zircohium dichloride,

Dimethylmethylene (2, 7-dimethyl-4, 5- (1-methyl-benzo) -1-
indenyl) (2, 7-di-t-butoxy-9-fluorenyl) zirconium dichloride,

Dimethylmethylene(2,7—@imethyl—4,5—(1-methyl—benzo)—1—
indenyl) (2, 7-diphenyl~9-fluorenyl) zirconium dichloride,

Dimethylmethylene (2, 7-dimethyl-4, 5- (1-methyl-benzo) -1-
indenyl) (2, 7-di-i-propyl-9-fluorenyl) zirconium dichloride,

Dimethylmethylene (2, 7-dimethyl-4,5-(l-methyl-benzo) -1~

indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium dichloride,
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Dimethylmethylene(2—methyl—4,5—benzo?1—indenyl)(2,7—
di-t-butyl-9-fluorenyl)zirconium dichloride,
Dimethylmethylene(2—methyl—4,5—benzo;1—indenyl)(2,7—
di-trimethylsilyl-9-fluorenyl)zirconium dichloride,
Dimethylmethylene (2, 6-dimethyl-4, S-benzo-1-
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,
Dimethylmethylene (2, 6-dimethyl-4, 5-benzo-1-
indenyl) (2, 7-di-trimethylsilyl-9~fluorenyl) zirconium
dichloride, | '
Dimethylmethylene(2,7—dimethyl-4,5—(2—me£hyl-benzo)—1—
indenyl)(2,7—di—t—butyl—9—fluorenyl)zifconium dichloride,
Dimethylmethylene (2, 7-dimethyl-4, 5-(2-methyl-benzo) -1-
indenyl) (2, 7-di-trimethylsilyl-9-fluorenyl)zirconium
dichloride,
Dimethylsilylene(2—methyl-4,5—benzo—1-indenylf(2,7—di—
t—butyl—9—fluorenyl)zircdnium n4-1-phenyl-1, 3-pentadiene,
Dimethylsilylene(2-methyl-4,5-benzo—1—indenyl)(2,7—di-
trimethylsilyi—9—fluorenyl)zirconium n4-1,4-
diphenylbutadiene, .
.Dimethylsilylene(2-methyl—4,5—benzo—1—indenyl)(2,7—
dibromo-9-fluorenyl)zirconium nN%-2, 4-hexadiene,
Dimethylsilylene (2, 6-dimethyl-4, 5-benzo-1-
indenyl) (2,7-di-t-butyl-9-fluorenyl) zirconium n4-1,4-
diphenyl—l,B—butadiene?
Dimethylsilylene (2, 6-dimethyl-4, 5-benzo-1-
indenyl) (2, 7-di-trimethylsilyl-9-fluorenyl) zirconium n4-3-

methyl-1,3-pentadiene,
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Dimethylsilylene (2, 6~dimethyl-4, 5-benzo-1-
indenyl)(2;7—dibromo-9-fluorenyl)zirconium né-2,4-
hexadiene,

Diphenylsilylene (2-methyl-4, 5-benzo-1-indenyl) (2, 7-
ditrimethylsilyl-9-fluorenyl)zirconium dichloride,

Diphenylsilylene (2, 6-dimethyl-4,5-benzo-1-
indenyi)(2,7—di—t—butyl—9—fluorenyl)zirconium dichloride,

Diphenylsilylene (2, 7-dimethyl-4, 5-benzo-1- |
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,

Diﬁhenylsilylene(Z,7-dimethyl—4,5—(2—methyl—benzo)—1—
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,

Methylphenylsilylene (2-methyl-4, 5-benzo-1-
indenyl) (2, 7-di (trimethyl) silyl-9-fluorenyl) zirconium
dichloride, |

Methylphenylsilylene(Z,6—dimethyl—4,5—benzo—1;
indenyl)(2,7—di—t—butyl—g—flubrenyl)zirconium dichloride,

Méthylphenylsilylene(2,7jdimethyl—4,5—benzo—1—
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,
and ' .

Methylphenylsilylene (2, 7-dimethyl-4,5-(2-methyl-
benzo)—1—indeny1)(2,7-di-t—butyl-Q-fluorenyl)zirconium
dichloride.

Also employablé are compounds wherein zirconium is
replaced with titanium or hafnium in the above-exemplified
zirconium compounds.

Of the zirconium compounds as described above, the

chemical structure_of dimethylsilylene (2, 7-dimethyl-4,5-(2~-

. methyl-benzo) -1-indenyl) (2, 7-di-t-butyl-9-
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fluorenyl)zirconium dichloride is represented by the

foliowing formula:
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Me\ .

The chemical structure of dimethylsilylene(2, 6-

Me: methyl group
t-Bu: t-butyl group

dimethyl-4, 5- (l-methyl-benzo)-1-indenyl) (2, 7-di-t-butyl-9-
fluorenyl) zirconium dichloride is represented by the

following formula:

Me ’,

The transition metal compounds (A-1) mentioned above

Me: methyl group
t-Bu: t-butyl group

may be used in combination of two or more kinds.:
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The transition metal compound (A-1) used in the
present invention is prepared, for example, as described
below.

Firstly, a substituted fluorenyl anion (compound (i))
represented by the following formula (i) reacts with a
compound (ii) represented by the following formula (ii) in
solvent to prepare a compound (iii) represented by the’

following formula (iii).’

2 2 2
R R x3 R R2
R? R? 2 2
I : 2
o/ oy - ©
R R2 | . R2? R2
2 2
R R x4 R2 y  R2
. : l
X4
(1) (ii) ' (iii)

In the formula (i), R2's may be the same as or
different from each other, and has the same meaning
described for R? in the aforesaid formula (I).

In the formula (ii), Y has the -same meaning described

for R2 in the aforesaid formula (I). X3 and X% may be the

same as or different from each other and are each hydrogen

atom, a halogen atom, -OR group, -OCOR group, -SR group,

'-0SO2R group, —-SO2R group, NRR' group (R and R' may be the

same as or different from each other and are each hydrogen
atom, a halogen atom, an alkyl group of 1 to 10 carbon
atoms, an aryl group of 6 to 20 carbon atoms or an

alkylaryl group of 7 to 30 carbon atoms).
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In the formula (iii), RZ2s Y and X% have the same
meaning described for those in the aforesaid formulas (i)
and (ii).

Examples of solvent applicable for aforesaid reaction

~include ethers, such as diethylether, tetrahydrofuran and

dioxane; aromatic hydrocarbons, such as benzene, toluene
and mesitylene; aliphatic-hydroéarbons, such aé pentane,
hexane and heptane.

Of these, preferred are diethylether, tetrahydrofuran,
toluene and hexane.

In the reaction §f compound (i) and compound (ii), the
compound (ii) is used in a molar ratio of from 0.5 to 200,
preferably from 1 to 60 based on the compound (i). The
solvent is used in a weight ratio of from 1 to 100,
preferably from 1 ﬁo 20 based on compound (ii). |

The compound (i) reacts with the compound (ii) at a
reaction temperature of -78 to 150 °C, preferably -78 to 50
°C, for a reaction time of 0.1 to 50 hours, preferably 1 to
25 hours. o .

The compound (i) can be pgepared by the reaction of a
substituted fluorene and the base in the presence or
absence of solvent.

Examples of base include elemental metals, such.as
metallic sodium, metallic‘botassium and metallic lithium;
hydride compounds, such as sodium hydride and potassium
hydride; organic lithium compounds, such as methyl lithium

and n-butyl lithium. Of these, preferred are metallic
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sodium; sodium hydride and n-butyl lithium, especially
pféferred is n-butyl lithium.

- Examples of solvent applicable for the reaction of
substituted fluorene and base include the same solvents
used the reaction of compound " (i) and compound (ii). Of
these, preferred are diethylether, tetrahydrofuran, toluene
and hexane, especially preferred are diethylether and |
toluene.

In the reaction of substituted fluorene and base, the
base is used in a molar ratio of from 0.5 to 200,
preferably from 1 to 60 baéed on the substituted fluorene.
The solvent is used in a weight ratio of from 1 to 100,
preferably from 1 to 20 based on the substituted fluorene.

The temperature of the ;eacﬁion of the substituted
fluorene and the base is in the range of -78 to 156 °cC,
preferably -78 to 50 °C, and the reaction time is in the
range of 0.1 to 50 hours, preferably 1 to 25 hours.

Then, the compound of the general formula (iii) (the
compound (iii)) and a substituted indenyl anion of the
following general formula (iv) (the compound (iv)) are
reacted to prepare the compound of the following general

formpla (v).
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In the above formula (iv), each of R!, R3 and R? is the
same as each of R!, R3® and R* of the above formula tI), Z is
an alkali metal such as lithium, sodium and potassium.

In the above formula (v), each of R}, R?, R}, RYand Y
is the same as each of R!, R2, R3, R? and Y of the above
formula (I). _ ‘

In the reaction of the compound (iii) and the compound
(iv), the compound (iii) is used in the amount of 0.5 to
10, preferably 0.5 to 5 by mol based dn the amount of the
compound (iv) used, and a solvent is used in the amount of
1 to 100, preferably 1 to 20 by weight based on the amount
of the compound (iv) used.

The temperature of the reaction of the compound (iii)

and the compound (iv) is in the range of -78 to 150 °C,
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preferably -78 to 50 °C, and the reaction time is in the

range of 0.1 to 50 hours, preferably 1 to 25 hours.

The substituted indenyl-substituted fluorenyl bridging
compound of the formula (v) can be obtained by reacting the
compound (iii) with the compound {(iv) under the above
conditions.

The compound (iv) can be obtained by reacting the

substituted indene and the base in the presence or absence

~ of solvent.

The base used for the reaction includes the same bases
as used for preparing the substituted fluorenyl anion. Of
these, sodium metal, sodium hydride and n-butyllithium are
preferable, in particular, n-butyllithium is preferable.

The solvent used for the reaction includes the same
solvent as used for reacting the éompound.(i) and ﬁhe
compound (ii). Of these, diethyl'ether, tetrahydrofuran,
toluene and hexane are preferable, in particular, diethyl
ether and toluene are preferable.

In the reaction of the substituted indene and the
baée, the base is used in the amount of 0.5 to 2.0,
preferably 0.90 to 1.5 by mol based on the amount of the
substituted indene used, and the solvent is used in the
amount of 1 to 100, preferably 1 to 20 by weight based on
the amount of the substituted indene used.

The temperature of the reaction of the substituted
indene and the base is in the range of -78 to 150 °C,
preferably -78 to 50 °C, and the reaction time is in the

range of 0.5 to 50 hours, preferably 1 to 25 hours.
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The transition metal compound of the formula (I) of-
the invention can be prepared by reacting an anion of the
substituted indenyl-substituted fluorenyl bridging compound

with a compound of the following general formula (vii).

+ M(X5%-, X%,)

(vi) (vii)

In the above formula (vi), each of R!, R?, R3, R and ¥
is the same as each of R, R2, R3, R? and Y of the above
10 formula (I).
In the above formula (vii), M is the samé as in the

formula (I); X5 may be the same as or different from each
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other, and are each hydrogen atom, a halogen atom, -OR
group, -OCOR group, -SR group, -—0SO2R group or -SOzR group;
X% are each hydrogen atom, a halogen atom, -OR group, —-0OCOR
group, -SR group, -0S0zR gfoup, -S0;R group or -NRR' group
(R and R' may be the same as or different from each other,
and age each hydrogen atom, a halogen atom, an alkyl group
of 1 to 10 carbon atoms, an aryl group of 6 to 20 carbon
atoms or an alkylaryl group of 7 to 30 carbon atoms); n is
1 or 2. When n is 2, X% may be the same as or different
ffom each other.

In the reaction of the substituted indenyl-substituted
fluorenyl bridging compound of the formula (vi) (the
compound (vi)) and a compound of the formﬁla (vii) (the

compound (vii)), the compound (vii) is used in the amount

.0f 0.1 to 200, preferably 0.5 to 5.0 by mol based on the

amount of the compound (vi) used, and a solvent is uSédTin
amount of 1 to 100, preferably 1 to 20.by weight based on
the amount of the substituted indenyl anion used.

The temperature of the reaction of the compound (vi)
and the compound (vii) is in the range of -78 to 150 °C,
preferably -78 to 50 °C, and.the reaction time is in the
range of 0.1 to 50 hours, preferably 1 to 25 hours.

The compound (vi) can be obtained by reacting the
substituted indenyl-substituted fluorenyl bridging compound
(the compound (v)) with the base in the presence or absence
of sol&ent.

The base uéed for the reéaction includes the same base

as used for preparing'the_substituted fluorenyl anion. Of
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these, sodium metal, sodium hydride and n-butyllithium are
preferable, in particular, n-butyllithium is preferable.

The solvent used for the reaction includes the same
solvent as used for the reaction of the compoﬁnd (i) and
the compoﬁnd (ii) . Of these, diethyl ether,
tetrahydrofuran, toluene and hexane are preferable, in
particular, diethyl ether and toluene are preferable.

In the reaction of the compound (v) and the base, the
base is used in amount of 1.0 to 10.0, preferably 1.5 to
3.0 by mol based on the amount of the compound (v) used,
and the solvent is used in the amount of 1 to 100,
preferably 1 to 20 by weight based on the amount of the
compound (v) . '

The temperature of the reaction of the substituted
indene and the base is in the range of -78 to 150 °C,
preferably -78 to 50 °C, and the reaction time is in the
range of 0.1 to 50 hours, preferably 1 to 25 hours.

The-transition metal compound obtained as above
mentioned can be purified by crystallizing the compound
after removing an inorganic salt by the ordinary procedure.

The transition metal compoupd (A-1) can be also
prepared as described below. Firstly, the compound (iv)
and the compound (ii) are reacted to prepare a compound of

the following formula (viii) (the compound (viii)).
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(iv) (i) ( viii )

The compound (viii) and the substituted fluorenyl
anion (the compound (i)) are reacted to obtain a
substituted indenyl-suBstituted fluorenyl bridging compound
(the compound (v)). Subsequently, a compound (vi) which is
obtained by anionizing the compound (v) and the compound
(vii) are reacted to obtain the transition metal compound
(A-1) . In this process, the same conditions as above
mentioned are employable as each of reaction conditions.

Moreover, the transition metal compouﬁd (A-1) can be
also prepared as described below. Firstly, a substituted
indene of the following formula (ix) (the compound (ix))
and a substituted ketone of the following formula (x) (the

compound (x)) are reacted to prepare a compound of the

following formula (xi) (the compound (xi)).

Rt R4 ' ' R! R
R! ? R! U
QO-# - ¢ QL)+
Rl / \ R]_ .
1 1 1 1 C
R R R ' R /N
rR! R!

(ix) (x) (xi)
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The reaction is conducted so that the base as
ment ioned above is employed, that the substituted indene is
changed into a substituted indenyl anion and that the
substituted ketone is then added in the amount of 0.1 to
100, preferably 0.1 to 20 by mol based on the amount of the
substituted indenyl anion used.

The compound (xi) thus obtained and the substituted
fluorenyl anion (the compound (i)) are reacted to obtain a
substifuted indenyl-substituted fluorenyl bridging compound
(the compound (v)). In the reaction of the compound (xi)
and the compound (i), the compound (i) is used in the
amount of the range of 0.1 to 100, preferably 0.5 to 5.0 by
mol based on the amount of the compound (xi) used.'
Subsequently, an anion of the substituted indenyl-
substituted fluorenyl bridging compound and the coﬁpound
(vii) are reacted in a solvent to obtain the transition
metal compound (A-1). In this process, the same conditions
as above mentioned are employable as each of reaction
conditions. ' .

The organoalﬁminum oxy-compound (B-1) used in the
invention may be aluminoxane conventionally known or a
benzene-insoluble organcaluminum oxy-compound exemplified
in Japanese Patent Laid-Open Publication No. 78687/1990.

The conventionally known aluminoxane can be prepared
by, for example, the following procedures. |

(1) An organocaluminum compound such as
trialkylaluminum is added to a hydrocarbon medium

suspension of compounds containing adsorbed water or salts
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contalnlng water of crystallization, e.g., magnesium

chloride hydrate, copper sulfate hydrate, alumlnum sulfate

hydrate, nickel sulfate hydrate or cerous chlorlde hydrate,
so as to allow the organoaluminum compound to react with
the adsorbed water or the water of crystallization.

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

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

The aluminogane may contain a small amount of an
organometallic component. Further, it is also poséible
that the solvent or the unreacted organoaluminum compound
is distilled off from the recovefed solution of aluminoxane
and the remainder is redissolved in a solvent.

Examples of the organoaluminum,compoﬁnds used for
preparing the aluminoxane include:

trialkylaluminums, such as trimethylaluminum,
triethylaluminum, tripropylaluminum, triisopropylaluminum,
tri—n—butylaluminum,.triisobutYlaluminum, tri-sec-
butylaluminum, tri-tert-butylaluminum, tripentylaluminum,
trihexylaluminum, trioctylaluminum and tridecylaluminum;

tricycloalkylaluminums, such as tricyclohexylaluminum

and tricyclooctylaluminum;
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dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, diethylaluminum bromide
and diisobutylaluminum chloride;

dialkylaluminum hydrides, such as diethylaluminum
hydride and diisobutylaluminum hydride;

dialkylaluminum alkoxides, such as dimethylaluminum
methoxide and diethylaluminum ethokide; and

dialkylaluminum aryloxides, such as diethylalumihum
phenoxide. |

Of these, trialkylaluminums and tricycloalkylaluminums
are particularly preferable. |

Also employable as ﬁhe organoaluminum compound for

"preparing the aluminoxane is isoprenylaluminum represented

by the formula (i-C4Hg)yxAly(CsHip). (wherein x, y, z are each
a positive number, and z 2 2x). |
| The organoaluminum compounds mentioned above can be
used in combination of two or more kinds.
'~ Examples of the solvents used for preparing the
aluminoxane include: p
aromatic hydrocarbons, sﬁch as benzene, toluene,
xylene, cumene and cymene;
aliphatic hydrocarbons, such as pentane, hexane,
heptane, 6ctane, decane, dodecané, hexadecane and
octadecane;
alicyclic hydrocarbons, such as cyclopentane,
cyclohexane, cyclooctane and methylcyclopentane;
petroleum fractions, such as gasoline, kerosine and

gas oil; and
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halides of these aromatic, aliphatic and alicyclic
hydrocarbons, particularly chlorides and bromides thereof.

_Also employable are ethers such as ethyl ether and
tetfahydrofuran. 0f the solvents, particularly preferable
are aromatic hydrocarbons. |

The compound (B-2) which reacts with the.transition

metal compound (A-1) to form an ion pair (sometimes
referred to as "ionized ionic compound" hereinafter), that

is used in the invention, includes Lewis acid, ionic

compounds, borane compounds and carborane compounds

described in National Publications of International Patent
No. 501950/1989 and No. 502036/1989, Japanese Patent Laid-
Open Publication No. 179005/1991, No. 179006/1991, No.
207703/1991 and No. 207704/1991, and U.S. Patent No.
5,321,106. |

The Lewis acid includes magnesium-containing Lewis
acid, aluminum-containing Lewis-acid and 5oron—containing
Lewis acid. Of these, boron-containing Lewis acid is
preferable. -

The Lewis acid which contains a boron atom is, for
example, a compound represented by the following formula
(TIX):

BR11R12R13 _ (III)
whei:ein R11, R12 and R!3 may be the same as or different
from each other, and are each a phenyl group which may haQe
a substituent such as fluorine, methyl or triflﬁorométhyl,

or a fluorine atom.
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Examples of the compounds represented by the above
formula (III) include trifluoroboron, triphenylboroﬁ,
tris (4-fluorophenyl)boron, tris(3,5-difluorophenyl)boron,
tris(4—flﬁoromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris(p-tolyl)boron, tris(o-
tolyl)boron, tris(3,5-dimethylphenyl)boron and tris{3,5-
di(trifluoromethylphenyl)}boron. Of these, particularly
preferable is tris(pentafluorophenyl)boron.

The ionic compound used in the invention is a salt
comprising a cationic compound and an anionic compound.
The anion reacts with the transition metal compound (A-1)
to reﬁder the compound (A—l)lcationic and to form an ion
pair, thereby to stabilize the transition metal cation’
seed. Examples of such anions include organoboron compound
anion, organocarsenic compound anion and organoaluminum
compound anion. Preferred anions are relatively bulky and
stabilize the transition metal cation seed. Examples of
the cations include metallic cation, orgahometallic cation,
.carbonium cation, tripium cation, oxonium cation, sulfonium
cation, phosphonium cation and ammonium cation. More
specifically, there can be mentioned triphenylcarbenium
cation, tributylammonium catipn, N,N-dimethylammonium
cation, ferrocenium cation, etc.

of these, ﬁreferable are ionic compounds containing a
boron compound as anion, and examples thereoflinclude:

trialkyl—éubstituted ammonium salts, such as
triethylammoniumtetra (phenyl)boron,

trip;qpylammpniumpetra(phenyl)bo:on, tri(n-
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butyl)ammoniumtetra (phenyl)boron, trimethylammoniumtetra (p-
tolyl)boron, trimethylammoniumtetra(o-tolyl)boron,
tributylahmoniumtetra(pentafluorophenyl)borbn,
tripropylammoniumtetra (o, p-dimethylphenyl)boron,
tributylammoniumtetra (m, m~-dimethylphenyl)boron,
tributylammoniumtetra (p-trifluoromethylphenyl)boron, tri(n-
butyl)ammoniumtetra (o-tolyl)boron and tri (n-

butyl) ammoniumtetra (4-fluorophenyl)boron;

N,N, -dialkylanilinium salts, such as N,N-
dimethylaniliniumtetra(phenyl)boron, N,N-
diethylaniliniumtetra (phenyl)boron and N,N-2,4,6-
pentamethylani1iniumtetra(phenyl)boron;

dialkylammonium salts, such as di(n-
propyl)ammoniumtetra(pentafluoroéhenyl)boron and
dicyclohexylammoniumtetra(phenyl)boron; and

triarylphosphonium salts, such as
triphenylphosphoniumtetra (phenyl)boron,
tri(methylphenYl)phosphoniumtetra(phepyl)boron and
tri (dimethylphenyl)phosphoniumtetra (phenyl)boron.

-As the ionic compounds containing a boron atom,
triphenylcarbeniumtetrakis (pentafluorophenyl)borate, N,N-
dimethylaniliniumtetrakis (pentafluorophenyl)borate and
ferroceniumtetra (pentafluorophenyl)borate are alsé
employable.

Further, the following compounds are also employable
as the ionic compounds containing a boron atom. (In the

ionic compounds enumerated below, the counter ion is tri(n-
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butyl) ammonium, but the counter ion is in no way limited
the;eto.)

That is, there can be mentioned:

salts of anions, such as bis(tri(n-
butyl) ammonium]nonaborate, bis([tri(n-
butyl) ammonium]decaborate, bis(tri (n-
butyl) ammonium]undecaborate, bis[tri(n-
butyl) ammonium]dodecaborate, bis[tri(n-
butyl) ammonium] decachlorodecaborate, bis{tri(n-
butyl)ammonium]dodeéachlorododecaborate, tri(n-
butyl) ammonium-l-carbadecaborate, tri{(n-butyl)ammonium-1-
carbaundecaborate, t;i(n—butyl)ammonium—l—
carbadodecaborate, tri(n-butyl)ammonium-l-trimethylsilyl-1-
carbadecaborate and tri(n—butyl)émmoniumbromo—l—
carbadodecaborate;

borane compounds, carborane complex compounds and

salts of carborane anions, such as decaborane(14), 7,8-

dicarbaundecaborane (13), 2,7-dicarbaundecaborane(13),

undecahydride~7, 8—dimethyl-7, 8-dicarbaundecaborane,
dodecahydride-l1—methyl—2,7-dicarbéundecaborane, tri(n-
butyl) ammonium-6-carbadecaborate (14), tri(n-butyl)ammonium-
6-carbadecaborate (12), tri(n-butyl)ammonium-7-
carbaundecaborate (13), tri(n-but?l)ammonium—?,8—
dicarbaundecaborate(12), tri(n-butyl)ammonium-2,9-
dicarbaundecaborate (12), tri (n-butyl)ammoniumdodecahydride-
8-methyl-7, 9-dicarbaundecaborate, tri(n-

butyl) ammoniumundecahydride-8-ethyl-7, 9-.

dicarbaundecaborate, tri(n-butyl)ammoniumundecahydride-8-
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butyl-7, 9-dicarbaundecaborate, tri (n-
butyl)ammoniumundecahydride—8-allyl—7,9—
dicarbaundecaborate, tri(n-butyl)ammoniumundecahydride-9-
trimethylsilyl-7, 8—-dicarbaundecaborate and tri (n-
butyl) ammoniumundecahydride-4, 6-dibromo-7-
carbaundecaborate; and

| carborane compounds and salts of carboranes, sﬁch as
4-carbanonaborane(l4),.1,3—dicarbanonaborane(13), 6,9~
dicarbadecaborane (14), dodecahydride-l1-phenyl-1,3-
dicarbanonaborane, dodecahydride-l-methyl-1,3-
dicarbanonaborane and undecahydride-1, 3-dimethyl-1, 3-
dicarbanonaborane.

Furthérmore, the following salts of metallic

carboranes and metallic borane anions.are also employable

as the ionic compounds containing a boron atom. (In the

ionic compounds enumerated below, the counter ion is tri(n-

butyl)ammonium, but the counter ion is in no way limited
thereto.)

That is, there can be mentioned tri(n-
butyl) ammoniumbis (nonahydride-1, 3-
dicarbanonaborate) cobaltate (III), tri{n-
butyl) ammoniumbis (undecahydride-7, 8-
dicatbaundecaborate)ferrate(III), tri(n-
butyl) ammoniumbis (undecahydride-7, 8-
dicarbaundecaborate)cobaltate{(III), tri(n-
butyl)ammoniumbis(undecahyd:ide-?,s—
dicarbaundecaborate)nickelate(III), tri(n-

butyl)ammoniumbis (undecahydride-7,8-
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dicarbaundecaborate) cuprate (III), tri(n-
butyl) ammoniumbis (undecahydride-7, 8-

dicarbaundecaborate)aurate (III), tri(n-

_butyl)ammoniumbis(nonahydride—7,8—dimethyl—7,8—

dicarbaundecaborate) ferrate (III), tri(n-

butyl) ammoniumbis (nonahydride-7, 8-dimethyl-7, 8-
dicarbaundecaborate)chromate (II1I), tri(n-

butyl) ammoniumbis (tribromooctahydride—7, 8-
dicarbaundecaborate)cobaltate (III), tri(n-
butyl)ammoniumbis(dodecahydridedicarbadodecaborate)-
cobaltate (III), bis[tri(n-

butyl) ammonium]bis (dodecahydridedodecaborate) -
nickelate (III), tris(tri(n- |
butyl) ammonium]bis (undecahydride-7-
carbaundecaborate)chromate(III), bis[tri(n-
butyl)ammonium]bis (undecahydride-7-
carbaundecaborate) manganate (IV), bis(tri(n-

butyl) ammonium]bis (undecahydride-7-
carbaundecaborate) cobaltate (III), bis[tri(n-

butyl) ammonium]bis (undecahydride-7-
carbaundecaborate) nickelate (IV), triphenylcarbenium
tetrakis{(2, 3,5, 6-tetrafluoro-4-
triisopropylsilyl)phenyl}borate, N,N—dimethylanirinium
tetrakis{ (2, 3,5, 6~tetrafluoro-4-
triisopropylsilyl)phenyl}borate, triphenylcarbenium
tetrakis((2,3,5,6—tetrafluoro—4—dimethyl—t— '
butylsilyl)phenyl}borate, N,N-dimethylanirinium

tgprakis{(2,3,5,G-tet;afluqrpj4fdimethyl—t—
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butylsilyl)phenyl}borate, ﬁriphenylcarbenium

bis (octahydrobiphenylene)borate, N,N-dimethylanirinium

bis (octahydrobiphenylene)borate, triphenyléarbenium
(octafluoro-1,1'-spiro)biboronole and N,N-dimethylanirinum
(octafluoro-1,1'-spiro)biboronole.

The ionized ionic compounds mentioned above can be
used in combination of two or more kinds.

The olefin polymerization ¢atal§st of the invention
may optionally contain the below-described organocaluminum
compound (C) in addition to the above-mentioned components.

The organoaluminum compound (C) optionally used in the
invention can be represented by, for example, the following

formula (IV):

R&,ALXs o ] ' (IV)
wherein R?® is a hydrocarbon group of 1 to 12 carbon.atoms,
X is a halogen atom or hydfogen, and n is 1 to 3.

In the formula (IV), R® is a hydrocarbon group of 1 to
12 carbon atoms, e.g., an alkyl group, a cycloalkyl group
or an aryl group. Particular examples of the groups
include methyl, éthyl, n-propyl, isopropyl, isobutyl,
pentyl, hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and
tolyl. |

Examples of such organcaluminum compounds include:

trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triisopropylaluminum,
triisobutylaluminum, trioctylaluminum and tri-2-
ethylhexylaluminum;

. alkenylaluminums, such as isoprenylaluminum;
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dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum
chloride, diisobutylaluminum chloride and dimethylaluminum
bromide;

alkylaluminum Sesquihalides, such as methylaluminum
sesquichloride, ethylaluminum sesquichloride,
isopropylaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide;

alkylaluminum dihalides, such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylaluminum
dichloride and ethylaluminum dibromide; and

alkylaluminum hydrides, such as diethylaluminum
hydride and diisobutylaluminum hydride.

Also employable as the organocaluminum compound (C) is
a compound represented by the following formula (Vf:

R2 AlY3 , (V) |
wherein R2 is the same as above,

Y is -ORP group, -0SiR¢; group, =OAlRd, group, -NRe;
group, =-SiRf3; group or -N(R9)AlRh, group,

n is 1 to 2, |

RP, R°, R4 and Rt are each methyl, ethyl; isopropyl,
isobutyl, cyclohexyl, phenyl or the like,

Re is hydrogen, methyl, ethyl, isopropyl, phenyl,
trimethylsilyl or the like, and

Rf and R9 are each methyl, ethyl or the like.

Examples of such organocaluminum compounds include:
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(i) compounds of the formula R2,Al (ORP) 3-,, e.g9.,
dimethylaluminum'methéxide, diethylaluminum ethoxide and
diisobutylaluminum methoxide;

(ii) compounds of the formula R3pAl (0OSiR®3) 3-n, €©.9.,
(CoHs) 2A1 (0Si (CH3)3), (iso—C4Hp)2Al (0Si (CH3z)3) and (iso—-
C4Hy) 2A1 (0S1 (C2Hs) 3) ;

(iii) compounds of the fofmula R2,Al (OA1R%) 3.4, €.9g.,
(C2Hs) 2AL (OAl (CoHs)2) and (is0o-C4Hg) 2A1 (OALl (is0—C4Hy) 2) ;

(iv) compounds of the formula R2,Al(NR®;)3-n, €.9.,
(CH3)2A1(N(C2H5)2), (C2Hs) 2A1 (NH(CH3) ), (CH3)2Al (NH(C2Hs)),
(CoHs) 2AL [N (Si(CH3)3)2] and (iso-C4Hg) 2A1[N(Si(CH3)3)2]; and

(v) compounds of the formula R2,Al (SiR%f3)3-n, e.9.,
(1s0-C4Hg) 2ALl (Si (CH3) 3) .

Of these, préferable are organocaluminum compounds of
the formulas R23Al, R2,Al (ORP)3-, and R3,Al (OAlez);;..n,' and
particularly preferable are compounds of said formulas
wherein R2 is an isoalkyl group and n is 2. The
organoaluminum compounds mentioned above can be used in
combination of two or more kinds. -

The olefin polymerization catalyst according to the
invention may be a solid catalyst wherein at least one
component of the component (A-1), the component (B—l)} the
component (B-2) and the component (C) is supported on a
fine particle carrier.

The olefin polymerization catalyst according to the
invehtioﬁ may be a prepolymerized éétalyst comprising a |

fine particle carrier, the component (A-1), the component
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(B-1) (or the component (B-2)), an olefin polymer broduced
by prepolymerization, and optionally, the component (C).
The fine particle carrier used in the solid catalyst
and the prepolymerized catalyst is an inorganic or organic
compound, and is a particulate or granular solid having a
particle diameter of 10 to 300 um, preferably 20 to 200 um.
The inorganic carrier is preferably a porous oxide,
and examples thereof include SiO,, Al,03, MgO, Zr0O,, TiO,,
B,0;3;, CaO, Zn0O, BaO, ThO, and mixtures thereof such as SiO,-
MgO, Si0,-A1,05, Si0,-TiO,, Si0,-V,05, Si0,-Cr,0; and S$SiO,-
TiO,~-MgO. Of these, preferable are those containing at

least one component selected from the group consisting of

Si0, and Al,0; as their major component.

The above-mentioned inorganic oxides may contain
carbonates, sulfates, nitrates and oxides, e.g., N52CO3,
K,CO;, CaCOs;, MgCOs, Na,S0,, Al,(SO,);, BaSO,, KNOs;, Mg (NO),,
Al (NO3) 3, Nay0, K,0 and Li,0, in small amounts.

The properties of the fine particle carrier vary
depending on the kind thereof and the process for the
pfeparation thereof, but preferably used in the invention
is a carrier having a specific surface area of 50 to i,OOO
m2/g, preferably 100 to 700 m2/g, and a pore volume of 0.3
to 2.5 cm®/g. If desired, the fine particle carrier is
calcined at a temperature of 100 to 1,000 °C, preferably
150 to 700 °C, prior to use.

Also employable as the fine particle carrier is a

granular or particulate solid of an organic compound having

. a particle diameter of 10 to 300 pm. Examples of such
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organic compounds include (co)polymers produced using, as
their main component,.an &—olefin of 2 to 14 carbon atoms
such as ethylene, propylene, l-butene or 4-methyl-1-
pentene, aﬁd (co)polymers produced using, as their main
componént, vinylcyclohexane or styrene.

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

In the first process for preparing an olefin polymer .
according to the invention,.an olefin is homopolymerized or
two or more kinds of olefins are copolymerized in the
presence of the olefin polymerization catalyst formed from
the transition mefal compound (A-1), the organocaluminum
oxy—-compound and/or the ionized ionic compound (B), and
optionally, the organcaluminum compound (C).

~ Examples of the olefins used in the invention include
chain or branched o-olefins of 3 to 20 carbon atoms, such
as ethylene, propylene, l-butene, l-pentene, l-hexene, 4-
methyl-l-pentene, 3-methyl-l-pentene, l-heptene, l-octene,
l-nonene, l-decene, l-undecene, l-dodecene, l-tetradecene,
1-hexadecene and l-octadecene.

Also employable are olefins having an aliphatic ring
or an aromatic ring, such as cyclopentene, cycloheptene,
norbornene, S5-methyl-2-norbornene, tetracyclododecene,.2-
methyl—l,4,5,8-dimethano—1,2,3,4,4a,5,8,8a—
octahydronaphthalene, styrene and vinylcyclohexane.

Together with the olefins, various polyenes can be

_copolymerized. Examples of the polyenes include chain or

cyclic dienes, such as butadiene, isoprene, 1,4-hexadiene,
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dicyclopentadiene, S5-ethylidene-2-norbornene and 7-methyl-
1, 6-octadiene; chain or cyclic trienes, such as 6,10
dimethyl-1,5, 9-undecatriene and 5,9-dimethyl-1,4,8-
decatriene; and chain or cyclic tetraenes, such as 6,10,14-
trimethyl-1,5,9,13-pentadecatetraene and 5,9,13—trime£hyl—
1,4,8,12-tetradecatriene.

In the (co)polymerization of the olefin, the
transition metal compound (A-1l) is used in an amount of
usually about 0.00005 to 0.1 mmol, preferably about 0.0001
to 0.05 mmol, in terms of the transition metal atom, based
on 1 liter of the polymerization volume.

The organoaluminum oxy-compound (B-1) is used in such
an amount that the amount of the aluminum atom bécomes
usually about 1 to 10,000'mol, preferably 10 to 5,000 mol,
based on 1 mol of the transition metal atoﬁ. |

The ionized ionic compound (B-2) is‘uéed in such an
amount that the amount of the boron atom becomes usually
about 0.5 to 20 mol, preferably 1 to 10 mol, based on 1 mol
of the transition metal atom. .

The organocaluminum compound (C) is used, if necessary,
in an amount of usually about 0 to 200 mol, preferably
abqut 0 to 100 mol, based on 1 mol of the aluminum atom in
the organocaluminum oky-compound (B-1) . The compound (C) is
used, if necessary, in an amount of usually about 0 to
1,000 mol, preferably about 0 to 500 mol, based on 1 mol of
the boron atom in the ionized ionic compound (B-2).

The (co)polymerization of the olefin can be carried

out by any of a liquid phase polymerization process such as
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suspension polymerization process or solution
polymerization process, a gas phase polymerization process
and a high-pressure process.

In the liquid phase polymerization process, inert
hydrocarbon media can be émployed. Examples of the inert
hydrocarbon media include aliphatic hydrocarbons, such as
propane, butane, pentane, hexane, heptane, octane,.decane,
dodecane and kerosine; alicyclic hydrocarbons, such as
cyclopentane, cyclohexane and methylcyclopentane; aromatic
hydrocarbons, such as benzene, toluene and xylene; and
halogenated hydrocarbons, such as ethylene chloride,
chlorobenzene and dichloromethane. The olefin itself can
be used as a solvent. These solvents may be uéed in
combination of two or more kinds.

In the suspension polymerization process, the-
polymerization tempefature is in the range of usually -50
to 100 °C, preferably 0 to 90 °C; in the solution
polymerization process, the polymerization temperature is
in the range of usually 0 to 300 °C,, preferably 20 to.250
°c; and in the gas phase polymerization process, the
polymerization temperature is in the range of usually 0 to
120 °c, preferably 20 to 100 °C. In the high-pressure
process, the polymerization temperature is in the range of
usually 50 to 1,000 °C, preferably iOO to 500 °C. The
polymerization pressure is in the range of atmospheric
pressure to 100 kg/cm?2, preferably atmospheric pressure to
50 kg/cm?. In the high-pressure process, the

polymerization pressure is in the range of usually 100 to
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10,000 kg/cm2, preferably 500 to 5,000 kg/cm?. The

polymerization reaction can be carried out by any of
batchwise, semi-continuous and continuous processes. The
copolymerization can be conducted in two or more stages
upder different reaction conditions.

The molecular weight of the resulting olefin polymer
can be modified by allowing hydrogen to exist in the
polymerization system or varying the polymerization
temperature or the polymerization pressure.

In the present invention, the transition metal
compound (A-1) which contaihs, as a ligand, an indenyl
group having a specific substituent at thé specific
position is used as a transition metal catalyst componeht,
and therefore there can be obtained an olefin (co)polymer
of higher molecular weight and an olefin copolymer of
higher comonomer con;ent as compared with the case of using
an olefin polymerization catalyst which uses as its
catalyst component a transition metal compound not having
such substituent. .

The first olefin polymer of the invention obtained by
the above process has a melt flow rate (MFR) of usually

0.01 to 200 g/10 min, preferably 0.03 to 100 g/10 min, an

intrinsic viscosity [M] of usually 0.5 to 6.0 dl/g,

preferably 1.0 to 4.0 dl/g, and a density of usually 0.85
to 0.95 g/cm3, preferably 0.86 to 0.94 g/cm3.
The molecular weight distribution (Mw/Mn, Mw: weight-

average molecular weight, Mn: number-average molecular

weight) measured by GPC is in the range of 1.5 to 4.
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The molecular weight distribution (Mw/Mn) was measured

in the following manner using a measuring device of GPC-

. 150C produced by Millipore Co.

This measurement was carried out using a column of
TSK-GNH-HT having a diameter of 72 mm and a length of 600
mm at a column temperature of 140 °C. In this measurement,
500 microliters of a sample having a concentration of 0.1 %
by weight was introduced into the column in which o- |
dichlorobenzene (available from Wake Junyaku Kogyo K.K.) as
a mobile phase was moved at a moving rate of 1.0 ml/min.

In the mobile pﬁase, 0.025 % bf weight of BHT (available
from Takeda Chemical Industries, Ltd.) was contained as an
antioxidant. A differential refractometer was used as a
detector. With respect to the standard polystyrene of Mw <

1,000 and Mw > 4 X 105, those available from Toso Co. were

used, and with fespect to the standard polystyrene of 1,000
<.MW < 4 X 105, those available from Pressure Chemical Co.
were used.

The olefin polymer obtained by.the above process is
characterized by having a narrow molecular weight
distribution and a narrow composition distribution.

The first process for preparing an olefin polymer
according to the inventibn is favorably used for preparing
particularly an ethylene polymer and a propylene polymer.

For preparing the ethylene polymer, ethylene is
homopolymerized or ethylene and an a-olefin of 3 to 20
carbon atoms are copolymerized in the presence of the

aforesaid q;efin polyme:ization catalyst. The term
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"ethylene polymer" used herein means both an ethylene

homopolymter and an ethylene-t-olefin copolymer.

Examples of the a-olefins of 3 to 20 carbon atoms
include the aforementioned o-olefins of 2 to 20 carbon
atoms, other than ethylene. Of these, propylene, l-butene,

l-hexene and l-octene are preferably employed.

‘Together with ethylene and the a-olefin of 3 to 20

carbon atoms, the same polyenes .as described above are

‘copolymerizable.

" The polymerization conditions for preparing the
ethylene polymer are the same as those described above.

The first ethylene bolymer obtained by'the above
process has an ethYlene/a-olefin ratio of usually 55/45 to
100/2, preferably 60/40 to 100/5;

The first ethylene polymer has MFR of usually-0.0l to
200 g/10 min, preferably 0.03 to 100 g/10 min, an intrinsic
viscosity [N} of usually 0.5 to 5.0 dl/g, preferably 1.0 to
4.0 dl/g, and a density oflusﬁally 0.85 to 0.95 g/cm3,
preferably 0.86 to 0.94 g/cm3. .

For preparing the propylene polymef, propylene is
homopolymerized or propylene and an a-olefin other than
propylene are copolymerized in the presence of the
aforesaid olefin polymerizatioh catalyst. The term
"propylene polymer" used herein means both a propylene
homopolymer and a propylene-a-olefin copolymer.

Examples of the t-olefins other ;han propylene include

the aforementioned o-olefins of 2 to 20 carbon atoms, other
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than propylene. Of these, ethylene, l-butene, l-hexene and
l-octene are preferably used.

Together with propylene and the 0~olefin other than
propylene, the same polyenes as described above are
copolymerizable.

The polymerization conditions for preparing the
propylene polymer are the same as those described above.

The first propylene polymer obtained by the above
process has a propylene/o-olefin ratio of usually 55/45 to
100/2, preferably 60/40 to 100/5.

The first propylene polymer has MFR of usually 0.01 to

200 g/10 min, preferably 0.03 to 100 g/10 min, an intrinsic

‘viscosity [M] of usually 0.5 to 6.0 dl/g, preferably 1.0 to

4.0 dl/g, and a density of usually 0.85 to 0.95 g/cm3,
preferably 0.86 to 0.94 g/cm3. |

Of the propylene polymers, the‘propylene homopolymer
has.a mr/ {(mm+rr) value, in the dyad distribution measured
by 13C-NMR, of 0.7 to 1.3, preferably 0.8 to 1.2.

The values for mr, mm and rr in the dyaa distribution
measured by 13C-NMR were determined in the following
manner. In én NMR sample tube (diameter: 5 mm), a sample
of 50 to 70 mg is completely dissolved in a solvent
containing about 0.5 ml of hexachlorobutadiene, o-
dichlorobenzene or 1,2,4¥trichlo;obenzene and about 0.05 ml
of deuterated benzene as a lock solvent, and the 13C-NMR
spectrum is measured by proton complete decoupling at 120 .

°C under the measuring conditions of a flip angle of 45°
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and a pulse interval of not shorter than 3.4 T; (T;:
1ongest'time among the spin-lattice relaxation time of
methyl groups). Since Tl.of the methylene group and T; of
the methine group are shorter than that of the methyl
group, the magnetization recovery under the above
conditions is not less than 99 %. As for the chemical
shift, the methyl group of the third unit in the head-to-
tail enchained propylene unit pentad sequence having the
same methyl branch directions is preset to 21.59 ppm.

In the spectrum reléting to the methyl carbon region
(19 to 23 ppm), the peak region is classified into the
first region (21.1 to 21.9 ppm), the second'region (20.3 to
21.0 ppm) and the third regién (19.5 to 20.3 pbm). Each
peak in the spectrum is assigned by reference to "Polymer,
30(1989) 1350". |

The mr, mm and rr represent the following head-to-tail
enchained propylene unit triad sequenceé, respectively.

e e |

mr: - (CH-CH2)- (CH-CHz) -~ (CH-CHz) - p
-

CH3
CHs3 CH3 CH3
| | |
mm: - (CH~CH2z)- (CH-CH2) - (CH~CH2) -
CH3 CHj
I ' I
rr: -(CH-CHz)- (CH-CH2) - (CH-CH2) -

l .
CHj
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The propylene polymer obtained by the abéve process is
characterized by having a narrow molecular weight
distribution and a narrow composition distribution.

Next, the second process for preparing an olefin
polymer according to the invention and the oléfin polymer
obtained by the process are described below,

The second process for preparing an olefin polymer
according to the invention comprises homopolymerizing an
olefin or copolymerizing two or more kinds of olefins in
the presence of a catalyst which comprises:

(A—-2) a Group IVB transition metal compound
represented by -the following formula (II),

(B) (B~1l) an organocaluminum oxy—compound, and/or

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

and optionally

(C) an organocaluminum compound.

First, the olefin polymerization catalyst used in the
invention is described below. .

The transition metal compound (A-2) used in the
invention is a transition metal compound represented by the

formula (II).
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~ In the formula (IT), M is a transition metal atom of
Group IVB of the periodic table, specifically titanium,
zirconium or hafnium, preferably zirconium.

R6's may be the same as or different from each other,
and are each hydrogen atom, a halogen atom, an alkyl group
of 1 to 10 carbon-atoms, an aryl group of 6 to 10 qarbon
atoms, an alkenyl group of 2 to 10 carbon atoms, a silicon-
containing group, an oxygen-—containing group, a sulfur-
containing group, a nitrogen-containing group or a
phosphorus—containingugroup.

Examples of the halogen atoms and the alkyl groups of
1 to 10 carbon atoms are the same as those for R! in the
formula fI). Examples of the silicoﬁ—containing groups,
the oxygen-containing group, the sulfur-containing groups,
the nitrogen—cohtaining groups and the phosphorus-
containing groups-are the same as those for R? in the
formula (I).

Examples of the aryl groups of 6 to 10 carbon atoms.

include phenyl and 0~ or P-naphthyl.
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Examples of the alkenyl groups of 2 to 10 carbon atoms
include.vinyl, pfopenyl and cyclohexenyl.

The alkyl groups and the alkenyl groups may be
substituted with halogens.

Of these, R® is preferably an alkyl group, an aryl
group or hydrogen, particularlf preferably a hydrocarbon
group of 1 to 3 carbon atoms, i.e., methyl, ethyl, n-propyl
or i-propyl, an aryl group such as ﬁhenyl, o-naphthyl or PB-
naphthyl, or hydrogen atom. ‘

R7's may be the same as or different from each dther,
and are each hydrogen atom, a halogen atom, an alkyl group
of 1 to 10 carbon atoms, an aryl group of 6 to 20 carbon
atoms, an alkenYl group'of 2 to 10 carbon atoms, an
arylalkyl group of 7 to 40 carboﬁ atoms, an arylalkenyl
group of 8 to 40 carbon atoms, an alkylaryl group 6f 7 to
40 carbon atoms, a silicon-containing group, an oxygen-
contéining group, a sulfur-containing group, a nitrogen-
containing group or a phosphorus-containing group.

Examples of such atoms and groups are the same as those for
R? in the formula (I).

These alkyl groups, ar&l groups, alkenyl groups,
arylalkyl groups, arylalkenyl groups and alkylaryl groups
may be substituted with halogens.

Of these, R’ is preferably hydrogen atom or an alkyl
group, particularly preferébly hydrogen or a hydrocarbon
group of'l to 4 carbon atoms, i.e., methyl, ethyl, n-

propyl, i-propyl, n-butyl or tert-butyl.
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R and R?” may be the same as or different from each

other.

Any one of R® and R? is an alkyl group of 1 to 5

carbon atoms, and the other ié hydrogen, 'a halogen atom, an

alkyl group of 1 to 10 carbon atoms, an alkenyl group of 2
to 10 cargpn atoms, a silicon-containing group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-
containing group or a phosphorus-containing group, examples
of which are the same as those for R? in the formula (I).

Examples of the alkyl groups of 1 to 5 carbon atoms
include methyl, ethyl, propyl, butyl and pentyl.

It is preferred that any one of R® and R® is an alkyl
group of 1 to 3 carbon atoms such as methyl, ethyl or
propyl and the other is hydrogen-atom.-

X! and X2 may be the same as or different from-éach
other, and are each hydrogeﬁ atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a hélogenated
hydrocarbon group éf 1 to 20 carbon atoms, an oxygen-
containing group or a sulfur-containing group. Examples of
such atoms'and groups are the same as those for X! and X2
in the formula (I).

Of these, the.halogenfatom or the hydrocarbon group of
1 to 20 carbon atoms is preferable.

Y is a divalent'hydrocarbon group of 1 to 20 carbon
atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a
'divalent.germanium-coqtaining group, a divalent tin-—

containing group, -0-, -CO-, -S-, -SO-, -SO;-, -NR%-,
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-P(RS) -, -P(0) (R5)-, -BRS- or -AlR3- (RS is hydrogen atom, a
halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
~or a halogenated hydrocarbon group of 1 to 20 carbon
atoms) . Examples of such groups are the same as those for
Y in the formula (I).

Of these, Y is preferabl§ a divalent hydrocarbon group
of 1 to 5 carbon atoms, a divalent silicon-containing group
or a divalent germanium-c¢ontaining group, more preferably a
divalent silicon-containing group, particularly preferably
alkylsilylene, alkylarylsilylene or arylsilylene.

Listed below are examples of the transition metal
compounds represented by the formula (II).

Ethylene(2—methyl—1-indenyl)(9—fluorenyl)zirconium
dichloride,

Dimethylsilylene (2-methyl-1-indenyl) (9-
fluorenyl) zirconium dichloride,

Diphenylsilylene (2-methyl-l-indenyl) (9-
_fluorenyl)zirconium dichloride,

Methylphenylsilylene(2-methyl—1-indenyl)(9—
fluorenyl)zirconium dichloride,

Ethylene (3-methyl-1-indenyl) (9-fluorenyl)zirconium
dichloridg,

Dimethylsilylene (3-methyl-1l-indenyl) (9-
fluorenyl) zirconium dichloride,

Diphenylsilylene (3-methyl-1-indenyl) (9-
fluorenyl) zirconium dichloride,

Methylphenylsilylene (3-methyl-1-indenyl) (9-

fluorenyl)zirconium dichloride,
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Ethflene(2—methyl-l—indenyl)(2,7—di—tert—butyl—9—
fluorenyl) zirconium dichloride,

Dimethylsilylene (2-methyl-1-indenyl) (2, 7-di-tert-
butyl-9-fluorenyl) zirconium dichloride,

Diphenylsilylene (2-methyl-1-indenyl) (2,7-di-tert-
butyi—9—fluorenyl)zirconium dichloride,

Methylphenylsilylene (2-methyl-l-indenyl) (2, 7-di-tert-
butyl-9-fluorenyl) zirconium dichloride,

Ethylene (2-methyl-4-phenyl-1-indenyl) (3-
fluorenyl) zirconium dichloride, |

Dimethylsilylene (2-methyl-4-phenyl-1l-indenyl) (9-
fluorenyl) zirconium dichloride,

Diphenylsilylene(2—methyl-4-phenyl—l-indenyl)(9—
fluorenyl)zirconium dichloride, _

Methylphenylsilylene(2—methyl—4—phenyl—l—indeﬁyl)(9—
fluorenyl) zirconium dichloride,

Ethylene (2-methyl-4-phenyl-l1-indenyl) (2, 7-di-tert-
butyl-9-fluorenyl) zirconium dichloride,

Dimethylsilylene(2—methyl—4—phenyl—1—indenyl)(2,7—di—
tert-butyl-9-fluorenyl)zirconium dichloride,

Diphenylsilylene (2-methyl-4-phenyl-1l-indenyl) (2,7-di-
tert-butyl—Q-fluorenyl)zirconium dichloride,

Methylphenylsilylene(2—methyl—4—phenyl—l-indenyl)(2,7—
di-tert-butyl-9-fluorenyl)zirconium dichloride,

Ethylene {(2-methyl-4-naphthyl-1-indenyl) (9-
flubrenyl)iirconium dichloride, |

Dimethylsilylene (2-methyl—-4-naphthyl-1-indenyl) (9-

flpqrenyl)zi;conium ditho;ide,
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Diphenylsilylene (2-methyl-4-naphthyl-l-indenyl) (9-
fluorenyl) zirconium dichloride,

Methylphenylsilylene (2-methyl-4-naphthyl-1-indenyl) (9-
fluorenyl) zirconium dichloride,

Ethylene(2—methyl—4—naphthyl—1—indenyl)(2,7-di—teft—
butyl-9-fluorenyl) zirconium dichloride,

Dimethylsilylene (2~methyl—-4-naphthyl-1l-indenyl) (2,7~
di-tert-butyl-9-fluorenyl) zirconium dichloride,

Diphenylsilylene(2-methyl;4—naphthyl—l-indenyl)(2,7—
di-tert-butyl-9-fluorenyl) zirconium dichloride, and

Methylphenylsilylene (2-methyl-4-naphthyl-1-
indenyl) (2, 7-di-tert~butyl-9-fluorenyl) zirconium
dichloride. '

Also employable are compounds wherein zirconium is
replaced with titanium or hafnium in.the above-exeﬁplified
zirconium compounds.

The transition metal compounds (A-2) mentioned above
may be used in combination of_two or more kinds.

Examples of the organoaluminum.oxy-compound (B-1l) used
in the invention are the same as those of the aforesaid

organocaluminum oxy-compound. Examples of the compound (B-

2) which reacts with the transition metal compound (A-2) to

form an ion pair are the same as those of the aforesaid

compound which reacts with the transition metal compound

(A-1) to form an ion pair.
Examples of the organoaluminum compound (C) optionally
used in the invention are the same as those of the

aforesaid organocaluminum compound.
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The olefin polymerization catalyst used in the second

process for preparing an olefin polymer according to the

invention may be a solid catalyst wherein at least one of
the component {(A-2), the component (B-1), the component (B-
2) and the component (C) is supported on a fine particle
carrier.

The olefin polymeriiation catalyst may be a

prepolymerized catalyst comprising a fine particle carrier,

the component (A-2), the component (B-1) (or the component
(B-2)), an olefin polymer produced by prepolymerization,
and optionally, the component (C).

Examples of the finelparticle carrier used in the
solid catalyst or.the prepolymerized catalyst are the same
as those of the aforesaid fine particle carrier.

In Fig. 2, steps for preparing the olefin
polymerization catalyst used in the second process for
preparing an olefin polymer according to the invention are
shown.

In the second process for preparing an olefin polymer
according to the invention, an olefin is homopolymerized or.
two or more kinds of olefins are copolymerized in the
presence of the olefin polymerization catalyst comprising
the transition metal compound (A-2), the organoaluminum
oxy-compound and/or the ionized ionic compound (B), and
optionally, ﬁhe organoaluminum compound (C).

Examples of the olefins used in the invention include

the same chain or branched olefins and olefins having an
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aliphatic ring or an aromatic ring as used in the first
process for preparing an olefin polymer.

Together with the olefins, the same polyenes as used
in the first process for‘preparing an olefin polymer are
copolymerizable.

In the (co)polymerization of the olefin, the
transition metal compound (A-2) is used in an amount of
usually about 0.00005 to 0.1 mmol, preferably about 0.0001
to 0.05 mmol, in terms of the transition metal atom, based
on 1 liter of the polymerizatioh volume.

The organoaluminum oxy-compound (B-1) is used in such
an amount'that the amount of the aluminum atom becomes
usually about 1 to 10,000 mol, preferably 10 to 5,000 mol,
based on 1 mol of the transition'metal atom. |

The ionized ionic compound (B-2) is used in such an
amount that the amount of the boron atom becomes usually
about 0.5 to 20 mol, preferably 1 to 10 mol, based on 1 mol
of the transition metal atom.
| The organoaluminum compound (C), is used if necessary,
in an amount of usually about 0 to 200 mol, preferably
about 0 to 100 mol, based on 1 mol of the aluminum atom in
the organoaluminum oxy-compound (B-1). The compound (C) is
used, if necessary, in an amount of usually about 0 to
1,000 mol, preferably about 0 to 500 mol, based on 1 mol of
the boron atom in the ionized ionic éompound (B-2) .

The (co)polymerization of the olefin can be carried
out any of a liquid phase polymerization process such as

suspension polymerization process or solution
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polymerization process, a gas phase polymerization process
and a high-pressure process.

In the liquid phase polymerization process, the same
inert hydrocarbon media as used in the first process for
preparing an olefin polymer are employable. The olefin
itself can be used as a solvent. These solvents may be
used in combination of fwo or more kinds.

In the suspension polymerization process, the
polymerization tempefature is in the range of usually -50
to 100 °C, preferably 0 to 90 °C; in the solution
polymerization process, the polymerization temperature is

in the range of usually 0 to 250 °C, preferably 20 to 200

°C; and in the gas phase polymerization process, the

polymerization temperature is in the range of usually 0 to
120 °C, preferably 20 to 100 °C. In‘the_high—pressﬁre
process, the polymerization temperature is in the range of
usually 50 to 1,000 °C, preferably 100 to 500 °C. The

polymerization pressure is in the range of usually

. atmospheric pressure to 100 kg/cm2, jpreferably atmospheric

pressure to 50 kg/cm?. In the high-pressure process, the
polymerization pressure is in the range of usually 100 to
10,000 kg/cm?, preferably 500 to 5,000 kg/cm?. The
polymerization reaction can be carried out by any of
batchwise, semi-continuous and continuous processes. The
copolymerization can be conducted in two or more stages
under different reaction conditions.

The molecular weight of the resulting oléfin-polymer

can be modified by allowing hydrogen to exist in the
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polymerization system or varying the polymerization
temperature or the polymerization pressure.

In the present invention, the transition metal
gompound (A-2) which contains, as a ligand, an indenyl

group having a specific substituent at the specific

position is used as a transition metal catalyst component,

and therefore there can be obtained an olefin (co)polymer
of higher molecular weight and an olefin copolymer of
higher comonomer content as compared with the case of ﬁsing
an olefin polymerization catalyst which uses as its
catalyst component a transition metal 9ompound not having
such substituent.

The second olefin polymer of the invention obtained by
the above process has MFR of usually 0.01 to 200 g/10 min,
preferably 0.03 to 100 g/10 min, an intrinsic viscdsity nl
of usually 0.5 to 6.0 dl/g, preferably 1.0 to 4.0 dl/g, and
a density of usually 0.85 to 0.95 g/cm3, preferably 0.86 to
0.94 g/cm3. |

The olefin polymer obtained by, the above process is

characterized by having a narrow molecular weight

distribution and a narrow composition distribution.

The second process for preparing an olefin polymer
according to the invention is favorably used for preparing
particularly an ethylene polymér and a propylene polymer.

For preparing the ethylene polymer, ethylene is
homopolymerized or ethylene and an a-olefin of 3 to 20

carbon atoms are copolymerized in the presence of the

_aforesaiq olgfin polymerization catalyst.
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Examples of the a-olefins of 3 to 20 carbon atoms

include the aforementioned o-olefins of 2 to 20 carbon

atoms, other than ethylene. Of these, propylene, 1l-butene,
l-hexene and l-octene are preferably employed.

Together with ethylene and the a-olefin of 3 to 20
carbon atoms, the same polyenes as described above are
copolymerizable.

The polymerization conditions for preparing the
ethylene polymer are the same as those described above.

The second ethylene polymer obtained by the above
process has an ethylene/0-olefin ratio of usually 55/45 to
100/2, preferably 60/40 to 100/5.

The second ethylene polymer has MFR of usually 0.0l to
200 g/10 min, preferably 0.03 to 100 g/10 min, an intrinsic
viscosity [N] of usually 0.5 to 5.0 dl/g, bfeferably 1.0 to
4,0 dl/g, and a density of usually 0.85 to 0.95 g/cm3,
preferably 0.86 to 0.94 g/cm3.

For preparing the proﬁylene polymer, propylene is
homopolymerized or propylene and an-a-olefin other than
propylene are copolymerized in the presence of the

aforesaid olefin polymerization catalyst.

Examples of the a-olefins other than propylene include
the aforementioned o-olefins of 2 to 20 carbon atoms, other
than propylene. Of these, ethylene, l-butene, 1l-hexene and

l-octene are preferably employed.



10

15

20

25

81

Together with propylene and the o-olefin other than

propylene, the same polyenes as described above are
copolymerizable.

The polymerization conditions for preparing the
propylene polymer are the same as those deséribed above.

The secdhd propylene polymer obtained by the above
process has a propylene/a-olefin ratio of usually 55/45 to
100/2, preferably 60/40 to 100/5.

The second propylene polymer has MFR of usually 0.01
to 200 g/10 min, preferably 0.03 to 100 g/10 min, an
intrinsic viscosity [n] of usually 0.5 to 6.0 dl/g,
preferably 1.0 to 4.0 dl/g, and a density of’usually 0.85
to 0.95 g/cm3, preferably 0.86 to 0.94 g/cm3.

Of the propylene polymers, the propylene homopolymer
has a mr/(mm+rr) value, in the dyad distribution meaéured
by 13C-NMR, of 0.7 to 1.3, preferably 0.8 to 1.2. |

The propylene polymer-obtained by the above process is
characterized by having a narrow molecular weight

distribution and a narrow composition distribution.

FE HE NTT
The olefin polymerization catalyst of the invention
uses a specific transition metal compound as.an olefin
polymerization catalyst component, and therefore an olefin
{co) polymer having a high molecular weight can be obtained.
Besides, an olefin polymer-having a high comonomer content

can be obtained even if a comonomer is used in a small
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proportion. In the polymerization using a polyene together

with the olefin, an olefin polymer having a high polyene

content can be obtained even if the polyene is used in a
small proportion.

In the first process for preparing an olefin polymer
according to the invention, a specific transition metal
compound is used as an olefin polymerization catalyst
component, and therefore an olefin (co)polymer having a
high molecular weight can be obtained. Besides, an olefin
polymer having a high comonomer content can be obtained
even if a comonomer is used in a small proportion. In the
polymerization using a polyene together with the olefin, an
olefin polymer having a high polyene content can be
obtained even if the polyene is ﬁsed in a small proportion.

The first olefin polymer of the invention has-a narrow
molecular weight distribution. .When the olefin polymer is
a copolymer, it has a narrow molecular weight distribution
and a narrow composition distribution.

In the second pfocess'for preparing an olefin polymer
according to the invention, a specific transition metal
compound is used as an olefin polymerization catalyst
component, and therefore an olefin (co)polymer having.a
high molecular weight can be obtained. Besides, an oléfin
polymer having a high comonomer content can be obtained
even if a comonomer is used in a small proportion. In the
polymerization using a polyene together with the olefin, an
olefin polymer having a high polyene content can be-

obtained even if the polyene is used in a small proportion.
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The second olefin polymer has a narrow molecular
weight distribution. When the olefin polymer is a

copolymer, it has a narrow molecular weight distribution

and a narrow composition distribution.

EXAMPLE
The present invention will be further described with
reference to the following examples, but it should be

construed that the invention is in no way limited to those

examples.

To a 100 ml reactor, 50 ml of diethyl ether aﬁd 5.57 g
(20 mmol) of 2,7-di-t-butyl-9-fluorene were introduced.
Under ice-cooling, to the reactor was dropwise added 12.0
ml of a hexane solution of n-butyllithium (1.67 mmol/ml)
over a period of 10 minutes, followed by stirring at room
temperature for 10 hours, to obtain a mixture A.

To a 200 ml reactor, 40 mi of diethyl ether and 41.2 g
(320 mmol) of dimethyldichlorosilane were introduced.
Under ice-cooling, to the reactor was dropwise added the
above-obtained mixture A over a period of 1 hour, followed
by stirring at roém temperature for 1 hour. After diethyl
ether and dimethyldichlorosilane were distilled off under
reduced pressure, 100 ml of methylene chloride was added

and stirred. Then, a solid_produced.was removed by means
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of a glass filter. From the resulting methylene chloride
solution, methylene chloride was distilled off under
reduced pressure. Then, the pressure of the system was
reduced by means of a vacuum pump to further distill off
the solvent, whereby an orange viscous oil was obtained.

To a 100 ml reactor, 50 ml of diethyl ether and 3.60 g
(20 mmol) of 2-methyl-4,5-benzoindene were introduced.
Under ice-cooling, to the reactor was dropwise added 12.0
ml of a hexane solution of n-butyllithium (1.67 mmol/ml)
over a period of 10 minutes, followed by stirring at room
temperature for 13 hours, to obtain a mixture B.

To a 200 ml reactor, 40 ml of a diethyl ether solution
of the orange viscous oil obtained by the above reaction
was introduced. Under ice—cooliﬁg, to the reactor was
dropwise added the above—obtained mixture B over a-period
of 30 minutes, followed by stirring at room temperature for
1 day. The reaction liquid was poured into a saturated
ammonium chloride aqueous solution. Then, the ether layer
is washed with water and dried over, anhydrous magnesium
sulfate. After the ether layer was concentrated, it was
separated and purified by silica gel column chromatography
(developer: n-hexane) to obtain 4.0 g (yield: 40 %) of an
aimed product (dimethylsilylene (2-methyl-4,5-benzo-1-
indenyl) (2, 7-di-t-butyl-9-fluorene)] as a light yellow
amorphous solid.

Data of the NMR spectrum of the compound obtained are

described below.

1H-NMR (6 value, CDCliz, 90 MHz)
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_0.3 (d, J = 3-6 HZ, 3H)
1.23 - 1.60 (m, 18 H)

2.29

2.40 (br. s, 3H)

3.80

3.94 (m, 1H)

4.17 - 4.31 (m, 1lH)

7.29 - 8.34 (m, 13H)

To a 100 ml reactor, 50 ml of diethyl ether-and 1.50 g
(3.2 mmol) of the above-obtained dimethylsilylene (2-methyl-
4,5-benzo-l-indenyl) (2, 7-di-t-butyl-9-fluorene) were
introduced. Under ice-cooling, to the reactor was added
3.8 ml of a hexane solution of n-butyllithium (1.67
mmol/ml) over a period of 10 minutes, and the reaction was
continued at room temperature fof 1 hour and then for
another 30 minutes under reflux. The resulting dafk yellow
slurry was cooled to -60 °c, and thereto was little by
little added 0.75 g (3.2 mmol) of zirconium tetrachloride.
The temperature of the system was allowed to spontaneously
rise to room temperature, and the reaction mixture was
stirred at room temperature for 12 hours.

A solid produced was filtered through a glass filter.
To the resulting solid was added 10 ml of diethyl ether to
wash the solid, followed by filtration under reduced
pressure. A solid produced was washed with 40 ml of
methylene chloride and filtered through a glass filter.
The methylehe chloride solution was concentrated to
precipitate a solid, and the solid was separated by means

of a glass filter to obtain 0.84 g of an aimed product



10

15

20

25

86

[dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (2, 7-di~t-
butyl-9-fluorenyl) zirconium dichloride] as an orange
powder. | |

Data of the NMR spectrum of the compound obtained are
described below.

1H-NMR (8 value, CDCl;, 90 MHz)

1.26 (s, 9H)

1.35 (s, 9H>

1.44 (s, 3H)

1.54 (s, 3H)

2.37 (s, 3H)

7.0 - 8.02 (m, 13H)

indenyl) (9-fluorenyl)zirconium Qighlgrigg

To a 100 ml reactor, 50 ml of diethyl ether and 3ﬁ32 g

(20 mmol) 6f fluorene were introduced. Under ice-cooling,
to the reactor was dropwise added 12.0 ml of a hexane
solution of n-butyllithium (1.67 mmol/ml) over a period of
10 minutes, followed by stirring at room temperature for 10
hours, to obtain a mixture A.

To a 200 ml reactor, 40 ml of diethyl ether and 41.2 g
(320 mmol) of dimethyldichlorosilane were introduced.
Under ice-cooling, to the reactor was dropwise added the
above-obtéined mixture A err a period of 1 hour, followed
by stirring at room temperature for 1 hour. After diethyl

ether and dimethyldichlorosilane were distilled off under
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reduced pressure, 100 ml of methylene chloride was added
and stirred. Then, a solid produced was removed by means
of a glass filter. From the resulting methylene chloride
solution, methylene chloride was distilled off under
reduced pressure. Then, the pressure of the system was
reduced by means of a vacuum pump to further distill off
the solvent, whereby an orange viscous oil was obtainéd.

To a 100 ml reactor, 50 ml of diethyl ether and 3.89 g
(20 mmol) of 2-methyl-4,5-benzoindene were introduced.
Under ice-cooling, to the reactor was dropwise added 12.0
ml of a hexane solution of n—bﬁtyllithium (1.67 mmol/ml)
oVér a period of 10 minutes, followed by stirring at room
temperature for 13 hours, to obtain a mixture B.

To a 200 ml reaétor, 40 mllof a diethyl ether solution
of the orange viscous oil obtained by the above reéctiqn
was introduced. Under ice-cooling, to the reactor was
dropwise added the above-obtained mixture B over a period
of -30 minutes, followed bylstirring at. room temperature for
1 day. The resulting reaction liquid Qas poured into a
saturated ammonium chloride aqueous solution. Then, the
ether phase is washed Qith water and dried over anhydrous
magnesium sulfate. After the ether-phase was concentrated,
it was separated and purified by silica gel column
chromatography (developer: n-hexane) to obtain 3.88 g
(yield: 48 %) of an aimed product [dimethylsilylene (2-
methyl—4,5—benzo¥1-indenyi)(9-fluorene)] as a light yéllow

amorphous solid.
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Data of the NMR spectrum of the compound obtained are
described below.

1H-NMR (8 value, CDCljz, 90 MHZ)

-0.4 (s, 3H)

.-0.3 (d, J = 3.6 Hz, 3H)

2.29 - 2.40 (br. s, 3H)

3.94 (br. S, 1H)

4.26 (br. S, 1H)

7.09 - 8.31 (m, 15H)

To a 100 ml reactor, 50 ml of diethyl ether and 1.30 g

(3.2 mmol) of the above-obtained dimethylsilylene (2-methyl-

4,5-benzo-1-indenyl) (9-fluorene) were introduced. Under

ice-cooling, to the reactor was added 3.8 ml of a hexane
solution of n-butyllithium (1.67 mmol/ml) over a period of
10 minutes, and the reaction was continued at room.
temperature for 1 hour and then for another 30 minutes
under reflux. The resulting dark yellow slurry was cooled
to -60 °C, and thereto was little by little added 0.75 g
(3.2 mmol) of zircénium tetrachloride. The temperature of
the system was allowed to spontaneously rise to room
temperature, and the reaction mixture was stirred at room
temperature for 12_hours.

A solid produced was filtered by means of a glass
filter. To the resulting solid was added 10 ml of diethyl
ether to wash the solid, followed by filtration under
reduced pressure. A solid produced was washed with 40 ml
of methylene chldéride and filtered by means of a glass

filter. The methylene chloride solution was concentrated
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to precipitate a solid, and the solid was separated by
means of a glass filter to obtain 0.96 g of an aimed
product [dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (9~
fluorenyl) zirconium dichloride] as an orange powder.

Data of the NMR spectrum of the compound obtained are
described below.

1H—NMR (& value, CDClz, 90 MHz)

1.44 (s, 3H)

1.54 (s, 3H).

2.37 (s, 3H)

6.99 - 8.00 (m, 15H)

To a 100 ml reactor, 50 ml of diethyl ether and 5.57 g
(20 mmol) of 2,7-di-t-butyl-9-fluorene were introduced.'
Under ice-cooling, to the reactor was dropwise added 12.0
ml of a hexane solution of n-butyllithium (1.67 mmol/ml)
over a period of 10 minutes, followed by stirring at room
temperature for 10 hours, to obtain a mixture A,

To a 200 ml reactor, 40 ml of diethyl ether and 41.2'g
(320 mmol) of dimethyldichlorosilane were introduced.
Under ice-cooling, to the reactoi was dropwise added the
above-obtained mixture A over a period of 1 hour, followed
by stirring at room temperature for 1 hour. After diethyl
ethér and dimethyldichlorosilane were distilled off under

reduced pressure, 100 ml of methylene chloride was added
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and stirred. Then, a solid produced was removed by means
of a glass filter. From the resulting methylene chloride
solution, methylene chloride was distilled off under
reduced ?ressure. Then, the pressuie of the system was
reduced by means of a vacuum pump to further distill off
the solvent, whereby an orange viscous oil was obtained.

To a 100 ml reactor, 50 ml of diethyl ether and 3.88 g
(20 mmol) of 2, 6~dimethyl-4,5-benzoindene were introduced.
Under ice-cooling, to the reactor was dropwise added 12.0
ml of a hexane solution of n-butyllithium (1.67 mmol/ml)
over a period of 10 minutes, followed by stirring at room
'temperature for 13 hours, to obtain a mixture B.
| To a 200 ml reactor, 40 ml of a diethyl ether solution
of the orange viscous oil obtainéd by the above reaction
was introduced. Under ice-cooling, to the reactor was
dropwise added the above-obtained ﬁixture B over a period
of 30 minutes, followed by stirring at room temperature.for
1 dayl The resulting reaction liquid was poured into a
saturated ammonium chloride aqueous,solution.' Then, the
ether phase is washed with water and dried over anhydrous
magnesium sulfate. After the ether phase was concentrated,
it was separated and purified by silica gel column
chromatography (developer: n-hexane) to obtain 4.8 g
(yield: 45 %) of an aimed product (dimethylsilylene (2, 6-
dimethyl—4,5—benzo—l—indenyl)(2,7—di—t-butyl—9—fluorene)]
as a light yellow amorphous solid.

To & 100 ml reactor, 50 ml of diethyl ether and 1.69 g

. (3.2 mmol) of the above-obtained dimethylsilylene (2, 6-
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dimethyl-4, 5-benzo-1-indenyl) (2, 7-di~-t-butyl-9-fluorene)
were introduced. Under ice-cooling, to the reactor was
added 3.8 ml of a hexane solution of n-butyllithium (1.67
mmol/ml) over a period of 10 minutes, and the reaction was
continued at room temperature for 1 hour and.then for
another 30 minutes under reflux. The resulting dark yellow
slurry was cooled to -60 °C, and thereto was little by
little added 0.75 g (3.2 mmol) of zirconium tetrachloride.
The temperature of the system was allowed to spontaneously
rise to room temperature, and ;he reaction mixture was
stirred at room temperéture for 12 hours.

A solid produced was filtered by means of a glass
filter. To the resulting solid was added 10 ml of diethyl
ether to wash the solid, followed by filtration under
reduced pressure. A solid produced was washed with 40 ml
of methylene chloride and filtered by means of a glass
filter. The methylene chloride solution was concentrated
to precipitate a solid, and the solid was separated by
nmeans of a glass filter to obtain 1,02 g of an aimed
product [dimethylsilylene (2, 6-dimethyl-4,5-benzo-1-
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride]
as an orange powder.

Data of the ﬁMR spectrum of the compound obtained are
described below.

1H-NMR (8 value, CDCli, 90 MHz)

1.24 (s, 9H) |

1.35 (s, 9H)

1.43 (s, 3H)
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1.56 (s, 3H)
2.36 (s, 3H)
2.50 (s, 3H)

7.01 - 8.02 (m, 12H)

benzo) -1-indenvl) (2, 7-di-t-butvl-9-fluorenvl) zirconium

dichloride

To a 100 ml reactor, 50 ml of diethyl ether and 5.57 g
(20 mmol) of 2,7-di-t-butyl-9-fluorene were introduéed.
Under ice-cooling, to the reactor was dropwise added 12.0
ml of a hexane solution of n-bﬁtyllithiﬁm (1.67 mmol/ml)
over.a period of 10 minutes, foliowed by stirring at room
temperature for 10 hours, to obtain a mixture A.

‘To é 200 ml reactor, 40 ml of diethyl ether and 41.2 g
(320 mmol) of dimethyldichlorosilané were introduced.
Under ice-cooling, to the reactor was dropwise added the
above-obtained mixture A oVver a period of 1 hour, followed
by stirring at room temperature for 1 hour. After diethyl
éther and dimethyldichlorosilane were distilled off under
réduced pressure, 100 ml of methyleﬁe chloride was added
and stirred. Then, a solid produced was removed by means

of a glass filter. From the resulting methylene chloride

solution, methylene chloride was distilled off under

reduced pressure. Then, the pressure of the system was
reduced by means of a vacuum pump to further distill off

the solvent, whereby an orange viscous oil was obtained.
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" To a 100 ml reactor, 50 ml of diethyl ether and 4.16 g
(20 mmol) of 2,7—dimethyl—4,5—(2—methyl—bénzo)indene were
introduced. Under ice-cooling} to the reactor was dropwise
added 12.0 ml of a hexane solution of n¥butyllithium (1.67
mmol/ml) over a period of 10 minutes, followed by stirring
at room temperature for 13 hours, to obtain a mixture B.

To a 200 ml reactor, 40 ml of a diethyi ether solution
of the orange viscous 0il obtained by the above reaction
was introduced. Under ice-cooling, to the reactor was
dropwise added the above-obtained mixture B over a period
of 30 minutes, followed by stirring at room temperature for
1 day. The reaction liquid was poured into a saturated
ammonium chloride aqueous solution. Then, the ether phase
is washed with water and dried oﬁer anhydrous magnesium
sulfate. After the ether phase was concentrated, it was
separated and purified by silica gel column chromatography
(developer: n-hexane) to obtain 5.2 g (yield: 48 %) of an
aimed product [dimethylsilylene (2,7-dimethyl-4,5~(2-methyl-
benzo) -1-indenyl) (2, 7-di-t-butyl-9~fluorene)] as a light
yellow amorphous solid. |

To a 100 ml reactor, 50 ml of diethyl ether and 1.73 g
(3.2 mmol) of the above-obtained dimethylsilylene(2,6-
dimethyl-4, 5-(2-methyl-benzo) l-indenyl) (2, 7-di-t-butyl-9-
fluorene) were introduced. Under ice-cooling, to the
reactor was added 3.8 ml of a hexane solution of n-
butyllithium (1.67 mmol/ml) over a period of 10 minutes,
and the reaction was continued at room temperature for 1

hou; and then for another 30 minutes under reflux. The

e

\,
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resulting dark yellow slurry was cooled to -60 °C, and
thereto was littie by little added 0.75 g (3.2 mmol) of
zirconium tetrachloride. The temperature of the system was
allowed to spontaneously rise to room temperature, and the
reaction mixture was stirred at room temperature for 12
hours.

A solid produced was filtered by means of a glass
filter. To the resulting solid was added 10 ml of diethyl
ether to wash the éolid, followed by filtration under
reduced pfessure.' A solid produced was washed with 40 ml
of methylene chloride and filtered by means of a glass
filter. The methylene chloride solution was concentrated
to precipitate a solid, and the solid was separated by
means of a glass filter to obtain 0.94 g of an aimed
product [dimethylsilylene(2,7—dimethyl—4,5—(2—meth§l—
benzo)-l-indenyl)(2,7-di-t*buty1—9—fluorenyl)zirconium
dichloride] as an orange powder.

Data of the NMR spectrqm of the compound obtained are
described below.

1H-NMR (& value, CDClj3, 90 MHz)

0.69 (s, 9H)

1.36 (s, SH)

1.56 (s, 3H)

1.69 (s, 3H)

2.24 (s, 3H)

2.47 (s, 3H)

2.57 (s, 3H)

6.71 - 8.40 (m, 11H)
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A 1 liter four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel was thoroughly
purged with nitrogen and dried. To the flask, fluorene
{5.00 g, 30 mmol) and dehydrated ether (100 ml) were
introduced. Under stirring at -10°C, a hexane solution of
n-butyllithium (30 mmol) was dropwise added over a period
of 30 minutes. Aftgr the dropwise addition, the
temperature of the system was allowed to spontaneously rise
to room temperature little by little, and the reaction
mixture was stirred at room temperature for 4 hours. The
reaction solution turned into a yellow slurry. Ihe slurry
was dropwise added to a solution of dichlorodimethylsilane
(18.24 ml, 150 mmol)/dehydrated ether (100 ml) over a
period of 1 hour under stirring at -10°C. After the
temperature of the system was allowed to spontaneously rise
to room temperature, the reaction mixture was stirred over
night. Lithium chloride was removed by means of pressure
filteration of the resulting solution using a glass filter
(G-5) . Further the solvent and the unreacted
dichlorodimethylsilane remained in the filtrate were
removed under reduced pressure. The resulting filtrate was

reslurried with dehydrated hexane (100 ml) and'subjected to
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pressure filteration using a glass filter (G-5) to obtain a

white powder (3.30 g, yield: 43%).

Data of the spectrum of the obtained product:
1H-NMR (CDCls)

7.2 - 8.0 (m, 8H)

4.1 (s, 1H)

0.15 (s, 6H)

indenvl - nvl)silan

A 200 mllfour—neckéd flask equipped with a reflux
tube, a thermometer and a dropping funnel was thoroughly
purged with nitrogen and dried. .To the flask, 2-n-propyl-
4-(9-phenanthryl) -1-indenyl (1.60 g, 4.78 mmol) and
dehydrated ether (20 ml) were introduced. Under stirring
at -40°C, a hexane solution of n-butyllithium (5.02 mmol)
was dropwise added. After the dropwise addition, the
temperaturé of the system was allowed to spontaneously rise
to room temperature little by little, and the reaction
mixture was stirred at room temperature for 7 hours,
whereby a white slurry was changed, in turn, to a yellow
slurry, a brown slurry and finally a yellow slurry. To the
slurry was added dehydrated ether (30 ml), then the
dimethyl(9-flu§renyl)silane chloride (1.24 g, 5.02 mmol)
synthesized as mentiohed above was addéd under stirring at

0°C, followed by stirring at room temperature overnight.

The reaction solution turned into a yellow slurry. To the
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slurry was added N-methyl-2-pyrrolidone (0;1 g), followed
by stirring for another 3 hours, whereby the yellow slurry
was changed to an orange solution. After ether (100 ml)
and a saturated ammonium chloride aqueous solution (100 ml)
were added, the resulting solution was introduced into a
separatory funnel to separate out an organic phase, and the
organic phase was washed with a saturated ammonium chloride
aqueous solution, water and a saturated sodium chloride
aqueous solution, in turn, and dried over anhydrous
magnesium sulfate. After the solvent was removed, the

obtained product (a yellow o0il) was purified by column

chromatography (solvent: hexane) to obtain a white oil.

When the white oil was allowed under reduced pressure by
means of a vacuum pump, it was foamed to be set, whereby a

white powder (2.02 g, yield: 76%) was obtained.

Data of the spectrum of the obtained product:
1H-NMR (CDCl3, 90 MHz)

7.0 - 9.0 (m, 20H) -

6.2 (d, 1H)

4.3 (d, 1H)

3.9 (br, 1H)

2.1 - 2.5 (t, 2H)

1.0 - 1.6 (br, 2H)

0.6 - 1.0 (t, 3H)

-0.4 to -0.2 (d)
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A 50 ml Schlenk's bottle equipped with a dropping
funnel was thoroughl§ purged with nitrogen and dried. To
the bottle, the dimethyl (2-n-propyl-4-(9-phenanthryl)-1-
indenyl)(9—fiuorenyl)si1ane (0.80 g} 1.44 mmol) sYnthesized
as mentioned above and dehydrated ether (20 ml) were
introduced. Under stirring at -78°C, a hexane solution of
n-butyllithium (3.02 mmol) was dropwise added. After the
dropwise addition, the température of the system was
allowed to spontaneously rise to room temperature. After
the reaction mixture was stirred at room temperature for 8
hours, whereby the yellow solution was changed to a bright
yellow slurry and finally to a bfown slurry. To the slurry
under stirring again at -78°C, zirconium tetrachloride
(0.335 g} 1.44_mmol) was dropwise added. The témperature
of the system was allowed to spontaneously rise to room
temperature, and the reaction mixture was stirred over
night to obtain a red slurry. The ether w#s removed by
means of pressure filteration'using a glass filter (G-5),
the obtained cake was immediately washed with dehydrated
dichloromethane (the cake was lithium chloride). After the
solvent in the filtrate thus obtained was removed, the
resulting product was reslurried with dehydrated hexane (25
ml) and filtered by means of a glass filtef (G-5) to obtain
the aimed product metallocene as a red powder (397 mg,

yield: 39%).
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To a 200 ml four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel, 2-methylindene
(4.5 g, 34.6 mmol) and dehydrated ether (50 ml) were
introduced. To the flask was dropwise added a hexane
solution of n-butyllithium (1.61 mol/l, 23.7 ml, 38.1 mmol)
at -78 °C over a period of 1 hour. Then, the temperature
of the system was allowed to spontaneously rise to room
temperature over a period of 6 hours. The reaction mixture
became an yellow orange slurry.

Then, to a 500 ml four-necked flask equipped with a
reflux tube, a thermometer and a.dropping funnel, 1,2-
dibromoethane (32.5 g, 0.173 mol) and dehydrated eﬁher (100
ml) were introduced. To the flask was added the whole
amount of the reaction mixture obtained above by means of a
pipette at 0 °C over a period of 1 hour, followed by
stirring at room temperature for 15 .hours. The resulting
yellow transparent solution was poured into 300 ml of water
to separate an ether phase. The aqueous phase was
extracted with ether (100 ml X 3), and the combined organic
phase was dried over anhydrous magnesium sulfate. Then,
the solvent was distilled off, and the resulting yellow
brown oil was purified by column chromatography (silica
gel: 300 g, developer: hexane) to obtain 6.25 g (yield: 76
%) of an aimed product [3-(2-bromoethyl)—2—methylindene] as

an yellow white transparent liquid.
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Data of the NMR spectrum of the compound obtained are
described below.

.1H—NMR (CDClz, 90 MHz)

1.8 - 2.6 (m, 2H)

1.93 (s, 3H)

2.8 - 3.2 (m, 2H)

3.3 (bx, 1H)

6.32 (s, 1lH)

6.6 - 7.4 (m, 4H)

To a 300 ml four-necked flask equipped with-a reflux
tube, a thermometer and a dropping funnel, fluorene (2.11
g, 12.7 ﬁmol) and dehydrated ether (60 ml) were introduced.
To the flask was dropwise added a hexane solution of n-
butyllithium (1.61 mol/1l, 8.7 ml; 14.0 mmol) at 0 °C over a
period of 1 hour, and the conﬁents of the flask wefe
refluxed for 2 hours. The reaction mixture became dark red
and transparent. Then, the mixture was cooled to -78 °C
(to give an yellow Slurry), and a solution of 3-(2-
bromoethyl) -2-methylindene (3 g, 12.7 mmol) in dehydrated
ether (20 ml) was dropwise added over a period of 1 hour.
Thereafter, the temperature of the system was allowed to
sponﬁaneously rise to room temperature, foliowed by
stirring for 15 hours. The reaction mixture gradually
became an yellow slurry.

The reaction mixture was poured into a saturated
ammonium chloride aqueous solution (300 ml) to separate an

ether phase. The aqueous phase was extracted with ether

(100'ml x 3), and the combined organic phase was dried over
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anhydrous magnesium sulfate. Then, the solvent was
distilled off, and the resulting white yellow powder was
reslurried with hexane (200 ml). The resulting slurry was
filtered to obtain 2.50 g (yield: 61 %) of an aimed product
[1-(9-fluorenyl)-2-(2-methyl-1-indenyl) ethane] as a white
powder. -

Data of the NMR spectrum of the compound obtained are
described below.

1H-NMR (CDCl;, 90 MHz)

1.3 - 1.9 (m, 4H)

1.92 (s, 3H)

3.12 (br, 1H)

3.88 (br, 1H)

6.48 (s, 1lH)

7.0 - 7.9 (m, 12H)

Tola 300 ml four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel, 1-(9-fluorenyl)-
2-(2-methyl-l1-indenyl)ethane (1.0 g, 3.10 mmol) and
dehydrated ether (100 ml) were introduced. To the flask |
was dropwise added a hexane solution of n-butyllithium
(1.61 mol/l, 4.04 ml, 6.51 mmol) at —-78 °C over a period of
30 minutes. Then, the temperature of the system was
allowed to spbntanedusly rise to 0 °C over a period of 5
hours, followed by stirring at 0 °C for 3 hours. The
reaction mixture became an yellow slurry.

Then, the reaction mixture was cooled to -78 °c, and

thereto was dropwise added zirconium tetrachloride (0.760

Rr 3.26 mmol) over a period of 15 minutes. Thereafter, the
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temperature. of the system was allowed to spontaneously rise
to room temperature, followed by stirring for 12 hours.
The reaction mixture (orange yellow slurry) was filtered
through a glass filter "(G-5), and the unfiltered solid was
washed with dehydrated ether (100 ml). The orange solid
remaining on the filter was washed with dehydrated
dichloromethane (300 ml) and filtered. Then, the solvent
was distilled off from the filtrate to obtain é red orange
solid (1.20 g). The solid was washed with dehydrated
dichloromethane (100 ml) and filtered to obtain 0.650 g
(yield: 43 %) of an aimed product (ethylene (9-fluorenyl) (2-
methyl-1-indenyl) zirconium dichloride] as a red orange
powder.

Data of the NMR Sbectrum of-the compound obtained are
described below. -

1H-NMR (CDCls, 90 MHz)

2.20 (s, 3H)

3.8 - 4.4 (m, 4H)

6.24 (s, 1H) .

6.9 - 8.0 (m, 12H)

inden i nium dich
To a 100 ml reactor, 20 ml of diethyl ether and 3.3 g

(20 mmol) of fluorene were introduced. Under ice-cooling,

‘to the reactor was dropwise added 12.4 ml of a hexane

solution of n-butyllithium (1.61 mmol/ml) over a period of
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10 minutes, followed by stirring at room temperature for 10
hours, to obtain a.mixture A.

To a 200 ml reactor, 40 ml of diethyl ether and 41.2 g
(320 mmol) of dimethyldichlorosilane were introduced.
Under ice-cooling, to the reactdr was dropwise added the
above~obtained mixture A over a period of 1 hour, followed
by stirring at room temperature for 1 hour. After diethyl
ether and dimethyldichlorosilane were distilled off under
reduced pressure, 100 ml of methylene chloride was added
and stirred. Then, a solid produced was removed by means
of a glass filter. From the resulting methylene chloride
solution, methylene chloride was distilled off under
reduced pressure. Then, the pressure of the system was
reduced by means of a vacuum pumé.to further distill off
the solvent, whereby 5.0 g of an orange o0il was obtéined.

To a 100 ml reactor, 40 ml of diethyl ether and 2.18 g
(16.8 mmol) of 2-methylindene were ihtroduced. Under ice-
cocling, to the reactor was dropwise added 10.4 ml of a
hexane solution of n-butyllithium (1.61 mmol/ml) over a
period of 10 minutes, followed by stirring at room
temperature for 13 hours, to obtain a mixture B.
| To a 200 ml reactor, 40 ml of a diethyl ether solution
of the oranée 0il (5.0 g) obtained by the above reaction
was introduced. Under ice-cooling, to the reactor was
dropwise added the above-obtained mixture B over a period
of 1.5 hours, followed by stirring at room temperature for

1 day. The reaction liquid obtained was poured into a,

saturated ammonium chloride aqueous solution. Then, the



10

15

20

25

104

epher phase is washed with water and driéd over anhydrous
magnesium sulfate. After the ether phase was concentrated,
it was separated and purified by silica gel column
chromatography (developer: n-hexane) to obtain 2.65 g
(yield: 45 %) of an aimed product [dimethylsilylene (9-
fluorenyl) (2-methyl-1-indene)] as a white powder.

Data of the NMR spectrum of the compound obtained are
described below.

l1H-NMR (CDCljz, 90 MHz)

-4.3 (d, 6H)

2.2 (s, 3H)

3.7 (s, 1lH)

4.2 (s, 1H)

6.7 (s, 1H)

7.0 - 8.0 (m, 12H)

To a 100 ml reactor, 50 ml of diethyl ether and 1.35 g
(3.8 mmol) of dimethylsilylene(9-fluorenyl) (2-methyl-1-
indene) obtained above were introduced. Under ice-cooling,
to the reactor was dropwise added 4.8 ml of a héxane
solution of n-butyllithium (1.60 mmol/ml) over a period of
10 minutes, and the reaction was continued at room
temperature for 1 hour and then for another 2 hours under
reflux. The resulting yellow slurry was cooled to -60 °C,
and thereto was little by little added 0.90 g (3.8.mmol) of
zirconium tetrachloride. The temperature of the system was
allowed to spontaneously rise to room température, and tﬁe

reaction mixture was stirred at room temperature for 12

hours.



"

10

15

20

25

105

The mixture was refluxed over ether for i hour, and a
solid produced was filtéred through a glass filter. The
éoliﬁ was washed with 30 ml of diethyl ether, and the
diethyl ether solution was filtered under reduced pressure.
The solid obtained was washed with 100 mi of n-hexane and
filtered through a glass filter to obtain 1.58 g of an
aimed product [dimethylsilylene (9-fluorenyl) (2-methyl-1-

indenyl) zirconium dichloride] as a brick-colored powder.

T r n Exampl
nthesi f diph lsilvlen = renyl -methyl-1-
ind 1) 2 . iichlorid

To a 100 ml reactor, 30 ml of diethyl ether and 3.3 g
(20 mmol) of fluorene were introduced. Under ice-cooling,
to the reactor was dropwise added 12.4 ml of a hexane
solution of n-butyllithium (1.61 mmol/ml) over a period of
10 minutes, followed by stirring at room temperature for 10
hours. The reaction solution was concentrated and
solidified under reduced pressure. _,Then, thé pressure of
the system was reduced by means of a vacuum pump to dry the
solid, whereby an yellow lithium salt was obtained.

To a 200 ml reactor, 150 ml of n-hexane and 6.6 g (26
mmol) of diphenyldichlorosilane were introduced. Under
ice-cooling, to the reactor was added the lithium salt.
Then, the temperature of thé_system was raised to room
temperature, and the reaction mixture was stirred at room

temperature for 12 hours. A solid produced was removed by

means of a glass.filter, and the filtrate was concentrated.
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A solid precipitated was filtered through a glass filter to
obtain 4.51 g (yield: 59 %) of an aimed product [9-
(chlorbdiphenylsilyl)fluoréne] as a white powder.
Data of the NMR spectrum of the compound obtained are
5 described below.
1H-NMR (CDCls, 90 MHz)
4.58 (s, 1H)
7.0 - 7.90 (m, 18H) "
To a 100 ml reactor, 40 ml of diethyl ether and 1.53 g
10 (11.8 mmol) of 2-methylindene were introduced. Under ice-
cooling, to the reactor was dropwise added 7.3 ml of a
hexane solution of n-butyllithium (1.61 mmol/ml) over a
period of 10 minutes, followed by stirring at room
temperature for 10 hours, to obtéin a mixture C.
15 To a 200 ml reactor, 50 ml of diethyl'ether, 4.51 g
(11.8 mmol) of 9-(chlorodiphenylsilyl) fluorene and 14.4 mg
(1.2 mmol) of copper thiocyanate were introduced. Under
ice~cooling, to the reactor was dropwise added the above-
obtained mixture C over a period of .1 hour, énd the
20 reaction was continued at room temperature for 15 hours.
After the reaction was completed, a solid precipitated was
removed by means of a glass filter. The filtrate obtained
was concentrated and solidified. The resulting solid was
reslurried and washed with 30 ml of diethyl ether to obtain
25 2.10 g (yield: 37 %) of an aimed product
[diphenylsilylehe(9—f1uorenyl)(Z—ﬁethyl-l—indene)] as a

‘white powder.
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Data of the NMR spectrum of the compound obtained are
described below. |

1y-NMR (CDCls3, 90 MHz)

1.98 (s, 3H)

4.42 (s, 1H)

4.96 (s, 1H)

6.20 (s, 1H)

6.60 - 8.40 (m, 22H)

To a 100 ml reactor, 50 ml of diethyl ether and 1.50 g
(3.15 mmol) of diphenylsilylene (9-fluorenyl) (2-methyl-1-
indene) obtained above were introduced. Under ice-cooling,
to the reactor was dropwise added 3.9 ml of a hexane
solution of n-butyllithium (1.60 mmol/ml) over a period of
10 minutes, and the reaction was.continued at room
temperature for 1 hour and then for anoﬁher 2 houré under
reflux. The resulting yellow slurry was cooled to -60 °c,
and thereto was little by little added 0.73 g (3.15 mmol)
of zirconium tetrachloride. Then, the temperature of the
system was allowed to spohtaneously,rise to room
temperature, and the reaction mixture was stirred at room
temperature for 12 hours.

The mixture was refluxed over ether for 1 hour, and a
solid produced was filtered through a glass filter. The
solid obtained was washed with 30 ml of diethyl ether, and
the diethyl ether solution was filtered under reduced
pressure. The resulting solid was washed with 100 ml of n-

hexane and filtered through a glass filter to obtain 1.80 g
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of an aimed product ([diphenylsilylene(9-fluorenyl) (2~
methyl-1l-indenyl) zirconium dichloride] as an orange powder.

Data of the NMR spectrum of the compound obtained are

described below.

1H-NMR (CDCls, 90 MHz)
2.12 (s, 3H)

6.70 — 8.40 (m, 13H)

hesi f ethvlene (9- 1-indenvl) zirconi

To a 300 ml four-necked flask equipped with a reflux

) tube, a thermometer and a dropping funnel, indene (10 g,

86i1.mmol) and déhydrated ether (100 ml) were introduced.
To the flask was dropwise added a hexane solution df n-
butyllithium (1.61 mol/l, 59 ml, 94.7 mmol) at -78 °C over
a period of 30 minutes. Thereafter, the temperature of the
system was allowed to spontaneously rise to room |
temperature over a period of 3 houfs. The reaction mixture
became drange and transpérent.

Then, to a 1 liter four-necked flask equipped with a
reflux tube, a thermometer and a dropping funﬁel, 1,2-
dibromoethane (81 g, 0.431 mol) and dehydrated ether (150
ml) were introduced. To the flask was dropwise added the

whole amount of the reaction mixture obtained above over a

period of 2 hours, followed by stirring at room temperature

for 15 hours. The yellow transparent solution obtained was

poured into 300 ml of water to separate an ether phase.
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The aqueous phase was extracted with ether (100 ml x 3),

and the combined organic phase was dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off,
and the resulting yellow brown oil was purified by column
chromatography (silica gel: 500 g, developer: hexane) to
obtain 16.36 g (yield: 85 %) of an aimed product [3-(2-
bromoethyl) indene] as a light green yellow transparent
liquid.

Data of_the NMR spectrum of the compound obtained are
described below.

.1H-NMR (CDCl;, 90 MHz)

1.8 - 2.6 (m, 2H)

3.40 (t, g =1.9 Hz,~2H)

.3.5 - 3.8 (m, 1H)

6.48 (d, J = 1.6 Hz, 1H)

6.83 (d, J = 1.6 Hz, 1H)

7.1 - 7.6 (m, 4H)

To a 300 ml four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel, fluorene (3.72
g, 22.4 mmol) and dehydrated ether (100 ml) were
introduced. To the flask was dropwise added a hexane
solution of n-butyllithium (1.61 mol/l, 15.3 ml, 24.6 mmoli
at 0 °C over a period of~1 hour, and the contents of the
flask were refluxed for 2 hours. The reaction mixture
became dark red and transpafent. Then, the mixture was
cooled to -78 °C.(yellow slurry), and a solution of 3-(2-

bromoethyl) indene (5 g, 22.4 mmol) in dehydrated ether (50
[
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ml) was dropwise added over a period of 1 hour. The
temperature of the system was allowed to spontaneously rise
to room temperature, followed by stirring for 15 hours.
The reaction mixture gradually became an orange yellow
homogeneous solution.

The reaction solution was poured into a saturated
ammonium chloride aqueous solution (200 ml) to separate an
ether layer. The agqueous layer was extracted with ether
(100 ml x 3), and the combined organic layer ﬁas dried over
anhydrous magnesium sulfate. Then, the solvent was
distilled off, and the resulting white yellow semi-solid
was purified by column chromatography (silica gel : 400 g,
developer: haxane) to obtain 3.42 g (yield: 49 %) of an
aimed product [1-(9-fluorenyl)-2-(l-indenyl)ethylene] as a
white powder. |

Data of the NMR spectrum of the compound obtained are
described below.

1H-NMR (CDCl;, 90 MHz)

1.1 - 2.6 (m, 4H) p

3.35 (br, 1H)

3.97 (br, 1H)

6.48 (d, J = 1.6 Hz, 1H)

6.83 (d, J = 1.6 Hz, 1H)

7.1 - 8.0 (m, 12H)

FD-MS

1308 (M*)
To a 100 ml four-necked flask equipped with a reflux

tube, a thermometer and a dropping funnel, 1-(9-fluorenyl)-
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2-(1-indenyl)ethylene (1.0 g, 3.24 mmol) and dehydrated
ether (50 ml) were introduced. To the flask was dropwise
added a hexane solution of n-butyllithium (1.61 mol/l, 4.2
ml, 6.80 mmol) at ~78 °C over a period of 1 hour. Then,
the temperature of the system was allowed to spontaneously
rise over a period of 5 hours, and the contents of the
flask_were refluxed for 1 hour. The reaction mixture
became an orange yellow slurry.

Then, the reaction mixture was cooled to -78 °C, and
thereto was added zirconium tetrachloride (0.792 g, 3.40
mmol) over a period of 15 minutes. The temperature of the
system was allowed to spontaneously rise to room
tempera;ure, and the reaction mixture was stirred for 12
hours. The reaction mixture (orénge yellow slurry) was
filtered through a glass filter (G-5), and the unfiltered
solid was washed with dehydfated ether (50 ml). The orange
solid remaining on the filter was washed with dehydrated
dichloroethane (150 ml) and filtered. Then, the solvent
was distilled off from the filtrate .to obtain a red orange
solid (1.29 g). The solid was reslurried with dehydrated
haxane (100 ml), and-the resulting slurry was filtered to
obtain 0.924 g (yield: 61 %) of an aimed product
[ethylene(9-fluorenyl)(l—indenyl)zirconium dichloride] as a
red orange powder.

Data of thé NMR spectrum of the compound obtained are
described below.

1H-NMR (CDCli, 90 MHz)

3.7 - 4.4 (m, 4H)
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6.20 (d, J 0.8 Hz, 1H)

6.35 (d, J

0.8 Hz, 1H)

6.9 - 8.1 (m, 12H)

Preparation Example 10
hesi i hylsi n —-f1 n = hyl-4-
nyl-1-in i ni i ri
A 100 ml four-necked flask equipped hith a reflux
tube, a thermometer. and a dropping funnel waé thoroughly
purged with nitrogen and dried. To the flask, 2-methyl-4-

phenylindene (1.50 g, 7.27 mmol) prepared in accordance

with the process described in Japanese Patent Laid—Opén

Publication No. 100579/1994 and dehydrated diethyl ether
(40 ml) were introduced. Then, an n-hexane solution of n-
butyllithium (7.63 mmol) was dropwise added at -78 5C with
stirring. After the dropwise addition, the temperature of
the reaction solution was allowed to spontaneously rise
slowly to room temperature, and the solution was étirred at
room temperature for one night{ but .the slurry |
concentratioﬁ became too high to continue stirring.
Therefore, dehydrated diethyl ether (10 ml) was_added..

Then, 1.88 g (7.27 mmol) of dimethylsilylfluorenyl

"monochloride synthesized in Preparation Example 2 was added

aﬁ 0 °C with stirring, and the mixture was further stirred
at room temperature for 12 hours, whereby an yellow slurry
was obtained. To the yeliow slurry were added diethyl |
ether (100 ml) and a saturated ammonium chloride aqueous

solution (100 ml), and the mixture was transferred into a
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separatory funnel to separate an organic phase. The
organic phase was washed with a saturated ammonium chloride
aqueous sclution, watér and a saturated sodium chloride
aqueous solution in this order, and dried over magnesium
sulfate. The solvent was removed and the remainder was
purified by column chromatography (solvent: n-hexane) to
obtain 1.75 g (yield: 56 %) of a light yellow powder.

Data of the NMR spectrum of the compound obtained are
described below.

1H~-NMR (CDClj, 90 MHz)

-0.35 (d, 6H)

2.2 (s, 3H)

3.8 (t, 1H)

4.2 (s, 1H)

6.8 (s, 2H)

6.9 - 7.9 (m, 16H)

A 50 ml reactor equipped with a dropping funnel was
thoroughly purged with pitrogen and dried. To the reactor,
dimethylsilylene (9-fluorenyl) {(2-methyl-4-phenyl-l-indene
(0.80 g, 1.87 mmol) and dehydrated diethyl ether (20 ml)
were introduced. Then, to the reactor was dropwise added
an n-hexane solution of n-butyllithium (3.93 mmol) at -78
°c. After the dropwise additibn, the temperature of the
reaction solution was allowed to spontaneously rise slowly
to room temperature. Then, the reaction solution was
stirred at room temperature for 12 hours, and to the

solution was dropwise added zirconium tetrachloride (0.435

g, 1.87 mmol) at 0 °C with stirring. After the dropwise
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addition, the temperature of the solution was allowed to
spontaneously rise slowly to room temperature. The
solution was then stirred at room temperature for 8 hours.
The resulting red slurry was filtered through a glass
filter, and the solid obtained was quickly washed with
dried dichloromethane. 'The solvent was removed from the
filtrate, and the remainder was reslurried with 40 ml of
dehydrated hexane. The resulting slurry was filtered
through a glass filter to obtain 560 mg (yield: 51 %) of an

aimed compound as a red powder.

Synthesis of 2,7-di-t-butyl-9-fluorene

To a 100 ml four-necked flask equipped with a reflux

tube, a thermometer and a dropping funnel, fluorene (3.4 g,
20.5 mmol), 2,6-di-butyl-p-cresol (4.4g, 20.0 mmol) and
nitromethane (30 ml) were introduced. In a water bath (10

°C), to the flask was dropwise added a solution of

_anhydrous aluminum chloride (4 g) in nitromethane (6 ml)

with stirring over a period of 1 hour (the reaction liquid
gradually became a purple heterogenous mixture). After a
three hours stirring, the resultant reaction mixture was
poured intoc 300 ml of ice-cold water and indroduced into a
separatory funnel to separate an organic phase.' The

aqueous phase was extracted with ether (200 ml x 3) and the

organic phases thus obtained were combined. From the
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combined organic phase, ether and nitromethane were
completely removed by means of an evaporator and an oil
pump, and the residue was dissolved in 200 ml of ether,
followed by washing with a 10% aqueous soluion of sodium
hydroxide (150 ml X3). The resultant product was dried
over anhydrous magnesium sulfate. Then, the solvent was
distilled off, and the resulting'white vellow powder was
recrystallized from methanol to obtain 3.5 g (yield: 63 %)
of an aimed product of a white yellow needle-like crystal..

Data of the NMR spectrum of the compound obtained are
described below.

1g-NMR (CDCls, 90 MHz)

1.38 (s, 18H)

3.86 (s, 2H)

7.2 - 7.8 (m, 6H)

nthesi f 3-(2-brom h —2-methyli

To a 200 ml four-necked flask equipped with a reflux
tube, a thermometer énd a dropping funnel, 2-methylindene
(4.5 g, 34.6 mmol) and dehydrated ether (50 ml) were
introduced. To the flask was dropwise added a hexane
solution of n-butyllithium (1.61 mol/l, 23.7 ml, 38.1 mmol)
at -78 °C over a period of 1 hour. Then, the temperature
of the system was allowed to spontaneously rise to room
temperature over a period of 6 hours. The reaction mixture
became a yellow orange anionic slurry. |

Then, to a 500 ml four-necked flask equipped with a

rgfluxftube, a thermometer and a dropping funnel, 1,2-
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dibromoethane (32.5 g, 0.173 mol) and dehydrated ether (100
ml) were introduced. To the flask was added the whole
amount of the anionic slurry obtained above at 0 °C over a
period of 1 hour, followed by-stirring at room temperature
for 15 hours. The resulting yellow transparent solution
was pqured into 300 ml of water to separate an ether phase.
The aqueous phase was extracted with ether (100 ml x 3),
and a combined organic phase was dried over anhydrous
magnesiuh sulfate. Then, the solvent was distilled off,

and the resulting yellow brown oil was purified by column

- chromatography (solvent: hexane) to obtain 6.25 g (yield:

76 %) of an aimed product of a yellow white transparent

liquid.

Data of the NMR spectrum of.the compound obtained are
described below.

1H-NMR (CDCl;, 90 MHz)

1.8 - 2.6 (m, 2H)

1.93 (s, 3H)

2.8 - 3.2 (m, 2H) .

3.3 (br, 1H)
6.32 (s, 1lH)

6.6 - 7.4 (m, 4H)

To a 100 ml four-necked:flask equipped with a reflux

tube, a thermometer and a dropping funnel, 2,7-di-t-

bupylflgorene (1.18 g, 4.22 mmol) and dehydrated ether (30
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ml) were introduced. To the flask was dropwise added a
hexane solution of n-butyllithium (1.67 mol/l, 2.8 ml, 4.64
mmol) at 0 °C over a period of 1 hour, followed by stirring
at roém temperature for 7 hours. The reaction liquid
became red orange transparent. Then, the liquid was cooled
to -78 °C (a yellow orange slurry), to which a solution of
3—(2—bromoethy1)—2—methylindene {lg, 4.22 mmol) in
dehydrated ether (10 ml) was dropwise added over a period
of 30 minutes. Then, the temperature of the system was
allowed to spontaneously rise to room temperature, followed
by stirring for 15 hours. The reaction mixture gradually
becamé a yellow slurry. The resulting yellow slurry was
poured into 200 ml of a saturated ammonium chloride aqueous
solution to sebarate an ether phase. The aqueous phase was
extracted with ether (100 ml X 2), and a combined drganic
phase was dried over anhydrous magnesium sulfate. Then,
the solvent was distilled off, and the resulting white
yellow powder was reslurried with hexane (100 ml) and
filtrated to obtain 1.70 g (yield: 93 %) of an aimed
product of a white powder.

Data of the NMR spectrum of the compound obtained are
described below.

1H-NMR (CDCls, 90 MHz)

1.3 - 1.9 (m, 4H)

1.40 (s, 18H)

1.91 (br, 3H)

3.08 (br, 1H)

3.85 (br, 1H)
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6.48 (br, 1lH)

7.0- 7.9 (m, 10H)

Ssynthesis of ethvlene (2,7-di-t-butyl-9-fluorenyl) (2-methyl-

L _— 1 ' on

To a 300 ml four—-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel, 1-(2,7-di-t-
buthyl-9-fluorenyl) -2- (2-methyl-1-indenyl) ethylene (0.5 g,
1.15 mmol) and dehydrated ether (50 ml) were introduced.

To the flask was dropwise added a hexane solution of n-
butyllithium (1.67 mol/l, 1.45 ml, 2.42 mmol) at -78 °C
over a period of_30 minutes. Then, the temperature of the
system was allowed to spoptaneously rise to room |
teﬁperature over a period of 15 hours. The reaction liquid
became a orange yellow slurry. .

Then, the slurry was cooled to -78 °C, to which
zirconium tetrachloride (0.282g, 1.21 mmol) was added over
a period of 15 minutes. The temperature of the system was
allowed to spontaneousiy rise to room temperature, followed
by stirring for.12 hours. The reaction mixture (orange

yellow slurry) was filtered under pressure through a glass

filter (G-5), and the substance remained on the filter was

washed with dehydrated ether (20 ml X 2). Then, the

solvent was distilled off from the filtrate by means of an

0oil pump to obtain a red orange solid. The solid was

washed with dehydrated hexane (10 ml x 2) to obtain 0.300 g

(yield: 44 %) of an aimed product of a red orange powder;
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Data of the NMR spectrum of the compound obtained are
described below.

1H-NMR (CDClz, 90 MHz)

1.2 - 1.4 (m, 18H)

2.20 (s, 3H)

3.6 - 4.2 (m, 4H)

6.10 (s, 1H)

6.8 - 7.8 (m, 10H)

P i ] npl
Syvnthesis of dimethvlsilvlene (3-methyl-l-indenyl) (9-

n i f dim —fluorenyl)silan hl

A 1 liter four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel was thordgghly
purged with nitrogen and dried. To the flask, fluorene
(5.00 g, 30 mmol) and dehydréted ether (100 ml) were
introduced and, then, a hexaﬁe solution of n-butyllithium
(30 mmol) was dropwise added at -10 °C with stirring over a
period of 30 minutes. After the dropwise addition of the
hexane solution, the temperature of the system was allowed
to spontaneously and slowly rise to.room temperature,
followed by stirring at room temperature for 4 hours. The
reaction liquid became a yellow slurry. Then, the slurry
was dropwise added to a dichlorodimethylsilane (18.24 ml,
150 mmol) /dehydrated ether (100 ml) solution at -10°C with

stirring over a period of I hour. The temperature of the

~_system was allowed to spontaneously rise to room
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temperature, followed by stirring over night. The reaction
solution was filtered under pressure through a glass filter

(G-5) to remove lithium chloride, and the solvent and the

" unreacted dichlorodimethylsilane remained in the filtrate

were removed under reduced pressure. The resultant product
was reslurried with dehydrated ether (100 ml) and the
obtained slurry was filtered under pressure through a glass
filter (G-5) to obtain 3.30g of a white powder (yield: 43
%) .
- Data of the NMR spectrum of the compound obtained are

described below.

1H-NMR (CDClj)

7.2 - 8.0 (m)

4.1 (s, 1lH)

0.15 (s, 6H)

Synthesis of dimg;nylgl-inggnyl)(Q—f;ugggngl)silang

A 200 ml four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel was thoroughly
purged with nitrogen and dried. To the flask, indene (3.00
g, 25.8 mmol) and dehydrated ether (40 ml) were introduced.
Td the flask was dropwise added a hexane solution of n-
butyllithium (25.8 mmol) at 0 °C with stirring. Then, the
temperature of the sYstem was allowed_to spontaneously and.

slowly rise to room temperature, followed by stirring at

room temperature.fbr 2 hours. The reaction liquid became

an orange solution. To the solution, the dimethyi(9—

__fluorenyl)silane_ch;gride obtained above (6.69g, 25.8 mmol)
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Qas dropwise added at 0 °C with stirring. Then, the
temperature of the reaction mixture was allowed to slowly
and spontaneously rise to room temperature. The reaction
mixture was stirred at room temperature for 2 hours to
obtain a yellow slurry. To the slurry, ether (100 ml) and
a saturated aqueous solution (100 ml) of ammonium chloride
were added and the mixture obtained was introduced into a
separatory funnel to separate the organic phase. The
aqueous phase was extracted by ether (100 ml1 X 3) and a
combined organic phase was washed with a saturated aqueous
solution of sodium chloride and dried over anhydrous

magnesium sulfate. After the solvent was distilled off, it

‘was purified by column chromatography (developer: hexane)

to obtain 4.70g of a white powder (yield: 54%).

Data of the NMR spectrum of the compound obtaihed are

" described below.

1H-NMR (CDCljg)

7.2 - 8.0 (m)
6.9 (m; 1H)
6.3 (dd, 1H)
4.1 (s, 1H)
3.6 (t, 1H)
-0.2 (s, 3H)
-0.4 (s, 3H)
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A 200 ml four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel was thoroughly
purged with nitrogen and dried. To the flask, dimethyl(l—
iadenyl)(9—fluorenyl)silane (2.00 g, 5.91 mmol) synthesized
above and dehydrated ether (50 ml) were introduced. To the
flask was dropwise added a hexane solution of n-
butyllithium (6.21 mmol) at -40 °C with stirring. The
temperature of the reaction liquid was allowed to
spontaneously and slowly rise to room temperature. After
stirring over night, the reaction liquid became a yellow
solution. To the solution, methyl iodide (3.78 g, 26.6
mmol) was added and the temperature of the system was
allowed to spontaneously ahd slowly rise to room
temperature, followed by stirring for one day. The
reaction liquid became an orange solution. To the-
resulting solution, 100 ml of ether and 100 ml of a
saturated aqueous solution of ammonium chloride were added
and the mixture was introduced into a separatory funnel to
separate an organic phase. The organic phase was washed
with water and a saturated aqueous solution of sodium
chloride and dried over anhydrous magnesium sulfate. After
the solvent was distilled off, it was purified by column
chromatography (developer: hexane) to obtain two kinds of
isomers (one was a colourless transparent liquid, the other
was a yellow liquid) totalling to 1.85'g (yield: 89 %).

Data of the NMR spectrum of the compouﬁd obtained are

described below.

lH-NMR (CDClj3); two kinds of isomers (A : B =4 : 1)
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Isomer A
7.2 - 8.0 (m, 12H)
6.5 (d, 1H)
4.1 (s, 1H)
3.6 (dd, IH)
1.2 (d, 3H)

0.1 (d, 6H)’

Isomer B
7.2 - 8.0 (m, 12H)
6.1 (d, 1H)
4.0 (s, 1lH)
3.6 (dd, 1H)
2.1 (d, 3H)
~0.3 (d, 6H)

nthesis of dimethylsilylene(3-methyl-1-indenyl) (9=
n i i i rj

A S0 ml Schlenk's bottle equipped with a dropping
funnel was thoroughly purged with nitrogen and dried. To
the bottle, the dimethyl (3-methyl-1-indenyl) (9-
fluorenyl)silane (0.80 g, 2.27 mmol) synthesized above and
dehydrated ether (20 ml) were introduced. Under stirring_-
at -78°C, a hexane solution of n-butyllithium (4.76 mmol)
was dropwise added. After the dropwise addition, the
temperature of the system was allowed to spohténeously and
slowly rise to room temperature. By an over night

stirring, the yellow solution became a red solution. To
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the resultant solution, zirconium tetrachloride (0.53qg,
2.27 mmol) was dropwise added at -78°C with stirring.

After the addition, the temperatufe of the system was
allowed to spontaneously and slowly rise to room
temperature and the reaction mixture was stirred over
night. The reaction liquid became a red slurry. The ether
was removed by means of pressure filteration through a
glass filter (G-5), the substance remained on the filter
was immediately washed with dehydrated dichloromethane (the
substance was lithium chloride). After the solvent in the
filtrate thus obtained waé removed, the resultant product
was reslurried with dehydrated hexane (25 ml) and filtered
by means of a glass filter (G-5) to obtain the aimed

product metallocene as an orange powder (330 mg, yield:

28%) .

A 200 ml four—-necked flask equipped with é reflux
tube, a thermometer and a dropping funnel was thoroughly
purged with nitrogen and dried. To the flask, 2-methyl-4-
phenylindene (2.50 g, 12.12 mmol) and dehydrated ether (50
ml) were introduced. To the flask, a hexane solution of n-
butyllithium (12.73 mmol) Was‘dropwise added at 0 °C over a
period of 30 minutes. Then, the temperature of the system

was allowed to spontaneously and slowly rise to room
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temperature, followed by stirring at room temperature for 4
hours. The reaction liquid became a yellow slurry.

Then, the slurry was dropwise added to a dibromoethane
(5.22 ml, 60.6 mmol)/ dehydrated ether (20 ml) solution at
0 °C with stirring over a period of 1 hour. The resultant
mixture was allowed to become at room . temperature, followed
by Stirring at this temperature over night. The reaction
liquid was a yellow solution. The solution was poured into
100 ml of ether and 100 ml of a saturated aqueous solution
of ammonium chloride, and the mixture was introduced into a
separatory funnel to separate an organic phase.. The
organic phase was washed with a saturated agqueous solution
of ammonium chloride, water and a saturated aqueous
solution of sodium chloride, and'dried over anhydrous
magnesium sulfate. After the solvent was distilled_off,
the yeliow 0il thus obtained was purified by column
chromatography (developer: hexane) to obtain 3.00 g of a
light yellow oil (yield: 79%).

Data of the NMR spectrum of the compound obtained are
described below.

1H-NMR (CDCls, 90 MHz)

2.0 —.2.8 (m, 2H)

2.1 (s, 3H)

3.0 - 3.8 (m)

3.5 (bxr, 1H)

6.7 (s, 1H)

7.1 - 7.8 (m, 8H)
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A 200 ml four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel was thoroughly
purged with.nitrdgen and dried. To the flask, fluorene
(1.29 g, 7.76 mmol) and'dehydrated ether (25 ml) were
introduced. To the flask, a hexane solution of n-
butyllithium (8.15 mmol) was dropwise added at 0 °C with
stirring over a period of 30 minutes. The temperature of
the reaction mixture was allowed to spontaneocusly and
slowly rise to room temperature and the reaction mixture
was stirred at room temperature for 1.5 hours. The
reaction liquid begame a brown slurry. The slurry was
dropwise added to a 3-(2-bromomethyl) -2-methyl-7-
phenylindene (2.42g, 7.73 mmol)/ dehydrated ether f40 ml)
solution at 0 °C with stirring over a period of 1 hour.

The resultant mixture was allowed to become at room

temperature, followed by stirring at this temperature over

night. The red purple solution became a dark orange
solution. To the solution, ether (100 ml) and a saturated
aqueous éolution (100 ml) of ammonium chloride were added
and the mixture was intrqduced into a separatory funnel to
separate an organic phase. The organic phase was washed
with a saturated aqueous solution of ammonium chloride, -

water and a saturated aqueous solution of sodium chloride,

‘and dried over anhydrous magnesium sulfate. After the

solvent was distilled off, it was purified by column

chromatography (developer: hexane) to obtain an Qrange.qi;.
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The o0il was foamed and solidified under reduced pressure by
means of a vacuum pump, thereby to obtain 1.10 g of a pale
orange powder (yield: 36 %).

Data of the NMR spectrum of the compound obtained are
described below.

1H-NMR (CDCl;, 90 MHz)

1.3 - 1.9 (m, 4H)

1.91 (br, 3H)

3.08 (br, 1H)

3.85 (br, 1H)

6.48 (br, 1H)

7.0~ 7.9 (m, 10H)

nthesi £ 1 -methyl-4-ph 1-1-inden =

£1 1) zirconium dichloride '

A 50 ml Schlenk's bottle equipped'with a dropping
funnel was thoroughly purged with nitrogen and dried. To
the bottle, the 1-(9-fluorenyl)-2-(2-methyl-4-phenyl-1-
indenyl)ethylene (0.50 g, 1.25 mmol) obtained above and
dehydrated ether (20 ml) were introduced. To the flask, a
hexane solution of n~butyllithium (2.63 mmol) was dropwise
added at -78 °C with stirring. Then, the temperature of
the system was allowed to spontaneously and slowly rise to
room temperature. The reaction liquid was stirred at room
temperature'over night, whereby a yellow orange solution

came, through a brown solution and a dark orange slurry, to

" a brown orange slurry. Then, zirconium tetrachloride

- (0.307 g, 1.31 mmol) was dropwise added at -78 °C with
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stirring and the temperature of the system was allowed to
spontaneously rise to room temperature. By stirring
overnight at room temperature, the yellow brown slurry
became an orange slurry. The ether was removed by means of
pressure filteration through a glass filter (G-5), the
substance remained on the filter was immediately washed
with dehydrated dichloromethane (the substance was lithium
chloride). After the solvent in the filtrate thus obtained
was removed, the resultant product was reslurried with
dehydrated hexane (30 ml) and filtered by means of a glass
filter (G-5) to obtain the aimed product metallocene as a
red orange powder (320 mg, yield: 46%).

Data of the NMR spectrum of the compound obtained are
desdribed below.

1H-NMR (CDCl;, 90 MHz)

2.20 (s, 3H)

3.6 - 4.2 (m, 4H)

6.10 (s, 1H)

6.8 - 8.0 (m, 16H) .

—inden -f r 1) zirconi i hlori
Synthesis of dimethyl (9-fluorenvl)silane chloride

A 1 liter four-neck flask equipped with a reflux tube,

a thermometer and a dropping funnel was thoroughly purged

'with nitrogen and dried. To the flask, fluorene (5.00 g,

30 mmol) and dehydrated ether (100 ml) were introduced.
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Under stirring at 410°C, a hexane golution of n-
butyllithium (30 mmol) was dropwise added over a period of
30 minutes. After the dropwise addition, the temperature
of the system was allowed to spontaneously and slowly rise
to room temperature, followed by stirring at room
temperature for 4 hours. The reaction liquid became a
yellow slurry. The slurry was dropwise added to a
dichlorodimethylsilane (18.24 ml, 150 mmol)/dehydrated
ether (100 ml) solution under stirring at -10°C over a
period of 1 hour. After the temperature of the system was
allo@ed to spontaneously rise to room temperature, the
reaction mixture waé stirred over night. Lithium chloride
was removed by means of pressure filteration of the
resulting solution using a glass'filter (G-S) . Further the
solvent and the unreacted dichlorodimethylsilane rémained
in the filtrate were removed under reduced pressure. The
resulting filtrate was reslurried with dehydrated hexane
{100 ml) anq subjected to pressure filteration using a
glass filter (G-5) to obtain a white powder (3.30 g, yield:

43%) .

Data of the NMR spectrum of the compound obtained are
described below.

1H NMR (CDC1l3)

7.2 - 8.0 (m, 8H)

4.1 (s, 1H)

0 .15 (S, GH') )
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Synthesis of dimethvl (2-methyl-4-i-propyl-7-methyl-1-
i nd 1) (9=£1 1) sil

A 100 ml four-necked flask equipped with a reflux

tube, a thermometer and a dropping funnel was thoroughly
purged with nitrogen and dried. To the flask, 2-methyl-4-
i-propyl-7-methylindene (1.50 g, 8.06 mmol) and dehydrated
ether (25 ml) were introduced. Under stirring at -78°C, a
hexane solution of n—bﬁtyllithidm (8.46 mmol) was dropwise
added. After the dropwise addition, the temperature of the
system was allowed to spontaneously and slowly rise to room
temperature. The reaction mixture was sti:red at room
temperature over night, whereby a colourless solution came,
through a white slurry and a light yellow slurry, to a
yellow slurry. To the slurry, the dimethyl(9-
fluorenyl)siiane chloride (2.06 g, 8.06 mmol) syntﬁesized
above was édded under stirring at 0°C, followed by stirring
at room temperature for 1.5 hours. After ether (100 ml)
and a saturated ammonium chloride aqueous solution (100 ml)
were.added, the resulting mixture was introduced into a
separatory funnel to separate out an organic phase. The
organic phase was washed with a saturated ammonium chloride
aqueous solution, water and a saturated sodium chloride
aqueous solution, and dried over anhydrous magnesium

sulfate. After the solvent was removed, the obtained

product (a yellow o0il) was purified by column

chromatography (developer: hexane) to obtain 1.50g of a

vellow oil (yield: 46%).
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Data of the NMR spectrum of the compound obtained are
described below.
| lH-NMR (CDCl;, 90 MHz)
6.6 -~ 8.0 (m, 11H)
4.2 (s, 1H)
3.7 (s, 1H)
2.65 - 3.05 (m, 1H)
2.45 (s, 3H)
2.25 (s, 3H)
1.1 - 1.3 (d, 6H)
-0.35 (d, 6H)

1-1i n — r zi i ichlori

A 50 ml Schlenk's bottle equipped with a dropﬁing
funnel was thoroughly purged with nitrogen and dried. To
the bottle, the dimethyl (2-methyl-4-i-propyl-7-methyl-1-
indenyl) (9-fluorenyl)silane (0.80 g, 1.96 mmol) synthesized
above and dehydrated ether (20 ml) were introduced. Under
stirring at -78°C, a hexane solution of n-butyllithium
(4.11 mmol).was dropwise added. After the dropwise
addition, the temperature of the system was allowed to
spontaneously and slowly rise to £§om temperature. By the
overnight stirring, the lemon yellow solution became a

bright yellow solution, then a red brown solution. To the

. solution, zirconium tetrachloride (0.456 g, 1.96 mmol) was

dropwise added at -78°C under stirring. The temperature of

the system was allowed to spontaneously and slowly rise to
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room temperature. The reaction mixture was stirred for 8
hours at room temperature to obtain a red élurry. The
ether was removed by means of pressure filteration using a
glass filter (G-5), and the substance remained on the
filter was immediately washed with dehydrated
dichloromethane (the substance was lithium chloride).
After the solvent in the filtrate thus obtained was
removed, the resultant product was reslurried with
dehydrated hexane (30 ml) and filtered by means of a glass
filter (G-4) to obtain the aimed product metallocene as a

red powder (50 mg, yield: 4%).

r ration Ex 1

luorenvl) zirconi ichlori
n i f dimethvl (9-f il lori

A 1 liter four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel was thoroughly
purged with nitrogen and dried. To.the flask, fluorene
(5.00 g, 30 mmol) and dehydrated ether (100 ml) were
introduced and, then, a hexane solution of n-butyllithium
(30 mmol) was dropwise added thereto at -10°C with stirring
over a period of 30 minutes. After the dropwise addition
of the hexane solution, the temperature of the system was
allowed to spontaneously and slowly rise to room
température, follbWed by stirrihg at room temperature for 4

hours. The reaction liquid became a yellow slurry.
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Then, - the slurry was dropwise added to a
dichlorodimethylsilane (18.24 ml, 150 mmol)/dehydrated
ether (100 ml) solution at -10°C with stirring over a
period of 1 hou;. The temperature of the system was
allowed to spontaneously rise to room temperature, followed
by stirring over night. The reaction solution was filtered
under pressure through a glass filter (G-5) to remove
lithium chloride, and the solvent and the unreacted
dichlorodimethylsilane remained in the filtrate wefe
removed under reduced pressure. The resultant product was
reslurried with dehydrated ether. (100 ml) and the obtained
slurry was filtered under pressure through a glass filter
(G-5) to obtain 3.30g of a white. powder(yield: 43 %).

Data of the NMR spectrum of.the compound obtained are
described below. |

1H-NMR (CDClj)

7.2 - 8.0 (m, 8H)

4.1 (s, 1H)

0.15 (s, 6H) p

2-di in
A 200 ml four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel was thoroughly
purged with nitrogen and dried. To the flask,
methylmagnesium bromide (3.0 mol/l ether solution) (16.9 ml,
50.7 mmol) and dehydrated ether (50 ml) were introduced.
To the flask, a sclution of 2-methyl-l-indanon (3.709; 25.3

mmol) in dehydrate ether (20 ml) was dropwise added at room
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temperature with stirring. Then, the reaction mixture was
stirred for 2 hours and poured into cold water. The
resultant mixture was introduced into a separatory funnel

to separate an organic phase. The aqueous phase was

extracted by ether (100 ml X 3) and a combined organic

phase was washed with a saturated aqﬁeous solution of
ammonium chloride, water and a saturated aqueous soiution
of sodium chloride, and dried over anhydrous magnesium
gulfate. The solvent was distilled off to obtain 1,2-
dimethyl-l-hydroxy-indene. The compound thus obtained was
dissolved in toluene (30 ml) and, thereto, 0.1g of p-
toluenesulphonic acid was added. The reaction mixture was
refluxed for 3 hours to remove water. Thé organic phase
thus obtained was introduced inté a separatory funnel and
washed with a saturated aqueous solution of ammoniﬁm
chloride, water and a saturated aqueocus solution of sodium
chloride, and dried over anhydrous magnesium sulfate.
After removing a solvent, it was purified by colgmn
chromatography (developer: hexane) to obtain 2.70g (GC 94%)
of a pale yellow solution (yield: 74%).

Data of the NMR spectrum of -the compound obtained are
described below.

1H-NMR (CDCls,. 90 MHz)

7.1 - 7.6 (m, 4H)

3.2 (s, 2H)

2.0 (s, 6H)
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fluorenyl)silane

A 200 ml four-necked flask equipped with a reflux
tube, a thermometer and a dropping funnel was thoroughly
purged with nitrogen and dried. To the flask, the 1,2-
dimethylindene (1.60 g, 11.09 mmol) synthesized above and
dehydrated ether (40 ml) were introduced. To the flask, a
hexane solution of n-butyllithium (11.6 mmol) was dropwise
added at 0 °C with stirring. The temperature of the system
was allowed to spontaneously and slowly rise to room
temperature. After stirring over night, the reaction
liquid became a milk white slurry. To the slurry, the
dimethyl (3-fluorenyl)silane chloride (2.72 g, 10.51 mmol)
synthesized above was added, followed by stirring at room
temperature for 2 hours. The reaction liquid becaﬁe a
yellow slurry. To the slurry, N-methyl—z—pyrrolidine (0.1
g) was added, followed by stirring at room temperature for
1.5 hours. To the resultant mixture, 100 ml of ether and
100 ml of a saturated aqueous solution of ammonium chloride
were added and the mixture was introduced into a separatory
funnel to separate an organic phase. The organic phase was
washed with a saturated aqueous solution of ammonium
chloride, water and a saturated aqueous solution of sodium
chloride, and dried over anhydrous magnesium sulfate.
After the solvent was distilled off, it wés purified by
coluﬁn chromatography (developer: he#ane) to obtain 1.10g

of a yellow povder (yield: 27 %). .
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Data of the NMR spectrum of the compound obtained are
described below.

1H-NMR {(CDCls3, 90 MHz);

6.7 - 8.0 (m, 12H)

4.5 (s, 1H)

3.6 (t,‘lHi

2.0 (s, 6H)

-0.4 (s, 6H)

fluorenyl) zi nium dichlori
A 50 ml Schlenk's bottle equipped with a dropping

funnel was thoroughly purged with nitrogen and dried. To
the bottle, the dimethyl(2,3-diméthyl—1—indenyl)(9—
flﬁorenyl)silane (0.80 g, 2.18 mmol) synthesized above and
dehydrated ether (15 ml) were int:oducéd. Under stirring
at -78°C, a hexane solution of n-butyllithium (4.58 mmol)
was dropwise added. After the.dropwise addition, the
temperature of the system'was allowed to spontaneéusly and
slowly rise to room temperature. By Stirring for 8 hours
at room temperature, the pale yellow solution came, through
a yellow solution, to a yellow slurry. To the slurry,
zirconium tetrachloride (0.509q, 2118 mmol) was dropwise
added at -78°C with stirring. After the addition, the
temperature of the system was allowed to spontaneously and
slowly rise to room temperature and the reaction mixture
was stirred overnight. The reaction liquid became a red

slurry. The ether was removed by means of pressure
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filteration through a glass filter (G-5), the substance
remained on the filter was immediately washed with

dehydrated dichloromethane (the substance was lithium

" chloride). After the solvent in the filtrate thus obtained

was removed, the resultant product was reslurried with
dehydrated hexane (30 ml) and filtered by means of a glass
filter (G-5) to obtain the aimed product metallocene as a

red powder (427 mg, yield: 37%).

Example 1
Pr ration of 1 lution

To a glass flask thoroughly purged with nitrogen, 5.8
mg of dimethylsilylene(2—methyl—4,5—ben£o—l—indenyl)(2,7-
di-t-butyl-9-fluorenyl)zirconium dichloride (compound a)
was introduced, and thereto were added 1.57 ml of é toluene
solution of methylaluminoxane (MAO) (Al: 1.1 mol/l) and
2.76 ml of toluene to obtain a catalyst solution.

Polymerization

To a 2 liter stainless steel autoclave thoroughly
purged with nitrogen, 600 ml of hexane and 150 ml of 1-
octene were introduced, and the temperature of the system
was raised to 130 °C. Then, 1 mmol of triisobutylaluminum
(TIBA) and 1.0 ml (0.002 mmol in terms of zr) of the
catalyst solution prepared above were injected into the
system together with ethylene to initiate polymerization.
Theréafter, only ethylene was continuously fed so that the

total pressure was kept at 30 kg/cm2-G, and the

. polymerization was carried out at 140 °C for 8 hours. To
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the system was added a small amount of ethanol to terminate
the polymerization, and the unreacted ethylene was pﬁrged
out. The resulting polymer solution was introduced into a
large excess of methanol to precipitate a polymer. The
polymer was recovered by filtration and dried overnight at
13d'°c under reduced pressure. As a result, 61.3 g of an
ethylene-l-octene copolymer having MFR of 0.21 g/10 min and

a density of 0.898 g/cm® was obtained. The results are set

forth in Table 1.

Example 2

T§ a 2 liter stainless steel autoclave thoroughly
purged with nitrogen, 600 ml of hexane and 400 ml of 1-
octene were introduced, and the temperature of the system
was raised to 130 °C. Then, 1 mmol of triisobutylaiuminum
and 1.0 ml (0.002 mmol in terms of Zr) of the catalyst
solution prepared above were injected into the system
together with ethylene to initiate polymerization.
Thereafter, only ethylene was continuously fed so that the
total pressure was kept at 30 kg/cm?-G, and the
polymerization was carried out at 140 °C for 15 minutes.
To the system was added a small amount of ethanol to
terminate the polymerization, and the unreacted ethylene
was purged out. The resulting polymef solution was
introduced into a large excess of methanol to precipitate a
polymer. The polymer was recovered by-filtratioﬁ and dried

overnight at 130 °C under reduced pressure. As a result,

. 75.7 g of an ethylene-l-octene copolymer having MFR of 0.47
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g/10 min and a density of 0.875 g/cm® was obtained. The

results are set forth in Table 1.

Example 3

Polymerization of ethylene and l-octene was carried
out iﬁ the same manner as in Example 1 except that
dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (9-
fluorenyl) zirconium dichloride (compound b) synthesized in
Preparation Example 2 was used instead of the compound a 3
and the polymerization time was changed to 30 minutes.

The results are set forth in Table 1.

Example 4

Polyﬁerization of ethylene and l-octene was carried
out in the same manner as in Example 1 except that-
dimethylsilylene (2, 6~dimethyl-4,5-benzo-1l-indenyl) (2,7-di-
t-butyl-9-fluorenyl) zirconium dichloride (compound c)
synthesized in Preparation Example 3'wa§ used instead of
the compound a and the polymerization time was changed to
15 minutes.

The results are set forth in Table 1.

Example S5

Polymerization of ethylene and l-octene was carried
out in the same manner as in Example 1 except that
_dimethylsilylene(2,7—dimethyl—4,5—(2—methyl—benéo)—1-
indenyl) (2, 7-di~t-butyl-9-fluorenyl) zirconium dichlorige

_(compound d) synthesized in Preparation Example 4 was_dsed



10

15

20

25

140

instead of the compound a and the polymerization time was
changed to 15 minutes.

The results are set forth in Table 1.

Example 6

PolYmerization of ethylene and l-octene was carriéd
out in the same manner as in Example 1 excépt that
dimethylsilylene(2—n—propyl—4—(9—phehanthryl)—1—indenyl)(9—
fluorenyl) zirconium dichloride (compound e) synthesized in
Preparation Example 5 was used instead of the compound a
and the polymerization time was changed to 30 minutes.

The results are set forth in Table 1.

Example 7
Preparation of catalyst solution

To a glass‘flask-thoroughiy purged with nitrogen, 5 ml
of n-hexane, and further, 1 ml (0.002'mmol in terms of Zr
atom) of a toluene solution of dimethylsilylene (2-methyl-
4,5-benzo-1-indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium
dichloride (compound a) and 1 ml (0.004 mmol in terms of B
atom) of a toluene solution of
triphenylcarbeniumtetrakis (pentafluorophenyl)borate were
introduced to obtain a catalyst solution.

Polymerization

To a 2 liter stainless steel autoclave thoroughly
purged with nitrogen, 600 ml of hexane and 150 ml of 1-
octene were introduced; and the temperature of the system

was raised to 130 °C. Then, 0.5 mmol of
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triisobutylaluminum (TIBA) and the catalyst solution
prepared above were injected into the system together with
ethylene to initiate polymerization. Thereafter, only
ethylene was coﬁtinuously fed so that the ﬁotal pressure
was kept at 30 kg/cm?-G, and the polymerization was carried
out at 140 °C for 30 minutes. To the system was added a
small amount of ethanol to terminate the polymerization,
and the unreacted ethylene was purged out. The resulting
polymer solution was purged into a large excess of methanol
to precipitate a polymer. The polymer was recovered by
filtration and dried overnight at 130 °C under reduced
pressure. As a result, 98.8 g of an'ethylene—l—octene
copolymer having MFR of 0.51 g/10 min, a density of 0.892

g/cm3 and Mw/Mn of 2.0 was obtained.

mparative Exampl
An ethylene-l-octene copolymer was prepared in the

same manner as in Example 1 except that dimethylsilylene (1-
indenyl) (9-fluorenyl)zirconium dichloride (compound Xx) was
used in place of the compound a and the polymerization time
was varied to 30 minutes. As a result, 17.7 g of an
ethylene-l-octene copolymer having MFR of 15.9 g/10 min, a
density of 0.920 g/cm® and Mw/Mn of 2.3 was obtained. The

results are set forth in Table 1.
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Table 1
Component (A) MAO TIBA | 1-Octene | Hexane | Pressure
Kind Amount | (mmol) | (mmol) (ml) (ml) * 1
(ramol)

Ex. 1| a 0.002| 0.4 | 1.0 150 850 30
Ex. 2 | a 0.002 | 0.4 1.0 400 600 30
Ex. 3 | b  0.002| 0.4 | 1.0 | 150 850 30
Ex. 4 | ¢ 0.002| 0.4 1.0 150 850 30
Ex. 5| d 0.002| 0.4 1.0 150 850 30
Ex. 6 | e 0.002| 0.4°| 1.0 150 850 30
Comp. | o ¢.002| 0.4 1.0 150 850 30
Ex. 1 )

*1: unit: kg/cm?-g

Table 1 (Continued)

Tempera-| Time | Yield| MFR |Density|Polymer-|Molecular
ture | g/ ization | weight
(min.) (9) 10min) | (g/cm3d) | activity| distri-
°c bution
* 2 . Mw/Mn
Ex. 1 140 8 61.3 0.21 0.898 23Q 2.1
Ex. 2 140 15 75.7 0.47 0.875 151 2.0
Ex. 3 140 30 29.1 0.98 0.902 29 2.2
Ex. 4 140 15 140 0.18 0.894 280 2.1
Ex. 5 140 15 - 109 0.27 0.899 218 2.0
Ex. 6 140 30 38.2 [ 1.10 | 0.887 38 2.1
Comp. 140 30 | 17.7 | 15.9 | 0.920| 17.7 -| 2.3
Ex. 1

*2: unit: kg/mmol-Zr-hr.

(a) : dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (2,7-di-
t-butyl-9-fluorenyl)zirconium dichloride

(b) : dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (9-.
fluorenyl)zirconium dichloride

(c) : dimethylsilylene (2,6-dimethyl-4,5-benzo-1-

indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride
(d) : dimethylsilylene (2, 7-dimethyl-4,5-(2-methyl-benzo)-1-
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride
(e) : dimethylsilylene (2-n-propyl-4-(9-phenanthryl)-1-
indenyl) (9-fluorenyl)zirconium dichloride _

(x) : dimethylsilylene (l-indenyl) (9-fluorenyl)zirconium
dichloride : .
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Example 8

To a 2 liter glass reactor thoroughly purged with
nitrogen, 400 ml of purified toluene was introduced. Then,
ethylene (100 1/hr) was passed through the system, and the
system was maintained at 70 °C for 10 minutes with stirring
at 800 rpm. To the system was then added 4 ml of a toluene
solution containing 0.80 mg-atom (in terms of aluminum
atom) of methylaluminoxane and 0.0008 mg-atom (in terms of
zirconium atom) of ethylene(9-fluorenyl) (2-methyl-1-
indenyl)zirconium dichloride. After polymerization was
carried out at 80 °C under atmospheric pressure for 5
minutes, a small amount of isopropanol was added to
terminate the polymerization. After.the reaction, the
reaction solution waé introduced into 400 ml of a methanol
solution of dilute hydrochloric acid. Then, the cétalyst
residue was removed, and the resulting pdlymer was dried
overnight under reduced pressure.

The yield of the ethylene homopolymer obtained was

7.53 g. The results are set forth in Table 2.

Example 9

Polymefization of.ethylene was carried out in the same
manner as in Example 8 except that dimethylsilylene (9-
fluorenyl) (2-methyl-l-indenyl) zirconium dichloride
synthesized in Preparation Example 7 was used in place of
ethylene (9-fluorenyl) (2-methyl-1-indenyl) zirconium

dichloride.
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The yield of the ethylene homopolymer obtained was

6.00 g. The results are set forth in Table 2.

xample 1

Polymerization of ethylene was_carried out in the same
manner as in Exémple 8 except that diphenylsilylene(9-
fluorenyl) (2-methyl-1-indenyl) zirconium dichloride
synthesized in Preparation Example 8 was used in place of
ethylene(9—fluorenyl)(2-methyl—l—indenyl)zirconium
dichloride.

The yield of the ethylene homopolymer obtained was 0.7

g. The results are set forth in Table 2.

Example 11

Polymerization of ethylene was carried out in.the same
manner as in Example 8 except that dimethylsilylene (9-
fluorenyl)(2—methyl—4—phenyl—l—indenyl)zirConium dichloride
synthesized in Preparation Example 10 was used in place of
ethylene (9-fluorenyl) (2-methyl-1~-indenyl) zirconium
dichloride.

The yield of the ethylene homopolymer obtained was

1.38 g. The results are set forth in Table 2.

Comparative Example 2
Polymerization of ethylene was carried out in the same
manher as in Example 8 except that ethylene (9-fluorenyl) (1-

indenyl) zirconium dichloride synthesized in Preparation
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Example 9 wés used in place of ethylene(9-fluorenyl) (2-
methyl—lfindenyl)zirconium dichloride.
The yield of the ethylene homopolymer obtained was

0.85 g. The results are set forth in Table 2.

Comparative Example 3

Polymerization of ethylene was carried out in the same
manner as in Example 8 except that dimethylsilylene (S9-
fluorenyl) (1-indenyl) zirconium dichloride synthesized in
accordance with the process described in Japanese Patent
Laid-Open Publication No. 345793/1993 was used in place of
ethylene (9-fluorenyl) (2-methyl-1-indenyl) zirconium
dichloride. '

The yield of the ethylene homopolymer obtained was

0.98 g. The results are set forth in Table 2.
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Table 2

Transition Yield Polymeri- Intrinsic

. metal (9) zation viscosity
compound activity (dl/qg)

*]

Ex. 8 (£) 7.53 113 4.98
Ex. 9 (9) 6.00 90.0 5.15
Ex.10 (h) 0.70 10.5 7.22
Ex.11 (k) _1.38 20.7 4.83
Comp.Ex. 2 (i) 0.85 . 12.8 4,02
Comp.Ex. 3 (1) 0.98 14.7 3.10

*1: kg/mmol—-Zr-hr

(f) : ethylene (9-fluorenyl) (2-methyl-l-indenyl) zirconium
dichloride

(g) : dimethylsilylene (9-fluorenyl) (2-methyl-1-

indenyl) zirconium dichloride

(h) : diphenylsilylene (3-fluorenyl) (2-methyl-1-

indenyl) zirconium dichloride

(i) : ethylene(g—fluorenyl)(l—indenyl)zirconium dichloride
(3) : dimethylsilylene(9-fluorenyl)(1—indenyl)zirconium
dichloride

(k) : dimethylsilylene (9-fluorenyl) (2-methyl-4-phenyl-1-
indenyl) zirconium dichloride

Example 12

To a glass flask thoroughly purged with nitrogen,
0.0087 mg-atom (in terms of zifconium atoﬁ) of ethylene (9~
fluorenyl) (2-methyl-1-indenyl) zirconium dichloride was
introduced. To the flask were added 1.57 ml of a toluene
solution of methylaluminoxane (Al: 1.1 mol/l) and 2.76 ml

of toluene to obtain a'catalyst.solutibn.
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To a 2 liter stainless steel autoclave thoroughly
purged with nitrogen, 850 ml of hexane and 150 ml of 1-
octene were_introduced. The temperature of the system was
raised to 130 °C. Then, 1 mmol of triisobutylaluminum and
1.0 ml (0.002 mmol in terms of Zr) of the catalyst solution
prepared above were injected into the system together with
ethylene to initiate polymerization. Thereafter, only
ethylene was continuously fed so that the total pressure
was kept at 30 kg/cm2-G, ahd the polymerization was carried
out at 140 °C for 30 minutes. To the system was then added
a small amount of ethanol to terminate the pblymerization,
and the unreacted ethylene was purged out. The resulting
polymer solution was introduced into a large excess of
methanol to precipitate a polymef. The polymer was
recovered by filtration and dried overnight at 130 °C under
feduced preSsure. As a ;esult, 17.1 g of an ethylene-1-
octene copolymer wés obtained. The results are set forth

in Table 3.

Xamn 1

Polymerization of ethylene and l-octene was carried
out in the same manner as in Example 12 except that
dimethylsilylene(9—fluorenyl)(Z—methyl—l—indenYI)zirconium
dichloride synthesized in Preparation Example 7 was used in
place of ethylene(9-fluorenyl)(2—methyl-i—indenyl)zirconium
dichloride.

The yield of the ethylene-l-octene copolymer obtained

was 15.7 g. The results are set forth in Table 3.
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Example 14

Polymerization of ethylene and l-octene was carried
out in the same manner as 'in Example 12 except that
diphenylsilylene (9-fluorenyl) (2-methyl-l-indenyl) zirconium
dichloride synthesized in Preparation Example 8 was used in
place of ethylene(9—fluorenyl)(Z—ﬁethyl—l—indenyl)zirconium
dichloride. |

The yield of the ethylene-l-octene copolymer obtained
was 23.5 g. The results are set forth in Table 3.
Example 15

Polymerization of ethylene and l-octene was carried
out in the saﬁe manner as in Example 12 except that
dimethylsilylene(9-fluorenyl)(2—methyl—4-phenyl—1—.
indenyl) zirconium dichloride synthesized in Preparation
Example 10 was used in place of ethylene(9-fluorenyl) (2-
methyl-l-indenyl) zirconium dichloride.

The yield of the ethyléne—l—octene copolymer obtained

was 21.8 g. The results are set forth in Table 3.

Example 16

Polymerization of ethylene and l-octene was carried
out in the same manner as in Example 12 except that
ethylene (2-methyl-1-indenyl) (2, 7-di-t-butyl-9-
fluorenyl)) zirconiun dichlofide synthesized in Preparation

Example 11 was used in place of ethylene (9-fluorenyl) (2--

methyl-l-indenyl)zirconium dichloride.
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The yield of the ethylene—l—octene copolymer obtained

was 12.2 g. The results are set forth in Table 3.

E 1 1

Polymerization of ethylene and l-octene was carried
out in the same mannef as in Example 12 except that
dimethylsilylene(9—fluorenyl)(3—methyl-1—indenyl)zirconium
dichloride synthesized in Preparation Example 12 was used
in place of ethylene(9-fluorenyl) (2-methyl-1-~
indenyl) zirconium dichloride.

The yield of the ethylene-l-octene copolymer obtained

was 26.8 g. The results are set forth in Table 3.

Example 18

Polymerization of ethylene and l-octene was cérried
out in the same manner as in Example 12 except that
ethylene(9—fluorenyl)(2-methyl-4—phenyl—l—indenyl)zirconium
dichloride synthesized in Preparation Exémple 13 was used
in place of ethylene(Q—fluorenyl)(2rmethyi—1—
indenyl) zirconium dichloride.

The yield of the ethylene-l-octene copolfmer obtained

was 8.4 g. .The results are set forth in Table 3.

Example 19

Polymerization of ethylene and l-octene was carried
out in Ehe same mannér as in Example 12 except thaﬁ
dimethyléilylene(9—fluorenyl)(2~methyl—4-i-propy1—7—methyl-

l-indenyl)zirconium dichloride synthesized in Preparation
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Example 14 was used in place of ethylene(9-fluorenyl) (2-
methyl-l-indenyl)zirconium dichloride.
The yield of the ethylene-l-octene copolymer obtained

was 13.1 g. The results are set forth in Table 3.

Example 20

Polymerization of ethylene and l-octene was carried
out in the same manner as in Example 12 except that
dimethylsilylene (9-fluorenyl) (2, 3-dimethyl-1-
indenyl) zirconium dichloride synthesized in Preparation
Example 15 was used in place of ethylene(9-fluorenyl) (2-
methyl-l-indenyl) zirconium dichloride.

The yield of the ethylene-l-octene copeclymer obtained

was 27.5 g. The results are set forth in Table 3.

iv xam 4

Polymerization of ethylene and l-octene was carried
out in the same manner as in Example 12 except that
ethylene (9-fluorenyl) (1-indenyl) zirconium dichloride
synthesized in Pfeparation Example 9 was used in place of
ethylene(Q—fluorenyl)(2—méthyl—1—indenyl)zirconium
dichloride.

The yieid of the ethylene-l-octene copolymer obtained

was 17.7 g. The results are set forth in Table 3.
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Table 3
> .. . Polymer- . \ Molecular
Transition| Yield ization MFR Density weight
metal (g) activity (g/ (g/cm3) | distri-
bution
compound *1 10min) Mw/Mn
Ex. 12 (£) 17.1 17.1 5.82 0.922 2.0
Ex. 13 (Q) 15.7 15.7 0.27 | 0.903 2.1
Ex. 14 (h) 23.5 | 23.5 0.67 0.894 2.1
Ex. 15 (k) 21.8 21.8 1.95 0.887 2.0
Ex. 16 (1) 12.2 12.2 3.03 0.916 2.0
Ex. 17 {m) 26.8 26.8 3.28 0.915 2.1
Ex. 18 (n) 8.4 8.4 9.5 0.894 2.1
Ex. 19 (o) 13.1 13.1 0.31 0.898 2.1
Ex. 20 () 27.5 27.5 1.07 0.992 2.0
Comp. (i) 17.7 | 17.7 | 15.9 | 0.924 | 2.3
Ex. 4

*1: kg/mmol-Zr-hr

(f) : ethylene(9- fluorenyl)(2—methyl 1- 1ndenyl)z1rcon1um
dichloride

(g): dimethylsilylene (9-fluorenyl) (2-methyl-1-

indenyl) zirconium dichloride

(h) : diphenylsilylene (9-fluorenyl) (2-methyl-1-

indenyl) zirconium dichloride

(i) : ethylene(9-fluorenyl) (1- indenyl) zirconium dichloride
(k) : dimethylsilylene(9- fluorenyl)(z—methyl 4-phenyl-1-
indenyl)zirconium dichloride

(1) : ethylene(2,7-di-t-butyl-9- fluorenyl)(Z-methyl 1-
indenyl) zirconium dichloride

(m) : dimethylsilylene (3-methyl-1- 1ndeny1)(9—

fluorenyl) zirconium dichloride

(n) : ethylene(2-methyl-4-phenyl-1l-indenyl) (9-
fluorenyl) zirconium dichloride |

(0) : dimethylsilylene (2~-methyl-4-i-propyl-7-methyl- 1—
indenyl) (9-fluorenyl) zirconium dichloride

(p) : dimethylsilylene(2,3-dimethyl-1-indenyl) (9-
fluorenyl)zirconium dichloride
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Example 21

To a 2 liter glass reactor thoroughly purged with
nitrogen, 400 ml of purified toluene was introduced. Then,
propylene was passed through the system at a rate of 100
1/hr, and the system was maintained at 45 °C for 10 minutes
with stirring at 800 rpm. Thereafter, 2.88 mg-atom (in
terms of aluminum atom) of triisobutylaluminum was added,
and 4 ml of a toluene solution containing 3.50 mg-atom (in
terms of aluminum atom) of methylaluminoxane and 0.010
mg-atom (in terms of zirconium atoﬁ) of ethylene (9-
fluorenyl)(2—methyl¥1—indenyl)zirconium dichloride was
further added. After polymerization was carried out at 50
°C for 15 minutes under atmospheric pressure, a small
amount of isopropanol ﬁas added to terminate the
polymerization. After the reaction, the reaction éolution
was introduced into 400 ml of a methanol solution of dilute
hydrochloric acid. Then, the catalyst residue was removed,
and the resulting polymer was dried overnight under reduced
pressure.

The yield of the propylene homopolymer obtained was

2.2 g. The results are set forth in Table 4.

Example 22

Polymerization of propylene was carried out in the
same manner as in Example 21 except that
dimethylsilylene (9-fluorenyl) (2-methyl-1-indenyl) zirconium

dichloride synthesized in Preparation Example 7 was used in
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place of ethylene (9-fluorenyl) (2-methyl-l1-indenyl)zirconium
dichloride.
The yield of the propylene homopolymer obtained was

3.8 g. The results are set forth in Table 4.

Example 23

Polymerization of propylene was carried out in the
same manner as in'Example 21 except that
diphenylsilylene (9-fluorenyl) (2-methyl-l1-indenyl) zirconium
dichloride synthesized in Preparation Example 8 was used in
place of ethylene (9-fluorenyl) (2-methyl-l1-indenyl) zirconium
dichloride.

The yield of the propylene homopolymer obtained was

0.1 g. The results are set forth in Table 4.

rative Exampl

Polymerization of propylene was carried out in the
same. manner as in Example 21 except that ethylene(9-
fluorenyl) (1-indenyl) zirconium dichioride synthesized in
Preparation Example 9 was used in place of ethylene(9-
fluorenyl) (2-methyl-l-indenyl) zirconium dichloride.

waever, any propylene polymer was not obtaingd. The

results are set forth in Table 4.

rative Ex 1
Polymerization of propylene was carried out in the
same manner as in Example 21 except that

dimethylsilylene(9—fluorenyl)(l—indenyl)zircqnium
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dichloride synthesized in accordance with the process

described in Japanesé Patent Laid-Open Publication No.

345793/1993 was used in place of ethylene (9-fluorenyl) (2-

methyl-l-indenyl) zirconium dichloride.

As a result, trace amounts of a propylene homopolymer

were obtained.

The results are set forth in Table 4.

. Table 4
Transit—-| Yield|Polymeri~-| Intrinsic| Molecular
ion (@) zation ' | viscosity weight
metal activity (dl/g) distribution
compound *1 Mw/Mn
Ex. 21 (£) . 2.2 0.68 2.1
Ex. 22 (9) . 3.8 0.97 2.0
Ex. 23 (h) i 0.1 0.67 1.9
Comp.Ex. 5 (i) 0 - -
Comp.Ex. 6 {(3) <0.1 <0.1 unmeasur— _
able

*]1: kg/mmol-Zr-hr
(f) : ethylene (9-fluorenyl) (2-methyl-l-indenyl)zirconium

dichloride
(g):

indenyl) zirconium dichloride

{(h) :

indenyl) zirconium dichloride

(i) :

dimethylsilylene (9-fluorenyl) (2-methyl-1-

diphenylsilylene (9-fluorenyl) (2-methyl-1-

ethylene (9-fluorenyl) (1-indenyl) zirconium dichloride

(3): dimethylsilylene (9-fluorenyl) (1-indenyl) zirconium

dichloride

Exanmple 24

Preparation of solid catalyst component
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A suspension of 3.0g of silica having been dried at
250°C for 10 hburs in 50 ml of toluene was cooled to 0°C.
To the suspension, 17.8 ml of toluene solution of
methylaluminoxane (Al=1.29 mmol/ml) was dropwise added.
During the dropwise addition, the temperature of the system
was maintained at 0°C. After the addition, the reaction
was proceeded at 0°C for 30 minutes. Then, the temperature
of the system was elevated to 95°C over a period of 30
minutes and, at the temperature, the reaction was further
proceeded for 4 hours. After lowering the temperature of
the systém to 60°C, the supernatant liquid was removed by
decantation.

' The solid component thus 6btained was washed with
toluene two times and reslurried.with 50 ml of toluene. To
the system, 4.9 ml of a toluene solution of |
dimethylsilylenebis(2,6—dimethyl-4,5—benzo—1—indenyl)(2,7—
di-t-butyl-9~-fluorenyl)zirconium dichloride (Zr = 0.0233
mmol/ml) was dropwise added at 20°C over 30 minutes. The
temperature of the system was elevated to 80°C and, at the
temperature, the :eaction was proceeded for 2 hours. The
supernatant liquid was removed and the remained product was
washed with hexane two times to obtain a solid cataiyst

containing 2.1 mg/g of zirconium.

r ion Pr meriz
4g of the solid catalyst obtained above was

resuspended in 200 mol of hexane. To the system, 5.0 ml of

‘a decane solution of triisobutylaluminum (1 mmol/ml) and
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0.36g of l-hexene were added and, in the system, ethylene
was prepolymerized at 35°C for 2 hours to obtain a
prepolymerized catalyst containing, per lg of the solid

catalyst, 2.0 mg of zirconium and 3g of polyethylene.

Polymerization

To a 2 liter stainless steel autoclave thoroughly
purged with nitrogen, 1 liter of purified and dehydrated
hexane was introduced. Then, the autoclave was purged with
ethylene. After elevating the temperature of the system to
60°C, 1.5 mmél of triisobutylaluminum, 20 ml of l—hexéne
and 0.23 mg, in terms of zirconium atom, of the
prepolymerized catalyst thus prepared were introduced.

Thereafter, ethylene was fea so that the total
pressure became 8 kg/cm2-G, and the polymerizationlﬁas
carried out for 1.5 hours with keeping the total preésure
at 8 kg/cm2-G.

- After finishing the prepolymerization, the polymer was

recovered by filtration and dried overnight at 80 °C. As a
result, 323 g of an ethylene-l-hexene copolymer having

Mw/Mn of 1.99

Example 25

Polymerization was carried out in the same manner as
in Example 24 except that ethylene was changed to a mixed
gas of ethyiéne and hydrogen (hydrogén content: 0.1.mol%).

As a result, 120 g of an ethylene/l-hexene copolymer having
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an intrinsic viscosity (1) of 1.29 dl/g and a density of

0.948 g/cm3 was obtained.

Example 26

Polymerization was carried out in the same manner as
in Example 24 except that l-hexene was not added. As a
result, 202 g of an ethylene polymer having Mw/Mn of 2.20

was obtained.

Example 27

Polymerization was carried out in the same manner as
in Example 26 except that ethylene was changed to a mixed
gas of ethylene and hydrogen (hydrogen content: 0.46 mol%).

As a result, 108 g of an ethylene polymef having an

intrinsic viscosity (1) of 1.59 dl/g and a density of 0.973

- g/gm? was obtained.
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What is claimed is:
1. An olefin polymerization catalyst comprising:
(A-1) a Group IVB transition metal compound
represented by the following formula (I),
5 (B) (B-1) an organocaluminum oxy-compound, and/or
(B-2) a compound which reacts with the transition
metal compound (A-1) ;o form an ion pair,
and optionally

(C) an organocaluminum compound;

10
Rl
Rl
(1)
wherein M is a transition metal atom of Group IVB of the
periodic table,
15 Rl's may be the same as or different from each other,

at least one of them is an aryl group of 11 to 20 carbon
atoms, an arylalkyl group of 12 to 40 carbon atoms, an
arylalkenyl group of 13 to 40 carbon atoms or an alkylaryl
| group of 12 to 40 carbon atoms, or at least two adjacent
20 groups among groups indicated by R! form an aromatic ring

or an aliphatic. ring together with carbon atoms to which

* C L M s *
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said at least two groups are bonded (in this case the rings formed by
R! have 4 to 20 carbon atoms as a whole), and the remainder of R!
is hydrogén atom, a halogen atom or an alkyl group of 1 to 10 carbon
atoms,

R*’s may be the same as or different from each other, they are
each hydrogen atom, a halogen atom, an alkyl group of 1 to 10
carbon atoms, an aryl group of 6 to 20 carbon atoms, an alkenyl
group of 2 to 10 carbon atoms, an arylalkyl group of 7 to 40 carbon
atoms, an arylalkenyl group of 8 to 40 carbon atoms, an alkylaryl
group of 7 to 40 carbon atoms, a silicon-containing group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-containing
group or a phosphorﬁs—containing group, and at least two adjacent
groups among groups indicated by R? may form an aromatic ring or
an aliphatic ring together with carbon atoms to which said at least two
groups are bonded (in this case the rings formed by R? have 4 to 20
carbon atoms as a whole including carbon atoms to which the R?
groups are bbnded, and the remainder of R? is hydrogen atom, a
halogen atom or an alkyl group of 1 to 10 carbon atoms),

R! and R? may be the same as or different from each other,

R? and R* may be the same as or different from each other, and
are each hydrogen atom, a halogen atom, an alkyl group of 1 to 10 .
carbon atoms, an aryl group of 6 to 20 carbon atoms, an alkenyl

group of 2 to 10 carbon atoms, an arylalkyl group of 7 to 40 carbon

~atoms, an arylalkenyl group of 8 to 40 carbon atoms, an alkylaryl

group of 7 to 40 carbon atoms, a silicon-containing group, an oxygen-
L
N —

heet Has Been Replaced

T
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containing group, a sulfur-containing group, a nitrogen-

160

containing group or a phosphorus-containing group,
X! and X% may be the same as or different from each
other, and are each hydrogen atom, a halogen atom, a
5 hydrocarbon group of 1 to 20 carboh atoms, a halogenated
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-
containing group, a sulfur-containing group or a nitrogen-
containing group, or a combination of X! and X2 may form a
stablé conjugated diene (a hydrocarbon group of f'to 20
10 carbon atoms, a halogenated hydrocarbon group of 1 to 20
carbon atoms, a silicon-containing group), and
. Y is a divalent hydrocarbon group of 1 to 20 carbon
atoms, a divalent halogenated hydrodarbon group of 1 to 20.
carbon atoms, a divalent silicon—containiné group, a
15 divalent germanium-containing group, a divalent tin-
containing group, -0-, -CO-, -S-, —-S0-, =80,~, -NRS-,
-P(R5)-, -P(0O) (RS)-, -BRS5- or -AlR5- (R% is hydrogen atom, a
halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
or a halogenated hydrocarbon group of 1 to 20 carbon

20 atoms) .

2. An olefin polymerizétion cataiyst comprising:
a fine particle carrier,
(A-1) the transition metal compound as described in
25 claim 1, |
(B)_ (B-1) an organoaluminum oxy-compound, and/or
(B-2) a compound which reacts with the transition

metal compound (A-1) to form an ion pair, ;___________________

I O VL
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(C) an organoalﬁminum compound.

and optionally

3. An olefin polymerization catalyst formed by
prepolymerizing an olefin onto: |
a solid catalyst component which compfises;
a fine particle carrier,
(A-1) the transition metal compound as claimed in
claim 1, and
(B) (B-1) an organoaluminum oxy-compound, and/or
(B-2) a compound which reacts with the
transition metal compound (A-1) to form an ion pair,
said components (a-1) and (B) being supported on
the fine particle carrier, |
and optionally

(C) an organoaluminum compound.

4, A'process for preparing an olefin polymer,
comprising homopolymerizing an olefin or copolymerizing two
or more kinds of olefins in the presence of the olefin
polymerization catalyst as claimed in any one of claims 1

to 3.

5. The process for preparing an olefin polymer as
claimed in claim 4, wherein the olefin to be

homopolymerized is ethylene and the two or more kinds of

olefins are ethylene and an a-olefin of 3 to 20 carbon

"% ¢ L M § *
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6. The process for preparing an olefin polymer as

claimed in claim 4, wherein the olefin to be

homopolymerized is propylene and the two or more kinds of

olefins are propylene and an o-olefin other than propylene.

7. An olefin polymer prepared by the process for

preparing an olefin polymer as claimed in claim 4.

8. An ethylene polymer prepared by the process for

preparing an olefin polymer as claimed in claim 5.

9. A propylene polymer prepared by the process for

| preparing an olefin polymer as claimed in.claim 6.

10. A process for preparing an olefin polymer

comprising homopolymerizing an olefin or copolymerizing two

~ Oor more kinds of olefins in the presence of a catalyst

which comprises:
(A-2) a Group IVB transition metal compound
represented by the following formula (II),
(B) (B-1) an organcaluminum dxy—compound, énd/or
(B-2) a compound which reacts with the transition
metal compound (A-2) to form an ioﬂ pair,
and'optionally |

(C) an organoaluminum compound;

T« ¢ L M s =
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wherein M is a transition metal atom of Group IVB of the
periodic table,

Ré's may be the same as or different from each other,
and are each hydrogen atom, a halogen atom, an alkyl group
of 1 to 10 carbon atoms, an aryl_Qroup of 6 to 10 carbon

atoms, an alkenyl group of 2 to 10 carbon atoms, a silicon—
containing group, an oxygen-containing group, a sulfur-
containing group, a nitrogen—containiné group or a
phosphorus-containing group,

R7's may be the same as or different from each other,
and are each hydrogen atom, a halogen atom, an alkyl group
of 1 to 10 carbon atoms, an aryl group of 6 to 20 carbon
atoms, an alkenyl group of 2 to 10 carbon atoms, an
arylalkyl group of 7 to 40 carbon atoms, an arylalkenyl
group of 8 to 40 carbon atoms, an alkylaryl group of 7 to
40 carbon atoms, a silicon-containing group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-

containing group or a phosphorus-containing group,

s
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R® and R?7 may be the same as or different from each
other,

"~ any one of R® and R? is an alkyl group of 1 to 5
carbon atoms, and the remainder is hydrogen aton, a halogen
atom, an alkyl group of 1 to 10 carbon atoms, an alkenyl
group of 2 to 10 carbon atoms, a silicon-containing group,
an oxygen—containing group, a sulfur-containing group, a
nitrogen-containing group or‘a phosphorus—-containing group,

X! and X2 may be the same as or different from each
other, and are each hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-

containing group, a sulfur-containing group or a nitrogen-

containing gfoup, or a combination of X! and X? may form a

stable conjugated diene (a hydrocarbon group of 1 tb 20
carbon atoms, a halogenated hydrocarbon group of 1 to 20
carbon atoms, a silicon-containing group), and

Y is a divalent hydrocarbon group of 1 to 20 carbon
atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a
divalent germanium-containing group, a divalent tin-
containing group, -0-, -CO-, -S-, -SO-, =-SO;~, -NR®-,
-P(RS) -, -P(0) (R5)-, -BRS- or -AlR5- (R is hydrogen atom, a
halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
or a halogenated hYdrocarbon group of 1 to 20 carbon

atoms) .

is Sheet-Has Been Replaced
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11. The process for preparing an olefin polymer as
claimed in claim 10, wherein the olefin to be
homopolymerized is ethylene and the two or more kinds of

olefins are ethylene and an o-olefin of 3 to 20 carbon

atoms.

12. The process for preparing an olefin polymer as
claimed in claim 10, wherein the olefin to be

homopolymerized is propylene and the two or more kinds of

olefins are propylene and an o-olefin other than propylene.

13. An olefin polymer prepared by the process for

preparing an olefin polymer as claimed in claim 10.

14. An ethylene polymer prepared by the proceés for

preparing an olefin polymer as claimed in claim 11.

15. A propylene polymer prepared by the process for

preparing an olefin polymer as claimed in claim 12.
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