DESCRE FTICN
METHOD FOR PRODUCING OLEFIN POLYMER
Technical Field
{0001}

5 The present invention relates to a method for producing
an olefin polymer with the aid of a catalyst for olefin
polymerization, the catalyst containing a bridged metallocens
compound having a specific structure; in particular, the
present invention relates to a method for producing an olefin

10 polymer having high melting point and high molecular weight
with high productivity.
Background Art
(000621
A well-known homogensous catalyst for olefin
15 polymerization is a metallocene compound. After the report
on isotactic polymerization by W. Kaminsky et al., a
technigue for polymerizing an olefin by means of a
metallocene compound (in particular, technigue for
polymerizing an g-olefin) has been variously modified and
20 studied to further impzove'tactivity and polymerization
activity {(Non Patent Literature 1).
{00033
In the report by J.A. Ewen, which is one of such studies,

polymerization of propylene in the presence of a specific
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catralyst enablss producticen of polypropylene having a high
tacticity in which the syndictactic pentad content is greater
than 0.7 (Non Pateni Literature 2). In this case, such a
specific catalyst is composed of an aluminoxane and a
metallocene compound having & ligand in which a
cyclopentadienyl group is cross-—linked with a flucrenyl group
by isopropylidene.
100047

In an approach to modifying such a metallocene compound,
z 2, 71-di-tert-butylfluorenyl group replaces the flucrenyl
group to improve the tacticity (Patent Literature 1). Other
approaches have been repcrted; a.3(6~di—tert~butylfluorenyl
group repilaces the fluorenyl group to improve the tactlcocity
{Patent Literature Z), and the bridging moiety at which a
cyclopentadienyl group has been bonded to a fluorenyl group
igs modified to improve the tacticity (Patent Literatures 3
and 4;.
[0005]

In another report, dimethylmethylene (3-tert-butyl-5-
methylevceclopentadienyl) (fluorenyl) zirconium dichloride in
wnich a methyl group has been introduced also to the fifth

tion of the cyclopentadienyl ring enables production of

o

pos
an isotactic polypropylene having a higher molecular weight

as compared with dimethylmethylene(3-tert-
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putylcyclopentadienyl) (fluorenyl) zirconium dichloride (Patent
Literature 5).
[oo0e]

Furthermors, di (p-

1l

chicrophenyl)methylene (cyclopentadienyl) (2, 7-diphenyl-3, 6~di~
tert-pbutylfluorenyl)zirconium dichleride has been also
reported as a metallocene compound which snables
polymerization at high temperature and which enables
production of a high-molecular-weight polymer (Patent
Literature &).
[0007)]

Although the modifications of a metallocens compound
have enabled production of an clefin polymer having high
melting point and high melecular weight, the productivity of

an olefin polymer has been still insufficient in

such
industrial production processes. In particular, in the case
where The metallogcene compounds are each ussad in the form of
a solution in a hydrocarbon scolvent, the solubllity thereof
is not high; hence, a largs amount of solvents need to be
used. In addition, using a large amount of solvents
decreases the concentration of the catalyst in a catalyst
solution containing the metallocene compound with the result

that peilsoning and deactivation leads to a reduction in the

productivity. Hence, efficient production of an olefin
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polymer having high melting point and high molecular weight

hag been demanded.
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Sunmary
Technical Problem

[0010]
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It is an object of the embodiments disclosed herein to

provide a method for producing an oleéfin polymer having high

melting point and high molecular weight through

polymerization of an olefin such asg propylene, the method

being effective and giving a high productivity in industrial

production processes.

Solubion to Problem
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The inventors have conducted intengive studies to
achieve the cbject and found that use of a catalyst for
olefin polymerization, which contains a bridged metallocens
compeound having a specific structure, enables the obkject to
be achieved, thereby accomplishing the present disclogure.
10012}

In particular, the present digclosure relates to the
following [1] to [i2].

[1] There is provided a method for produging an colefin
polymer, the method comprising polymerizing at leagt one
olefin gelected from olefins having two or more carbon atoms
in the pregence of a catalyst for olefin polymerization,
wherein

the catalyst for clefin polymerization comprises

{A} a bridged metallocene compound represented by
Formula [1] and

(B) at least one compound selected from

{b-1) an organcaluminum oxy-compound,

(b-2) a compound which reacts with the bridged
metallocene compound (&) to form an ion pair, and

{(b-2) an organoaluminum compound:

{o013]
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each independently represent a group selected
from hydrocarbon groups, halogen-containing hyvdrocarbon
groups, nitrogen—cbntaining groups, oxygen-—containing groups,
and silicon-containing groups, and two adiolning groups are
optionally bonded to each other to form z ring:

R° to R® each independently respresent a group selected
from a hydrogen atom, halogen atoms, hydrocarbon groups,
halogen-containing hydrocarbon groups, nitrogen-containing
groups, oxygen-containing groups, and silicon-containing
groups, and two adjoining groups are ocoptionally bonded to
each other to form a ring:

R* to R' each independently represent a group selected

from & hydrogen atom, halogen atoms, hydrocarbon groups,

nalogen-containing hydrocarben groups, nitrogen-containing



groups, oxygen-containing groeups, and silicon-c¢ontaining
groups;

Y represents a carbon atom or a silicon atom;

M represents Ti, Zr, or HE;

5 Q ig a structure gelected from halogen atoms,
hydrocarbon groups, neutral, conjugated or nonconjugated
dieneg having 10 or less carbon atoms, anion ligands, and
neutral ligands capable of coordinating with a lone pair; i
represents an integer from 1 to 4; and in the case where j

10 represents an integer of 2 or more, multiple Qs are the same
as or different from each other].

In a first agpect of the pregent digclosure, there is
provided a method for producing an olefin polymer, the methed
comprising polymerizing at least one clefin selected from

15 clefing having two or more carbon atoms in the presence of a
catalyst for clefin polymerization, wherein

the catalvst for clefin polymerization comprises

() a bridged nmetallocene compound represented by
Formula [1] and

20 {(B) at least one compound selected from

{b-1) an organcaluminum oxy-compound,

{(b-2) a compound which reacts with the bridged
metallocene compound {A) to form an ion pair, and

(b-3} an organcaluminum compound,



10

15

20

7a

wherein a solution in which the bridged metallocene compound
(A) is dissolved in a hydrocarbon solvent is supplied to a
polymerization system,

wherein the hydrocarbon sclvent is at least cne selected from
butane, iscbutane, cyclobutane, methylcyclopropane, pentane,
isopentane, necopentane, cyclopentane, methylcyclobutane, 1,1-
dimethylcoyciopropane, 1,2-dimethylcycliopropane,
ethylcyclopropane, hexane, 3-methylpentane, 2-methylpentane,
2,2-dimethylbutane, 2,3-dimethylbutane, cyclohexane,
methylcyclopentane, 1,1l-dimethylcyclobutane, 1,2-
dimethylcyclobutane, 1,3-dimethylceyclobutane,
ethyleyclobutane, 1,1,2-trimethylcyclopropane, l-ethyl-1-
methylcoyclopropane, propylcoyclopropane, isopropylcyclopropane,
heptane, 2-methylhexane, 3-methyvlhexane, 3-ethylpentane, 2,2-
dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane,

3, 3-dimethylpentane, 2,2,3-trimethylbutane, methylcyclohexane,
1,2-dimethylpentane, 1,3-dimethylpentane, 1,2,3-
trimethylbutane, c¢ycloheptane, methylcyclohexane, 1,1~
dimethylcoyclopentane, 1,2-dimethylcyclopentane, 1,3~
dimethylcoyclopentane, ethylcyclopentane, propylcyclobutane,
1,1,2,2-tetramethyicyclopropanse, 1,1,2,3~
tetramethyloyclopropane, 1,i-diethylcyclopropane, 1-
isopropyl-l-methylceyclopropane, l-iscpropyl-2-

methylcyclopropane, l-propyl-2-methylcyclopropane,
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butvlcyclopropane,

4-~methylheptane, 2,

dimethylhexane, 2,5-dimethylhexane,

dimethylhexane, 2-ethylhexane,

70

octane, 2-methylheptane, 3-methylheptane,

Z-dimethvlhexane, 2,

3-dimethylhexane, 2,4-

3,3-dimethyihexane, 3,4-

2,2,3-trimethylpentane, 2,2,4-

trimethylpentane, 2,3,3-trimethylpentane, 2,3,4-

trimethylpentane, 2Z-methyl-3-ethylpentane, cyclooctane,

methylcycloheptane,

dimethylcyclohexane,

1,i-dimethylcoyclcohexane, 1,2-

dimethylcyclohexane, ethyloyclohexane,

trimethylcyclopentane,
trimethylcyclopentane,

l-methylcyclopentane,

1,3-dimethyicyclohexane, 1,4~

i,1,2-

1,1, 3-trimethyleyelopentane, 1,2,3-
1,2, 4-trimethyleyvelopentane, l-ethyl-

l-ethyl-2-methylcoyclopentane, l-ethyl-

3-methyleyclopentane, propylcyclopentane,

iscpropylcoyclopentane,
1,1,3,3-tetiramethyleyclobutane,

tetiramethylcyclobutane,

methylcyclopropane,

pentyloeyclopropane,

nonane, 2-methylcoctane, 3-methyloctane,

dimethylheptane, 2,

2, 5-dimethylheptane,
2-ethylheptane, 3-ethylheptane,
trimethylhexane, 2,
2,3,3-trimethylhexane,

trimethylhexane, 2,

A-dimethylheptane, 2

2, 4-trimethylhexane,

4,4-trimethylhaxane,

1,2,3,4-tetramethylcyclobutane,
2,2,3,3-

L, 2-diethylcoyclobutane, l-butyl-2-

igopentyloyclopropane,
4-methyloctane, 2,2~

,4-dimethylheptane,

2.6-dimethylheptane, 4,4-dimethylheptane,

4-ethylheptane, 2,2,3-

2,2,5-trimethyihexane,

2,3, 4-trimecthylhexans, 2,3,5-

3,3, 4-trimethylhexane,
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3-ethyl-2-methylhexane, 3-ethyl-3-methylhexane, 4-ethyl-2-
methylhexane, 4-ethyl-3-methylhexane, 2,2,3,3-
tetramethylpentane, 2,2,3,4-tetramethylpentane, 2,2,4,4-
tetramethylpentane, 2,3,3,4-tetramethylpentane, 2,2-dimethyl-
3-ethylpentane, 2,2-diethylpentane, 2,3-diethylpentane,
cyclononane, methylcyclooctane, ethylicycocloheptane, 1,1~
dimethylcycloheptane, 1,2-dimethylcycloheptans, 1,3-
dimethvlcycloheptane, 1,4-dimethylcycloheptane,
propylcyclohexane, isopropylcyclohexane, l-ethyl-2-
methylcyclohexane, l-ethyl-3-methylcyclohexane, l-ethyl-4-
methylcyclohexane, 1,1,2-trimethylcyclohexane, 1,1,3-
trimethylcyclohexane, 1,1,4-trimethylcyclohexane, 1,2,3-
trimethyleyclohexane, 1,2,4-trimethylcoyclohexane,
butylceyclopentane, iscbhbutylcoyclopentane, 2-cyclopentylbutane,
1i,2~diethylecyclopentane, l-isopropyl-3-methylcyclopentane, 1-
methyl-2-propylcyclopentane, 2Z-ethyl-1,1-dimethylcyclopentane,
1,1,3,3-tetramethylcyclopentane, 1,1,3,4-
tetramethylcyclopentans, 1,2,3,4-tetramethylcyclopentane,
1,1,2,3,3-pentamethylceyclobutane, 1, 2-dipropylcyclopropane,
1-hexylcycloprepane, l-pentyl-l-methylcyclopropane, l-pentyl-
Z2-methylcyclopropane, decane, 2-methylncnane, 3-methylnonane,
4-methylnonane, 5-methylinonane, 2,2-dimethyloctane, 2,3~
dimethyloctane, 2,4-dimethyloctane, 2,5-dimethyloctane, 2,6~

dimethyloctane, 2,7-dimethyloctane, 3,3-dimethyloctane, 3,4-
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dimethyloctane, 32,5-dimethyloctane, 3,6-dimethyloctane, 4,4-
dimethyvloctane, 4,5-dimethyloctane, 3-ethyloctane, 4-
ethyloctane, 2,2,3-trimethylheptane, 2,2,4-trimethylheptane,
2,2,5-trimethylheptane, 2,2,5-trimethylheptane, 2,2,6-
trimethylheptane, 2,3,3-trimethylheptane, 2,3,4-
trimethvlheptane, 2,3,5-trimethylheptane, 2,3,6-
trimethylheptane, 2,4,4-trimethylheptane, 2,4,5-
trimethylheptane, 2,4,6-trimethylheptane, 2,5,5-
trimethylheptane, 2-methyl-3-ethylheptane, 2-methyl-4-
ethylheptans, 3-ethyvl-3-methylheptane, 3-ethyl-4-
methylheptane, 3-ethyl-5-methylheptane, 3-methyl-4-
ethylheptane, 5-ethyl-2Z-methylheptane, 3,3,4-trimethylheptane,
3,3,5-trimethylheptane, 3,4,4-trimethylheptane, 3,4,5-
trimethylheptane, 4-propylheptane, 4-iscpropylheptane,
2,2,3,3-tetramethylhexane, 2,2,3,4-tetramethylhexane,
2,2,3,5-tetramethyihexane, 2,2,4,4-tetramethylihexane,
2,2,4,5-tetramethylhexane, 2,2,5,5-tetramethylhexane,
2,3,3,4-tetramethylhexane, 2,3,3,5-tetramethylhexane,
2,3,4,4-tetramethylhexane, 2,3,4,5-tetramethylhexane,
3,3,4,4-tetramethyvlhexane, 2,2-dimethyl-3-ethylhexane, 2,3-
dimethyl-3-ethylhexane, 2,3-dimethyl-4-ethyihexane, 2,4-
dimethvl-4-ethylhexane, 2,5-dimethyl-3-ethylihexane, 3,3-
dimethyl-4-ethylhexane, 3,4-dimethyl-3-ethylhexane, 3-ethyl-

2,4-dimethylhexane, 4-ethyl-2,2-dimethylhexane, 3,3-



10

20

7e

diethylhexane, 3,4-diethylhexane, 2,2,3,3,4-

pentamethylpentane, 2,2,3,4,4-pentamethylpentane, 2,

trimethyl-3-ethylpentane,

2,3, 4-trimethyl-3-

isopropylpentane,

ethylpentane, 2,4-dimethyl-3-

2,3~

2,2,4-trimethyl-3-ethylpentane,

2-methyl-3-3-diethylpentane, 4-ethyl-4-

methylpentane, cyclodecane, methylcyclononane, 1,5-

dimethylcyclooctane, sthylicyclooctane, cyclcheptane,

tetramethylcoyclohexane,

1,1,3,5-tetramethylcycichexane, 1,1,4,4-

tetramethylcyclohexane,

1,2,3,4-tetramethylcyclohexane, 1,2,3,5-

tetramethylcoyclohexane,

butylcyclohexane,

1,3-diethyloyceciochexane, 1,4~

1,1,2,3-

1,1,3,3-tetramethylcyclichexane,

1,2,2,4-tetramethylcyclohexane,

1,2,4,5-tetramethylcyclohexane,

diethylcyciohexane, l-ethyl-2-propylecyclchexane, 1,3-

dimethyl-5-ethylcoyclohexane,

1-ethyl-2,4-dimethylcyclohexane, I-isopropyl-1-

methylcoyclohexane,

l-isopropyvl-2-methyloyclohexane,

isopropyl-3-methylcoyclohexane, 1-lscpropyl-4-

methylcyclohexane,
propylcecyclohexane,

butvlcyclchexane,

1,2,3,4,5-pentamethylcycliopentane,

ethylcyclopentane,

l-ethyl~-2, 3-dimethylcyclohexane,

1-

1-methyl-2-propylcyclchexane, l-methyl-3-

2-ethyl-1,3-dimethylcyclchexane,

sec-

tert-butylcyclohexane, iscbutylcyclohexane,

1,2,3~trimethyl-4-

1,2-dimethyl-3-isopropylcyclopentane, 1-

ethyl-3-isopropylcyclopentane, l-methyl-2,4-
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diethyleyclopentane, l-methyl-2-butylcyclopentane, L-methyl-
3-tert-butylcyclopentane, I-methyl-3-iscbutylcyclopentans, 2-
isopropyl-1,3-dimethylcyclopentane, 2-c¢yclopentylpentane, 2-
methylbutylceyclopentane, isopentylcyclopentane,
pentylcyclopentane, 2-ethyl-1l-methyl-3-propylcyclobutans,
1,1,2-trimethyl-3-iscbutylcyciopropane, 1,l-dimethyl-2-
pentylcyclopropane, 1,2-dimethyl-l-pentylcyclopropane, 1,2-
dimethyl-3-pentylcyclopropane, l-ethyl-2-pentylcyclopropane,
1-hexyl-2-methylcoyclopropane, l-methyl-2-(1L-
methylpentyl)cyclopropane, and l-methyl-2-(3-

methylpentvl) cyclopropane;

1= 9
RB
RT
RES
(1]
where

R* to R® each independently represent a group selected
from hydrocarbon groups, halogen-containing hydrocarbon
groupg, nitrogen-containing groups, oxygen-containing groups,

and silicon-containing groups, and two adjoining groups are



10

15

20

7g

optionally bonded to each other to form a ring;

®R® to R’ each independently represent a group selected
from a hydrogen atom, halogen atoms, hydrocarbon groups,
halogen-containing hydrocarbon groups, nitrogen-containing
groups, oxygen-containing groups, and silicon-containing
groups, and two adjoining groups are opticnally bonded to
each other to form a ring;

R*® to R™ each independently represent a group selected
from a hydrogen atom, halogen atoms, hydrocarbon groups,
halogen-containing hydrocarbon groups, nitrogen-containing
groups, oxygen-containing groups, and silicon-containing
groups;

Y represents a carbon atom or a gilicon atom;

M represents Ti, Zr, or HE;

Q is a structure selected from halogen atoms,
hydrocarbon groups, neutral, conjugated or nonconjugated
dienes having 10 or less carbon atomsg, anion ligands, and
neutral ligands capable of coordinating with a lone pair; j
represents an integer from 1 to 4; and in the case where j
repregents an integer of 2 or more, multiple Qs are the same
as or different from each other.

[2] In the method [1] for producing an olefin polymer, R' and
R* in Formula [1] are each independently a group selected

from hydrocarbon groups having 1 to 40 carbon atoms and



7h

halogen-containing hydrocarbon groups having 1 to 40 carbon
atomg, and at least one of R’ and R’ in Formula [1] is a group
selected from hydrocarbon groups having 1 to 40 carbon atomg
and silicon-containing groups.

5 [3] In any one of the methods [1] and [2] for producing an
olefin polymer, R' and R’ in Formula [1] are each
independently a group selected from aryl groups having 6 to
20 carbon atoms and halogen-containing aryl groups having 6
to 20 carbon atoms.

10 4] In any one of the methods [1] to {3} for producing an



olefin polymer, R*¥ in Formula [1] is a group selected from a
hydfogen atom, hydrocarbon groups having 1 to 40 carbon atoms,
and halogen-containing hydrocarbon groups having 1 to 40
carbon atoms.

5] In any one of the metheds [1] to [4] for producing an
olefin polymer, each of R and R™ in Formula [1] is a
hydrogen atom, and R is selected from alkyl groups having 1
to 20 carbon atoms, aryl groups having 6 to 20 carbon atoms
and haleogen-containing aryl groups having 6 to 20 carbon
atoms, or each of RY to RY¥ iz a hydrogen atom.

[6} In any one of the methods [1] te [5] for producing an
olefin polymer, R° to R® in Formula [1] are each independently
& group selected from a hydrogen atom, halogen atoms, and
alkyl groups having 1 to 20 carbon atoms.

[7] In any one of the methods [1l] tc [6] for producing an
clefin polymer, the catalyst for olefin polymerization

further contains a support (T).

[8] In any cne of the methods [1] to [7] for producing an
clefin polymer, at least propylene is used as the olefin.
6] In any one of the methods [1] to [8] for preoducing an
clefin polymer, the solubility of the bridged metallocene
compound represented by Formula [1] in n-hexane at 25°C is
not less than 0.5 mmol/L.

101 In any one of the methods [L] to [9] for producing an
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olefin polymer, a solution in which tThe concentration of the
bridged metallocene compound represented by Formula [1] is in
the range of 0.05 mmol/L to 1.0 mol/%L is supplied to a

polymerization system.

ey

1171 In any one of the methods [1} toc [10] for producing an

clefin polymer, polymerization temperature is in the range of

[i2] In any one of the metheds [1] to [11] for producing a
propylene polymer, polymerization temperature is in the range

of 50 to 150°C, and a propylene polymer that is to

o

e

produced has the following properties; m

¢4

it

-

ng point (Tm)
measured by differentizl scanning calorimetry (in the caze
where multiple crystalline melting peaks are ohserved, the

melting point (Tm) is based on the high-temperature side

peak; 1s in the range of 145 to 170°C, intrinsic viscosity

3

{{n]} measured in decalin at 135°C is not less than 1.25 dl/g,
weight average mclecular weight (Mw) measured by gel
permeation chromatography is not less than 87,000, and a
proporvion of welght average molecular weight (Mw) to number
average molecular weight (Mn) (Mw/Mn) is in the range of 1 to
3.

Advantageous Eifects of Invention

Some asgpects of the present invention can provide a
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method for producing an olefin polymer having high melting
point and high molecular weight through polymerization of an
clefin such as propylene, the method being effective and
giving a high productivity in industrial production processes.
Description of Embodiments

(0016}

The method for producing an olefin polymer according to
the present invention includes polymerizing at least one
olefin selected from colefins having twe or more carbon atoms
(preferably a-olefin) in the presence of a catalyst for
olefin polymerization, the catalyst for olefin polymerization
containing (a] a bridged metallocene compound which will be
described later and (B} a compound which will bhe described
below.
r00L7]

Preferred embodiments of the catalyst for olefin
polymerization, which is used in the present invention and
containg the bridged metallocene compound (AY and the
compeund {B), and the method for polymerizing an olefin
having two or more carbon atoms in the presence of the
catalyst for olefin poivymerization will now be desoribed in
seguance.
rpcig]

iCatalyst for Qlefin Polvmerization)
Y




[$4]

The catalyst for olefin polymerization used in the
pregent invention contains the bridged metallocene compound
{AY and at least one compound (B} selscted from {b-1) an
organcaluminum oxy-compeund, (b-2Z) a compeound which reacta

with the bridged metallocene compound

e

A} to form an ion pair,
and {b-3} an organcaluminum compound as essential components.
The catalyst may contain a support (C} and an ocrganic

compeound compenent (D) as'opiional components.

(06018}

<<Bridged Metallocene Compound (A}>>

The bridged metallocene compound (A} used in the present

invention is repressenited by Formula {1il.

(00201

F‘Q..
2% |
//
= S
Rﬁ
S L]
(00211

The symbols in Formula [11 have the following meanings.

[06o22]
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(831

R* to R' are each independently a group selected from
hydrocarborn groups, halogen-containing hydrocarbon groups,
nitregen~contalning grou@s, oxygen-ccntaining groups, and
silicon-containing groups. Among R' to RY two respective

roups bonded to adjoining carbons on a ring (e.g., R' and R
or ®® and RY may be bonded to each other to form a ring.
[0023]

R® to RY are each independently a group selected from a
hydrogen aéomy haleogen atoms, hydroccarbon groups, halogen-
containing hydrocarbon groups, nitregen-containing groups,
oxygen—containing groups, and silicon-~containing groups.
among R® to R, two respasctive groups bonded te adjoining
carbons on a ring (e.g., R and R% R® and R7, ®" and R?,-or R®
and R®) may be bonded to each other to form a ring.

[0024]

R to RY are each independently a group selected from a
hydrogen atom, haleogen atoms, hydrocarbon groups, halogen-
containing hydrocarbon groups, nitrogen-containing groups,
oxygen~containing groups, and silicon~containing groups.
roo2s1

Y represents a carbon atom or a silicon atom,

[0026]
M represents Ti, Zr, oxr Hf.

(0027}
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¢ is a structure selected from halocgen atoms,
hydrocarbon groups, neutral, conjugated or nonconjugatad
dienes having 10 or less carbon atoms, anion ligands, and
neutral ligands capable of coordinating with a lone pair. 3
represents an integer from 1 to 4; in the caze where j
represents an integer of 2 or more, multiple Qs may be the
same as or different Irom each othar.

[o028]

The groups contained in the bridged metallocene compound
{AY will now bes described.

[0029]

The term "group" herein comprehends an atom in the
present description.
[0030]

~R* to RM-

The hydrocarbon groups which can be employed as R' to RY
are preferably hydrocarbon groups having 1 to 40 carbon atonms,
and more preferably hydrocarbon groups having 1 to 20 carbon
atems. Examples of such hydrocarbon groups includes alkyl
groups having 1 to 20 carbon atoms, saturated zlicyclic
groups having 3 to 20 carbon atoms, aryl groups having 6 to
20 carbon atems, and aralkyl groups having 7 tec 20 carbon
atomns,

{0051}
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Examples of the alkyl groups ha?ing 1 te 20 carbon atoms
include linear alkyl groups, such as methyl group, ethyvl
group, n-propyl group, n-butyl group, n-pentyl group, n-hexyl
group, n~heptyl group, n-octyl group, n-nonyl group, and n-
decanyl group, and branched alkyl groups such as iso-propyl
group, tert-butyl group, amyl group, 3-methylpentyl group,
1,1l-~diethylpropyl group, 1,l-dimethylbutyl group, l-methyl-I1-
propylbutyl group, 1,l-propylbutyl group, 1,l-dimethyl-2-~
methylpropyl group, and l-methyl-l-isopropyl-Z-methylpropyl
group.

[0032]

Eramples of the saturated alicyclic groups having 3lto
20 carbon atoms include cyclealkyl gﬁoups, such as
cyclopentyl group, cycleohexyl group, cyeloheptyl group, and
cyclooctyl group, and aliphatic polycyclic groups such as

norbornyl group and adamantyl group.

Examples of the aryl groups having 6 to 20 carbon atoms
include aryl groups in which all of the groups bonded to each
aromatic carbon are hydrogen atoms, such as phenyl group,
naphthyl group, phenanthryl group, anthracenyl group, and
biphenyl group (hereinafter also referred to as
"unsubstituted aryl groups”), and alkylaryl groups such as o-

tolyl group, m-tolyl group, p-tolyl group, ethylphenyl group,
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n-propylphenyl group, iso-propylphenyl group, n-butylphenyl
group, sec-butylphenyl group, tert-butylphenyl group, and
xylyl group.
{00347

Examples of the aralkvl grcups having 7 to 20 carbon
atoms include aralkyl groups in which all of the groups
bonded to each aromatic carbon are hydrogen atoms, such as
benzyl group, cumyl group, G-phenethyl group, B-phenethyl
group, diphenylmethyl group, naphthylmethyl group, and
neophyl group (hereinafter alsc referred to as "unsubstituted
aralkyl group™}), and alkylaralkyl groups such as o-
methylbenzyl group, m-methylbenzyl group, pfmeﬁhylbenzyl
group, ethylbenzyl grou?, n-propylbenzyl group, iso-
propylbenzyl group, n-butylbenzyl group, sec-butylbsnzyl
group, and tert-butylbenzyl group.
10035}

Among the hydrocarbon groups, hydrocarbon groups having
1 to 10 caxbén atoms are especially preferred.
(00367

Examples of the halogen-ceontaining hydrocarbon groups
which can be employed as R' to Rm include groups formed by
gubstituting at least one hydrogen atom contained in the
hydrocarbon groups with a halogen atom. Specific examples

thereof includs



halogen-containing alkyl groups such as fluorcalkyl
groups including, e.g., triflucromethyl group;

halogen-containing aryl groups such as groups formed by
substituting at least one of the hydrogen atoms contained in
the unsubstituted aryl groups with a halogen atom and groups
formed by substituting part of the hydrogen atoms contained
in the alkylaryl groups with a halogen atom, the groups
formed by substituting at least one of the hydrogen atoms
contained in the unsubstituted aryl groups with a halogen
atom including, for example, flucrecaryl groups {e.g.,
pentaflucrophenyl group), chlorcaryl groups (e.g., o-
chlorcphenyl group, m~chlorophenyl group, prthﬁOphenyi
group, and‘chloronaphthyl group) , bromecaryl groups (e.g., o-
promophenyl group, m-bromophenyl group, p-bromophenyl group,
and bromonaphthyl group), and iodoaryl groups {(e.g., o=
iodophenyl group, m-iocdophenyl ¢group, p-iodophenvl group, and
iedonaphthyl group), the groups formed by substituting part
of the hydrogen atoms contained in the alkylaryl groups with
a halogen atom including, for example, fluorcalkylaryl groups
(e.g., trifluorcmethylphenyl group), bromoalkylaryl groups
(e.g., bromomethylphenyl group and dibromométhylphenyl group) .,
and iodoalkylaryl groups (e.g., icdomethylphenyl group and
diiodomethylphenyl group); and

halogen-containing aralkyl groups such as groups formed
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by substituting pari of the hydrogen atoms contained in the
unsubstituted aralkyl groups with 2 halogen atom, such as
chicroaralkyl groups (¢.g9., o-chlorobenzyl group, m-
chlorobenzyl group, p-chlorobenzyl group, and chlorophenethyl
group), bromoaralkyl groups (e.g., o-bromobenzyl group, m-
bromobenzyl group, p-bromobenzyl group, and bromophensthyl
group), and icdcaralkyl groups (e.g., o-iodcbenzyl group, m-
iodobenzyl group, p-icdobenzyl group, and iocdophenethvl
groupj .

rocsil

Exanples of the nitrogen-containing groups which can be
smployed as R' to R* include nitro group, cyano group, N-
methylamino group, N,N~diméthylamino group, and N-phenylaminc
group.

[0038)

Examples ©f the oxygen-contalining groups which can be
employed as R* to R include methoxy group, ethoxy group, and
phenoxy group.

[0039]

Examples of the silicon-containing groups which can be
employed as R* to R include alkylsilyl groups, such as
methylsilyl group, dimethylsilyl group, trimethvlsilyl group,
ethylsilyl group, diethylsilyl group, triethylsilyl group,

and dimethyl-tert-butylsilyl group, and aryisilyl groups such
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as diméthylphenylsilyl group, diphenylmethylsilyl group, and
triphenylsilyl group.
[C0407

Examples of the halogen atoms which can be employed as R
to B include fluorine atom, chlorine atom, bromine atom, and
iodine atom.
00417

ot least a pair of two adjoining groups selacted from R
to R and RS to R’ may be bonded to each other to form a ring.
Bxramples of such a ring include l-methyl-Z-naphthalenyl group,
3-methyl-2-naphthalenyl group, l-methyl-2-(5,6,7,8~
tetrghydro}naphﬁhalenyl group, 3-methyl-2-(5,6,7,8~-
tetrahydro)naphthalenyl group, 7-methyl-lH-6-indenyl group,
6-methyl-1H-5-indenyl group, 7-methyl-6-benzofuranyl group,
6-methyl-5-benzofuranyl group, 7-methyl-t-benzothicphenyl
group, and &-methyl-5-benzothiophenyl group.
[co42]

®' and R' are preferably each independently the
hydrocarbon group or the halogen-contalining hydrocarbon group,
more preferably the aryl group or the halogen-containing azryl
group, and further preferably a phenyl group, an alkyliphenyl
group, or groups formed by-substituting part of the hydrogen
stoms contained in these groups with a halogen atom. RY' and

R* are preferably the same as esach other.
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00431

At least one of R® and R® is preferably a group selected
from the hydrocarbon greoups and the silicon-contalning groups.
Furthermore, R’ and R® are preferably each independently the
hydrocarbon group or the asilicon-containing group, more
preferably the hydrocarbon group, and especially preferably
the alkyil group. R® and R® are preferably the same as each
octher.
[0044]

k> to R? are preferably each independently a hydrogen
atom, the halogen atom, or ths alkyl group having 1 to 20
carbon atoms. It is more preferred that R’ to R be each a
nydrogen atom; it is also more preferred that R, R®, R%, and
rR? be sach a hydrogen atom and that R’ be the halogen atom or
the alkyl group having 1 te 20 carbon atoms.

(00457

J

4 1
R*® znd R™

are each preferably a hydrogen atom; and RY
is preferably a hydrogen atom, the hydrocarbon group, or the
halogenwcoutainimg hydrocarbon group: more preferably the
alkvl group, the aryvi group, or the halogen-containing aryl
group: and further preferably the alkyl group having 1 te 10
carbon atoms, a phenyl group, an alkyliphenyl group, or groups

formed by substituting part of these groups with a halogen.

Tt is presumed that an olefin polymer having high melting
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point and high molecular weight can be produced owing to
either or both of the electronic effect and steric effect of
RYY to R'?,

[0046]

Uzse ¢f the bridged metallocene compound (&) containing
the substituent groups enableg production of an colefin
polymer having a high melting point. This is because the
bridged metallocene compound (A) catalyzes the production of
a highly stereoregular colefin polymer. Accordingly, even an
olefin polymer synthesized at a temperature greater than or
egual to normal temperature, preferably a high temperature
much greater than normal temperature can be well shaped; thus,
a product made therefrom is highly useful, and industrial
production of the olefin polymer becomes efficient in terms
of producticn costs.

[0047]

Use of the bridged metallocene compound (A} containing
the substituent groups also enables production of an olefin
polymer having a high molecular weight. This is because the
bridged metallocene compound {(A) catalyzes the producticn of
a high~molecular-weight olefin peolymer. Accordingly, an
olefin polymer can be synthesized at a temperature greater
than or egual to normal temperature, preferably a high

temperature much greater than normal temperature; thus,
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industrial production of the olefin polymer becomes efficient

in terms of production costs.

In addition, the bridged metallocene compound (A} is
well soluble in hydrocarbon sclvents. In particular, the
solubility of the bridged metazllocene compound {A} in
hydrocarbon solvents with 4 to 10 carbon atoms {25°C) is
preferably not less than 0.5 mmol/L, more preferably not less
than 0.7 mmol/L, and further preferably not less than 0.9

the bridged

[t}

mmol /L. Further in particular, the solubility o
metallocene compound (A} in n-hexane at 25°C is preferably
not less than 0.5 mmol/L, nmore preferably not less than 0.7
mmol /L, and further preferably not less than 0.9% mmol/L. In
general, the solubility is preferably at most 10 mel/L, and
more preferably at most 1 mol/L.
[0049]

In general, bridged metallccene compounds in which
ligands have & cross-linked structure have a rigid structure
and relatively strong crystalline structure and tend to bhe
less soluble in hydrocarbon sclvents. In the bridged
metallocene compound (A} used in the prssent invention,
however, the bridging moliety has an asymmetric gtruchturs, in
particular, the two substituent groups bhonded to Y in Formula

(1) have different structures:; hence it is presumed that such
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a structure snables the degree of crystallization to be
reduced with the result that the solubility in hydrocarbon
sclvents is lilkely to be enhanced.

(0050

[—

5 Metallocene compounds generally tTend to greatly snhance
the polymerization activity of olefins, which is disclosed in,
for example, MNon Patent Literature 1. BSuch compounds that
enhance polymerization activity are generally likely to be
affected by impurities, in particular, poisoned and

10 deactivated. The bridged metallocene compound (A) ussd in
the present invention 1s, however, well scluble in
hydrocarbon solvents as described zbove, which enab}es
preparatlion of a catalyst solution with a smaller amount of a
golvent. Thus, erffects of poisoning and deactivation caused

15 by a slight amount cf impurities which may be contained in a
selvent that i1s to be used can be reduced, and an enhancement
in the productivity of an olefin polymer can be therefore
expected. Such an advantageocus effect is, particularly in
industrial producticn of an olefin polymer, useful and

26  expected to contribute to a reduction in pessible effects
brought about by, for instence, the production lot of a
golvent that is to be usead.

[0051]

-Y, M, Q, and i~
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Y repregents a carbon atom or a silicoen atom, and
preferably a carbon atomn.
[00s52]

M represents Ti, Zr, or HE, preferably Zr or Hf, and
especially preferably Zr. Use of the bridged metallocene
compound (A) having the metal center and bridging moiety
enables efficient production of an olefin polymer having high
molecular weight and high melting point.

[0G53]

0 is a structure selected from halcgen atoms,
hydrocarbon groups, neutral, conjugated cor nonconjugated
dienes having 10 or less carbon atoms, anion ligands, and
neutral ligands capable of ceoordinating with a lone pair.
(00541

Examples of the halogen atoms which can be emploved as §
include Ffluorine atom, chlerine atom, bromine atom, and
iodine atom.

160551

The hydrocarbon group which can be employed as 0 is
preferably an alkyl group having 1 to 10 carbon atoms or a
cycloalkyl group having 3 to 10 carbon atoms. Examples of
the alkyl groups having 1 to 10 carbon atoms include methyl
group, ethyl group, n-propyl group, iso-propyl group, 2-

methylpropyl group, 1,l-dimethylpropyl group, 2,2~
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dimethylpropyl group, 1,l-diethylpropyl group, l-ethyl-Ii-
methylpropyl group, 1,l,Z,Z—tetramethylpropyl group, sec-
butyl group, tert-butyl group, 1,1l-dimethylbutyl group,
1,1,3~trimethylbutyl group, and necpentyl group; and examples
of th@'cycloalkyl groups naving 2 to 10 carbon atoms include
cyclohexylmethyl group, cyciohexyl group, and l-methyl-1-
cyclohexnyl group. Hydrocarbon groups naving five or less
carbon atoms are more preferred.

[0056]

Examples of the neutral, conjugated or nonconjugated
dienes having 10 or less carbon atoms include s-cis- or s~
trans-n‘~1,3-butadiene, s-cis- or s-trans-n‘-1,4-diphenyl-1,3-
butadiens, s-cis- éx s-trans-n‘-3-methyl-1, 3-pentadiens, s~
cis- or s-transg-n'-1,4-dibenzyl-1,3~-butadisne, s-cis- or s-—
trans-n‘-2, 4-hexadiene, s-cis~ ox s~trans~-n‘~1, 3-pentadiene,
s-cis—~ or s~trans—n*~l,4wditolylml,3ﬁbutadiene, and s-cis- or

s~trans-n'-1,4~bis{trimethyleilyi) -1, 3-butadiene.

Examples of the anlon ligands include alkoxy groups such
as methoxy and tert-butoxy, aryvlioxy groups such as phenoxy,
carboxylate groups such as acetate and benzocate, and
sulfonate groups such as mesylate and tosylate.

00581

Examples of the neutral ligands capable cof coordinating
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with a lone palr include organophosphorus compounds, such as

trimethylphosphine, triethylphesphine, triphenylphosphine,

and diphenylimethyiphesphine, and ethers such as
tetrahydrofuran (THF), diethyl ether, dioxane and 1,2-
dimethoryethane.
(00591

@ is preferably the halogen atom or the alkyl group
having 1 to 5 carbon atoms.

[0660]

(0061}
A preferred structure of the bridged metallocene
compoﬁnd (AY i3 represented by Formula [Z2].

0062]

[5063]
In Formula [2], the definiticns of RY to r%, R7, RY

0, and 3 are the same as the definitions of R' to R
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Y, M, @, and 7 in Formula [1], respectively. R' and R' are
preferably each the aryl group having 6 to 20 carbon atoms or
the halogen-containing aryl group having & to 20 carbon
atoms; R® and RY are preferably each the alkyl group having 1
to 10 carbon atoms; R’ is preferably a hydrogen atom, the
halogen atom, or the alkyl group having 1 to 10 carbon atoms;
and RY is preferably a hydrogen atom, the alkyl group having
1 to 10 carbon atoms, or the aryl group having 6 to 20 carbon
atoms.

[0064]

<pramples of Bridged Metallocene Compound>

Specifiq exanples of the bridged metallocene compound
(A} represented by Formula [l] will now be described; howaver,
the scepe of the present invention is not limited thereto.
In the present invention, cone type of the bridged metallocen
compound (A) may be used alone or at least two types may be
used in combination.

[0065]

For the sake of convenience, the ligand structure which
is part ¢f the metallccene compound other than M3y (metal
part) is divided inte three parts including Bridge (bridging
moiety), Flu (flucrenyl moiety), and Cp (cyclopentadienyl
moiety). In addition, the structure of the bridging meiety

is divided into three parts for description; Table 1 shows
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the abbreviations of the groups contained in the bridging
moiety, and Tables 2 and 3 show specific examples of the
structure of the bridging moiety. o represents -CR7VRMRY?
DLRIDEn TnEn el
represents ~PhR'R'R'R'R’, and y represents Y.
[6066]
Table 1

Bridge (bridging moiety)

o Benzyl 81 Pheanyl

o2 m-chiorobenzyl B2 p-chicrophenyl
o3 p-chlorobenzyi B3 oyl

ad | p-flucrobenzyt pé 2-naphthvi

ab | o-methyibenzyi o | Z-pyrenyi

of | p-methylbenzy

a7 | m-rifluoromethyibenzyl v | Carbon

a8 | p-triflusromethyibenzyl v2 Silicon

a8 Biphenyimethyl

010 | Naphthylmethyi

a1 | Cyclopentvimathyl

o121 Cyclohexylmethyl

a13 | Cvelooctyimethyi |

ald | Ethyl

015 | Propyl
{a16 | n-buiyl

ai? | iso-butyl

18 | sec-butyl

at8 | tert-butyl

o200 | n-hexyl

a2 i n-hentriacontyl

o2s o 1-n-bulyl-benzyl

23 1,1, 1-triphenyimethyl
[0067]
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Table 2
T NO, Biridge (bridging moiety) MO Bridge ({bridging mciety}
-1 23 81 ¥ B-58 w13 83 7
B2 2 21 ¥ 3 B~60 a4 B3 pai
8-3 w3 21 ) B~61 T15 B3 b
B-d @4 51 ¥ 1 B-a7 ‘ol A3 v
\__ B g% 23 " B33 Wi B3 '
= af £ v | B84 i A3 ¥ 1
B-7 o7 B ¥ 3 |__B-65 19 £3 ¥ 3
58 o5 R 71 ! B-BB o 20 £33 71
B-g a8 b1 ri B-G7 221 £3 ¥ 3
B0 oi0 51 1 E~58 823 5a 73
B-11 ol A1 1 B85 23 Ba 1
B-12 wiZ 51 ¥ i B-70 [ ] 84 1
5-13 #13 1 7Y g-~71 e g4 ¥
I B-14 ot £ ¥ B-72 v d B4 ¥ 1
I R-i5 15 A1 71 B-73 o R4 71
P E-1E aig A1 71 B-74 a5 24 7
B~ 217 K ¥ ~75 @B 24 ¥ 3
E-18 o118 A1 v £~78 o7 Fa vl
B-ig 219 g1 7 g-77 a8 £4 %
E-20 220 A1 ¥ B-78 ag Ra 1
B-21 2 E i ¥ 85-78 a0 H4 7
E-27 ol A1 Y -0 g1 24 1
[ fera FER A1 T B-B1 x12 g4 Pl
E-74 E1 22 ri g-82 x13 4 71
PoE-85 [ A 71 B-83 o4 54 ¥ 3
E~25 jrge! £2 o B-84 G418 Hea ¥ 1
B2 o4 £z r1 B85 a16 E4 T 1
E-p0 g & g2 1 [ @17 4 71
B-ag o8 Bz bl B-87 Z18 54 71
B30 a7 iz 1 o B8 aio £4 ¥
B8] 7B 42 r1 B2 220 £4 ¥
B~-32 1 g £z 1 B-40 21 o ¥
B-33 10 £z Tt gl Q&8 £ 4 1
F~34 @1 A2 1 B0z G ES B4 bl
B-35 w12 £z 1 B-9% oy LR 1
i B-a8 ) Ae 7 LY o 58 ¥
iR-37 oA gz ¥ 1 2-95 3 B ¥ 1
B-38 g5 52 ¥ 506 oA 55 7l
B39 K g2 ki Y % B J ¥ ]
E—40 37 a2 ¥ B-08 Jehe] 55 ¥
B—~41 18 £z 71 H-08 a7 A5 v i
H-42 @1e Ez 7 E-100 wh 55 f
B4 & 20 s Yl B-131 g} 48 i
B-44 xz1 e 71 8-102 et BB ¥ 1
B-45 aze gz 1 [_B-103 211 5 ¥
g-48 FEE gz 71 P Bl o Te 25 71
Ei-47 o1 43 1 E~i4E &3 £5 1
B~48 oz 23 ¥ B-106 014 A5 ¥ 1
B-48 0B B3 i B-107 216 Ay ¥ 1
£-5{) ¥ 4 23 ¥ H-108 #ig 85 v 1
B-51 o A3 11 B85 & a7 85 ¥ 1
B-52 49 E3 11 B~110 %18 28 r i
H-53 a7 B3 1 B~111 ] L5 !
BG4 ¢8 A3 3 g-t12 @20 5B ¥ 1
555 [ide) B3 i B~133 | w21 885 ¥
56 o140 B3 ¥ B-11d4 | g2z 85 i
g-57 o1 B3 71 A~113 @ Pa £5 y 1
B-58 wig Az r1
100687
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NO), Bridge {bridging moisty) N Bridge (bridoing molsty)
B-116 o1 A1 r2 B-174 al3 | A% ¥z
B~117 o2 £ Y2 B-175 a4 EE] T2
B8-118 o3 A1 v 2 B~178 @18 B3 ye
B-114 o4 A1 v e B~177 a1g £3 re
B-120 b 21 T2 B-178 17 £3 s
B-121 [245] B T2 B-{7% e Rs Lk T2
B~122 a7 g1 ¥z B-180 | wiG B3 vz
B-123 ¥ 8 A1 72 2181 o 20 A3 e
G124 [0 4] A1 T2 B-182 w21 23 T2
B~128 10 A1 s B-183 T 22 B3 T2
B-128 o1l 51 2 B-184 D23 B3 Y2
5-127 Ziz i ¥2 5-185 o1 B4 v3
2128 iR £1 72 B-186 Bz £4 Y
8-128 14 Ei | »2 B-187 3 A 4. A
B-1380 a1 A1 i a2 B~188 o4 B4 e
B-131 18 721 ] vz B-186 o s £ 4 TR
B~102 [V R vz B-150) o) B4 ¥z
B-133 RE: 21 72 B-181 7 B4 rEe
H-134 218 81 ¥ 2 Bigd e 54 2
B~138 o 20 A1 = g-183 e B4 vz
B-138 wet B 1 re B-144 o0 B4 re
B-137 @27 A re B~185 ol B4 re
B-{38 o232 81 ¥e B-195 a1 B4 e
2-135 1 gz rE B~187 a1 24 a4
B-140 ae 82 v2 #3188 aid 24 2
B-141 ad Bz v f-189 o185 84 ra
B-142 o A A2 ¥R B-#00 a8 R4 T2
5143 ol E2 v E B2 a7 CBa 7
B-144 o8 Az - B-202 agig 54 2
B~145 a7 B2 ¥ B-203 a18 B4 T2
B-146 @B g2 ¥ 2 5-204 220 5 & Y2
B-147 oG Rz Y2 B-20% oY B4 r2
B-14k @30 Ez 72 B-308 wze B4 ¥ 2
H-148 & 11 B2 ¥ 2 B-a077 oA A4 Y E
B-150 iz £2 Yy B-208 ol a5 72
2-151 13 A2 2 8-208 o2 ﬁﬁ 2
B-152 a4 A2 ¥z B~Zi &3 BE ¥
B-153 gis | A2 v 2 S-217% 4 g5 ¥z
H—-154 o6 2z & B-212 a8 55 2
B-155 w7 52 ¥ B-213 [ras) 85 Y e
B-156 o8 A2 ¥ 2 B-274 [ 25 ¥
B~157 o 19 52 ré 5215 8 BE 2
B-158 o Z0 B2 vz =218 o 85 e
B~159 w2 A2 HZ G217 gin £5 ra
E-1B0 o 28 B2 v 2 5-218 211 BE re
B-161 gprz 1 Bp ¥ 2 B-218 w12 2B ¥Z
B-1B2 ot B3 Y BP0 a3 85 Y2
B-1B3 ge 83 re B-271 w14 A5 rZ
H-1B4 2 ¢] 23 ve St g5 EE ¥
B-158 g4 K3 re B-223 gl16 | fn rE
B-166 a8 £d T Z B-224 | w17 B5 ¥ 2
B-1g7 a6 53 2 225 ¥le EB ¥ &
B-168 a7 A3 T2 B-228 a1s e 2
B—-188 4323 B3 Ya B-227 [ge] A5 T2
B-170 28 e ra B-228 (L A5 ¥ 2
171 oI Lk Y2 B-22G A L v
E~172 o g3 2 B-230 ) A5 e
2133 [ A g3 A

f0068]

Bccording to these tables, No. B-24 indicates a

combination of al-B2~v1, and the structure of such Bridge
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{bridging moiety) is represented by the following formula.

100707

\
/\J\W
i
cl
(00717
5 Table 4 shows specific examples of the structure of the

fluorenyl moliety.
[C0721
Table 4

Flu (fluorenyl moilety)

|81 | 3,8-diphenvl-2, 7-di-tert-butyifiucrany!

182 | Octamethyiflucrenyl

83 | 2,3.6,7-eltraphenylfiucrenyl

84 | 23,6, 7-tetra-tert-butylflucreny|

85 | 3 E-di-tert-butyl-2, 7-diphenylfluoreny

&6 | 3 6-di-tert-butyl-2, 7-di-o~tolyiftuorenyd

87 | 3,6-gi-ferl-butyl-2 7-di-p-chlorophenylfluoreny
38 | 36-di-tert-butyl-2, 7-di-(2-furvBflucrenyl

10 [0073]

Examples of the combination of the bridging moiety and
the fluorenyl moiety in the metallocene compound will now be
shown 1ln the following tables.

(06741

15 Table 5
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Bridging

Table &

Flucrenyl Bridging | Fluorenyi Bridging | Fluorenyl
NG, moisty moietyy NG mciatyg moiety‘g RO maige{y moiety
1 B-1 91 5t B~51 g1 101 2101 31
2 B8-2 a1 52 B-52 &1 102 B-102 &1
3 B-3 &1 53 B~53 &1 192 | B-103 81
4 B—4 81 54 B854 1 104 B-104 5
5 B~5 &1 85 B~55 31 105 B—105 Sl
8 B8 il 56 B—58 & 1 105 B~108 g 1
7 B-7 51 57 B-57 81 107 B-107 | &1
2 B-3 &1 55 B-58 &1 148 B-i08 | 41
g -9 £1 50 B-58 81 106 | B-108 81
10 B~10 ¢ 1 60 850 31 110 | B~110 21
11 B-11 g1 §1 B3-81 &1 111 B-111 ol
12 B~1Z &1 g2 B-52 a1 112 B-112 o1
1d B-13 & 53 253 &1 113 B-113 g1
14 H-14 8 1 B4 B-64 81 134 B-114 1
18 B-15 & 1 55 B-85 1 115 B-115 o1
18 B~16 &1 &8 B-68 S 118 B-11§ g1
17 B-17 41 87 B-67 &1 117 B-117 41
18 B-1i8 &1 68 B-68 o1 118 B-118 51
18 B-13 51 g8 B-B4 a1 118 B-718 ol
20 B~20 a1 70 B~70 &1 120 B-120 bl
21 B-21 1 il B-71 & 121 g-121 1 81
22 B-27 31 72 g-72 &1 122 gB-122 ol
23 B~-23 o1 73 P73 el 123 1 B-123 & 1
24 H5-24 g1 74 B-74 a1 124 B-124 &1
25 | B-2B 81 75 B-75 &1 125 B-125 &1
26 | B-2B a1 78 B-78 51 128 B~128 el
7 B-%7 51 77 B-71 a1 177 B-127 &1
28 B-28 ol 78 B-78 0 ] 128 B-178 ol
28 528 &1 74 o719 g1 128 B~128 &1
30 B-38 51 80 B-B0 ol 13D B-13% g1
2 8-31 &1 81 B-81 ol 131 83-131 a1
32 B-32 81 87 B-82 &1 132 B-132 d 1
a3 B-33 &1 83 B-E3 & 133 B-133 &1
34 1 Be2s &1 84 B84 51 134 B-134 &1
35 ! @-3% a1 85 3~B5 & 1 135 B-138 &1
P38 B-3§ &1 86 B-88 51 136 B~136 &1
; 37 B-37 &1 a7 B~87 a1 137 B-137 &1
38 B-38 31 88 B-B8 351 138 B-138 &1
38 ¢ B-38 & 1 89 B-30 o1 139 B-138 g1
i 4D B-40 41 §0 B-44 o1 144 g-140 ¢+ 1
L4l B4 ¢ 1 81 B-81 g 141 B-941 &1
L 42 542 &1 92 B-42 81 142 B-147 51
I 43 B-43 &1 8% 5~83 51 143 B~143 g1
[ 44 B-44 81 94 B84 81 144 B-144 &1
i 45 E-45 &1 o5 B~ 1 145 B~145 g1
48 B-46 81 o 586 a1 148 B-145 g1
47 B-47 o1 a7 587 &1 147 B~147 &1
48 B-48 &1 a8 208 <y} 148 B-148 Sl
4% B~48 873 49 B-0% &1 145 B-148 8%
A0 B-50 81 100 B-~100 &1 150 B-150 G 1
100751
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Tabla 7

Bridging  Fluorenyt Bridging | Fluerenyl Bridging | Fiuorenyl
HNO. mcigetyg mugiety NO. mci%atyg moietyy NO. mo?etyg moietyy
151 B-151 5 201 B-201 51 251 B—21 52
157 B-152 &1 202 B-202 &1 752 B-22 &2
153 B5-153 51 203 B-203 &1 253 B-23 52
154 B-154 &1 204 B-204 &1 754 E~24 52
158 B-1558 1 205 B~-205 g1 255 B-25 ez
158 H-156 81 708 B-206 81 258 B-26 gz
157 B-157 &1 207 B-207 51 957 B-27 52
158 B-158 51 208 B-208 81 258 B-28 &2
155 B~158 & 209 B-208 51 958 B-20 52
160 B-160 & 210 B-210 &1 260 B30 g2
161 B-161 851 211 B-211 &1 751 B3-31 52
182 B-162 &1 212 B-212 51 262 B-22 a2
163 B-153 51 213 B~273 &1 263 B33 52
164 B~164 51 214 B-274 81 64 B34 52
165 B-165 &1 715 B~718 &1 265 B35 g2
166 £i-166 51 216 B-216 &1 266 B-36 &2
167 B-167 &1 217 B-217 51 267 B-37 32
188 2158 81 218 B-218 51 2683 B-38 &2
169 B~154 &1 218 B-218 &1 269 B-39 32
170 B-~170 51 290 B-220 &1 270 B-40 82
1711 B-171 &1 221 B-221 g1 271 " B4t o2
112 B-172 51 202 5-222 31 379 2-472 32
173 B-172 51 2e3 B~223 g1 713 B-43 d2
174 B~174 83 204 B-224 | &1 274 B-44 c2
175 H2-175 &1 225 B-225 ISl 275 B~-45 &2
176 B-176 &1 226 5-228 51 276 B~46 52
177 H-177 &1 227 B-227 31 277 B-47 32
178 B-178 g1 728 B-22R 51 778 RB-48 5z
175 B-179 &1 229 B-228 | &1 778 D40 52
180 B-180 § 1 230 B-230 51 780 B-50 S22
181 g2-181 51 231 B~1 t &2 281 B~-51 &2
182 B-182 51 232 B-2 32 282 8-52 52
183 BH~183 &1 233 B-3 52 283 B-53 82
184 B--184 il 234 B4 g2 284 B-54 g2
188 B~185 51 235 B~5 g 785 B~55 g2
186 2-188 &1 236 B-6 32 286 B-56 &2
187 B~187 ] 237 B-7 g2 287 B-57 o2
158 B-188 51 238 R—~8 52 288 B-58 52
188 B-183 &1 258 5-3 Az 285 5-59 iz
180 E-130 ST 240 E-10 52 200 860 42
181 B8-191 &1 241 B-11 52 261 H~81 82
192 B-187 &1 742 B-12 3 297 R-§2 ae
193 B-183 &1 243 B~-13 52 283 B-83 G2
104 B-164 &1 244 R-14 52 294 B84 52
R B85 a1 245 B-1§ o7 265 B-85 a2
106 B3-166 1 246 B~16 Sz 208 B—66 52
187 B-187 81 247 B~i7 32 287 B-87 88
158 5198 K 248 B-18 52 298 5-5R 82
o8 B-198 ik 348 B~139 5z 299 B-69 §2
200 B-200 51 250 B~20 52 300 B~70 a2
foc76]



. Bridging | Fluorenyt - Bridging | Fluorenyl ! Bridoing | Eluoreny
NO. mei%tyg mo%etyy NC. mo%tyg moiety NO. mcgatyg moietyy
301 B-71 Sz aEt | B2 42 401 | B-171 a2
302 B-72 g2 357 | B-122 &2 400 1 B-i72 8%
302 B-73 &z 358 | B-1m 52 403 2-173 52
04 f~74 62 354 g-124 52 404 B-174 a2
305 R-75 52 355 B-125 82 405 B-175 52
306 B-76 52 356 B-128 32 4D B-178 82
307 B-77 g2 357 B-1327 gz a7 | B-177 52
308 B-73 g2 358 B-128 52 408 ) B-17B a2
308 B-78 52 358 B~128 62 409 B-178 o2
310 B~-80 &2 350 B-140 iz 410 B~180 82
311 g-81 a2 361 B-131 32 411 B-181 g2
ai2 B-82 52 362 B-132 62 412 B-182 L
313 B3 52 383 B-133 3z 413 H-183 gz
314 B-54 52 354 B~134 52 414 B-184 52
315 B85 52 385 B-135 | 8% 415 B-185 &2
318 88§ §g 365 B-136 a8z 418 E-186 gz
317 B-37 §2 287 B~137 52 417 5187 82
318 B-88 52 368 B~138 | &2 418 B-188 gz
318 580 52 364 B-139 52 415 B-18% 52
320 8-50 &g | 3G B-140 &z 490 B~190 op
321 B4 g2 371 8141 &2 421 B-141 g2
q72 B2 5z 3ve B~i47 5z 497 H~187 32
323 B~33 §2 373 B-143 52 493 B-105 Sz
524 B84 5 374 B-144 a2 494 B-184 Sz
325 RB-45 Gz 375 B—145 52 495 | B-185 6z
375 B-06 g9 378 B~144 52 474 B-144 82
327 3-97 &2 377 B--147 52 427 B-197 | &2
328 B-88 82 378 B-148 52 428 B-108 | 52
- 398 B~08 L 379 B-145 62 439 B-{89 82
IR0 B-100 5% 380 B-150 s 430 B-200 &2
a3 B-~101 gg 381 B~151 57 431 B-20% 52
337 B-1457 g2 382 B~-152 &2 432 B-202 g
a8y B-104 82 383 5153 go 433 8203 &2
304 B-104 g2 384 B-154 52 434 B-204 g2
235 B~108 59 385 B-155 a2 435 B-205 82
338 B-108 gz 386 B-158 g2 436 B-206 gz
337 B~i07 1 &2 387 B-157 &g 437 g-207 a2
338 2108 3z 388 B-158 &2 438 | B-208 a2
335 B-10g | A2 385 g8-158 &2 438 5208 52
340 BE-ji0 1l a3z 380 B-160 g2 &40 B-21D gz
341 B-111 a2 391 B~181 52 441 B-711 62
347 8-112 A 39 B-182 A 447 B-212 L
343 ) B-113 52 a8 B~163 &2 443 B-2i3 1 52
344 | B-1i4 g2 284 B—164 52 444 B-214 | &2
345 B~115 ag 395 | B~165 52 445 B5-215 32
345 B-118 oy 358 E—186 52 445 B-218 a2
347 B-117 4z 357 B-187 g2 447 B-217 g2
348 B-118 52 328 B-168 | &2 448 B-2i18 ¢ 82
345 | B~11% gz 348 B-153 32 449 E-zig | &2
350 1 pei20 a2 400 B-170 52 45D Be220 | A2
(G077
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Bridging | Flucreny! Bridging | Flaorenvd Bridgin Fluorenyt |

NO. mc;i%tyg moietyy NO. ma?etyg msietyy NO. moigé'cyg maiefyy
451 8201 g2 i B-41 33 551 B-81 53
452 B--2272 g2 502 B-42 83 552 B~G2 53
453 B-283 &z 503 543 53 553 B-63 &3
454 B~224 g2 504 44 53 G54 BG4 &3
455 B~225 &2 505 g-45 g3 555 E-5 53
456 B~225 gy 506 B~4§ 33 558 B-g5 &3
457 B-227 g2 507 B-47 53 887 B-g7 &3
458 B-278 g2 508 13-4 53 558 B--44 83
459 B-263 52 508 5-43 853 558 B-04 8%
480 B-230 g2 510 B-50 53 560 B-100 5o
51 B-1 53 511 B~51 83 561 B-101 g3
462 | B-2 53 512 B-52 a3 BE2 B-102 g3
463 1 B-3 &a 513 B~53 84 563 E-i03 53
464 1 B4 83 514 B~54 &3 564 B-104 53

i AB5 B-5 43 545 B-E5 LK) 585 He108 53

| ARG B4 83 514 B-56 a3 588 B-108 83
467 B-7 L] 517 | EH-87 &3 587 #1107 &5
468 8- 53 i ! B-58 &3 568 B~108 83
480 5-5 83 518 | m-5g ok 564 100 &a
470 B-10 43 T 570 2-110 &3
471 83-11 &3 521 | BB 58 571 2111 &3
472 B2 N 722 | B-#2 a3 512 B-112 &3
474 B3 §a 523 B-63 &3 572 B-112 &3
474 814 £33 524 B4 &3 L 574 B~114 &3
475 8-1§ K go% B85 A3 {575 B-115 53
478 5-18 &3 E26 BB &8 {575 a8-118 &a
417 B-17 &3 527 B-g7 oo a7 B-117 a2
478 518 53 828 568 &3 i 578 B-118 &3
478 8-19 &3 520 H-80 63 ¢ E7B B-11% &3

| 48O 520 &3 530 B-70 83 ioBRD 1 B-17) &a

f4ARy B-21 & 531 B-71 83 58t | B2 Rk
482 n-22 g3 532 B~72 55 582 B-127 &3 |
483 523 &R 533 5~73 53 587 5123 sa

P And 304 & 534 B-74 ol 5R4 5104 &5
£85 225 53 535 2-75 &3 585 8-125 &3
486 1 E-2% &3 538 2~76 a5 5B 8128 53
487 | B8y &3 537 | B-77 o5 587 5-1807 4
488 1 B-%E o3 528 | B-78 63 588 B-108 83
458 D B-93 &3 Byg 1 @79 &3 5RY 5-129 83
480 ¢ B-ag g3 540 B0 &a 500 5~150 L
441 B-31 g3 841 B-g1 | &3 591 8-151 a3
449 B-az g3 542 BB 83 [ 542 B-132 &3
453 B33 &3 544 B-B2 88 865 2189 a8
454 B84 ] 544 B84 | g8 544 B~144 83
405 B-35 &3 545 B85 | &a 595 B-145 &3
498 B34 43 546 3-85 g2 508 8-136 ;&3
457 B~37 53 547 B-87 83 557 R-147 53
456 H-58 i3 545 B85 83 594 B8-138 a3
494 B30 &3 548 B4 &z 599 3~1139 & &
500 B-40 53 E50 5830 | 4= &00 B 140 &2

(60783
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NG Bridging FIuOfenyi NO Bridging | Fluorenyl NO Bridging | Fivoranyt
. moiety mioiety ’ moiety mioiety : miciety moisty
§01 g~141 ad 551 B-141 &3 741 B-11 34
[y B-142 g3 852 B-197 83 702 B-12 g4
603 F~143 53 §53 B-183 RE] 703 B—13 &4
804 F-144 a3 854 B-184 8z 704 014 G A
805 | B-14% 03 8hb B-185 fa 705 B-15 54
5§08 B~145 53 [ 5-146 &3 708 B-1§ G4
807 B~147 83 557 5-187 83 707 B-17 8 4
808 B-148 | 03 B58 5-1p8 53 708 5-18 34
505 Ei~148 k! 855 5189 ) Ji) B-13 &4
810 B~150 g3 BB 5200 83 710 B-20 54
§11 B-151 53 861 5~201 &3 711 B-21 54
812 g-152 53 862 8202 83 712 H-22 54
613 B-153 ] 661 8-703 B 713 8-23 &4
§14 Bt 54 g3 864 B-204 53 714 B-24 54
815 B-{55 g3 665 B-205 43 715 B35 &4
618 B-158 83 668 B-908 &3 T B-925 a4
817 B-157 &3 887 B-207 83 717 5-27 a4
£18 B~158 53 568 RB-208 53 718 B-78 54
£10 H-154 S 864 B-208 &5 714 B-28 34
§20 H-160 83 870 E-210 83 720 5-30 &4
571 B-161 83 671 o211 &8 721 B~11 34
527 B-162 33 g1z B-21% g% 722 B-32 A4
823 B~-1§a 83 573 B-213 83 793 5-33 & 4
B34 H-184 g3 574 B~214 53 724 B34 g4
625 A~155 &3 875 B-215 g8 725 B-35 5 4
528 8166 L 876 2-71§ a3 726 E~25 g4
527 B-187 53 877 B-217 &3 727 R-37 54
828 B-168 &3 878 85~218 g3 728 E-28 &4
528 B-169 <] 878 B-215 aa 739 B39 g4
830 B~170 g3 8RO 5~920 §3 730 BE~40 84
B33 B-171 g3 881 p-271 K 731 B—41 g4
iy B-i72 §3 §67 B~232 &3 732 B-42 34
533 B-173 i) 683 B-223 g3 733 B-43 84
534 B~i74 &3 684 B-294 83 134 B~44 g4
£38 8175 1 &3 A85 B-225 63 735 B-4a &4
535 B~i78 | £33 686 B-22 53 738 B-46 34
637 B-177 ¢3S 887 B-227 g3 737 B-47 34
538 B-178 63 A5 B-223 53 728 48 &4
538 B~175 o3 EEG #3-229 33 738 B-49 a4
840 B-180 83 5a0 B--730 a3 FA0 B-50 g4
641 g2-131 &3 §81 B-1 o4 741 B-51 44
g4z g-182 823 §4z B2 04 742 H-52 54
543 B-182 &3 883 8- o4 743 B-53 84
544 B-184 &3 804 B 8 4 744 B-54 3 4
645 g-185 a3 605 B 84 748 B-55 34
8486 A~186 &8 698 B~5 g4 746 B~56 84
547 B—187 &3 847 8~7 g4 747 B-57 g4
548 B~188 ¢a G08 H5-8 G4 P48 258 84
545 B-150 ¢3 595 B8 a4 748 B-58 84
50 B-180 53 700 B-10 &4 750 B-80 84
F0079]
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Bridging i Fluorenyl Bridging | Fiucrenyl Bridging | Fiuorenyl
NO. mD?etyg moiety NO. mo%ty maieﬁyy NO. mo%{yg ' m{j{etyy .
751 B-51 84 801 B-111 &4 B51 B-161 $4
- 752 B-§2 54 807 B-112 54 852 B-162 g4
753 B-63 54 BO3 B-11a S4 253 B-183 34
754 B-54 54 B4 B-114 84 854 B-164 54
RS B85 54 85 | B~115 G4 355§ B-18% 54
758 3~G5 g4 806 5-118 d4 £58 B-168 g4
787 3~§7 &4 867 B-117 34 857 B-~167 54
758 B-68 34 208 B-118 54 858 B-168 34
758 H-65 g4 209 B8-115 54 L] B-183 54
750 B-70 &4 810 B2-120 G4 860 B-170 54
761 B-71 24 811 B-121 a4 451 B-171 54
762 B-72 54 812 B-122 54 852 B-172 54
763 B-73 &4 813 B-123 oy} 853 B-173 54
764 B-74 a4 214 B-124 84 8B4 B-{74 84
765 B-75 &4 315 B-125 54 565 B-175 84
766 B~76 854 818 B-126 J4 BAE B~176 g4
757 B-77 O 4 817 B-127 54 587 B~177 34
768 B-78 84 gig B-128 84 868 5-1718 54
764 B~14 &4 515 B-129 &4 888 B-178 1 54
770 B-50 84 820 B-130 54 870 150 34
771 B~51 &4 B21 B-131 &4 571 B-~18% &4
772 -3 &4 g2y B-i32 g4 872 B-1482 84
773 B-23 &4 825 B-i22 &4 873 B-183 a4
77k B84 84 824 | B-134 54 874 B-184 54
715 B85 &84 BI% B-135 34 §75 5-18% J4
778 B-88 &4 828 B-136 54 878 B-186 &4
777 B-87 &4 827 B-157 54 877 B-1587 &4
778 8- o4 8728 5138 sS4 578 5-188 54
778 3-89 &4 828 B-130 54 279 B-18% §4
784 B-00 3 4 330 B-140 A4 480 D100 &4
781 B-G1 &4 £31 B-14] g4 981 3~191 34
782 B~82 54 830 B-143 54, gh2 8-192 G4
783 5-51 34 833 5143 54 483 £1--183 54
TR4 B-04 54 B34 H-744 54 884 B-154 54
785 B5-05 384 B35 B-145 54 385 E-185 S 4
788 B-98 ¢4 838 B-14§ 54 Ba6 B~106 54
787 Bi~57 64 837 B-147 | &4 887 B-147 sS4
788 B-08 g4 £3R8 B-148 & 4. 588 B-198 S4
738 B-o4 84 835 B-148 &4 588 B-198 L&
750 B-100 &4 B4D B~150 §4 £80 B-200 54
761 B-101 &84 841 B-151 &4 591 B30t &4
787 B-02 54 B4z B-152 &4 852 B-202 54
793 B-103 &4 843 B-153 &a 883 B-203 84
704 B-104 a4 844 B-154 54 Ba4 B-204 sS4
785 B-108 &4 445 5-155 54 835 #5205 §4
T8 B-108 a4 844 8-156 54 806 B-208 &4
7497 B-107 & 4 847 B~157 84 887 8-207 &4
7598 B-108 &4 848 B-158 a4 898 R-208 84
7548 B-109 &4 B4 B-158 54 B9 B-208 54
800 B-i10 &4 BSD 2-160 &4 aG0 B-210 d4
[0080)
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Table 12

NO Bridging | Fluorenyl NO Bridging | Fluerenyt NO Bridging  Fluorenyl
- mofety | molety : moiety | moisty : moiety | moiety
907 B-211 54 851 . | B-31 55 1001 B-51 &5
502 B-212 54 D52 B-32 55 1002 B50 35
963 B~213 54 553 B-23 Je& 16038 B-83 85
504 B~214 54 854 B-34 35 1004 B84 55
505 B-215 24 a55 ‘B-15 85 1005 B~85 55
305 B-916 54 356 B~36 55 1008 2-85 85
T a07 B-217 54 957 B-37 &5 1007 B-87 55
408 83218 54 958 B-38 85 1008 A58 &5
afg H-715 G4 258 B-39 & 1608 B-Bo 85
810 B-220 &4 860 B-40) 55 1010 RB-80 85
511 g-991 34 861 B-41 55 1017 B-a1 55
91z B-229 &4 262 F-42 e 1912 B-87 35
513 B-273 54 983 B-43 85 1013 893 &5
514 | B-pud 54 954 B-44 55 1014 554 55
G158 | B-295 54 95", B-45 58 1015 B-08 G5
G186 B-226 &4 956 B-4§ &5 1614 B-86 38
917 B-227 54 9&7 547 &5 1017 BeG7 55
Bi8 BE-278 84 368 H-45 55 1018 BG4 g5
- 910 5230 a4 968 B-40 e 1618 B-99 &5
920 R-220 54 a7 B-50 &5 1020 | B-100 N
821 B-1 358 971 B-51 55 1621 BE-{5t I &8
I azp 5-7 &5 g7 Ei-5% g8 {022 8-107 65
973 B3 85 377 B~53 55 1623 | 5-103 &5
024 B4 = 874 B-54 55 1024 | B~104 55
25 B-5 55 LYE B-55 85 10925 | 5-1G5 &5
828 B-4 85 578 B-5§ 55 1026 | B~1D8 35
go7 B-7 55 677 B~57 55 1027 | B-147 g5
I 82§ B8 85 578 B-58 55 1028 | B-108 g5
g29 B-g 85 979 B-55 i 1028 1 B-1G8 85
T 930 B-10 55 880 B-80 &85 1030 § B-11D 55
LT g-11 G5 981 B-61 986 1031 | B3 65
837 B~12 85 982 B-62 88 1082 | B~ii2 g5
933 B-13 65 527 B-63 &8 1033 | B-113 0
934 B-14 55 584 B-E4 55 1034 | B~114 55
" gas BE-15 55 985 B-B5 358 1025 B~115 o8
0836 218 85 5as H68 85 1036 B-118 58
437 2~17 85 987 B-57 88 1037 | 8-117 45
— ug B-14 85 988 B-65 85 igae | B-118 &5
839 B-15 N gpg B-60 e 1038 | B-115 58
840 B-2{1 85 a4 B~70 55 1040 B~120 i85
941 B-21 55 597 B-71 &5 1047 B-121 55
042 g-29 88 557 27 55 1042 1 B-122 553
G43 B-23 556 593 B-72 &8 1043 | B-123 55
T 044 B34 55 804 B-74 55 1044 | B-124 58
945 B-95 55 905 B-75 1 5B 1048 | B-125 a5
4B B-28 &5 [ B-75 | &8 1048 | B-124 88
047 8-97 85 947 B-717 e 1047 | B-127 55
648 528 45 S48 878 55 048 | H-izm a5
648 B~ &5 849 B-73 &5 1048 | B-129 55
250 B-30 35 1000 8-580 55 1050 | B-ial oE
VAV
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_ Bridging § Fluoranyl Bridging | Flucrenyl ] Bridging | Fluorenyl
NO. moiety moietyy NO, moisty | moisty NG mg?mf moietyy
1051 B~131 58 1101 B-181 35 1151 B-1 85
1052 B~132 55 1102 | B-182 a5 1152 B-2 55
1053 B~133 55 1103 H-183 55 1153 B-3 55
1054 2-124 &5 1104 3-184 85 1154 B-4 36
1085 B-135 &5 1185 B5-185 g5 1155 B-5 56
1056 B-136 55 11035 B-186 &5 1156 B~¢ 58
1057 2137 &5 1107 B~187 a5 1157 5-7 88
1058 B—-128 85 1108 g~188 85 1158 B-3 g8
1059 8138 35 11068 | B-18% 85 1158 B-g g8
1080 B-146 a5 1110 | B-180 &5 1180 B-10 56
1061 R-141 d5 {11¢ B-141 85 1184 B-i1 56
1067 | B-142 55 1112 | B~192 85 1162 8-12 36
1083 8143 &85 1113 5-1093 45 1183 B-13 38
10464 B-144 55 1114 | B-194 45 1164 B-14 &8s
1065 H-145 &5 1118 B-188 §5 1185 B-i5 58
1068 B-148 £5 1116 5164 85 1168 B-18 88
1GA7 B-147 &5 1117 B-157 35 1167 B-17 56
1068 B-148 385 1118 | B-168 L 1168 A-18 88
1069 B-148 55 1118 | B-109 &4 1169 B-19 a6
1070 B-150 a5 1120 1 B-900 85 1179 8-70 58
1071 B-151 55 1171 B2 55 1171 8-21 86
1072 E-152 85 1122 B-202 g5 1172 B-27 a8
1075 | B-153 55 1123 B-203 85 1173 B-23 58
1074 B-154 g5 1124 R-z04 85 1174 B-24 G B
1075 | B-1E§ 35 1128 | B-205 G5 1175 B-25 56
1076 5156 85 1126 B-208 &6 1178 B2 58
1077 B-187 55 1127 B2 a5 1177 B~27 g6
1078 B-158 &5 1128 | B-208 85 1178 B-28 a8
1079 | B-189 &5 1126 | B-700 68 1179 B-28 56
1080 B-160 85 1130 | B-2ip g5 1180 B30 56
1081 2151 85 1131 B-211 485 1181 531 48
1082 B-162 85 1132 B-£12 85 1182 B-3p 88
1082 B~-163 85 1138 | B~213 458 1182 B-33 g8
1084 B-164 &8 1134 | B-214 85 1184 B-34 56
1085 B-165 25 1935 | B~215 85 1185 B--35 &8
1088 8168 45 i136 | B-218 85 1188 g-36 88
1087 8-167 55 1137 B-217 g5 1187 B~37 856
1688 | B-168 85 1138 | B-21B a5 1188 B-%8 58
1083 B-168 a5 1139 B-218 &5 1188 B-39 85
1080 | B-170 85 1140 ¢ B-Z20 38 1140 B—-4( 48
1081 B-171 05 1141 B-221 85 1151 B-41 ¢B
1002 B~172 85 1142 B-222 85 1162 B-42 66
1083 8-173 &5 1143 8-223 85 1183 =43 &6
10194 H-174 45 1144 B-224 85 1104 B-44 88
1085 B-115 85 1145 + B934 &5 1195 B4 ]
1096 B-176 85 1148 B-278 85 1108 H-48 88
1087 B-177 85 1147 B-2797 a5 1197 B~47 58
1088 B-178 85 1148 B-228 85 1198 B-44 56
1000 B~178 85 1148 | B-228 | OB 1198 B-45 58
1100 B-180 g5 1160 1 B-2a0 § &5 1200 B-~50 88

onez]
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Table 14

RO Bm@HQ‘FMGEﬁw NO Bmmmg_Fmo@nw NO Bridging |Flucreny
- moiety 1 moiety - rroisty molety : molety molety
120 B-51 55 1251 B-101 86 1301 B-151 36
1202 552 g6 1252 B-102 56 1302 | B~152 55
1203 H-53 58 1253 8-101 56 1303 | B-153 86
1904 B-54 56 1254 B-104 1 46 1304 B~154 46
1205 B-55 58 1255 B~105 &8 1305 1| B~1B§ o8
1206 550 55 1256 B-108 55 i 1308 | BR~15g@ 36
1207 O~57 58 1257 | 8-167 48 1307 [ 8~157 1 48
1708 B~58 &6 1258 B-108 | &6 1308 B~158 86
1709 a-5g 36 1259 B-i08 58 1308 | B-158 56
1210 250 46 1260 | B-11D 46 1316 1 B~180 | &8
1211 E~51 $8 1261 B-111 56 1311 B-18f i 48
1712 B-62 36 1262 g-112 56 1312 | B-182 a8
1718 2-83 1 48 1763 | B-113 488 1313 B~163 88
214 B84 | 58 1264 | B~114 56 1214 | B-154 56
1918 B-66 | 48 1265 B-115 36 1315 1 B-155 36
1718 5-86 58 1966 | B~{18 28 iais | B-i66 | &8
1217 B-87 56 1287 B-117 46 1317 E~1B67 | &6
1218 B8 &8 1288 | B~-118 58 1318 | B-168 88
1235 B-68 | &6 1280 | B~i16 | . 8B 1218 | B~18% L]
1220 510 | &8 1250 | B-120 ga 1| {a0 1 B-170 56
1223 B-71 &8 1271 B-121 66 11 180 B-17i 36
1797 B-72 58 1972 B-182 85 122 | B~172 38
1223 578 56 1273 B-122 56 | 1323 | B~17a 85
1924 E~74 88 1774 | B~124 46 {224 | B-174 88
1228 B-75 &8 1978 | B-i?5 56 1225 | B-175 1 &8
1208 78 56 1276 | B-17B 88 L1326 : B-178 38
1777 577 56 1277 1 B-~177 58 1327 | 8-177 £5
1228 B-78 86 1278} B-128 &5 1328 B~178 85
1208 B-1g 56 1978 ¢ B-128 56 1426 1 B-179 a6
1730 =~R0 86 1250 B-130 85 1350 B-180 | &85
1233 B-81 56 178 B-~131 886 1331 B~181 ] A8
1232 B-82 F8 1252 5-122 58 1332 | B~182 56
1233 83 &6 1768 | 5133 86 1383 5-183 g8
1234 | f-B4 &6 1284 | B-134 58 1334 | B-184 88
1735 B-85 88 1285 B-135 35 1435 B-18% | &8
1235 B85 36 1286 B-135 48 1336 | R-188 88
1257 8-87 86 1287 1 B-137 886 1337 1 B-187 §8
{1238 H-E8 oS 1288 B-138 &6 1338 | B~188 &8
1238 B-88 58 1285 2-134 58 1338 B-18s | &6
jo40 =00 Je ioeg | g-~140 56 ig4p | B-igo 55
1241 201 66 1281 B~141 88 {341 f-18] g6
1243 g-37 86 1282 | B-142 86 j842 | B-102 86
1243 E-83 86 1963 | B-143 a8 1363 8193 &8
1244 504 a8 1204 B-144 &8 1544 8-184 a8
1245 B85 | &8 1285 B-145 45 1245 g-185 85
1748 B-88 ¢ 88 1936 | B-i48 58 1348 B-106 36
1247 587 88 1287 B-147 58 1847 B~187 o6
1248 5~48 86 1288 1 B-148 56 1348 B-108 55
1243 B-48 86 1288 | B-148 36 1348 B-100 &6
Pk E-100 1 EE 1300 | B-iED 58 1350 | B-200 S
[10G83]
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NO. Bridging | Fluoreny NO. Bridging | Fluorenyl : Bridging i Fluorenyt

molety | molety molety | molety | | NO. | molety | molely
1351 B-201 a6 14 521 §7 . 1451 B-71 | 87
1359 B-202 S8 1402 B-22 37 1455 B-72 | 87 i
1353 B-203 86 1403 B-23 &7 1453 | B-73 | 87
1354 B-204 56 1404 B-74 &7 1454 1 B-74 1 &Y
1385 R-205 56 1405 B-25 67 1455 B-75 §7
1358 5-206 a8 1408 528 87 1458 B-76 i &7
1387 5-207 a6 07 ¢ B-27 57 1457 277 . §7
1358 B-208 a6 i4bs ! E-2§ 87 1458 B-78 | &7
1359 Z-2019 58 1408 i B-28 87 1453 B-78 1 87
1380 B-210 86 1410 1 A-30 &7 1480 B-gf L 07
1361 85-211 56 1411 B-31 &7 1461 5-81 87
1362 B-212 g6 1412 B~a2 g7 1457 B-g2 a7
1363 B-713 56 14143 B33 &7 1463 B-22 87
1364 | B-214 L &5 1414 85-34 &7 1404 B-84d a7 |
1385 5-215 56 1415 8-35 57 1465 5-85 87
1366 B-218 46 1416 538 87 1468 B85 87
1357 85-217 36 1417 5-37 57 1487 B-87 g7
1368 5-218 86 1418 538 57 1488 5-88 a7
1388 B~710 58 (415 B30 &7 469 B-88 , o7
1370 5720 36 1420 540 87 1470 B-80 87
147 B-221 55 1451 B4 a7 1471 B-91 87
1572 L-a72 48 1422 B-A2 a7 1478 B-82 87
EIE B-223 4§ 1424 543 87 1473 3~02 7
1374 B-224 &6 | 1424 Bedd | g7 1474 e 87
1275 B~225 &8 1425 B-48 1 87 1475 B-85 47
1378 B-208 &5 1428 B4 87 1476 | B-9§ &7
1377 B-227 38 1427 Bid &7 1277 | B-g7 87
1378 1 B-2¢8 58 1428 8-448 37 1478 208 1 87
1978 | B-2gs 56 1459 B-43 57 1478 598 87
{380 B-230 56 1430 8-50 &7 1480 | B~100 a7
1381 g-1 | &7 1431 B-51 1 &7 1481 B~101 Wi
1aB2 ] 87 1432 E-gf 1 &7 1402 B-102 a7
1382 | Ee3 57 1433 B-fz | 87 1482 1 B-103 57
1384 B-d L 1434 254 g7 1484 | B-104 &7
1388 B-5 87 1435 P55 57 1485 | B-108 &7
§ ABE B-f L 57 1436 ¢ B-BB | 07 1485 | B-108 87
1387 B7 g7 11 1437 | B-5Y &7 . {487 | B-107 37
1368 - 87 | 1438 1 B-RB &7 ©4Bg | B~108 37
1388 5§ 57 51 1438 | E-89 g7 (480 1 B~108 &7
1300 B-10 g7 1440 5-a0 | &7 1450 1 B-110 &7
1391 511 57 1441 -1 87 1491 8111 &7
1382 1 B2 57 1443 B-g2 47 1482 | B-112 o7
1383 5-13 37 1443 a-83 57 1408 | B-713 d7
1394 B-14 57 j444 B-64 87 1484 | B-114 7
1305 B-15 A7 1 1445 B-g5 87 1485 | B-115 &7
1386 1 B~16 §7 1 1448 F-g8 1 87 1456 | RB-118 87
1397 B-17 87 1447 B-67 . o7 L1487 | B-1i7 a7 |
1358 B-{8 57 1448 B-48 a7 {408 | B~-118 87
EEEE! B8 &7 14409 268 g7 Po1488 1 B-i18 g7
1400 B-20 57 |1 1480 -7 87 Po1508 | B-120 57

[0084)
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NG " | Bridging |Fluorenyi NO Bridging ; Fiuorenyl NG Bridging | Fluorenyt!
: molety molety ’ moisty moiety ; moiety moiety !
1501 B~121 37 1551 B-171 g7 1601 B-221 &7
1562 2-122 a7 1552 B-172 &7 1602 B-22% 87
1503 B-123 87 {553 85-173 &7 1803 B-223 &7
1804 B-124 87 1554 | B~174 &7 16804 B-224 g7
1508 5-~128 a7 1558 B-178 g7 16805 B-228 g7
1508 B-~128 87 1558 B-178 a7 1608 B-Z26 &7
1567 B-127 a7 1657 B~177 a7 1807 B-227 &7
1508 B8-128 87 1558 B-178 a7 1808 B-228 &7
1508 g-128 g7 1558 B2-178 57 1605 H-228 a7
15160 B8-130 g7 1580 | B-180 57 1610 B-230 &7
1511 B-13% g7 1561 2181 37 1611 B-1 8]
1512 B-132 &7 1562 H2-182 57 1612 B-2 &8
1513 B-133 87 1563 | B-183 57 1613 B-3 &8
1514 B-134 57 1564 g-184 &7 1514 B-4 g
$1515 B-135 &7 1585 3188 57 1615 B-5 o8
1516 B~136 a7 1566 B-188 g7 1616 B8 a8
1517 B~-137 o7 1567 B-187 07 16817 B-7 o8
1518 B-138 &7 15G8 3-188 87 1518 B-B &8
1519 B-138 i 1664 B-182 57 1618 B-B 8
1520 B-140 g7 1570 B-160 g7 1828 B-10 &8
1621 B-141 &7 1571 B-181 &7 1821 B-11 é8
1822 B-147 a7 1572 5-182 a7 1642 E-i2 &g
1523 B-143 &7 1573 5-183 67 1823 10 58
1524 B-144 &7 1574 B-184 g7 1624 B4 g8
1328 B~145 &7 1875 2188 87 1625 E15 a5
1508 E-146 87 1576 H-186 a7 1628 B-16 08 |
1527 B-147 a7 1577 B-187 47 1827 B-17 a8 |
1528 B-148 57 1578 5188 g7 1828 B~18 g8
1528 B-14% &7 1578 2198 o7 1628 B9 &8
1530 B-180 &7 1580 2200 87 1630 B-20 g&
1521 B-151 &7 1581 B—~2Z01 F7 1631 B-21 85
L1832 B-162 87 1582 B-202 37 1532 B2 88
{1833 B-153 87 1583 B-203 &7 1633 B-23 o8B
1534 B-154 87 1564 B-204 87 1834 B~24 &g
1535 B-155 37 1585 B-205 &7 1835 B-~25 88
1536 B-156 il 1588 B—208 &J 1836 B-28 88
1837 187 &7 1687 B-2067 &7 1837 27 &g
1538 B-158 a7 1588 B3-208 &7 1638 528 48 |
1538 2158 &7 1584 E-208 &7 1638 B-29 g8
1540 5180 &7 1580 8-210 a7 1840 B-30 g8
1541 p-161 &7 1581 B~211 g7 1641 B-31 &8
{1547 B-182 07 1582 | B-212 g7 1842 B-32 &8
1543 | B-163 1 87 1583 | B-213 &7 1643 | B~32 58
L1544 B-184 57 1504 1 B-214 57 1644 B34 ga
[ 1B4B =165 87 1505 B-215 &7 1645 H-35 a8
[ 1548 B-168 a7 1586 ¢ B-218 &7 1648 o368 &8
1547 B-187 57 1567 B-217 87 1647 8-37 88
1548 B--188 a7 1588 B-Z18 &7 1848 g2-38 il
1548 B—-162 &7 1588 B-218 &7 1548 B-39 ;8
1550 B-170 67 1600 B-220 87 1580 40 &8
[0085]

Table 16
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NO | Bridging | Fluorenyl| no. | Bridging | Fluorenyl] o, | Bridging I Flucrenys
‘ moiaty | molety : molety | molety ' molety | rofsly
1641 B-41 &8 1701 B-91 58 1751 5-141 38
1852 B-47 38 702 B-g2 58 1752 | B~142 38
1653 B-43 o8 1703 BE~23 88 1753 B5-143 58
1654 S-44 SR 1704 504 38 1754 1 B-144 g8
1655 a-45 a8 1705 3-95 88 1785 | B~145 58
1656 B-46 8B 1708 t5-G6 58 1758 | B-14b &8
1657 g8-47 88 1307 B-g7 ] 1757 | B-147 &R
1658 3-48 a8 1708 B-48 58 1758 | B~148 &g
1558 8-49 a8 1708 B89 58 1758 | B-140 cB
1660 5-5{ 58 1710 | B~100 58 17RC | B-150 &5
1561 B8-51 ) 1711 B-101 48 1787 B-151 &8
1582 g-52 58 1712 | B-102 RE 1782 1 B~-{52 58
1663 8-59 A8 1713 | 8103 48 1763 B~153 &8
1664 B-54 g8 1714 § 8-104 &8 17684 | H-154 58
1685 B-55 g8 1715 | B-105 ) 1786 | B-185 88
1666 B-58 58 1716 i B-106 88 1766 | B-156 5a
1867 B~57 58 1717 | B-i0d 88 1767 | B-1B7 LE]
1568 B3~58 o 1718 B3-108 ge 768 B-158 &8
1665 g8-5% g 1718 B-10 t &8 1768 B-159 88
1570 B-50 5E 170 B-110 o8 1770 | B-{8h fg
1§71 B-§1 48 172t B-111 g8 1771 B-161 ]
1672 B-82 LE] 1722 ! B-112 &8 i772 1 B-182 &8
1873 553 L] 1723 1 BE~113 48 1773 | B-163 &8
1674 B84 438 1724 1 B-~114 oR 1774 B-164 &re
1§75 5-53 38 1725 § B-118 48 1775 B-i68 | &8
1478 B-58 = 1728 8-118 88 1778 B~168 g8
1677 B-§7 L 1727 B-117 &8 1777 B-187 e
1678 a-64 g8 1728 | B-118 58 1778 B-168 88
1678 B-69 &8 1726 | B~119 58 1779 | H-189 &8
1680 B~70 g8 1730 B~150 &8 1780 B-170 g8
1681 B-71 g8 1731 1 B-121 38 1781 5-171 58
1887 B~72 g8 1732 {1 B-i2? g8 1782 | 5-17% L
1883 8-73 g8 1733 | B8-123 58 1783 | B-173 88
1884 0-74 58 {794 | B-194 48 1784 B-174 L
1585 E~75 a8 1135 | B-125 58 1785 B~175 88
1606 B~76 08 1738 | B-1728 48 1788 5-178 88
1587 B~77 g8 1747 | B~127 g8 1787 B-177 38
1508 R~78 JR 1738 1 B~128 1 4&B 1788 B~178 58
1669 B-74 88 1738 | B-128 38 1788 | B-179 58
1590 B-40 ) 1740 1 B-130 48 1780 B-1g0 | 48
1661 B-1 g8 1741 5-131 58 1791 B-181 . &8
1682 3-8 58 1742 | B-132 58 1782 | B-i8%2 : &8
1663 B-~83 o8 1743 | B-133 L 1783 | B-183 a8
1854 B-a4 58 {744 | P-134 g8 1744 B-ig4 58
1595 B~85 88 1745 | B-~13% g8 1785 B-185 &8
1856 5-B6 a8 1746 | B-136 ) 1798 B84 &8
1887 517 &8 174% | #1397 LE] 1757 B-187 88
1648 B-38 88 1748 1 B-138 5B 1768 | B-188 58
1688 B89 g8 1749 | B-138 &8 1706 B-188 . 48
1760 B-40 &8 1760 | 3-140 58 B0 1 B~1B0 1 &8
[00BE]

Table 17




NO Bridging | Fluoreny!
) moiety moiety
1801 B-191 8
1802 B-192 8
1803 B~183 8
1804 B-194 g8
1808 B-165 | 68
1808 B-186 38
1807 B~-197 08
1808 RB-168 38
1809 B-199 88
1810 B~200 g8
18711 B-201 58
1812 B~202 g8
1813 B-203 S8
1814 B~204 38
1815 B-205 o8
1815 B-208 &8
1817 B-207 &8
1818 B-208 08
1818 B~209 o8
1820 B~210 c8
1821 B-211 g8
1822 B-212 8B
1823 RB~213 g8
1824 B~214 g8
1825 B~215 88
1828 B~216 58
1827 B-217 &8
| 1828 B-218 g8
1828 B-219 o8
1830 B-220 g8
1831 R-221 38
1832 B-222 08
1833 B-223 58
1834 B~224 i
1835 5225 38
1836 B-g28 58
1837 B-227 48
| 1838 B-228 38
1838 B-229 o8
1846 B3-230 58
[0087]
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According to these tables,

the ligand structurs of No.

944 indicates & combination of B-24 and 85; in the case where



the metal part MQy is ZrCl:, this structure gives the
following example of the metalliocene compound.

[0088]

Gt

5 [0089]
Specific examples of MQy include Zrll,, ZrBr,, ZrMe,,
Zr (0Ts)2, Zr{OMs),, Zxr{0Tf),, TiCl;, TiBrs, TiMe,, Ti(OTs}?,
Ti{OMs)z, Ti(OTE)z, HBECl,, HIBrz, HfMe,, Hf(0Ts},, Hf (CMs),,
and HE(OTL),. Ts represents a p-tolusnesulfonvyl group, Ms
10  represents a methanesulfonyl group, and.Tf represents a
trifivoromethanesulfonyl group.
[coal]
The bridged metallocens compound (A) represented by
Formula (1] used in the present invention can be produced by
15 known techniques, and the production technigus is not
particularly limited. Examples of the known production
techniques include technigues disclosed in WO 2001/027124 and

WO2004/C87775 which are the publications of applications made
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by the applicant.
(00917

<<Compound (B)>>

In the present invention, the compound (B} is used asz &
component of the catalyst for olefin polymerization. The
compound (B) is at least one selected from (b-1) the
organcaluminum oxy-compound, (b-2) the compcound which reacts

with the bridged metallocene compound (&) to form an ion pair

-

.

and (k-3 the organocaluminum compound. Among these, the
organcaluminum oxy-~compound {b-1) is preferred.
100827

<Organoaluminum Oxy-compound (b-1}>

Examples of the organcaluminum oxy~compbund {b-1}
include known aluminoxanes such as a compound represented by
Formula [3! and a compound represented by Formula [417,
modified methylaluminoxane having a structure represented by
Formula [5], and a boron-containing organcaluminum oxy-

compound represented by Formula [8].

L0083

et

F?;—%H;%!“Q%?A%RE

- v [3]

[0054]
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In Formuliae [3] and [4}, each

B represents a hyvdrocarbon

group having 1 to 10 carbon atoms, and preferably a methyl

5 group; and each n is an integer of 2 or more, preferably 3 or

more, and meore preferably 10 or more. 1In the present

invention, methylaluminoxane

E_I.

[t

n which each R in Formulas [3]

and [4] represents a methyl group is suitably smployed.
[0C9¢8]
[ 7
- Af—-@—l——{*ﬁkﬁ-ﬁ
e =4 - e 057
10

10087]

In Formula [5], R represents a hydrocarbon group having
2 to 10 carbon atoms, and m and n each independently
represent an integer of 2 or more. Multiple Rs may be the

15 gsame as or different from each cther.

[0oo9e]

The meodified methylaluminoxane [5] can be prepared from

trimethylaluminum and alkylaluminium other than

trimethylaluminum. Such modified methyvlaluminoxane [5] is
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generally called MMAO (modified methylaluminoxane). In
particular, MMAO can be prepared by Technigques disclosed in
US 4960878 and US 5041584,

(00987

Modified methylaluminoxane prepared from
trimethylaluminum and trilscbutylaluminum {(in particular, R
in Formula [5] 1is an iscbutyl group) is commercially
available from, for example, Tosoh Finechem Corporation under
the product names of MMAD and TMAO.

[0L00]

MMAO 1s an aluminoxane of which the solubility in a
variety of solvents and storage stability have been enhanced.
In particular, unlike to compoundcs insoluble or less scluble
in benzene, such a8 the compounds represented by Formulae [3]
and [4], MMAO is soluble in aliphatic hydrocarbons, alicyclic
hydrocarbons, and aromatic hydrocarbons.

[C101]

(0rc2)
In Formula [6], R® represents a hydrocarbon group having

1 to 10 carbon ztoms. Multiple R% each independently
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represent a group selected from a hydrogen atom, halogen

las

oms, and hydrocarbon groups having 1 to 10 carbon atoms.

P
ot

-
H

<3

(01031

In the present invention, an olefin polymer can be
produced even at high temperature which will be described
later. Hence, in the present invention, even an
organcaluminum oxy-compeund which is insoluble in benzense,
such as disclosed in JPA 19%0-78687, can be usead.
Furthermore, the organozluminum oxy-compound disclcosaed in JPA
1990-167305 and the aluminoxane which has two or more alkyl
groups and which is disclosed in JPA 1980-24701 and JPA 1991-
103407 can be suitably used.

[0104]

The organcaluminum oxy-compound which is "insoluble in
benzene" refers to an organcaluminum oxy-compound which is
insoluble or lesgs scluble in benzene; in particular, the
amount of dissolution of such a compound in benzene at 60°C
is normally not more than 10 weight%, preferazbly nct more
than 5 weight%, and especially preferably not more than 2
weight%® on an Al atom basisg.

[0105]
In the present invention, one type of the examples of

organcaluminum oxyw-compound {k-1) may be used alone or at

least two types may e used in combination.
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[0106]

<Compound Which Reacts with Bridged Metallocene Compound

() to Form Ton Pair (b-2)>

Examples of the compound which reacts with the bridged
metallocene éompound (A} to form an ion pair {(b-2}
(hereinafter also referred to as "ionic compound (b-2)")
incliude Lewis acids, lonic compounds, borane compounds, and
carborane compounds disclosed in JPA 1989%-501950, 198%-502036,
1991-179005, 1991~178006, 199%91i-207703, 1891-207704, and 2004-
51676 and USP 5321106, Examples thereof further include
heteropoly compounds and isopoly compounds. In particular, a
cempound represented by Formula [7] is preferably emploved as
the ionic compound (b-2;.

[0107]

d
+

F%a F%ﬁmq?mmgah

i
K SN L8

[GLoB]

In Formula [7), examples of R* include H', oxonium
cations, carbenium cations, ammonium cations, phosphonium
cations, cycloheptyltrienyl cations, and ferrocenium cations
containing a transition metal. =Y, RY, R®, and R' each

independently represent a group selected from organic groups,
=] I L j2
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and preferably aryl groups and halogen—containing aryl groups.
[0108]

Examples of the carbenium c¢ations include tri-
substituted carbenium cations such as triphenylcarbenium
cation, tris{methylphenvl)carbenium cation, and
tris{dimethylphenyl)carkbenium cation.

(01107

Examples of the ammonium cations include
trialkylammoniium cations such as trimethylammecnium cation,
triethylammonivm cation, trii{n-propyl}ammonium cation,

triisopropylammonium cation, tri{n-butyl)ammonium cation, and

Triischutylammonium cation; N,N-~dialkylanilinium caticns such

as N,N-dimethylanilinium caticn, N,N-diethylanilinium cation,
and N;N, 2,4, 6~pentamethylanilinium cation; and
dialkyilammonium cations such as diisopreopylammenium cation
and dicyclohexylammonium cation.
[011%13

Txamples of the phosphonium cations include
triarylphosphonium cations such as triphenyliphosphonium
cation, tris{methvlphenvliphosphonium cation, and
tris{dimethviphenyl)phosphonium catiocn.
[0112]

Emong these examples, R® is preferably a carbenium

catlion or an ammoenium cation; especially preferably



20

triphenvlicarbenium caticn, N,N-dimethylanilinium cation, or
N, N-diethylanilinium cation.
[0113]

1. R* Being Carbenium Cation {Carbenium Salt)

Examples of the carbenium salts include
triphenylcarbenium tetraphenylborate, triphenvlcarbenium
tetrakis (pentafliuercophenyliborate, triphenyicarbenium
tetrakis {3, 5~ditrifluoronethylphenyl)borate, tris(d-
methylphenvl) carbenium tetrakis{pentafiuorophenyi)borate, and

5({3, 5-dimethylphenyl) carbenium

fat-

Tr

ot
m

trakis{pentaflivorophanyl)borate.

Z. R“‘Being Armmonium Cation (Ammonium Salt)

Examples of the ammonium salts include trialkyl ammonium

salts, N,N-dislkyvlanilinium salts, and dialkvlammonium salts.

-y

(01153

Specific ezxamples of the trisikyl ammonium salts include
triethylammonium tetraphenylborate, tripropylanmonium
tetraphenylborate, trii{n-butyl)ammenium tetraphenyiborate,
frimethylammonium tetrakis{p-tolyliborate, trimethylammonium
tetrakis({o-tolyl)borate, tri{n-butyl)ammonium
tetrakis {pentaflucrophenyl)borate, triethylammonium
tetrakis{pentafluorophemyljborate, tripropylammonium

tetrakis (pentaflucrophenylborate, tripropylammonium



Pt
|83}

(e
Mo

tetrakis(2,4-dimethylphenyl)borate, tri(n-butyl)ammonium
tetrakis (3, 5-dimethylphenyl)borate, tri(n-butvl)ammonium
tetrakis(é-trifluoromethylphenyliborate, triin-butyl)ammonium
tetrakis (3, 5-ditrifluoromethyiphenvl)borate, tri(n-
butylyammonium tetrakis{o-tolyl)borate,
dioctadecylmethylammonium tetraphenylborate,
dioctadecyimethylammonium tetrakis(p~tolyl)borate,
dioctadecyimethylammonlum tetrakis{o-tolyl)borate,
dioctadecylmethylammonium tetrakis(pentafluorophenyl)borate,
dicctadecylmethylammonium tetrakis (2, 4~dimethylphanyl)borate,
dioctadecylmethylammonium tetrakis (3, 5-dimethylphenyliborate,
dioctadecylmethylammonium tetrakis(4-
triflucromethyivhenyl)borate, and dioctadecylmwthylaﬁmomium
tetrakis(3,5~ditrifluoromethylphenyliborate.
[0116]

Speciflc examples of the N,N-dialkylanilinium salts
include N,N-dimethylanilinium tetraphenylborate, N,N-

inium tetrakis(pentaflucrophenyl)borate, N,N-

(&}
ot
=
P
¥
jm
L
I—.
33
8
$d
et
o

dimethylanilinium tetrakis(3,5~ditriflucromethylphenylborate,
N, N-diethylanilinium tetraphenylborate, N,N-diethylanilinium
tetrakis (pentafluocrophenyl)borate, N,HN-diethylanilinium
tetrakis (3, 5~ditrifluoromethylphenyl)borate, N,N~2,4,6-
pentameth?lanilinium t@traéhenyiborate, and N,N—2,4,5~‘

pentamethylanilinium tetrakis{pentaflucrophenyl)borate.
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r0117]

Specific examples of the dialkylammonium salts include
diisopropylammonium tetrakis(pentafluorophenyl)horate and
dicyclohexzylammonium tetraphenylborate.

[01ig}
One type ¢f the lonic compound (b-2) may be used alone

or at least two types may be used in combination.

[0l

ot

8

Lt

<Crganczluminum Compound {b-=3>

Examples of the crgancaluminum compound (b~

(a2

)y include an
organcaluminum ﬁompound represented by Formula {8] and an
alkyl complex‘which is cémposed of a Group 1 metal on the
periodic table and aluminum.and which is represented by

Formula [9].

R%AL {OR") JHoXg. .+ . (8]

In Formula [8], R* and R® each independently represent a
group selected from hydrocarbon groups having 1 to 15 carbon
atoms, and preferably 1 to 4 carbon atoms; X represents a
halogen atom; m, n, p, and g are values that satisfy the
relationship cf m + n + p + g = 3 and that satisfy the

following relatlionships, respectively: 0 < m <3, 0 < n < 3,
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MALIR?;.. . [9]

In Formula [9], M? represents Li, Na, or K; and multiple
R*s each independently represent a group selected from
hydrocarkbon groups having 1 to 15 carbon atoms, preferably 1
to 4 carbon atoms.
rolzz:

Examples of the ocrgancaluminum compound [8] include
tri{n-alkyljaluminums such as trimethylaluminum,
triethylaluminum, triin-butvyi)aluminum, trihewvlaluminum, and
triocctylaluminum;

branched-chain trialkyialuminums such as
trilsopropylaluminum, triilscbutylaluminum, tri{sec~
butylialuminum, tri(tert~-butyilaluminum, tril{2-
methylbutyl)aluminum, tri{3-methylhexyl)aluminum, and tri{2-
ethylhexyl)aluminum;

tricycloalkyialuminums such as tricycleohexylaluminum and
tricycleocctylaluminumy triarylaluminums such as
friphenyialuminum and tritolylaluminum;

dialkylaluminum hydrides such as diisopropylaluminum
hydride and diisobutylaluminum hydride;

alkenylaluminums such as isoprenylaluminum represented
by, for example, the general formula (i-CqHs)ALy(CsHig). (where

X, ¥ and z are each a positive number, and z satisfies the

relationship of 2 § 2x):



alkylaluminum alkoxides such as isobutylaluminum
methoxide and isobutylaluminum ethoxide; dialkylaluminum
alkoxides such as dimethylaluminum methoxide, diethylaluminum
ethoxide, and dibutylaluminum butoxide; alkyialuminum
sesquialkoxides such as ethylaluminum sesguiethoxide and
butylaluminum sesquibutoxide;

partially alkoxylated alkylaluminum having an average
composition represented by the general formula R% sAL(OR®), s
(where R® and R® each represent the same group as specified
for R® and R® in Formula [8]); alkvlaluminum aryloxides such
as diethylaluminum phenoxide and diethylaluminum{2, f~di-t-
butyl-4-methyliphenoxide); dialkylaluminum halides such as
dimethylaluminum chloride, diethvialuminum chloride,
dibutylaluminum chlcride, diethylaluminum bromide, and
diischutylaluminum chloride; alkylaluminum sesguihalides such
as ethylaluminum sesguichloride, butylaluminum sesguichloride,
and ethylaluminum sesquibromide;

partlally halogenated alkylaluminums such as
alkylaluminum dihalides including, e.g., ethylaluminum
dichleoride; partielly hydrogenated alkvlaluminums such as
diaikylaluminum hydrides including, e.g., diethvialuminum
hydride and dibutylaluminum hydride, and alkylaluminum
dihydrides including, e.g., ethylaluminum dihydride and

propylaluminum dihydride; and partially alkoxvlated and
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halogenated alkylaluminums such as ethylaluminum
ethoxychloride, butylaluminum butoxychloride, and
ethylaluminum ethoxvbromide.

(01231

(43

Examples of the alkyl complex [2] include LiAl{C,H:)s and
LiALl(C7Hys) . Compounds analogous to the alkyl complex [9]
zlso can be enmployed, and an example thereof is an
organcaluminum compound in which two or more aluminum
compounds are bonded tc sach other via a nitrogen atem. An
10  example of such a compound is {CyHz)ALIN (CeHs) AL {(CaHs) s,
(0124}
In terms of availability, the organcaluminum compound
(b-3) is preferably trimethylaluminum or triigobutylaluminum,
One type of the organcaluminum compound (b-3) may bs used

15 alone or at least two types may be used in combination.

<<Support (C}>>

In the present invention, the support (C) may be used as
a component of the catalyst for olefin polymerization. The
20 support (C) 1s an inorganic compound or an organic compound

and 1s a granular or particulate solid.

—~t

(01267

<Inecrganic Compound>

Examples of the inorganic compounds include porous
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oxides, ino;ganic halides, clay minerals, clays (generally
primarily composed of clay minerals), and ion-exchange
layered compounds (mcst of the clay minerals are ion-exchange
layersd compounds) .

(01277

Examples of the porous oxides include Si0Q;, A1,C3;, MgO,
2r0, Ti0,, B:0:, Ca0, InD, BalO, ThO;, and composites or
migtures ﬁontaining these owxides., Examples of such
composites or mixtures inciude natural or synthetic zsolites,
S10;-Mgl, B5i0y-Al:0s, 5L0,~-T10;, 510;-V.0s, 510,-Cr.:04, and Si0
Ti0,~MgC. In particular, porcous oxides primarily containing
either or both of 5i0; and Al0; are preferred.
t0128}

Although the characteristics of such porous oxides vary
depending on the types and production processses thersof, the
porous cxides preferably have the following characteristics:
z particle slze that is preferably in the range of 10 to 200
am, and more preferably 20 to 200 pm; a specific surface area
that iz preferably in the range of 50 to 1000 m®/g, and more
preferably 10C to 700 m*/g; and a pore volume that is
preferably in the range of 0.3 to 3.0 cm®/g. Such porous
oxides are opticnally preliminarily burned at, for example,

000°C, and preferably 150 to 700°C.

£

100 to

101283
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Examples of the inorgamic halides include MgCl,, MgBr,,
¥MnCl,, and MnBr;. The inorganic halides may be used without
being preliminarily processed or may be used after being
ground with, for example, & ball mill or a vibration mill.
The inorganic halides may be dissolved in & solvent, such as
alcohol, and precipitated inte fine particles with a
precipitating agent, and the fine particles of the inocrganic
halides may be used.

[0130]

The clays, the clay minerals, and the lon-exchange
iayered compounds are not limited to natural products, and
synthetic products also can be used. The ilon-exchange
layered compounds have crystal structures in which planes
formed by, for example, lonic bonding are stacked each cther
in parallel with weak bonding strength and contain
exchangeablie ions.

[o

311

Specific exzamples of the clays and the clay minerals
include kaolin, bentonite, kibushi clay, gairome clay,
allophane, hisingerite, pyrophyllite, mica such as synthetic
mica, montmorillonite, wvermiculite, chlorite, palygorskite,
kaolinite, nacrite, dickite, hectorite, taeniolite, and
halloysite. Examples of the lon-exchange layered compounds

inciude ionic crystalline compounds having lavered cryvstal
¥
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structures sucﬁ as a hexagonal cleosest packing structure, an
antimony structure, a CdCl; structure, and a Cdi, structure.
Specific examples of the ion-exchange layered compounds
inciande crystalline acidic salts of polyvalent metals, such
as o-2r (HAsOs)s ‘Ha®, o-Zr (HFOq)la, O~2r (KPOy)y 3H:G, a-T1(HPO4)2,
o-"Ti (HASD.@} 2 ‘Hzo, =5 {HPC,) » 'HZO; "f"Zl’? (H?Oé} Z ')’“'Tj_ {HPO4} 2, and
-‘{—Ti (NH:}PC‘Q) 2 ’HQO.,

[0132]

Tt is preferraed that the clays and the c¢lay minerals be
subijected to chemical treatments. The chemical treatments
can be, for example, a surface Treatment for removing
impurities adhering ontoe the surfages and a treatment for
affecting the cfystal structures of the clays, and either
chemical treatment ¢an be employed. Specific examples of
such chemical treatments include an acid treatment, an alkali
treatment, a salt treatment, and a treatment with an crganic
substance.

[01333

The ion-exchange properties of the lon-exchange layered
compounds are utilired fo exchange exchangeable ions between
layers with other larger and bulkier ions, and the resuliing
layared compounds having an enlarged interlayer distance can
be employved. Such bulky lons serve as a column suppoerting

the layered structure and are generally called pillars. For
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example, the following metal hydroxide ions are intercalated
g I3 =

bhetween the iayers of

Yot

a layered compound, and then the
resulting layered compound i1s heated and dehydrated to form
oxide columns (pillars) between the layers. Such
introduction of another substance between the layers of a
layered compound is called intercalation.

[0134]

Examples of the guesﬁ compounds to be intercalated
include cationic inorganic compounds such as TiCl, and ZxCly;
metal alkoxides such as Ti(OR)4, Zr(OR)g, PC{OR} 3, and B{(OR)s
(R is, for instance, a hvdrocarben group); and metal
hydroxide ilons such as (311202 (0H) 2417, [Zrg(0H)141%, and
{Fé3O(OCOCHw5}+. Cne type of these guest compounds may be
used aicone or at least two types may be used in combination.
(01353

In the intercalation of these guest compounds, for
instance, polymers obtained by hydrolysis and
polycondensation of metal alkoxides such as Si(OR)s, AL(OR)3,
and Ge [(OR): (R 1s, for example, a hydrocarbon group) or
colioidal inorganic compounds such as 810, may be also
present.

[0136]
Among the incrganic compounds, mineral clays and clays

are preferred; in particular, montmorillonite, wvermiculite,



(9]

10

A
1

20

hectorite, taeniclite, and synthetic mica are preferred.
(013713

<Organic Compound>

Examples of the orgaﬁic compounds include granular or
particulate solids having a particle size ranging from 10 to
300 um. Specific examples thereof include (co)pelymers
synthesized primarily from clefins having 2 to 14 carbon

atoms, such as ethylene, propylene, l-butene, and 4-methyl-1-

pentene! (colpolymers synthesized primarily from
vinylcycliohexane and styrene; and modifications of these
(oo)polymeré;

[0138]

<<Organic Compound Component (D) >>

In the present invention, an organic compound component
(D} may be used as a component of the catalyst for olefin
polymerization. The corganic compound component (D) is
optionally used to improve pelymerization performance in a
polymerization reaction of an olefin and the physical
properties of an olefin polymer. Examples of the organic
compound compenent {D) include alcchols, phenclic compounds,
carboxyiic acids, phosphorus compounds, and sulfonates.

(0139]

<<Composition and Preparation of Catalyst for Clefin

Polymerization>>
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The preferred amounts of the individual components of
the catalyst for olefin polymerization are as follows.
[6140)

<i> In polymerization of an olefin with the aid of the
catalyst for olefin polymerization, the amount of the bridged
metallocene compound {A} is normally in the rangs of 107° to
107% mol, and preferably 107% to 10"% mol per litter of the
reaction volume.

[0141]

<2> In the ca

i

& where the organcaluminum oxy-compound
{bwi) is used as & compeonent of the catalvst for olefin
polymerization, the compound (b~1) is used in such an amount
that enables the molar ratio [AL/M] of the aluminum atoms
{Al) contained in the compound (-1} to &ll of the transition

metal atoms (M) contained in the bridged metallcocene compound
(&) to be normally in the range of 0.01 to 5000, and
preferably 0.05 to 2000,
[0142]

<3» In the case where the ionic compound {(b-2) is used
as a component of the catalyst for olefin polymerization, the

compound {b-2) is used in such an amount that enables the

melar ratic [{b-2)/M] of the compound (b-2) to all o

h
it
o
®

transiticn metal atoms (M) contained in the bridged

metallocene compound (A} to be normally in the range of 1 to
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10, and preferably I to 5.
[0143}

<4> In the case where the organcaluminum compound (b-3}
is used as a compeonent of The catalyst for olefin
polymerizatlion, the compound (b—3) 1s used in such an amount
that enables the meclar ratio [(b-3}/M} of the conpound (b-3)
to all of the transition metal atoms (M) contained in the
bridged matallocene compound () to be normally in the range

of 10 to 5000, and preferably 20 to 2000.

[
oo

Hom
.

<5> In the case where the organic compound component (D)
is used as a component of the catalyvst for olefin
polymerizaticn, the amount therecf is as feollows: when the

compound (B} 1s the organcaluminum oxy-compound (b-1), the
crganic compound component (D} is used in such an amount that
enables the molar ratio [(B)/{b-1})] of the crganic compound
comporient (D) to the compound (b~1) to bas normally in the
range of 0.01 to 10, and preferably 0.1 to 5; when the

compound (B) 1s the ionic compound {(b-2), the organic

compound component (D} is used in such an amount that enable

6]

the molar ratio [(D)/(b-2)] of the organic compound componsent
(D) to the compound (-2} to be normally in the range of 0.01
to 10, and preferably 0.1 to 5; and when the compound (B) is

the organcaluminum compound {(b-3), the organic compound
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component {D) is used in such an amount that enébles the
molar ratio [(D)/{b-3)1 of the organic compound component (D)
to the compound (b-3) to be normally in the range of 0.005 to
2, and preferably 0.01 to 1.

[0145]

In the catalyst for olefin polymerization according to
the present invention, the bridged metaliocene compound (A)
and compound (B}, which are components of the catalyst, can
be dissclved in a solvent. In other words, in the preasent
invention, the catalyst for olefin polymerization can be
supplied to 2 polymerization system in the form of a catalyst
solution.

[01l46)

The usable solvent can be normally a hydrocarbén solvent
with 4 to 10 carbon atoms. In the presgent invention, a
highly concentrated catalyst scolution of the bridged
metallocene compound (A) (sclvent: hydrocarbon soclvent) can
be prepared as described above. In terms of polymerization
activity, it is preferable fto supply =z catalyst solution in
which the concentration of the bridged mestallocene compound
(A) is in the range of 0.03 nmmol/L to 2.0 mel/L, to a
polymerization system; the concentration being mors
preferably 0.04 mmol/L to 1.5 mol/L, and further preferably

0.05 mmol/L te 1.0 moi/l.
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(01477

Examples of the hydrocarbon sclvents with 4 to 10 carbon
atoms, which can be used for preparation ¢f the catalyst
solution, incl?de hydroéarbon selvents with four carbon atoms,
such as butane, isobutane, cyclobutane, and
methylcyclopropansa;

hydrocarbon solvents with five carbon atoms, such as
pentane, isopentane, neopentane, cyclopentane,
methylceyclobutane, 1,l-dimethylcyclopropane, 1,2-
dimethyleyclopropane, and ethylceyclopropane;

nydrocarbon sclvents with six carbon atoms, such as
hexane, 3-methylpentane, Z-methylpentane, 2,2wdimethylbutanef
2, 3~dimethylbutane, cyclohexane, methylcyclopentane, 1,1~
dimethylcyclobutane, 1,2-dimethylcyclobutane, 1,3~
dimethylcyclobutane, ethylcyclobutane, 1,1,2-
trimethyleyclopropane, l-ethyl-l-methylcyclopropane,
propyleyciopropane, and isopropylcyclopropane;

hvdrocarbon solvents with seven carbon atoms, such as
heptane, Z-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2~
dimethylpentane, 2,3-dimethylpentane, Z,4-dimethylpentane,
3, 3-dimethylpentane, 2,2,3-trimethylbutane, methylcyclichezane,
1,2~dimethylpentane, 1,3-dimethylpentane, 1,2,3-
trimethylbutane, cycloheptane, methylcyclohexane, 1,1-

dimethyleyclopentane, 1,Z-dimethylcyclopentane, 1,3~



106

15

66

dimethylcyclopentane, ethyleyclopentane, propylcyclobutane,
1,1,2,2-tetramethylceyclopropane, 1,1,.2,3-
tetramethylcoyelopropane, 1,l-diethyloyclopropane, 1-
igopropyl-l-methyloyclopropane, l-isopropyl-2-
methylceyclopropane, l-propyli-2-methyleyclopropane, and
butylcyclopropans;

hydrocarbon solvents with eight carbon atoms, such as
octane, 2-methylheptane, 32-methylheptane, 4-methylheptane,
2, 2-dimethylhexane, 2,3-dimethylhexane, 2,4-dimethylhexane,
2,5-dimethylhexane, 3,3-dimethylhexane, 3,4-dimethylhexane,
3-ethylhexane, 2,2,3-trimethylpentane, 2,2,4-trimethylipentane,
Z,3,3-trimethyipentane, 2,3.4-trimethylpentane, 2-methyl-3-
ethylpentane, cyclooctane, methylcyclcheptane, 1,1-
dimethyleycelohexane, 1,2-dimethylcyclohexane, 1,3-
dimethylcyelohexane, 1,4-dimethyleyclchexane,
ethylcycelohexane, 1,1,2-trimethylcyclopentane, 3,1, 3-
trimethylceyclopentane, 1,2,3-trimethylcyclopentane, 1,2,4-
trimethylcycolopentane, l-ethyl-l-methylcoyclopentane, l-ethyl-
Zz-methyleyclopentane, l—ethyl-S~methylcyclo§entana,
propyloycelopentane, isopropyleyclopentane, 1,2,3,4-
tetramethylcyclobutane, 1,1,3,3-tetramethylcyclobutane,
2,2,3,3-tetramethylcyciobutane, 1,2-diethyicyclobutane, 1-
butyl-2-methylcyclopropane, pentylcyclopropane, and

igopentyleyeclopropane;
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hydro;arbon soglvents with nine carbon atoms, such as
nonane, 2-methyloctane, 3-methyloctane, 4-methyloctane, 2,2-
dimethylheptane, 2,3-dimethylheptane, 2,4-dimethylheptane,
2. 5-dimethylheptane, 2,6-dimethylheptane, 4,4-dimethylheptane,
2~ethylheptane, 3~ethylheptane, 4-ethylheptane, 2,2,3-
trimethylhexane, 2,2,4-trimethylihexane, 2,2,5-trimethylhexans,
2,3,3-trimethylhexane, 2,3,4-trimethylhexane, 2,3,5~
trimethylhexane, 2,4,4-trimethylhexane, 3,3, d-trimethylhexane,
3w@thyl—2wmethyihexane, 3-ethyl—3-methylhexane, 4-ethyl-Z-
methyvlihexans, 4-ethyl-3-methylhexane, 2,2,3,3~
tetramethylpentane, 2,2,3,4-tetramethylpentane, Z,Z,4,4-
tetramethylpentane, 2,3,3,4—t@§ramethylpentane, 2,2~dimethyl-
B—chylpenﬁane, 2,2~disthylpentane, Z,3-diethylpentane,
cyclononane, methylcyclocctane, ethyleyclcheptane, 1,1-
dimethylcycloheptane, 1,2-dimethylcycliocheptane, 1,3~
dimethylcycloheptans, 1,4-dimethylcycloheptane,
propylcycleohexane, isopropyleyclohexane, l-ethyl-2Z2-
methylcocyclohexane, l-ethyl-3-methylcyclonexane, l-ethyli-4-
methylcyclohexane, 1,1,2~trimethylcyclohexane, 1,1,3~-
trimethyleyclchexane, 1,1,4-trimethylceyclchexane, 1,2,3-
trimethyleyclohexane, 1,2,4-trimethylcyclohexane,
putyleyclopentane, iscbutylecycleopentane, Z-cyclopentylbutane,
1,2-diethylcyclopentane, l-isocopropyl-3-methyicyclopentane, 1-

methyl-2-propylceyclopentane, Z-ethyl-1,l~dimethylcyclopentane,
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1,1,3,3~tetramethyleyelopentane, 1,1,3,4~
retramethylceyclopentane, 1,2,3,4-tetramethylcyclopentans,
1,1,2,3,3-pentamethylcyclobutane, 1,Z-~dipropylcyclopropane,
l~hexvlcycloprepane, 1~pentyl—1—metﬁylcyclopropane, aﬂﬁ 1w
pentyl-Z2-methylcyclopropane; and

hydrocarbon sclvents with ten carbon atoms, such as
decane, 2-methylnonane, 3-methylnonane, 4-methylnonane, 5-
methylnonane, 2,2-dimethyloctane, 2,3-dimethyloctane, 2,4-
dimethyloctans, 2,5-dimethyicctane, 2,6-dimethyloctane, 2,7-
dimethyloctane, 3,3-dimethyloctane, 3,4-dimethylocctane, 3,5~
dimethyloctane, 3,6-dimethyioctane, 4,4-dimethyloctane, 4,5~
dimethyloctane, Efethyloctane, @—ethyloctane, 2,2,3~
trimethyiheptane, 2,2,4~trimethylheptane, 2,2,5~
trimethylheptans, 2,2,5~trimethylheptane, 2,2,6~
trimethylheptane, 2,3,3-trimethyliheptane, 2,3,4-
trimethyiheptane, 2,3,5-trimethyliheptane, 2,3,6~
trimethyliheptane, 2,4,4wtxime£hylheptane, 2.4, 5~
trimethylheptane, 2,4,6-trimethylheptane, 2,5,5~
trimethylheptane, 2-methyl-3-~ethylheptane, Z-methyl-4-
ethylheptane, 3-ethyl-3-methylheptane, 3-ethyl-4-
methylheptane, 3-ethyl-b-methylheptane, 3mmethyiw4—
gthylheptane, 5-ethyl-2-methylheptane, 3,3,4-trimethylheptane,
3,3,5-trimethylheptane, 3,4,4-trimethylheptane, 3,4,5-

trimethylheptane, 4-propylheptane, 4-isopropylheptane,



2,2,3,3-tetramethylhexane,
2,2,3,5~tetramethylhexane,
2,2,4,5~tetramethylhexane,
2,3, 3, 4-tetramethylhexane,

2,3,4,4-tetramethylhexane,

69

2,2,3,4-tetramethylhexane,
Z2:2,4,4-tetramethylhexans,
2,2,5,5-tetramethylhexane,
2,B,B,SMtetramethyihéxane,

2,3,4,5~tetranethyvlhexanes,

3,3,4,4~tetramethylhaxane, 2,Z-dimethyl-3-athylhexans, 2,3~

dimethyl-3-ethylhexane, 2,3-dimethyl-4-ethylhexane, 2,4-

dim tdyl~4wethylhexane, 2, 5-dimethyl~3-ethylhexane, 3,3~

dimethyl-4~ethylhexane, 3,4-dimethyl-3-ethylhexane, 3-ethyl~
2,4-dimethylhexane, 4-ethyl-2,Z2~dimethylhexane, 3,3~

diethylihexane, 3,4-diethylhexane, 2,2,3,3,4~

pentamethylpentane, 2,2,3,4,4-pentamethylpentane, 2,2,3-
trimethyl-3-ethylpentane,

2,2,4~trimethyl-3~athylpentane,

2:3,4-trimethyi~3~ethylpentans, 2,4-dimethyl-3~

isopropylpentane, 2-methyl-3-3-diethylipentane, 4-ethyl-4-
methylpentane, cyclodecane, methylcyclononane, 1,5~
dimethylcyclooctane, ethylcyclooctane, cycloheptane, 1,1,2,3-

tetramethylcyclohexane, 1,1, 3,3-tetramethylcyclohexane,

1,%1,3,5~tetramethyvlcyclohexane, 1,1,4,4~

tetramethylcyclohexane, 1,2,2,4~tetramethyleyceliohexane,

1,2,3,4~tetramethyleyclohexane, 1,2, 3,5~
tetramethyvlcyclohexane, 1,2,4,5~tetramethyleyclchexane,
butyleyclohexane,

1,3~disthylcycichexans, 1,4~

diethylcyclochexane, l-sthyl-Z-propylcyclohexane, 1,3~



i
<

20

70

dimethyl-5~ethylcyclohexane, l-ethyl-2,3~dimethylcyclohexane,
l-ethyl-2, 4-dimethylcycleohexane, i-isopropyl~l-
methylcyclohexane, l-isopropyi-Z-methylcyclohexane, 1-
isopropyl~3-methylcyclohexane, L-iscpropyl-4-
methylcyclohexane, l-methyl-Z-propylcyclohexane, l-methyl-3-
propylcyclohexane, 2-ethyl-1,3-dimethylcyclohexane, sec—
butylcycichexane, tert-butylcyclohexane, ischbutylcyvelohexane,
1,2,3,4,5~pentamethylcyclopentane, 1,2,3-trimethyl-4-
ethyleyclopentane, l,2~dimethyl~3~isopropylcyciopentane, 1-
ethyl-3~isopropyleycleopentane, l-methyl-2,4-
diethylcyclopentane, l-methyl-2-butylcyclopentane, l-methyl-
3-tert-butylcyclopentane, l-methyl-3-isobutylcyclopentane, 2-
isopropyl-1, 3-dimethylcyclopentane, Z~cyclopentylpentane, 2-
methnylbutylecyclopentane, lsopentylcyclopentane,
pentyléyclopentane, Z-athyl~l-methyl-2-propyleyclobutane,
1,1, 2-trimethyl-3-iscbutylcyclopropane, 1,l-dimethyl-2-
pentylcyclopropans, I1,2-dimethyl-l-pentylcyclopropane, 1,7-
dimethyl-3-pentylcyclopropane, l-ethyl-Z-pentylovclopropane,
I-hexyl-2-methyicyclopropane, l-methyl-2- (1=
methylpentyl)cyvclopropane, and 1l-methyl-2-(3-
methylpentyl)cyclopropane,
(01487

Among the hydrocarbon solvents with 4 to 10 carbon atoms,

hydrocarbon solvents with 5 to 8 carbon atoms are preferred
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from ap industrial point of view. Furthermore, a2 mixture of
these hydrocarbon solvents is alsc preferably used To prepare
the catalvst sclution for the sake of convenience in
industrial applications.

[0148]

[Olefin]

In the method for producing an olefin polymer according
to the present invention, an clefin having twe or more carbon
atoms i3 used as a material of the olefin polymer. One tLype
of the olefin may be used alone or at least two types may be
used in combination.

[0150]

The colefin is an olefin having two or more caxrbon atoﬁs,
preferably 3 to 20 carbon atoms, more preferably 3 to 10
carbon atoms. The olefin is preferably an d-~olefin, and more
preferably a linear or branched w-olefin.

[OL51]

Examples of such an olefin include ethyvlene, propylene,
l-butene, Z-butene, l-pentene, 3-methyl-li-~butene, l-hexene,
4-methyl-l-pentene, 3-methyl-l-pentene, l-octene, l-decene,
1-dodecene, l-tetradecene, 1l-hexadecene, l-octadecene, and 1-
gicosene, Among these, propylene is especially preferred.
[0152]

In addition to the olefins, the following substances can
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be used as a material of the clefin polymer in the present
invention:

cycloelefins having 3 to 30 carbon atoms, and preferably
3 to 20 carbon atoms, such as cyclopentene, cycloheptene,
norbornene, S-methyl-2-norbornene, tetracyclododecene, and 2-
methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a—
octahydronaphthalene;

polar monomers such as o, PB-~unsaturated carboxvlic acids,
e.g., acrylic acid, methaprylic acid, fumarilic aclid, maleic
anhydride, itaconic acid, itaconic anhydride, and
picyclo(2,2,1)-5-heptene-2, 3-dicarboxylic anhydride; metallic
salts of these o,PB-unsaturated carboxylic acids, such as
sodium salts, potassium salts, lithium,salts; zinc salts,
magnesium salts, and calcium salts thereof; o,B~unsaturated
carboxylic esters such as methyl acrylate, n-butyl acrylats,
n-propyl acrylate, isopropyl acrylate, n-butyl acrylate,
igobutyl acrylate, tert-butyl acryvlate, 2-n-butylhexyl
acrylate, methyl methacrylate, n-butyl methacrylate, n-propyl
methacrylate, isopropyl methacrylate, n-butyl methacrylate,
and iscbutyl methacrylate; vinyl esters such as vinyl acetate,
vinyl propicnate, vinyl caproate, vinyl caprate, vinyl
laurate, vinyl stearabte, and vinyl triflucrcacetate; and
unsaturated glycidyl esters such as glycidyl acrylate,

glycidyl methascrylate, and monoglyeidyl itaconate.
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1015373

Furthermore, the polymerlization can be carried out in
the presence of the following substances in a reaction
system: vinylcyclohexane, diene, and polyene; aromatic vinyl
compeunds, e.g., monce or polyalkylstyrenes such as styrene,
o-methylstyrene, m-methylstyrene, p-methylstyrene, o,p=-
dimethvlstyrene, o-n-butylstyrene, m-n-butylstyrene, and p-n-
butylstyrene; functional group-containing styrene derivatives,
such as methoxystyrene, ethoxystyrene, wvinylbenzolc acid,
methyl vinylbenzoate, vinylbenzyl acetate, hydroxystyrsne, o-
chlorostyrene, p-chlorostyrene, and divinylbenzene; and 3-
phenylpropylene, 4-phenylpropylene, and da-methylstyrene.
[0154]

In a preferred embodiment of the present invention, at
least propylene is used as the olefin. The amount of
propylene is, for instance, preferably Iu the range of 60 to
100 mol%, and more preferably 70 to 100 mol% relative to 100
mold of the olefin. In a produced polymer, the propylene-
derived constitutional unit content measured by “C-NMR
spectroscopy is preferably in the range of 60 to 100 mols,
and more preferably 70 to 100 mol%,

0155]

e

[Conditions for Producing Olefin Polymer]

In the method for producing an olefin polymer according
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to the present invention, the polymerization temperature is
not particularly limited and noxrmally from -100 te 250°C,
preferably 40 to 200°C, more preferably 45 to 130°C, and
especially preferably 50 to 130°C {in other words, a
temperature proper in an industrial production process is
especially preferred). The polymerization pressure is
normally from normal pressure to 10 MPa-G {(gauge pressurej,
and preferably from normal pressure to 5 MPa-G. In the case
where at least propylene i1s used as the olefin, the
polymerization temperature is preferably not less than 50°C,
and especially preferably from 60 to 150°C in terms of the
productivity.

[0156]

The polymerization reaction may be batch, semi-
continueus, or continuous polymerization. Moreover, the
polymerization may be carried out in two or more stages in
which the reaction conditions are different from esach other.
[0157]

The melting point ©f the olefin polymer can be adiusted
by changing the polymerization temperature. The molecular
welght of the olefin polymer can be adjusted by allowing
nydrogen to be present in a polymerization system or by
changing the polymerization temperature. In addition, the

molecular weight of the olefin pelymer can be adjusted alsc
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by changing the amount of the compound (B} used as a

- componéent of the catalyst for olefin polvmerization. In the

case where hydrogen is added, the amount thersof isg
appropriately in the range of approximately 0.001 to 100 NL
per kilogram of an clefin.

[0158]

In the method for producing an olefin polymer according
to the presgent invention, components contalned in the
catalyst for olefin peolymerization, such as the bridged
metallocene compound (A) and the compound (B}, are used in an

arbltrary manner and order in the polymerization, and

et

examples of the method are as follow

n

s
*

(01597

o2

(1} a methed in which the bridged metallocene compound
(A} and the compound (B} are put into a polymerization vessel
in any order, (2} a method in which the compound (B) and a
cavtalyst component in which the bridged metallocene compound
(A} has been supported on the support (C) are put into a
polymerization vessel in any order, (3) a method in which the
bridged metallocene compound [A) and a catalvst component in
which the compound (B) has been supported on the support (C)
are put into a polymerization vessel in any order, and (4) a

method in which a catalyst component in which the bridge

metallocene compound (A) and the compeound {B) have beaen
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supported on the suppert (C) is put into a polymerization
vessel.
[C160]

in each of the methods {1) to (£), the catalyst
coﬁponenﬁs can be preliminarily dissclved in a sclvent.
Nermally usable solvents are the above-mentioned hydrocarbon
solvents with 4 to 10 carbon atoms. In the present invention,
as described above, a highly concentrated catalyst sclution
(sclvent: hydrocarbon solvent) of the bridged metallocene
compound (A) can be prepared. In terms of polymerization
activity, it is preferable to supply a catalyst solution in
which the cmngentration of the bridged metallocene compound
(a) is in the range of 0,03 mmcl/L to 2.0 mel/L, to a
polymerization system; the concentration being more
preferably 0.04 mmol/L to 1.5 mol/L, and further preferably
0.05 mmol/L to 1.0 mol/L.

10161}

In the case where a highly concentrated catalyst
soluticn of the bridged metallocene compound (A) is used,
high polymerization activity is exhibited even 1f time from
the preparation of the catalyst solution te the supply
therecof to a polymerization system (héreinafter also referred
to as "holding time™) is long. This is because effects of

poisoning and deactivation brought about by the solvent are
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small in the case where the catalyst solution is highly
concentrated. The holding time can be, for example, normally
120 hours or less, and preferably 36 hours or less.

[0162]

in the case where a catalyst solution in which the
concentration of the bridged metallocene compound (A) is less
than 0.02 mmol/L is supplied to a2 polymerization system, the
holding time is preferably 24 hours or less, and more
preferably 12 hours or less to reduce polsoning and
deactivation by the sglvent.

{01637

In the methods (1) to (3}, when the bridged metallocens
compeound {A) is dissclved in a solvent or when a catalyst
component in which the bridged metallocene compound (A) has
bheen supported on the support (C} is dissolved in a golvent,
it is preferrgd that the compound (B} be not simultaneocusly
dissolved.

[0164]

In each of the methods (1) to (4), at l=sast two of the
catalyst components may be preliminarily brought into contact
with each other. In sach cof the methods (3) and {4) in which
a compound (B) has been supported on the suppoert (C), another
unsypperted compound (B) may be optionally put into a

polymerization vessel in any order. In this case, the
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compound (B} supported on the support (C) and the unsupported
compound (B) may be the same as or different from each other.
[Gleb]

On a2 solid catalyst component in which the bridged
metallocene compound (A} has been supported on the support
{Cy or a solid catalyst component in which both the bridged
metallocene compound (A) and the compound (B) have been
supported on the support (C), an clefin may be preliminarily

polymerized, and another catalyst component may be supported

{

on the solid catalyst compeonent subijected to preliminary
polymerization.
(01661

In the method for producing an colefin polymer according
£o the present invention, homopolymerization of one of the
clefins or copolymerization of two or more thereof ig carried

out in the presence of the catalyst for olefin polymerization

pa

o produce an olefin polymer. In the present invention, the
polymerization may be any of liguid-phase polymerization,
such as solution polymerization and suspension polymerization,
and vapor-phase polymerization.
16187}

Examples of an inert hydrocarbon solvent, namely a
polymerization sclvent, used in liguid-phase polymerization

include aliphatic hydrocarbons, such as propane, butane,
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pentane, hexane, heptane, cctane, decane, dodecane, and
kerosene; alicyclic hydrocarbons, such as cyclopentane,
cyclohexaneg, and methylcycleopentane; aromatic hydrocarbons,
such as benzene, toluene, and xylene; and halogenated
hydrocarbonsg, such as ethylene chloride, chlorobenzene, and
dichloromethane. One type cf these inert hydrocarbon
soclvents may be used alcne or at least two types may be used
in combination. A&n olefin itself used as a material of the
olefin polymer may be used as a solvent.

[C1é8]

[Clefin Polymer]

According to the present invention, in the case where an
olefin such as propylene is polymerized, an olefin poiymer
having high melting point and high molecular weight can be
efficiently produced not cnly at low polymerization
tenmperature but also at nhigh polymerization temperature with
high polymerization activity.

[0169]

The weight average molecular welght (Mw) of the olefin
polymer, which can be measured by gel permeation
chromatography (GPC), is normzlly not less than 90,000,
preferably in the range of 97,000 to 1,000,000, and more
preferably 110,000 to 1,000,000, The MWD {(weight average

molecular welght (Mw)/number average molecular weight (Mn))
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of the propylene polymer is normally from 1 to 3, preferably
from 1 to 2.9, and more preferably from 1 to 2.8.
[0176]

- The bridged metallocene compound {A) used in the present
invention has characteristics specific to so-called a single-
site catalyst and is thus effective for production of the
above-mentioned polymer having a narrow molecular weight
distripution. Needless to say, multistage polymerizatiocn in
which polyvmerization reactions are sequentilally carried out
under differeat conditions can be alsc employed to produce a
polymer having a broader molecular weight distribution.
[e171]

The intrinsic viscosity [n] of the ﬁlafin polymer is
preferably not less than 1.20 dl/g, more preferably not less
than 1.25 dl/g, and further preferably not less than 1.35
dl/g. The upper limit of the intrinsic wviscosity [n] is
normally approximately 10 dl/g.

0172}

ey

A propylene polymer having weight average molecular
welght (Mw) and intrinsic viscosity [ni, which is an index of
molecular weight, satisfying the above-mentioned range can be
melt-extruded with high stability.

[0173)

The physical properties of a propylene polymer will now
phy propy ¥
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be described on the basis of a propylene homopolymer or a
copolymer of propylene and an olefin other than propylene
{the case where at least propyvlene is used as the clefin).
[0174)

The melting point (Tmj of the propylens polymer, which
can be measured by differential scanning calorimetry (DSC),
is normally not less than 135°C, preferably from 140 to 170°C,
and more preferably 143 to 170°C. A propylene polymer having
a melting point (Tm) which satisfies such a range can bs well
ghapead.

[0175]

The crystallization temperature (Tc} of the propylene
polymer, which can be measuréd by DSC, is normally not less
than 70°C, more prefe&ably from 80 to 150°C, and further
preferably from 85 to 130°C. A propylene polymer having a
crystallization temperature (Tc) which satisfies such a range
can bhe well shaped.

[o178]

In the case where multiple crystaliine melting peaks are
observed (for example, low-temperature side peak Tml and
high-temperature side peak TmZ) in the propylene polymer, the
high-temperature side peak is defined as the melting point
(Tm) of the propylene polymer.

(01771



g2

In the present invention, the weight average molecular
welght (Mw), number average molecular weight (Mn), intrinsic
viscoslty [n], melting point (Tm), and crysztallization
temperature (Tg) of an olefin polymer are measured under

5 conditions described in EXAMPLES.
[0178]

In general, increasing the polymerization temperature in
polymerization of an clefin leads to decreases in the melting
point and molecular weight of the olefin polymer. The

10  catalyst for olefin polymerization enables an clefin polymer
having & melting point (Tm} of not less than 145°C and a
welght average moleculsr weight (Mw} of not less than 87,000
to be efficienﬁiy produced with high polymerization activity
even at temperature proper in an industrial production

15  process.

EXAMPLES
[0179]

The present invention will now be further specifically
described with reference to Exaﬁples; however, the present

20 dinvention is not limited thereto. Methods for determining
the physical properties and characteristics of an colefin
polymer will be described.

[0180]

[Melting Point (Tm} and Crystallization Temperaturse
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{fc}l

The melting point (Im} cr crystallization temperature
(Tey of an olefin polymer were measured as follows with DsC
Pyrisl or DSCT7 manufactured by PerkinBElmer Inc.

5 f0181]

Under a nitrogen atmosphere (20 mL/min), a sample
(approximately 5 mg) was [1) heated to 230°C and held at
2320°C for 10 minutes, {2) cooled to 30°C at 10°C/min and held
at 30°C for 1 minute, and then (3) heated to 230°C at

10 10°C/min. The melting point (Tm) was determined from the top
of the crystalline melting peak shown in the heating process
in the step (3); and ?he crystallization temperature (Tc) was
determined from the top ¢f the crystallization peak shown in
the cooling process in the step {2}.

15 (0182}

In the case where multiple crystalline melting peaks
(for exeample, low-temperature side peak Tml and high-~
temperature side peak TmZ) were observed in an olefin polymer
in each of Examples and Comparative Examples, the high-~

20  temperature side peak was defined as the melting point {Tm)
of the clefin polymer.

[0183]

[Intrinsic Viscosity (n]]

The intrinsic viscosity [n] of an olefin polymer was
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nmeasured at 135°C with the use of a decalin solvent. In
particular, pellets (approximately 20 mg) into which an
clefin polymer had been granulated were dissclved in a
decalin solvent {15 mL}, and the épecific viscosity msp
thereof was measured in an oil bath at 135°C. A decalin
solvent {5 mi) was further added to the decalin sclution for
dilution, and then the specific viscosity nsp of the
resulting solution was similarly measured. The addition of
decalin solvent (5 ml} for dilution was further repeated
twice, and the value of nep/C obtained by extrapolating the
concentration (C) of the olefin polymer to zero was defined
as the i;trinsic viscosity In] of the clefin polymar.
[0184]

Intrinsic viscosity [n] = lim(nsp/C) (C-0)

[Weight Average Molecular Weight (Mw), Number Average

Molecular Weight {Mn;, and Melecular Weight Distribution

(Mw /Mn} ]

Weight average molecular weight (Mw), number average
molecular weight (Mn), and molecular weight distribution
(Mw/Mn: MWD) were measured as follows with a gel permeation
chromatograph "Alliance GPC-20007 manufactured by Waters Corp.
The separation columns were two columns of TSKgel GHHG-HT and
twe columns of TSKgel GNHE-HTL, each cclumn had a diameter of

7.5 mm and a length of 300 nm, and the column temperature was
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140°C. The mnoblle phase was o-dichlorobenzene (manufactured
by Wako Pure Chemical Industries, Ltd.), and 0.025 weight’ of
BHT (Takeda Pharmaceutical Company Limited.) was usad as an
antioxidant. The mchile phase was allowed To follow at 1.0
mL/min, the concentration of a sample was 15 mg/10 ml, the
amount of a sample to be fed was 500 pL, and & differential
refractometer was used as a detector. As for a standard
polystyrene, when a molecular weight satisfied the
relationship of Mw < 1000 or Mw > 4 x 10% a product
manufactured by TOSQH CORPCRATION was used, and when a

molecular welght satisfied the relationship of 1000 £ Mw £ 4

% 10% a product manufactured by Pressure Chemical Company
was used. The molecular weight distribution and the average
molecular weights were calculated by a general calibration
procedure in terms of the molecular weight of polypropylene.

10185}

[Tdentification of Objective]

The structure of a compound produced in each of
Synthetic Examples was identified by 270-MHz *H-NMR
spectroscopy {(using GSH-270 manufactured by JEOL Ltd.) and
FD-MS (using SX-102A manufactured by JEOL Ltd.).

[01lge]

(Bridged Metallocene Compounds Used in Comparative

Examplies]



Bo

Bridged metallocene compounds used in Comparative
Examples were synthesized by technigues disclosed in the
following Patent Literature; JPA 2000-212194, 2004-168744,
2004-189666, 2004-161957, 2007-302854, and 2007-302853 and WO

5 DL/0RTLZE.
[0187]

[Synthetic Example 1] Synthesis of Catalyst {a):

Benzyl {phenylimethylene (cyclopentadienyl) {2, 7-diphenyl-3, 6-
di-tert-butylfiucrenyl)zirconium Dichloride

10 [

[

188]

[C1l85]

(i} Svnthesis of 2,7-dibromo-~3, 6-di-tert-butvlifluorens
Y

Under nitrogen flow, 170 ml of propylene carbonate was

po
&2

added to 15.22 g (b4.7 mmol) of 3,6-di-tert-butylfliuorene,
and they were stirred. Then, 20.52 g (115 mmol) of N~
bromosuccinimide was added to the sclution. The resulting

solution was heated and stirred at 80°C for 5 hours. The
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reaction sclution was left to stand to cool and éhen added to
800 mL of water. The product was stirred at room temperature
for 15 minutes and filtered with a Hirsch funnel. The
cbtained whitish yellow powder was washed five times with 10
mL of éthanolu A mized solution of hexane and a slight
amount of dichloromethane was added to the powder, and the
product was heated to 60°C to thoroughly dissolve the powder.
The solution was left to stand overnight at -20°C. The
precipitated crystal was washed three times with 5 mL of
hexane to obtain an objective that was whitish yellow powder
{amount: 21.16 g and yield: 76%).

‘H-NMR (270 MHz, CDCl,, TMS): & {ppm} 1.60 (18H), 3.75 (2H),
7.73 (2H), 7.81 {2H).

M3 (FD): M/z 436 (M).

(iiy Synthesis of 2, 7-diphenyl-3,6-di~tert-putylflucrene

Under a nitrogen atmosphere, £.15 g {(18.7 mmeol) of 2,7~
dibromo-3, 6~di~tert~butylfluorene, 1.08 g (0.83 mmol) of
Pd{PPhs), and 120 mL of dry 1,2-dimethoxyethane were put into
& 300-mL three-necked flask and then stirred at room
temperature for 20 minutes. To this sclution, 20 mL of a
solution of 5.01 g {41.1 mmol) of phenylborenic acid in
ethanol was added, the resulting solution was stirred at room

temperature tor 20 minutes, and then 37.4 mL (74.8 mmol) of

an agueous solutien of 2.0-M sodium carbeonate was added
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thereto. Then, the product was heatéd for 18 hours under
reflux, left to ztand to cool, and guenched with dilute
hydrochleric acid in an ice bath. Ether was added thereto,
the soluble part in ether was extracted, and the organic
layer was washed twice with an aquecus solution of saturated
sodium hydrogen carbonate, further twice with water, and
fuarther twice with a saturated salt solution and then
dehydrated with magnesium sulfate. The solvent was distilled
off, and then the cbtained so0lid was separated by column
chromatography to obtain an objective (amount: 4.36 g and
yield: D54%).

‘HeNMR (270 MHz, CDCls, TMS): & (ppm) 1.29 (18H), 3.78 (2H) ,
7.16 (2HYy, 7.34 (10BY, 7.87 (ZH).

MS (FD): M/z 430 (M').

{iii) Synthesis of &-benzyl-S-phenylfulvene

Under a nitrogen atmesphere, 2.45 g (25.7 mmol) of
anhydrous magnesium chloride and 20 ml of dry THF were put
into & 100-mL Schlenk flask and then stirred. To this mixed
solution, 10.6 mL (21.2 mmol) of a solution of 2.0-M sodium
cyclopentadienide in THF was added. Thean, the product was
neated for an hour under reflux, the obtained pink sliurry was
cooled in an ice bath, and a solution in which 3.5 g (17.8
ﬁmol} of benzvl phenvl ketcne had been dissolwved in 15 nml of

dry THF was subseguently added thereto. Then, the product
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was stirred at room tempersture for 18 hours, and the
obtalined orange solution was guenched with dilute agueous

hydrochloric acid. Then, 30 mlL of diethyl ether was added

thereto, the scluble part in diethyl ether was extracted, and

the organic layer was neutralized and washed with an agueocus
soiluticn of gsaturated sodium hydrogen carbonate, water, and a
saturated zalt solution and then dehydrated with anhydrous
magnesium sulfate, The solvent was distilled off, and then
the.residue was purified by silica gel column chromstography
to cbtain an objective that was a reddish orange sclid
famount: 2.7 ¢ and vield: 62%).

H~NMR (270 MHz, CDCl;, TMS): & (ppm) 4.2 (2H), 6.15-6.75 (4H),
7.08-7.30 (LOH). |

M8 (GC): M/z 244 (M7).

(iv) Synthesis of

Benzyl (phenyl)methylene {cvclopentadienyl) (2, 7-diphenyl-3, 6~

di-tert-butylfliuoreng)

Under nitrogen flow, 40 ml of anhydrous THF was added to
4.02 g (2.3 mmel) of 2, 7-diphenyl~3, 6~di~tert-butylflucrene,
they were ztirred for dissolution and cocled in an ice bath,
and then 6.2 wl (10.1 mmel) of a scolution of 1.63-M n-
putyilithium in hexane was added thereto. The product was

stirred at room tempsrature for 2.5 hours, the cobtained deep

red solution was subseguently cooled in a dry ice-methanol
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bath, and.a solution (15 mL) of 2.7 g (11.1 mmol) of &-
benzyl-6-phenylfulvene in THY was added thereto. The product
was stirred for 16 hours while the temperature was gradually
increased to room temperature, and dilute. hydrochloric acid
was added to the resuliing deep red solution in an ice bath
to terminate the reaction. Diethyl ether was added thereto
to separate the organic layer from the water layer, tThe water
layer was subjecﬁed to extraction twice with diethyl etherx,
and then the extract was combined with the organic layer.

The resulting organic laysr was washed twice with an agueous
soluticon of saturated sodium hydrogen carbonate, further
twice with water, and further.once with a saturated salt
solution and then dehydrated with anhydrous magnesium sulifate.
The solvent was distilled off, and the residue was purified
by silica gel column chromatography To obtain an objective
that was pale yellow powder (amount: 2.3 g and yisld: 36.09%).
H-NMR (270 MHz, CDClay): & (ppm) 1.21-1.31 (18H), 2.53-2.82
(2H), 3.42-3.78 (2H), 4.83 (lH), 5.84~-6.10 {3H), 6.75~7.31
(22H), 7.63-7.70 (Z2H).

(v) Synthesis of

Benzyl (phenyl)methylene (cyclopentadienyl) (2, 7-diphenyl-3, 6-

di~-tert-butylfluocrenyl)zirconium Dichloride

Under a nitrcogen atmosphere, 0.81 g (1.20 mmel) of

benzyl (phenyl)methylene (cyclopentadienyl) (2, 7-diphenyl~3, 6-
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di-tert~butylfluorens) and 40 mL of anhvdrous diethyl ether

were put intc a 100-mL Schlenk flask and then stirred for

]
()
Lo

dissolution. This solution wzs cooled in an ice bath,
ml. (2,61 mmol) of a solution of 1.63-M n-butyllithium in
hexane was added thereto, and the product was stirred at ice
temperature for 4 hours. The cbtained orange slurry was
cooled in a dry ice-methanol bath, and then 0.30 g {1.29
mmol) of anhydrcus zirconlum tetrachloride was added thereto.
Then, the product was stirred for 17 hours while the

temperature was gradually increased to room temperature,

o+

hereby producing a reddish brown suspension.
01907

The solvent was removed under reduced pressure, the
product was subseguently subjected to extraction with
dichloromethane in a glove box, dichloromethane was distilled
off, and then the product was further subljected to extraction
with pentane. Pentane was digtilled off under reduced
pressure, and the product was further dried under reduced
pressure to producse an objective that was orange powder
{amount: 0.49 g and yield: 48B.8%%).
*H-NMR (270 MHz, CDCls): & (ppm) 1.19-1.25 (1BH), 3.74-4.39
(2H), 5.37-6.45 (4H), 6.65-7.053 (22H), B.22-B.29 (ZH).
MS (FD): M/Z 834 (M7

Under a nitrogen atmoesphere, 10 mg of this catalyst (a)
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was collected in a sample bottle, n-hexane was added thersto
at 25°C under stirring to dissolve the catalyst (a}, and the
solubility determined from the amount of n-hexane nescessary
for the dissolution was 1.005 mmol/L.
(01911

[Synthetic Example 21 Catalyst (b):
Benzyl {phenyl)methylene (cyclopentadienyl) (2, 7-di-p~

chlorophenyl-3, 6-di tert-butylfluorenvlizirconium Dichloride

(i} Syntheszsis of

Benzyl (phenyl)methylene {cyclopentadienyl) (2, 7T-di~p~-

chlorophenyl-3, 6~di-tert~butvliluorene)

g

Under nitrogen flow, 200 mL of anhydrous THF was added
to 2.15 g {4.3 mmol) of 3,6-di-tert-butyl-2,7-di-p~
chlorephenyifluorene, they were stirred for dissclution, the
sclution was cooled in an ice bath, and 2.%96 mL (4.7 mmol) of

a soluticn of 1.63-M n-butyilithium in hexane was added
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thereto. The product was stirred at room temperaturse for 1.5
hours, the obtained deep red soluticn was subseguently cooled
in a dry ice-methancl bath, and a solution of 1.26 g (5.2
mmol) of 6~henzyl-&é-phenvlfulvene in THF (50 mL) was added
thersto. The product was stirred for four hours while the
temperature was gradually increased to room temperature, and
dilute hydrochloric acid was added to the resulting solution
in an lce bath to terminate the reaction. Diethyl ether was
added thereto for separation, .the water laver was subjected
to extraction twilice with diethyl ether, and then the extrsct
was combined with the organic layer. The resulting organic
layver was washed twice with an agqueous solution of saturated
sodium hydreogen carbonate, further twice with water, and
further once with a saturated salt sclution and then

dehydrated with anhydrous magnesium sulfate. The solvent was

distilled off, and the residue was purified by silica gel

0

olumn chromatography To obtain an objective that was pale

allow powder {amount: 1.8 ¢ and yield: 56%).

W

H-NMR (270 MHz, CDCls): & {ppm) 1.21-1.31 (18H), 2.53-2.82
[ZHy, 3.42-3.78 (2H), 4.83 {(1H), 5.84-6.10 {3H), 6.75-7.31
(20HY, 7.63~7.70 (2H).

(11) Bynthesis of

Benzvl (phenvl)methylene (cyclopentadienyl) (2, 7-di-p-

chlorephenvl-3, 6~di-tert-butylfluorenyl)zirconium Dichloride
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Under a nitrcgen atmesphere, 0.2% g {1.33 mmol) of
benzyl (phenyl)methylene (cyclopentadienyl) (2, 7-di~p~-
chlorephenyli~3, 6—di~-tert-butylfluorense) and 50 mL of
anhydrous diethyl ether were put into a 100-mL Schlenk flask
and then stirred for dissclution. This scolution was cooled
in an ice batn, 1.71 mL (2.79 mmol) of a solution of n-
putyllithium having a concentration of 1.63 M in hexans was
added therets, and the product was stirred at ice temperature
for 4 hours. The cbhtained orange slurry was cooled in a dry
ice-methanol bath, and then (.31 g (1.33 mmol)) of anhydrous
zirconium tetrachloride was added thereto. Then, the product
was stirred for 17 hours while the temperature was gradually
increased to room temperature, thereby producing a reddisﬁ
brown suspeéension.

01543

The solvent was removed under reduced pressurs, the
product was subsecuently sublscted to extraciion with
dichloromethane in a glove box, dichloromethane was digtilled
off, and then the product was washed with pentane and drisd
under reduced pressure to produce an oblective (amount: 0.50
g and vield: ©9.3%).

"H-NMR (270 MHz, CDCls): & (ppm) 1.19-1.25 (18H}, 3.74-4.39
{2H}, 5.37-6.45 [4H), ©.65-7.53 (20H), 8.22-8B.29 (Z2H).

MS (FD): M/7 834 (M%)
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Under a nitrogen atmosphere, 10 mg of tﬁiS catalyst (b}
wags collected in a sample bottle, n-hexane was added thersto
at 25°C under stirring to dissolve the catalyst (b}, and the
solubility determined from the amcunt of n-hexane nacessar
for the dissolution was 4.088 mmol/L.

(01957

[Synthetic Example 3] Catalyst (¢): Benzyl (p-
chlorophenyl)methylene(cyclopentadienyl) (2, 7-diphenyl-3, 6-di~
tert-putylfluorenyl)zirconium Dichloride

(0196}

o

(i} Synthesis of &-benzyl-6-{(p-chlorophenyl) fulvene

Under a nitrogen atmosphere, 2.45% g (25.7 mmol) of
anhydrous magnesium chleride and 20 mL of dry THF were put
inte a 100-ml Schlenk flask and then stirred. To this mixed
gelution, 10.&6 mL (21.2 mmol) of a sclution of sodium

cyclopentadienide having a concentration of 2.0 mol/L in THF

was added. Then, the product was heated and refluxed for an
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hour, the cbtained pink slurry ﬁas cooled in an ice bath, and
a soiution in which 3.5 g (17.8 mmcl) of benzyl(p-
chlorophenyl) ketone had been dissolved in 15 mi of dry'THF
was subseguently added thersto. Then, the product was
stirrad at room Temperaturse for 18 hours, and the obtained
orange solution was gquenched with dilute aguecus hydrochloric
acid. Then, 30 ml of diethyl ether was added thereto, the
soluble part in diethyl eﬁh@r was extracted, and the organic
phase was neutralized and washed with an agueocus scolution of
saturated sodium hydrogen carbonats, water, and a saturated
salt soluiion and then dehydrated with anhydrous magnesium
sulfate. The sclvent was distilled off, the residue was
subseguently purified by silica‘gel column chromatography to
cbtain an objective that was a reddish corange solid {amount:
2.7 g}, and the cbijective was directly used in the subseguent
process.

[0188]

{ii) Synthesis of Benzvlip-

chlorophenyvl)methylens (cyvciopentadienyl) (2, T-diphenyl-3, 6-—-di-

tert-pbutylfluorene)

Under nitrogen flow, 200 mL of anhvdrous THF was added
to 4.3 g {10 mmol) of 3,6-di-tert-butyl-2,7-diphenylifluorene,
they were stirred for dissolution and cooled in an ice bath,

and thern 11 mbL {(6.74 mmoel) of a solution of 1.63~M n-
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butyliithium in hexane was added thereto. The product was
stirred at room temperature for 1.3 hcours, the cbtained deep
red solution was subseqguently cooled in a dry lce-methanol
bath, and a sclution of 3.34 g (12 mmol) of &-benzyl-&-{p-

5 chlorophenyl)fulvene in THE (50 mlL) was added thereto. The
product was stirred for four hours while the temperature was
gradually increased to rcom temperature, and then dilute
hydrochloric acid was added to thé regulting sclution in an

ice bath to terminate the reaction. Diethyl ether was added

[
<

theretc for separation, the water layer was subjected to

extraction twice with diethvi ether, and then the extract was
compbined with the organic layer. The ;esulting organic laver
was washed twice with an agqueocus sclution of saturated scdium

hydrogen carbonate, further twice with water, and further

ford
182

once with a saturated salt solution and then dehydrated with
anhydrous magnesium sulfate. The solvent was distilled off,
and the residue was purifiied by silica gel column

chromatography to produce an obijectivs (amount: 5.2 g and

e

yield: 73%).

20  CH-NMR (270 MHz, CDClz): & (ppm) 1.21-1.31 (18H), 2.53-2.82
(ZE), 3.42-3.78 (2H), 4.83 (1lH), 5.84~6.1C (3H), 6.75-7.31
(19H), 7.63-7.70 (2ZH).

{1ii1) Synthesis of Benzvl (p-

chloromhenyl)methylene(cyclopentadienyl}(2,7Mdiphenyl—3r6—di-
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tert-putylfluorenyljzirconium Dichloride

=

Under a nitrogen atmcaphere, 2.7 g (3.81 mmol} of
benzyl(pwchlorophenyi)methylene{cyclopentadienyl}(2,7w
diphenyl=-3, 6-di-tert-butylfluorene) and 50 mL of anhydrous
diethyl ether were put intec a 100-mL Schlenk flask and then
stirred for disscluticon. This scolution was cooled in an ice
bath, 5.12 mL {7.%9% mmol) cf a sclution of n~-butyvlliithium
having a concentration of 1.63 M in hexane wag added thereto,
and the product was stirred at ice temperature for 4 hours.
The cbtained orange slurry was coolad in a dry ice-methanol
bath, and then 0.85 g (3.64 mmel) of anhydrous zirconium
tetrachloride was added thereto. Then, the product was
stirred for 17 hours while the temperature was gradually
increased to room temperature, thereby producing a reddish
brown suspension.

[0129]

The scolvent was removed under reduced pressure, the
product was subseguently subliectsed o extraction with
dichloromethane in a glove box, dichloromethane was distilled
off, and then the product was washed with pentane and dried
under reduced pressure to produce an objective {amount: 1.2 g
and yield: 36%).

*H~NMR (270 MHz, CDCi3): & (ppm) 1.19-1.25 (1B8H), 3.74-4.39

(ZH), 5.37-6.45 (4H), 6.65-7.53 (20H), B.22-8.29 (2H).
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ME (FD): M/Z 834 (M%)

Under a nitrocgen atmosphere, 10 mg of this catalyst (&)
was collected in a sample bottle, n-hexane was added thersto
at 25°C under stirring to dissolve the catalyst (c), and the
solubility determined from the amount of n-hexane necessary
for the dissolution was 1.383 mmol/L.

r0200]

R}

[Synthetic Example 4] Catalyst (d): Benzyl (p-

chlorophenyl-3, é~di-tert-butylifluorenyl) zirconium Dichleride

[0201]

{1) Bynthesis of Benzvlip-

chlorophenylimethylene (cyclopentadienyl) (2, 7-di-p-

chlorophenyl-3, 6-di-tert-butyifiuorens;

Under nitrogen flow, 40 mL of toluens and 3.5 g of THF
waere added to 1.53 g {(3.06 mmol) of 3,6~di~tert-butyl-2,7-di-

p—~chlorophenylfluorene, they were stirred for dissolution and
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cooled in an ice bath, and then 2 mi (3.3 mmol) of a sclution
of 1.67-M n-butyllithium in hexane was added thereto. The
product was stirred at room temperature for 1.5 hours, the
shtained deep red solution was subseguently cooled in a dry
ice-methanocl bath, and 1.1 g (3.95 mmol) of &-benzyl-6-(p-
chlorophenyl) fulvene was added thereto. The product was
stirred for 19 hours while the temperature was gradually
increased to room temperature, and dilute hydrochleric acid
was added to the resulting soluticn in an ice bath to
terminate the reaction. Diesthyl ether was added thereto for

separation, the water layer-was subjected to extraction twice

with diethyl ether, and then the extract was combined with

the organic layer. The resulting corganic layer was washed
twice with an agusous soclution ©f saturated sodium hydrogen
carbonate, further twice with water, and further once with z
saturated salt solution and then dehyvdrated with anhydrous
magnesium sulfate. The sclvent was distilled off, and the
residue was purified by silica gel column chromatography to
obtain an objective (amount: 1.0 gj.

[GZ203]

{11) Bynthesis of Benzyl(p~-

chlorophenyl)methvliene {cycliopentadienyl) (2, 7-di-p~

chlorophenyl-3, t~di~tert-butylflucrenyl) zirconium Dichloride

Under & nitrogen atmosphere, 600 mg (0.77 mmol) of
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benzyl{p-chlorophenylimethylene {cyclopentadienyl) (2, 7-di-p~
chlorophenyl~-3, 6-di-tert-butylfluorene) and 40 mL of
anhydrous diethyl ether wers mixed and stirred for
dissolutien. This sclution was ccooled in an Lce bath, (.96
mlL {1.62 mmol) of a solution of n-butyllithium having a
concentration of 1.67 M in hexane was added thereto, and the
product was stirred at ice temperature for 4 hours., The
obtained orange slurry was cooled in a dry ice-methanol bath,
and then 170 mg (0.73 mmcl} of anhydrous zirconium
tetrachleoride was added thersto. Then, the product was
stirred for 17 hours while the temperature was gradually
increased to room temperature, thereby producing 3 reddish
brown suspension.

[0204]

The solvent was removed under reduced pressure, the
product was subseguently subjected to extraction with hexane
in a glove box, hexane was distilled off, and then the
product was washed with pentane and dried undasr reduced
pregsure Lo produce an cbiective (amocunt: 350 mg).

"H-NMR (270 MHz, CDCls): & (ppm) 1.19-1.25 (18H), 3.74-4.39
(ZH), 5.37-6.45 {4H}, ©6.65~7.53 (19H), 8.22-8.23% ({ZH}.

Under a nitrogen atmosphere, 10 mg of this catalvst (d)

was collected in a sample bottle, n—hexane was added thereto

at 25°C under stirring to dissolve the catalyst {d), and the
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solubility determined from the amount of n-hexane necessary
for the dissclution was 0,9%01 mmol/L.
[062051

[Synthetic Example 5] Catalyst (e): Methyl{p-
tolyl)methylene {(cyclopentadienyl) (2, 7-diphenyl-3, 6-di-tert- -

putylfluorenyl) zirconium Dichloride

r0206]

(i) 6-methyl-6-(p-tolyl}fulvene

Under a nitrogen atmesphere, a solution of a
cyclopentadienylilithium salt (5.9 g, 81.9 mmol) in dry
diethyl ether {100 nl) was cooled in an ice kath, and 4"~
methylacetophencne (10.0 g, V4.2 mmol) was dropped thereinto.
Then, the product was stirred at room temperature for 20
hours to induce a reaction. After the reaction was
rerminated, dilute agueous hydrochloric acid wasg added
thereto, the product was subjected to extraction with hexane,
the organic layer was subseguently washed with water and then

dehydrated with anhydrous magnesium sulfate, and then the
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solvent was distilled off to produce a red liguid. The red

3
M

liquid was purified by column chromatography (silica gel,

solvent: hexane) to produce 2.8 g of 6-methyl-6-(p~-

tolyl) fulvene. The analytical values were as follows.

THeNMR (270 MHz, in CDCls, TMS internal standard substance): 8
(ppm} 7.25 {2H), 7.12 {(2H), 6.55 (1H), 6.51 (1H), 6.40 (1H),
6.15 (1Hy, 2.43 (3H), 2.30 (3H)

(iiy Methyl (p-tolyl)cyclopentadienyl {2, 7-diphenyl~3, 6~

Under 8 nitz

H
Q
i}
(]
o
o
it
o
Q
[15]
e
e
0]
[
M

a solution of n-
butyilithium in hexane (6.3 ml, 10.2 mmol} was dropped into a
solution of 2,7~diphenvl-3, 6-di-tert~butylfluorens (4.0 g,
9.3 mmol) in dry tetrahydrefuran {50 ml) at -10°C, and then
the product was stirred at room temperature for 20 hours.
Then, 6~-methyl-6-(p-~tolyl)fulvene (1.9 g, 10.2 mmol} was
dropped intco this solution at -10°C, and the product was
stirred at room temperaturs for 2 hours to induce a reaction.
After the resaction was terminated, dilute zqueous
hydrochloric acid was added thereto, the product was
subiected te extraction with hexane, the organic layer was
subseguently washed with water and then dehydrated with
anhydrous magnesium sulfate, and then the solvent was
distilled off to produce a light brown solid. The produced

solid was recrystallized with methanol to obtain 5.1 g of an
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objective. The analytical values were as follows.

'H-NMR (270 MHz, in CDCls, TMS internal standard substance): §
(ppm} 7.8 (2H), 6.30 te 7.35 {(15H), 6.70, 6.6, 6.5, 6.3, 6.15
(4H), 5.45, 5.3, 4.7 (2H), 2.95 to 2.7 (1H), Z2.18 (3H), 1.3
to 1.21 {18H), 1.01 to 1.00 (3H)

Fo~-M3: m/z 612 (M)

(1ii} Methyl (p=tolylimethylene (cyclopentadienyl; (2,7~

diphenyl~-3, 6~di-tert-butyl-flucrenyl) zirconium Dichloride

Under a nitrogen atmosphsre, a solution of n-
butyvllithium in hexane (2.1 ml, 2.3 mmol) was slowly dropped
into a soluticon of methyl (p~tolvljeyclopentadienyl (2,7
diphenyi-3, é-di-tert-butylflucrenyl)methane (1.@ g, 1.63
mmol) in dry diethyil etherx (40 ml), and then the product was
stirred at room temperature for 24 hours. Then, the product
was cooled to -60°C, zirconium tetrachloride (0.38 g, 1.63
mmol) was added thereto, and the product was stirred for 24
hours while the temperature was gradually returnsd to room
temperature. The obtained red suspension was filtered with
celite to remove lithium chloride., Then, the filtrate was
concentrated, washed with diethyl ether, and cocled with a
hexane solution. The precipitate was collected to yield 150
mg of methyl (p-toliylimethylene (cyclopentadienyl} (2,7~
diphenyl-3, 6-di~tert~butylflucrenyl)zirconium dichloride (red

solid}. The analytical values were as follows.
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'H-NMR (270 MH#, in CDCliy, TMS internal standard substance): &
(ppm) 8.2 (2H)}, 6.9 to 7.5 {(16H), 6.4 [(1H), 6.23 {(1H), 5.¢68
(1H}, 5.55 (1H), 5.38 {(lH), 2.25 (3H), 1.20, 1.25 (21H)

FD-MS: m/z 772 (M)

Under a nitrogen atmosphere, 10 mg of this catalyst (&)
was collected in a sample bottle, n-hexane was added thereto
at 25°C under stirring to dissolve the catalyst (e}, and the
solubility determined from the amount of n-hexane necessary
for the dissoclution was 6.221 mmol/L.

[0208]

[Synthetic Example &) Catalyst (fi: n-
octyl (phenyl)methylene (cyclopentadienyl) (2, 7~diphenyl-3, 6~-di-
tert-butylfluorenyl)zirconiuvm Dichloride

10209]

[C210]

(i) Synthesis of &~ (n-octyl)-6-phenvifulvens

Under a nitrogen atmosphere, 2.0 g (8.2 mmol) of n-

nonancphenone and 30 ml of dry THE were put intc a 106-mL
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Séhl@nk flask to produce a sclution. To this solution, 5.6
mi: {11.2 mmel) of a soclution of 2.0-M sodium
cyclopentadienide in THF was added under cooling with ice,
and the product was sﬁirred at room temperature for 18 hours.
Then, the obtained deep red solution was quenched with dilute
agqueous hydrochleric acld under cooling with ice. Then, 30
mL ¢of diethyl ether was added theretc, and the soluble part
in diethyl ether was extracted, and the crgsnic layer was
neutralized and washed with an aguecus sclution of saturated
sodium hydrogen carbonate, water, and a saturated salt
solution and then dehydrated with anhydrous magnesium sulfate.
The seolvent was distilled off, and then the residus was
pﬁrified by silica gel column chromatcgraphy to obtain an
oblective that was a red liguid (amount: 1.77 g and vield:
TZ.h%) .

[0211]

(11} Synthesis of n-

occtyl (phenylymethylene {cyclopentadienyl) (2, 7-diphenyl-3, 6~di-

tert-butylflucreane)

Under nitrogen flow, 40 mlL of anhydrous THE was added to
1.71 (3,87 mmol) of 2,7-diphenyl-3,6-di-tert-butyvifiluorene,
they were stirred for dissclutlion and cooled in an ice bath,
and then 2.8 mi (4.88 mmol) of a scliution of 1.67-M n-

butyllithium in hexane was added thereto. The product was
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stirred for 2 hours under cooling with ice; then, to the
obtained deep reddish brown seolution, & solution (30 mL) of
1.6 g (6.0 mmol) of 6-{n-octyl)-6-phenylfulvens in THE was
added while the deep reddish brown scliution was cooled with
iced water. The product was stirxred Zor 16 hoursg while the
temperature was gradually increased to room temperature, and
then dilute hydrochloric acid was added to the obtained dark
brown scluticn in an ice bath to terminate the reaction.
Diethyl ether was added thereto to separate the organic laver
from the water layer, the water layer was subjscted to
extraction twice with diethvl sther, and fthen the sxtract was
combinaed with the organic laver. The resulting organic layer
was washed twilce with an aguecus solution of saturated scdium
hydrogen carbonate, further twice with water, and further
once with a saturated salt sclution and then dehyvdrated with
anhydrous magnesium sulfate. The solvent was distilled off,
and then the residue was purified by silica gel column
chromatography to produce an cbjective that was an ocher
vigcous liguid (amcunt: 1.49 g and yielid: 53.9%).

[0212]

{iii} 8yntheslis cf n-

octyl (phenyl)methylene (cyclopentadienyl) {2, 7-diphenyi-3, 6~di~

tert-butylfluorenyl)zirconium Dichloride

Under a nitrogen atmosphere, 0.70 g {(1.00 mmol) of n-
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ootyl (phenylimethylene (cyclopentadienyl) (2, 7-diphenyl-3, 6-di-
tert-butylflucrene) and 40 mL of anhvdrous diethyl ether were
put into a lOO—%L Schlenk flask and then stirred for
dissoclution. This sclution was cocled in an ice bath, 1.35
ml {2.25 mmcl) of a sol?tion of 1.67-M n-butvllithium in
hexane was added thereto, and the resulting sclution was
stirred at ice temperature for 3 heours and subsequently at
room temperature for 1.5 hours. The o&tained orange siurry

was coocled in a dry ice-methancl bath, and then 0.26 g (1.12

mmel) of anhydreous zirconium tetrachlceoride was added thereto.

o

Then, the product was stirred for three hours while the
temperature was gradually increased to room temperature,
theraeby producing an orange scarlet suspensicn.
(02137

The scolvent was removed under reduced pressure, the
product was subsequently subjected to extraction with
dichloromsthane in & glove box, dichloromethane was distilled
off, and then the product was further subljected to extraction
with hexane. Hexane was distilled off under reduced pressure,
and then the product was dried under reduced pressure to
produce an objective that was red powder {(amount: 0.78 g and
yvield: 91.6%).
'H~NMR {270 MHz, CDCli): & (ppm} 1.19-1.35 [33H), 2.34-2.78

(2H), 5.37-6.45 (4H), €.84~6.99 (5BH), 7.02-7.47 {10H), 7.50



108

{2y, B.22-8.27 (2H).
Under a nitrogen atmosphere, 10 mg of this catalyst (f)
was collected in a sample bottle, n-hexane was added thereto

at. 25°C under stirring to dissolve the catalyst (£}, and the

n

solupbility determined from the amount of n-hexane necessary
for the dissclution was 7.683 mmel/L.
102147

Catalyst (g): Diphenvimethylene{cyclopentadienyl} (2,7~
diphenyl—B,6~di4tertmbutylfluor@nyl)zirconiﬁm Dichloride

i0 (02151

Under a nitrogen atmesphere, 10 mg of this catalyst (g}
was collected in a sample bottlie, and n-hexane was added
15 thereto at 25°C under stirring to dissclve the catalyst (g):
however, in spite of addition of 30 ml of n-hexane, part of
the catalyst remained undissolved, and thus the solubility
was not more than (0.211 mmol/L.

[0217]



Catalyst {(h): Dibenzylmethylene (cyclopentadienyl) (2, 7-

divhenyl1~3, 6-di-tert-butvifluorenvl) zirconium Dichloride
E ¥ ’ Y Yy

5 [0219]

Under a nitrogen atmosphere, 10 mg of this catalyst (h)
was collected in a2 sample bottle, and n-hexane was added
thereto at 25°C under stirring to dissolve the catalyst (h);
however, in spite of additicon of 30 mi of n-hexane, part of

10  the catalyst remained undissolved, and thus the solubility
was not more than 0.278 mmol/L.
[0220]
{Example 1]
An autoclave made of 3US and having an inner volume of
15 15 mL was thorcughly purged with nitrogen, and 0.4 =l {0.05 M,
20 umol) of triiscbutylaluminum and 2.7 mL of a solvent which
served as a polymerization solvent and in which cyclohexane
and hexane had been mixed with each other at a mixing ratic

of cyclohexane:hexane = 9:1 (volume ratio) were put into the
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autoclave. The content was stirred‘at 600-times rotation per
minute. The resulting solution was heated te 50°C and then
pressurized with preopylene tTo a total pressure of 7 bar.
(02217

Under & nitrogen atmosphere, Z.5 mg {molecular weight:

835.07 g/mol) of the catalyst (a) which served as a bridged

2

metallocene compound was put into a Schlenk flask and
dissolved in 5.5 mL of hexane. Then, 0.36 mL of a suspension
of modified methylaluminoxane (n~hexane solvent, 4.15 M and
1.49 mmol on an a2luminum atom basis) was added theretc zt
room temperature under stirring to prepare a catalyst

soluticn in which the concentration of the catalyst {(a) was

The catalyst solution was held at room tempesrature under
& nitrogen atmosphere for 30 minutes, 0.2 mL (0.Q0051 M, 0.10
pumol) of the catalyst scolution and 0.7 mL of 2 solvent which
served as a polymerization sclvent and in which cyclohexane
and hexane had been mixed with sach other at a mixing ratio
of cyclohexane:hexane = 9:1 {volume ratio) were subsequently
put into the autoclave, and then the temperature was
increased to 65°C to initiate polymerization. The
polymerization was continued at 653°C for 9 minutes, and then

a slight amount of iscbutyl alcchol was added thereto to
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terminate the polymerization. Then, 50 mL of methanol and a
P

slight amcunt of aguecus hydrochloric acid were added to the

obtained polymer, and the product was stirred at room

]

temperature for an hour. Then, the resulting polymer was
filtered and dried under reduced pressure to produce 0.60 g
of syndlotactlc polypropylene.

[0223]

The polymerization activity was 39.90 kg-PP/mmol~Zr -hr.
The produced polyméer had the following properties: [n] of
1.48 di/g, weight average melecular weight (Mw) of 127,000,
number average molecular weight (Mn} cof 85,000, molecular
welght distribution (Mw/Mn) of 1.86, crystallization
temperature (Tc) of 96.S°C, and melting points (Tml, Tm2) of
140.0°C and 147.9°C, respectively.

[0z24;

[Examples 2 to 8]

The bridged metallocene compound used, the amount
thereof, the time for which the catalyst solution was held
after the preparation thereof, the polymerization temperature,
and the polymerization time in Example 1 were changed as
shown in Table 18. Except for these changes, the process was
carried out as in Example 1. Tabkle 18 shows results. In
Table 18, the term "mixture” refers to a zclvent in which

cyclohexane and hexane have been mixed with each other at a
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mixing ratio of cyclohexane:hexane = 9:1 (volume ratio).

(0225

it

As is clear from each of Examples 3 and 6, in the case
where the concentration of the catalyst in the prepared
catalyst solution was at a high level of O.SOO‘mmol/L, the
polymerization activity was high regardless of the holding
time after the preparation of the catalyst. As is clear from
Example 7, in the case where the concentration of the
catalyst in the prepared catalyst solution was at a low level
of §.020 mmel/L, employing a short holding time after the
praparation of the catalyst enabled practically proper
polymerization activity.

[0225]

As described above, since the bridged metallocene
compound (A} used in the present invention is highly soluble
in hydrocarbon solvents, a catalyst solution is able to be
prepared with the ald of a smaller amount cf solvent. Such
an advantageous effect is, particularly in industrial
production of an clefin polymer, useful and expected to
contribute to a reduction in possible sffects broughtrabout
by, for instance, the production lot cf a solvent that is to
e used.

[0zz7:;

[Comparative Example 1]
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An autoclave made of SUS and having an inner volume of
15 ml, was thoroughly purged with nitrogen, and 0.4 mi {0.05
M,20 umol) of triiscbutylaluminum and 2.7 mL of a sclvent
which served as a pelymerization solvent and in which
cyclohexane and hexane had been mixed with each other at &
mixing ratioc of cyclohexane:hezane = 9:1 {(volume ratlic} were
put into the autoclave. The content was stirred at 600-times
rotation per minute, The resulting sclution was heated to
50°C and then pressurized with propylene to a total pressure
of 7 har.

[cz28]

Under a nitrogen atmosphers, 3.0 myg {(molecular weight:
821.04 ¢ /mol) of the catalyst (g) which served as a bridge
metailocene compound was put inteo a Schlenk flask, 4.55‘mL of
dry hexane was added thereto, and the content was stirred for
5 minutes. Then, to 2.0 mlL of the supernatant liguid thereof,
0.95 ml of dry hexane and (.27 ml of a suspension of modified
methylaluminoxane (n-hexane solvent; 2.%6 M, 0.80 mmol on an
aluminum atom basis; were added, and the product wasg stirred
at room temperature for 15 minutes to prepare a catalyst
solution.

[0229]
The catalyst sclution was held at room temperature under

a niltrogen atmosphere for 30 minutes, 0.2 mL of the catalyst
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solution and 0.7 mL of a solvent which served as a
polymerization solvent and in which cyclchexane and hexane
had been mixed with sach other at a mixing ratio of 9:1
(volume ratio} were subseguently put into the autcclave, and
then the temperature was increased to 65°C to initilate
polymerization. The polymerization was continued at 65°C for
10 minutes, and then a slight amount of Isobutyl alcohcl was
added thereitsc to terminate the polymerization. Then, 50 mL
of methancl and a slight amount of aqusous hydrochloric acid
were added te the obtazined polymer, and the preduct was
stirred at room temperature for an hour. Then, the resulting
polymer was filtered and dried under reduced pressure to
produce (.06 g of syndictactic pelypropylene.
[0230)]

Bgssuming that the concentration of the catalyst in the
catalyst solution was 0.00050 M, the polymerization activity
was 3,00 kg-PP/mmol~Zr - -hr. The produced polymer had the

-

following properties: [n)] of 2.81 di/g, weight average
mcelecular weight (Mw) of 293,000, number average molecular
weight (Mn) of 134,040, mclecular weight distribution (Mw/Mn)
of 2.18, crystallization temperature {(Tc) of 96.3%°C, and
melting points (Tml, Tm2) of 137.6°C and 144.1°C,

raespectivaly.

[0231]
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[Comparative Examplel2]

The bridged metallocens compound used, the amount
thereof, the polymerization temperature, and the
polymerization time in Comparative Example 1 were changed as
shown in Table 18. Except for these changes, the process was
carried out as in Comparative Example 1. Table 18 shows
resuits. In Table 18, the term "mixture" refers to a solvent
in which cvclohexane and hexane-have been mixed with sach
other at a mixing ratio of cyclohexane:hexane = %:1 (volume
ratic).

[6232]



Table 18

. 1Gongentration ;
Solubility of catalyst i Holding e -
of YU fime after [Amount Polymerization Polymerization Time| Yield Poiyingngatlon Te {Tmi | Tm2
Catalyst catalyst p;g;%gj preparation io%vent temperature . at_;imty i M Mn (MWD
ol | mmon, | ©f celayst g T Tmin| o kgmmaizihr] °C | °¢ |8 Tdilg
 Example 1| (a) 1.005 0.510 Mmin | 010 Mixiure 65 9 1060 39.90 96.5 1140.01147.9;1.48]127,000] 65,000 1.96
Exampie2 | (b} | 4.098 0.500 Mmin | 0.20 Mixiure &5 01081 2430 97.8 1141.51148.711.40{117,000| 56,4001 2.08
Exampled | {c) | 1.585 | (.500 O min | 0.20 Mixture 65 10 11.04 3110 91.8 1134 4/145.311.36/112,000] 54,700 | 2.05
Example 4 | () 1585 | 0500 | 30min | 020 Mixture 50 10 1150 45,10 022 1136.4{147.111.471125,000] 61,800 | 2.02
“Example5 | (d) | 0.801 0.500 Fmin | 010 | Mixture 65 10710321 1880 102.3(140.5[155 31,59 [140,000] 68,800 | 2.04
Example 6 | (d} | 0.901 0.500 480 | 010 Mixture 655 10 10.24 1410 1107.41150.71155.6/1.571138,000| 72,000 { 1.91
Exampie 7 | (d) | 0.901 0.020 Dmin | 0.10 Mixiure 65 10 10.15 8.90 105.4/149.4/155,0{1.511130,000, 67,800 | 1.92
Example 81 (&) | 68221 | 0.500 0 min | 0.10 Mixture 50 10 11.31 78.50 05.11139.7/148.7: 1.40:117,000; 58,200 2.01
Example 8| () 7.683 {.500 0min | 0.10 Mixture 50 10 11.07 6410 112141 - 1151.6,1.611143,000! 70,300 ;: 2.03
. <0211 <0500
Cg:;‘;:gf:e (g) |{partially | (partally 30min <010 Midure 65 10 | 0.08 3.00 96.91137.6/144.112.81/293,000/134,000! 2.18
n inscluble)l insoluble)
\ . <0278 ¢ <0500
{*gi‘;fj;?;“f () |(partially | (partially | 30min |<0.90| Mixiure 85 10 1041 670 |110.0/151.7]157.0/1.23| 94,800 | 49,000 | 1.94
inscluble)l insoluble)

LT
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CLAIMS
[Claim 1]

A method for producing an olefin polymer, the method
comprising polymerizing at least cne olefin selected from
clefins having two or more carbon atoms in the presence ¢f a
catalyst for olefin polymerization, wherein

the catalyst for olefin polymerization comprises

{A) a bridged metallocene compound represented by
Formula [1] and

{B) at least one compound selected from

(b-1) an organcaluminum oxy-compound,

(b-2) a compound which reacts with the bridged
metallocene compound (A) te form an ion pair, and

{(b-3} an organoaluminum compound,
wherein a solution in which the bridged metallocens compound
(A) is digsolved in a hydrocarbon sclvent is supplied tc a
polymerization system,
wherein the hydrocarbon solvent is at least one selected from
butane, iscobutane, cyclobutane, methylcyclopropane, pentane,
igopentane, neopentane, cyclopentane, methylcycleobutane, 1,1-
dimethyleyclopropane, 1,2-dimethylcyclopropane,
ethylcyvclopropane, hexane, 3-methylpentane, 2-methylipentane,
2,2-dimethylbutane, 2Z,3-dimethylbutane, cyclohexane,

methyleyclopentane, 1,1l-dimethylcyclocbutane, 1,2-
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dimethylcyclobutane, 1,3-dimethyleyclobutane,
ethylcyclobutane, 1,1,2-trimethylcyclopropane, l-ethyl-1-
methylcyclopropane, propylcyclopropane, isopropylcyclopropane,
heptane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-
dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane,
3,3-dimethylpentane, 2,2,3-trimethylbutane, methylcyclchexane,
1, 2-dimethylpentane, 1,3-dimethylpentane, 1,2,3-
trimethylbutane, cycloheptane, methylcyclohexane, 1,1-
dimethylcyclopentane, 1,2-dimethyleyclopentane, 1,3-
dimethylcyclopentane, ethylcyclopentane, propylcyclobutane,
1,1,2,2-tetramethylcyclopropane, 1,1,2,3-
tetramethylcyclopropane, 1,1l-diethyleyclopropane, 1-
isopropyvl-l-methyleyclopropane, 1l-iscpropyl-2-
methylcyclopropane, l-propyl-2-methyleyclopropane,
butylcyclopropane, octane, 2-methylheptane, 3-methylheptane,
4-methylheptane, 2,2-dimethylhexane, 2,3-dimethylhexane, 2,4-
dimethylhexane, 2,5-dimethylhexane, 3,3-dimethylhexane, 3,4-
dimethylhexane, 3-ethylhexane, 2,2,3-trimethylpentane, 2,2, 4-
trimethylpentane, 2,3,3~trimethylpentane, 2,3,4-
trimethylpentane, 2-methyl-3-ethylpentane, cyclcoctane,
methylcycloheptane, 1,1-dimethylcyclohexane, 1,2~
dimethylcyclcehexane, 1,3-dimethylcyclohexane, 1,4-
dimethyloyclohexane, ethylcyclohexane, 1,1,2-

trimethylcyclopentane, 1,1,3-trimethylcyclopentane, 1,2,3-
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trimethylcyclepentane, 1,2,4-trimethylcyclopentane, l-ethyl-
1-methylcyclopentane, l-ethyl-2-methylcyclopentane, l-ethyl-
3-methylcoyelopentane, propylceyclopentane,
isoprepyleyclopentane, 1,2,3,4-tetramethyleyclobutane,
1,1,3,3-tetiramethylcyclobutane, 2,2,3,3-
tetiramethylocyclobutane, 1,2-diethylcyclobutane, 1-butyl-2-
methylcyclopropane, pentylcoyclopropane, isopentylcyclopropane,
nonane, 2-methyloctane, 3-methylcoctane, 4-methyloctane, 2,2-
dimethylheptane, 2,3-dimethylheptane, 2,4-dimethylheptane,
2,5-dimethylheptane, 2,6-dimethylheptane, 4,4-dimethylheptane,
2-ethylheptane, 3-ethylheptane, 4-ethylheptane, 2,2,3-
trimethylhexane, 2,2,4-trimethylhexane, 2,2,5-trimethylhexane,
2,3,3-trimethylhexane, 2,3,4-trimethylhexane, 2,3,5-
trimethylhexane, 2,4,4-trimethylhexane, 3,3,4-trimethylhexane,
3-ethyl-2-methylhexane, 3-ethyl-3-methylhexane, 4-ethyl-2-
methylhexane, 4-ethyl-3-methylhexane, 2,2,3,3-
tetramethylpentane, 2,2,3,4-tetramethylpentane, 2,2,4,4-
tetramethylpentane, 2,3,3,4-tetramethylpentane, 2,2-dimethyl-
3-ethylpentane, 2,2-diethylpentane, 2,3-diethylpentane,
cyclononane, methylcyclooctane, ethylcycloheptane, 1,1-
dimethylcyclioheptane, 1,2-dimethylcycloheptane, 1,3-
dimethylcycloheptane, 1,4-dimethylcycloheptane,
propyleyclohexane, isopropyleyclcohexane, 1l-ethyl-2-

methylceyclohexane, l-ethyl-3-methylceyclohexane, l-ethyl-4-
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methylcyclohexane, 1,1,2-trimethylceyclchexane, 1,1,3-
trimethyleycichexane, 1,1,4-trimethylcoveichexane, 1,2,3-
trimethylcyclohexane, 1,2,4-trimethylcycichexane,
butylcyclepentane, iscbutylcyclopentane, 2-cyclopentylbutane,
1,2-diethylcyclopentane, l-isopropyl-3-methylcyclopentane, 1-
methyl-2-propyleyclopentane, 2-ethyl-1,1l-dimethylcyclopentane,
1,1,3,3-tetramethyleyclopentane, 1,1,3,4-
tetramethylcyclopentane, 1,2,3,4-tetramethylcyclopentane,
1,1,2,3,3-pentamethylcyclebutane, 1,2-dipropyvloeyclopropane,
i-hexyleyclopropane, l-pentyl-l-methylcyclopropane, l-pentvl-
2-methylcyclopropane, decane, Z-methyinonane, 3-methylnonane,
4-methylnonane, 5-methylnonane, 2,2-dimethyloctane, 2,3~
dimethyloctane, 2,4-dimethyloctane, 2,5-dimethyloctane, 2,6-
dimethyloctane, 2,7-dimethyloctane, 3,3-dimethyloctane, 3,4-
dimethyloctane, 3,5-dimethyloctane, 3,6-dimethyloctane, 4,4-
dimethyloctane, 4,5-dimethyloctane, 3-ethyloctane, 4-
ethyloctane, 2,2,3-trimethylheptane, 2,2,4-trimethylheptane,
2,2,5-trimethylheptane, 2,2,5-trimethylheptane, 2,2,6-
trimethylheptane, 2,3,3-trimethylheptane, 2,3,4-
trimethyvlheptane, 2,3,5-trimethylheptane, 2,3,6-
trimethylheptane, 2,4,4-trimethylheptane, 2,4,5-
trimethylheptane, 2,4,6-trimethylheptane, 2,5,5-
trimethylheptane, 2-methyl-3-ethylheptane, 2-methyl-4-

ethylheptane, 3-ethyl-3-methylheptane, 3-ethyl-4-
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methylheptane, 3-ethyl-5-methylheptane, 3-methyl-4-
ethylheptane, S5-ethyl-2-methylheptane, 3,3,4-trimethylheptane,
3,3,5-trimethylheptansa, 3,4,4-trimethylheptane, 3,4,5-
trimethylheptane, 4-propylheptane, 4-isopropylheptane,
2,2,3,3-tetramethylhexane, 2,2,3,4-tetramethylhexane,
2,2,3,5-tetramethylhexane, 2,2,4,4-Cetramethylhexane,
2,2,4,5-tetramethylhexane, 2,2,5,5-tetramethylhexane,
2,3,3,4-tetramethylhexane, 2,3,3,5-tetramethylhexane,
2,3,4,4-tetramethylhexane, 2,3,4,5-tetramethylhexane,
3,3,4,4-tetramethylhexane, 2,2-dimethyl-3-ethylhexane, 2,3~
dimethyl-3-ethyihexane, 2,3-dimethyl-4-ethylhexane, 2,4-
dimethyl-4-ethylhexane, 2,5-dimethyl-3-ethylhexane, 3,3-
dimethyl-4-ethylhexane, 3,4-dimethyl-3-ethylhexane, 3-ethyl-
2,4-dimethylhexane, 4-ethyl-2,2-dimethylhexane, 3,3-
diethylhexane, 3,4-diethylhexane, 2,2,3,3,4-
pentamethylpentane, 2,2,3,4,4-pentamethylpentane, 2,2,3-
trimethyl-3-ethylpentane, 2,2,4-trimethyl-3-ethylpentane,
2,3,4-trimethyl-3-ethylpentane, 2,4-dimethyl-3-
isopropylpentane, 2-methyl-3-2-diethylpentane, 4-ethyl-4-
methylpentane, cyclodecane, methylcyclononane, 1,5-
dimethylcyclooctane, ethylcyclooctane, cycloheptane, 1,1,2,3-
tetramethylcyclohexane, 1,1,3,3-tetramethylcyclohexane,
1,1,3,5-tetramethylcyclohexane, 1,1,4,4-

tetramethylcyelchexane, 1,2,2,4-tetramethylcyclohexane,
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1,2,3,4-tetramethylcyclohexane, 1,2,3,5-

tetramethylcyclohexane, 1,2,4,.5-tetramethylcyclohexane,

butyleyclohexane, 1,3-diethylcyclohexane, 1,4-

diethylcyclchexane, l-ethyl-2Z-propylcyclohexane, I,3-

dimethyl-5-ethylayclohexane,

l1-ethyl-2,3-dimethylcyclohexane,

l1-ethyl-2,4-dimethylcyclohexane, 1-isopropyl-1-

methyleyclchexane, 1l-isopropyl-Z-methylcyclohexane, 1-

igopropyl-3-methyleyclohexane, 1-isopropyl-4-

methylcyclohexane, 1-methyl-2-propylcyclohexane, l-methyl-3-

propvlcyclohexane, 2-ethyl-1,

3-dimethylcyclohexane, sec-

butylcyclohexane, tert-butylcyclohexane, iscbutylcyclohexane,

1,2,3,4,5-pentamethyleyclopentane, 1,2,3-trimethyl-4-

ethylcyclopentane, 1,2-dimethyl-3-iscpropylcyclopentane, 1-

ethyl-3-isopropyleyclopentane, l-methyl-2,4-

diethylcyclopentane, 1l-methyl-2-butylcyclopentane, 1-methyl-

i-tert-butyleyoelopentane, i-methyl-3-isobutyleyclopentane, 2-

isopropyl-1, 3-dimethylceyclopentane, 2-cyclopentylpentane, 2-

methylbutyleyclopentane, isopentylcyclopentane,

pentylcyclopentane, 2-ethyl-Il-methyl-3-propylecyclcbutane,

1,1,2-trimethyl-3-isobutylecyclopropane, 1,1l-dimethyl-2-

pentylcyclopropane, 1,2-dimethyl-l-pentylcyclopropane, 1,2-

dimethyl-3-pentylcoyclopropane, l-ethyl-2-pentylcyclopropane,

1l-hexvyl-2-methylcyclopropane,

l-methyl-2-(1-

methylpentyl)cyclopropane, and l-methyl-2- (3~
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methylpentyl)cyclopropane;

- (1]

where

R' to R® each independently represent a group selected
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from hydrocarbon groups, halogen-containing hydrocarbon
groups, nitrogen-containing groups, oxygen-containing groups,
and silicon-ceontaining groups, and two adjoining groups are
optionally bonded to each other to form a ring;

R® to R’ each independently represent a group selected
from a hydrogen atom, halogen atoms, hydrocarbon groups,
halogen-containing hydrocarbon groups, nitrogen-containing
groups, oxygen-containing groups, and silicon-containing
groups, and two adjoining groups are optionally bonded to
each other tec form a ring;

R to R™ each independently represent a group selected
from a hydrogen atcem, halogen atoms, hydrocarbon groups,
halogen-containing hydrocarbon groups, nitrogen-containing
groups, oxygen-containing groups, and silicon-containing
groups;

Y represents a carbon atom or a silicon atom;

M represents Ti, Zr, or HE;

0 is a structure selected from halcgen atoms,
hydrocarbon groups, neutral, conjugated or nonconjugated
dienes having 10 or less carbon atoms, anion ligands, and
neutral ligands capable of coordinating with a lone pair; j
represents an integer from 1 to 4; and in the case where J
represents an integer of 2 or mere, multiple Qs are the same

as or different from each other.
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fClaim 2]

The method for producing an olefin pelymer according to
Claim 1, wherein in Formula [1], R' and R® are each
independently a group selected from hydrocarbon groups having
1 to 40 carbon atoms and halogen-containing hydrocarbon
groups having 1 to 40 carbon atoms, and at least one of R*
and R’ is a group selected from hydrocarbon groups having 1
to 40 carbon atoms and silicon-containing groups.

{Cilaim 3]

The method for producing an olefin polymer according to
claim 1, wherein in Formula [1], R' and R* are each
independently a group selected from aryl groups having 6 to
20 carbon atoms and halogen-ceontaining aryl groups having 6
to 20 carbon atoms.

[Claim 4]

The method for producing an olefin polymer according to
claim 1, wherein in Formula [1], R* is a group selected from
a hydrogen atom, hydrocarbon groups having 1 to 40 carbon
atoms, and halogen-containing hydrocarbon groups having 1 to
40 carbon atoms.

[Claim 5]

The method for producing an olefin polymer according to

claim 1, wherein in Formula [1], each of R and R*™ iz a

hydrogen atom, and R is a group selected from
Y g P
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alkyl groups having 1 to 20 carbon atoms, aryl groups having
to 20 carbon atoms and halogen-containing aryl groups having
to 20 carbon atoms, or each of R* to RY™ is a hydrogen atom.
[Claim 6]

The method for producing an olefin polymer according to
claim 1, wherein in Formula [1}, R® to R’ are each
independently a group selected from a hydrogen atom, halogen
atoms, and alkyl groups having 1 to 20 carbon atoms.

{Claim 7]

The method for producing an olefin polymer according to
claim 1, wherein the catalyst for olefin polymerization
further comprises =z support (C).

{Claim 8]

The method for producing an olefin peolymer according to
claim 1, wherein at leagt propylene ig usged as the olefin.
[Claim 9]

The method for producing an olefin polymer according to
claim 1L, wherein the solubility of the bridged metallocens
compound repregented by Formula [1] in n-hexane at 25°C. is
not less +than 0.5 mmol/L.

[Claim 10}

The method for producing an olefin polymer according to
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claim 1, wherein a solution in which the concentration of the
bridged metallocene compound represented by Formula [1] is in
the range of 0.05 mmol/L to 1.0 mol/L is supplied to a
polymerization system.

[Claim 11]

The method for producing an olefin polymer according to
claim 1, wherein polymerization temperature is in the range
of 30 to 150°C,

[Claim 12]

The method for producing a propyiene polymer according
to claims 1, wherein polymerization temperature is in the
range of 50 to 150°C., and a propylene polymer that is to be
produced has the following properties; melting point (Tm)
measured by differential scanning calorimetry (in the case
where multiple crystalline melting peaks are observed, the
melting point {Tm) is based on the high-temperature side
peak) is in the range of 145 to 170°C., intrinsic viscosity
(n]) measured in decalin at 135°C. isg not less than 1.25
dl/g, weight average molecular weight (Mw) measured by gel
permeation chromatography 1lg not less than 97,000, and a
proportion of weight average molecular weight (Mw) toc number
average molecular weight (Mn) (Mw/Mn) is in the range of 1 to

3.
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[Claim 13]

The method for preducing an olefin polymer according to
claim 2, wherein in Formula [1], R' and R* are each
independently a group selected from aryl groups having 6 to

5 20 carbon atoms and halogen-containing aryl groups having 6
to 20 carbon atoms.
[Claim 14]
The method for producing an olefin polymer according to
claim 2, wherein in Formula [1], R is a group selected from
10 a hydrogen atom, hydrocarbon groups having 1 to 40 carbon
atomg, and halogen-containing hydrccarbon groups having 1 to
40 ¢arbon atoms.
[Claim 15]
The method for producing an colefin polymer according to
15 claim 2, wherein in Formula [1], each of R and R" is =
hydrogen atom, and R™ is a group selected from alkyl groups
having 1 to 20 carbon atomg, aryl groups having 6 to 20 carbon
atoms and halogen-containing aryl groups having 6 to 20 carbon
atoms, or each of R to R™ is a hydrogen atom.
20 [Claim 16]

The method for producing an olefin polymer according to
claim 2, wherein in Formula [1], R® to R’ are each
independently a group selected from a hydregen atom, halogen

atoms, and alkyl grougs having 1 to 20 carbon atoms.
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[Claim 17]

The method for producing an c¢lefin polymer according to
claim 2, wherein the catalyst for olefin polymerization
further comprises a support ().

{Claim 18]

The method for producing an olefin polymer according to
claim 2, wherein at least propylene isg used ag the olefin.
[Claim 12]

The method for producing an olefin polymer according to
claim 2, wherein the solubility of the bridged metallocene
compound represented by Formula [1] in n-hexane at 25°C. is
not less than ¢.5 mmol/L.
iClaim 20]

The method for preoducing an colefin polymer according to
claim 2, wherein a solution in which the concentration cf the
bridged metallocene compound represented by Formula [1] is in

the range of 0.05 mmol/L to 1.0 mel/L is supplied to a

polymerization system.
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ABSTRACT

[Object] There is provided a method which enables an
olefin polymer having high melting point and high molecular
weight to be produced even at high temperature proper in an
industrial production process. [Solution] A method for
producing an clefin poliymer is provided, the method including
polymerizing an oliefin having two or more carbon atoms in the
presence of a catalyst for olefin polymerization, wherein the
catalyst for olefin polymerization includes (A) a bridged
metallocene compound represented by Formula {[1] and (B} at

least one compound selected from, for example, an

organcaluminum oxy-compound and an organcaluminum compound:

RQ

RB

R?

1
a3
j—

[where R* to R! each represent, for example, a hydrocarbon
group; R® to R’ each represent, for example, a hydrogen atom
or a halogen atom; R'™ and R each represent, for example, a

hydrogen atom; and R represents, for example, a hydrocarbon
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group. Y represents, for example, a carbon atom. M
represents, for example, Zr; Y represents, for example, a
carbon atom; and Q represents, for example, a halogen atom.

i ig an integer from 1 to 4].



