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DESCRIPTION

PROCESS FOR PRODUCING ETHYLENE/o—OLEFIN COPOLYMER

Technical Field
[0001]

The present invention relates to a process for producing
an ethylene/oa-olefin copolymer, andmore particularly to a process
for producing an ethylene/a-olefin copolymer by copolymerizing
ethylene andana-olefininthe presenceof anolefinpolymerization
catalyst comprising a crosslinked metallocene compound having a

specific crosslinked structure.

Background Art
[0002]

A process using, as an olefin polymerization catalyst, a
transition metal compound having a cyclopentadienyl ligand or a
substituted cyclopentadienyl ligand, namely, a so-called
metallocene compound, is widely known. Since it was reported by
W. Kaminsky, et al. that a catalyst using a combination of
zirconocenedimethyl and methylalumioxane (MAO) exhibits high
activityinpolymerizationofethylene [Angew. Chem. Int. Ed. Engl.,
19, 390 (1980)], various improvements have been attempted for the
purpose of enhancingperformanceofacatalyst, producingaspecific

polymer, etc. With regard to a process for stereoregularly
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polymerizing an o-olefin among them, there have been reported
isotactic polymerizationby W. Kaminsky, et al. [Angew. Chem. Int.
Ed. Engl., 24, 507 (1985)] and syndiotactic polymerization by J.
A. Ewen, et al. [J. Am. Chem. Soc., 110, 6255 (1988)] one after
another in 1980s, and both of them have been accomplished by
utilizing a specific stereostructure of a crosslinked metallocene
compound. Particularly with regard to the latter, production of
syndiotactic polypropylene that was difficult to produce with a
conventional Ziegler—-Natta catalyst has been succeeded by the use
of a metallocene compound having a ligand in which a
cyclopentadienyl groupanda fluorenyl group have been crosslinked.
[0003]

Thereafter, development of this crosslinked
cyclopentadienyl-fluorenyl metallocene compound also as a
catalyst for ethylene homopolymerization or ethylene/a-olefin
copolymerization has been advanced. W. Kaminsky, et al. have
reported ethylene polymerization using
[isopropylidene(n5—cyclopentadienyl)(n5—fluorenyl)]zirconium
dichloride that was used for the production of syndiotactic
polypropylene by J. A. Ewen, et al. previously mentioned, but its
polymerization activity was extremely low [Makromol. Chem., 193,
1643 (1992)].

[0004]

Onthe other hand, thepresent applicant hasearnestly studied



10

15

20

ligand structures and has reached an invention of a crosslinked
metallocene compound having extremely high polymerization
activity in ethylene homopolymerization and ethylene/o-olefin
copolymerization [patent literature 1 (W02004/029062), patent
literature 2 (WO2005/100410)]. However, the molecular weight of
the resulting ethylene-based polymer is still insufficient, and
further improvement in the catalyst has been desired.

[0005]

In solution polymerization, it is generally regarded as
preferabletocarryout polymerizationat ahightemperaturebecause
this leads to enhancement in productivity. That is to say, since
theviscosity of apolymer solution containing the resultingolefin
polymer is decreased at a high temperature, it becomes possible
to raise a concentration of the olefin polymer in a polymerizer
as compared with polymerization at a low temperature, and as a
result, productivity per polymerizer is enhanced. Further, the
olefin polymerization is an exothermic reaction, and therefore,
in order to maintain the polymerization temperature at a desired
value, heat of polymerization usually needs to be removed. In
the high-temperature polymerization, the quantity of heat to be
removedis smaller thanthat inthe low-temperaturepolymerization,
and therefore, an advantage of reduction in cost of heat removal
is also obtained. On the other hand, it is well known to a person

skilledin the art that themolecular weight of the resultingolefin
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polymer decreases with a rise in polymerization temperature.
Accordingly, a disadvantage that the upper limit of the
polymerization temperature is restricted to produce an olefin
polymer having a desired molecular weight occurs frequently. As
a means to eliminate this disadvantage, a polymerization catalyst
for producing an olefin polymer having a high molecular weight
is desired. By the use of such an olefin polymerization catalyst,
it becomes possible to maintain the molecular weight of the
resulting olefin polymer at a desired high value in the
high-temperature polymerization, and advantages of enhancement
in productivity and reduction in production cost are obtained.
[0006]

Catalysts for producing such an olefin polymer having a high
molecular weight and improvements regardingmetallocene compounds
that constitute the catalysts have been studied so far. It is
widely known that in various metallocene compounds of transition
metals of Group 4 of the periodic table, a hafnium compound produces
an olefin polymer having a higher molecular weight as compared
with a zirconium compound having the same structure as the hafnium
compound. In Japanese Patent Publication No. 1994-811 and the
like, it is disclosed that by the use of hafnocene dichloride as
a metallocene compound, a molecular weight of the resulting
polyethylene is increasedas comparedwith zirconocene dichloride.

Similarly to the above, it is disclosed in Japanese Patent No.
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2882257 that by the use of
[isopropylidene(n5—cyclopentadienyl)(n5—fluorenyl)]hafnium
dichloride, amolecular weight of the resulting ethylene/l-hexene
copolymer is increased as compared with
[isopropylidene(n5—cyclopentadienyl)(n5—fluorenyl)]zirconium
dichloride. 1In either case, however, the molecular weight of the
resulting olefin polymer is not sufficient, and it is difficult
to produce an olefin polymer having a desired molecular weight
at such a high temperature as is industrially useful.

[0007]

W. Kaminsky, et al. have further made improvements, and by
introducing substituents into a crosslinked part and a fluorenyl
group part of a crosslinked cyclopentadienyl-fluorenyl
metallocene compound, enhancement in molecular weight of the
resulting polypropylene has been attempted [J. Organomet. Chem.,
684, 200 (2003)]. Although a certain result has been achieved
by this attempt, a tendency to decrease in molecular weight of
the resulting polypropylene with a rise in polymerization
temperature is marked, and in the aimed high-temperature
polymerization, polypropylene having a desired molecular weight
has not been obtained yet.

[0008]
The present applicant has proposed a process for producing

an a-olefin polymer using a catalyst comprising a specific
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crosslinked cyclopentadienyl-fluorenyl metallocene compound in
apatent literature 3 (WO2006/123759). Accordingtothisprocess,
when o-olefins at least partially containing ethylene are
polymerizedunder a high-temperature condition, an ethylene-based
polymer having a high molecular weight can be produced with a good
activity. In the patent literature 3, further, the present
applicant has proposed a process for producing a propylene-based
copolymer using a catalyst comprising a different specific
crosslinked cyclopentadienyl-fluorenyl metallocene compound.
According to this process, a propylene-based copolymer having a
high molecular weight can be efficiently produced, and a
propylene-based copolymer having a desired molecular weight can
be produced at a higher temperature than that in the case using
a conventional olefin polymerization catalyst.
[0009]

On the other hand, a method of introducing hydrogen into
a polymerization reactor and thereby lowering a molecular weight
of the olefin polymer in order to produce an olefin polymer having
a desired molecular weight is popular to a person skilled in the
art. For example, the present applicant has disclosed that by
introducing hydrogen into a polymerization reactor in the
copolymerization of ethylene and 1-octene using a polymerization
catalyst comprising a crosslinked cyclopentadienyl-fluorenyl

metallocene compound, a molecular weight of the resulting
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ethylene/l-octene copolymer is lowered [patent literature 1
(WO02005/100410) . Thus, introduction of hydrogen into a
polymerization reactor is an extremely effective method for the
control of a molecular weight of the resulting olefin polymer.
However, it is apparent that unlimited introduction of hydrogen
for the purpose of controlling a molecular weight of an olefin
polymer is not permitted. That is to say, in the case where
polymerization is carried out under the conditions of a certain
total pressure in a polymerizer and a certain temperature, rise
of hydrogen partial pressure due to introduction of hydrogen causes
lowering of a partial pressure of anolefinthat is apolymerization
monomer, and there occurs a problem of reduction in polymerization
velocity particularly in the region of high hydrogen partial
pressure. A polymerization reactor is restricted in its
permissible internal total pressure because of design, and
therefore, if excessive introduction of hydrogen is needed in,
particularly, the production of an olefin polymer having a low
molecularweight, theolefinpartial pressureisextremely lowered,
so that polymerization activity is sometimes lowered. On that
account, desired is a polymerization catalyst capable of
sufficiently lowering a molecular weight of the resulting olefin
polymer by introducing a small amount of hydrogen and capable of
controlling the molecular weight to a desired value, that is, a

polymerization catalyst exhibiting a high responsiveness to
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hydrogen.
[0010]

As describedabove, amolecularweight of theresultingolefin
polymer decreases with a rise in polymerization temperature, and
therefore, it is theoretically possible to control the molecular
weight of the olefin polymer to a desired value by changing the
polymerization temperature. However, for the reasons described
below, control of a molecular weight of an olefin polymer by the
polymerization temperature involves difficulties. First of all,
in the control of a molecular weight of an olefin polymer to a
desired value, the polymerization temperature cannot be raised
up to a sufficiently high temperature in some cases because of
withstand heat 1limit and withstand pressure 1limit based on design
of a polymerizer itself or restriction due to heat stability of
the resulting olefin polymer. On the other hand, the
polymerization temperature is not decreaseddown to a sufficiently
low temperature in some cases because the polymerization activity
is lowered, or because in solution polymerization or the like,
concentration of anolefin polymer cannot be raised due to increase
in viscosity of a polymerization solution, and the productivity
is lowered. Moreover, in the case where olefin polymers of many
kinds different in molecular weight are continuously produced by
one polymerization equipment, said case being popular to a person

skilled in the art, a long time is frequently needed in order to
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stabilize the temperature of the polymerization solution to a
desired value after changing the temperature. During this long
time, loweringof productivity isbrought about. Suchaninfluence
becomes conspicuous as the size of the polymerization equipment
is increased. Accordingly, when a molecular weight of the
resulting olefin polymer is controlled to a desired value in the
industrial production of the olefin polymer, changing the amount
of hydrogen addedwhilemaintaining the polymerization temperature
at a certain value is preferably used by a person skilled in the
art rather than changing the polymerization temperature.
Therefore, therehasbeeneagerlydesiredacatalyst simultaneously
achieving production of an olefin polymer having a high molecular
weight in order to keep the polymerization temperature high and
suchahighresponsiveness tohydrogenthat anolefinpolymer having
a desired molecular weight is obtained by adding a small amount

of hydrogen without lowering activity.

Citation List

Patent Literature

[0011]
Patent literature 1: W02004/029062
Patent literature 2: W02005/100410

Patent literature 3: W02006/123759
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Summary
[0011a]

In one aspect of the present disclosure, there is
provided a process for producing an ethylene/oa-olefin
copolymer, comprising copolymerizing ethylene and an «-olefin
having 3 oxr more carbon atoms in the presence of an olefin
polymerization catalyst comprising:

() a bridged metallocene compound represented by the

following general formula [I], and

(B) at 1least one compound selected from (B-1) an

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

compound and (B-3) a compound which reacts with the
bridged metallocene compound (A) to form an ion pair,

i}

R? R3

R! R4

R14

R12 Y MQj
R13 RS
Rll R6
RIO R7

R? RS

wherein Y is selected from a carbon atom, a sgilicon atom,
a germanium atom and a tin atom,

M is a titanium atom, a zirconium atom or a hafnium atom,

R', R?, R?}, R* R°, R% R’, R® R’ R'Y, RYand RYare each
an atom or a substituent selected from a hydrogen atom, a
hydrocarbon group having 1 to 20 carbon atoms, a silicon-
containing group, a nitrogen-containing group, an oxygen-
containing group, a halogen atom and a halogen-containing
group, and are optionally the same as or different £from
each other,

adjacent substituents of R' to R" are optionally bonded to
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each other to form a ring,

R and R are each an aryl group or a substituted aryl
group, and are optionally the same as or different from
each other when being both substituted aryl groups,

at least one of RY™ and R™ is a substituted aryl group,
said substituted aryl group being a substituted aryl
group in which one or more hydrogen atoms of an aryl
group are each substituted with an electron-donating
substituent having a Hammett substituent constant o of
not more than -0.2, wherein when the substituted aryl
group has a plurality of the electron-donating
substituents, these electron-donating substituents are
the same as or different from each other, said
substituted aryl group optionally having a substituent
which is a substituent other than the electron-donating
substituent and is selected from a hydrocarbon group
having 1 to 20 carbon atoms, a silicon-containing group,
a nitrogen-containing group, an oxygen-containing group,
a halogen atom and a halogen-containing group, wherein
when the substituted aryl group has a plurality of the
substituents, these substituents are the same as or
different from each other,

Q is selected from a halogen atom, a hydrocarbon group
having 1 to 20 carbon atoms, an anionic ligand and a
neutral ligand capable of coordination with a lone pair
of electrons, in a combination of the same or different
kinds, and

j is an integer of 1 to 4, and,

wherein polymerization is carried out in such a manner as
to obtain an ethylene-based polymer 1in which the
proportion of constituent units derived from ethylene is
not less than 50% by mol when the total of constituent
units derived from monomers in the polymer is 100% by

mol.
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Technical Problem
[0012]

In conventional processes for producing ethylene-based
polymers such as the processes disclosed in the patent
literatures 1 to 3, however, there is room for £further
improvement in points of molecular weight of the ethylene-
based polymer produced in the high-temperature polymerization
and responsiveness to hydrogen.

[0013]

A problem (1) to be solved by the present invention in
view of such problems as associated with the prior art is to
provide a process for producing an ethylene/a-olefin copolymer
having a high molecular weight. As previously described, the
high-temperature solution polymerization has advantages such
as enhancement in productivity and reduction in production
cost but simultaneously induces lowering of a molecular weight
of the resulting olefin polymer, and in a process using a
conventional polymerization catalyst, it was difficult to
produce an ethylene/oa-olefin copolymer having a high molecular
weight under  the conditions of a sufficiently high
polymerization temperature. In order to solve this
disadvantage and to acquire the advantages of the high-
temperature solution polymerization, development of a process
capable of producing an ethylene/a-olefin copolymer having a

high molecular weight even under the conditions of a
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sufficiently high polymerization temperature is desired.
[0014]

A problem (2) to be solved by the present invention is to
provide a process in which ethylene and an a-olefin are
copolymerized with a high responsiveness to hydrogen to produce
an ethylene/oa-olefin copolymer. The method of introducing
hydrogen into a polymerization reactor in order to control the
molecular weight of the resulting ethylene/a-olefin copolymer to
a desired value is a method that is useful and popular to a person
skilledintheart aspreviouslydescribed. Accordingly, aprocess
for producing an ethylene/a-olefin copolymer, which is capable
of sufficiently lowering a molecular weight of the resulting
ethylene/a-olefin copolymer by introducing a small amount of
hydrogen, that is, whichexhibitsahighresponsivenesstohydrogen,
is desired.

[0015]

A problem (3) to be solved by the present invention is to
provide a process in which ethylene and an a-olefin are
copolymerized with such a sufficiently high polymerization
activity as is industrially useful to produce an ethylene/a-olefin
copolymer. Such a process has effects of not only reduction in
production time but also reduction in cost due to decrease of
catalytic amount used, and therefore, this process has an

industrially great advantage.
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[0016]

A problem to be finally solved by the present invention is
to provide a process for producing an ethylene/a-olefin copolymer,
which can achieve solving of the above problems (1), (2) and (3)
at the same time. Owing to such a process, it becomes possible
tooffer, with industrially significant productionefficiency and
production cost, an ethylene/a-olefin copolymer having excellent

performance as a processing material.

Solution to Problem
[0017]

The present inventionto solve the above problems is aprocess
for producing an ethylene/a-olefin copolymer, comprising
copolymerizingethyleneandanoa-olefininthe presence of anolefin
polymerization catalyst comprising a crosslinked metallocene
compound having a specific crosslinked structure. The summary
of the present invention is as follows.

[0018]

[1]

A process for producing an ethylene/oa-olefin copolymer,
comprising copolymerizing ethylene and an a-olefin having 3 or
more carbon atoms in the presence of an olefin polymerization
catalyst comprising:

(A) a crosslinked metallocene compound represented by the
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following general formula [I], and

(B) at least one compound selected from (B-1) an
organometallic compound, (B-2) an organocaluminum oxy-compound and
(B-3) a compound which reacts with the crosslinked metallocene
compound (A) to form an ion pair,

[0019]

R2 R3

[1]

whereinY is selected froma carbonatom, asiliconatom, a germanium
atom and a tin atom,

M is a titanium atom, a zirconium atom or a hafnium atom,

rR', R*, R’, R*, R’, R R’, R?, R’ R', RY and R' are each
anatomor a substituent selected fromahydrogenatom, a hydrocarbon
group having 1 to 20 carbon atoms, a silicon-containing group,
anitrogen-containinggroup, an oxygen—-containing group, a halogen
atom and a halogen-containing group, and may be the same as or

different from each other,
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adjacent substituents of R' to R*? may be bonded to each other
to form a ring,

R* and R'! are each an aryl group or a substituted aryl group,
and may be the same as or different from each other when being
both substituted aryl groups,

at least one of R*® and R is a substituted aryl group, said
substituted aryl group being a substituted aryl group in which
one or more hydrogen atoms of an aryl group are each substituted
withanelectron-donating substituent having a Hammett substituent
constant o of not more than -0.2, wherein when the substituted
aryl group has a plurality of the electron-donating substituents,
theseelectron-donatingsubstituentsmaybethe sameasordifferent
from each other, said substituted aryl group optionally having
a substituent which is a substituent other than the
electron-donating substituent and is selected from a hydrocarbon
group having 1 to 20 carbon atoms, a silicon-containing group,
anitrogen-containinggroup, an oxygen—-containing group, a halogen
atom and a halogen—-containing group, wherein when the substituted
aryl group has a plurality of the substituents, these substituents
may be the same as or different from each other,

Q is selected froma halogen atom, a hydrocarbon group having
1 to 20 carbon atoms, an anionic ligand and a neutral ligand capable
of coordination with a lone pair of electrons, in a combination

of the same or different kinds, and
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j is an integer of 1 to 4.

[0020]

[2]

The process for producing an ethylene/a-olefin copolymer
5 as stated in the above [1], wherein Rl,Ef, R® and R? in the general
formula [I] are all hydrogen atoms.
[0021]

[3]

The process for producing an ethylene/a-olefin copolymer
10 as stated in the above [1] or [2], wherein Y in the general formula

[I] i1is a carbon atom.

[0022]
(4]
The process for producing an ethylene/oa-olefin copolymer
15 as stated in any one of the above [1] to [3], wherein the
electron-donating substituent is a group selected from a

nitrogen-containing group and an oxygen-containing group.
[0023]
[5]

20 The process for producing an ethylene/oa-olefin copolymer

as stated in the above [4], whereinfﬁBandI$4intﬂuageneralformula
[I] are the same substituted aryl group.

[0024]

[6]
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The process for producing an ethylene/oa-olefin copolymer
as stated in the above [4] or [5], wherein R'® and R in the general
formula [I] are each a substituted phenyl group containing, as
the electron-donating substituent, a group selected from a

5 nitrogen-containing group and an oxygen-containing group at the
meta position and/or the para position with respect to bonding
to Y.
[0025]

[7a]

10 The process for producing an ethylene/a-olefin copolymer
as stated in the above [5], whereinf&3andI94intﬂuageneralformula
[I] are each a substituted aryl group containing a
nitrogen—-containing group as the electron-donating substituent.
[0026]

15 [7b]

The process for producing an ethylene/a-olefin copolymer
as stated in the above [7a], wherein R and R' in the general
formula [I] are each a substituted phenyl group containing a
nitrogen—-containing group as the electron-donating substituent.

20 [0027]

[7c]

The process for producing an ethylene/a-olefin copolymer
as stated in the above [7b], wherein R and R' in the general

formula [I] are each a substituted phenyl group containing, as
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the electron-donating substituent, a nitrogen-containing group
at themetapositionand/ortheparapositionwith respect tobonding
to Y.
[0028]

[7]

The process for producing an ethylene/oa-olefin copolymer
as stated in any one of the above [4] to [6], wherein RY and rRY
in the general formula [I] are each a substituted phenyl group
containing, as the electron-donating substituent, a
nitrogen-containing group represented by the following general
formula [II]:

[0029]
R15

N
R16 ”'[II]
wherein R' and R'® are each an atom or a substituent selected from
a hydrogen atom, a hydrocarbon group having 1 to 20 carbon atoms,
a silicon-containing group, an oxygen-containing group and a
halogen-containing group, may be the same as or different from
each other, and may be bonded to each other to form a ring, and
a line drawn on the right-hand side of N represents bonding to
the phenyl group.
[0030]

[8a]
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The process for producing an ethylene/oa-olefin copolymer
asstat@dintheabove[5],whereinE?BandRF4inthegeneralformula
[I] are each a substituted aryl group containing an
oxygen—-containing group as the electron-donating substituent.

5 [0031]

[8b]

The process for producing an ethylene/oa-olefin copolymer
as stated in the above [8a], wherein RY and R! in the general
formula [I] are each a substituted phenyl group containing an

10 oxygen—-containing group as the electron-donating substituent.

[0032]

[8c]

The process for producing an ethylene/oa-olefin copolymer
as stated in the above [8b], wherein R and R' in the general

15 formula [I] are each a substituted phenyl group containing, as
the electron-donating substituent, an oxygen—-containing group at
the meta position and/or the para position with respect to bonding
to Y.

[0033]

20 [8]

The process for producing an ethylene/a-olefin copolymer
as stated in any one of the above [4] to [6], wherein RY and rY
in the general formula [I] are each a substituted phenyl group

containing, as the electron-donating substituent, an
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oxygen—-containing group represented by the following general
formula [III]:

[0034]

R17-O—... [III]

wherein R'" is an atom or a substituent selected from a hydrogen
atom, a hydrocarbon group having 1 to 20 carbon atoms, a
silicon-containing group, a nitrogen-containing group and a
halogen-containing group, and a line drawn on the right-hand side
of O represents bonding to the phenyl group.

[0035]

[9]

The process for producing an ethylene/oa-olefin copolymer
as stated in any one of the above [1] to [8], wherein R°, R®, R’
and R* in the general formula [I] are all hydrogen atoms.
[0036]

[10]

The process for producing an ethylene/o-olefin copolymer
as stated in any one of the above [1] to [9], wherein at least
two of R6, R7, R and R!' in the general formula [I] are each a
substituent selected from a hydrocarbon group, a
silicon-containing group, a nitrogen-containing group, an
oxygen—-containing group, a halogen atom and a halogen-containing

group.
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[0037]

[11]

The process for producing an ethylene/a-olefin copolymer
as stated in the above [10], wherein R® and R7, and/or R'Y and RY!
in the general formula [I] are bonded to each other to form a ring.
[0038]

[12]

The process for producing an ethylene/oa-olefin copolymer
as stated in the above [11l], wherein R® and R7, and R'° and R* in
the general formula [I] are both bonded to each other to form a
ring.

[0039]

[13]

The process for producing an ethylene/o-olefin copolymer
as stated in the above [12], wherein the rings formed by bonding
of R® and R7, and R'Y and RY in the general formula [I] to each
other are each a five-membered to seven-membered ring.

[0040]

[14]

The process for producing an ethylene/oa-olefin copolymer
as stated in the above [13], wherein the rings formed by bonding
of R® and R7, and R'Y and RY in the general formula [I] to each
other are each a six-membered ring.

[0041]
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[15]

The process for producing an ethylene/oa-olefin copolymer
as stated in the above [14], wherein ethylene and an a-olefin are
copolymerized in the presence of anolefinpolymerization catalyst
comprising a crosslinked metallocene compound represented by the
following general formula [IV]:

[0042]

- [IV]
wherein M is a titanium atom, a zirconium atom or a hafnium atom,
R* and R'* are each a substituted phenyl group containing,
as the electron-donating substituent, anitrogen-containing group
represented by the general formula [II], or are each a substituted
phenyl group containing, as the electron-donating substituent,
an oxygen-containing group represented by the general formula
[II1],
R'?, Rw,Eﬁoandfglareeachjahydrogenatomcn:anethylgroup,

Q is selected froma halogen atom, a hydrocarbon group having
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1to 20 carbon atoms, an anionic ligand and a neutral ligand capable
of coordination with a lone pair of electrons, in a combination
of the same or different kinds, and

j is an integer of 1 to 4.

5 [0043]

[16]

The process for producing an ethylene/oa-olefin copolymer
as stated in any one of the above [1] to [15], wherein M in the
general formula [I] is hafnium.

10 [0044]

[17]

The process for producing an ethylene/oa-olefin copolymer
as stated in any one of the above [1] to [16], whereinpolymerization
is carried out in such a manner as to obtain an ethylene-based

15 polymer in which the proportion of constituent units derived from
ethylene is not less than 50% by mol when the total of constituent
units derived from monomers in the polymer is 100% by mol.
[0045]

[18]

20 The process for producing an ethylene/oa-olefin copolymer
as stated in any one of the above [1] to [17], wherein the

polymerization temperature is 100 to 300°C.

Advantageous Effects of Invention
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[0046]

By the process comprising copolymerizing ethylene and an
a-olefin in the presence of an olefin polymerization catalyst
comprising a crosslinked metallocene compound having a specific
crosslinked structure, it becomes possible to produce an
ethylene/a-olefin copolymer having a high molecular weight. By
virtue of this, the molecular weight of the resulting
ethylene/a-olefin copolymer can be kept at a desired high value
alsoinhigh-temperature polymerization, andtherefore, it becomes
possible to carry out high-temperature polymerization.
Especially in solution polymerization at a high temperature, the
viscosity of a polymer solution containing the resulting
ethylene/a-olefin copolymer is decreased, and therefore, it
becomes possible to raise a concentration of the ethylene/a-olefin
copolymer in a polymerizer as comparedwith that in low-temperature
polymerization, and as a result, productivity per polymerizer is
greatly enhanced. Moreover, by carrying out high-temperature
polymerization, the cost of heat removal in a polymerizer is
drastically reduced.

[0047]

Since the responsiveness of the olefin polymerization
catalyst to hydrogen is high, themolecular weight of the resulting
ethylene/a-olefin copolymer can be greatly lowered by introducing

a small amount of hydrogen, and it becomes possible to produce



10

15

20

24

an ethylene/a-olefin copolymer having a desired molecular weight.
By virtue of this, a partial pressure of a monomer in the
polymerization reactor can be kept high, and high polymerization
activity can be achieved.

[0048]

Thus, it becomes possible to produce an ethylene/oa-olefin
copolymer having excellent performance as a processing material
with high productivity and at a low cost, and therefore, a
contribution of the present invention to the industry is remarkably
great and excellent.

[0049]

These effects are particularly conspicuous when the present
invention is compared with copolymerization of ethylene and an
a—olefin in the presence of an olefin polymerization catalyst
comprising a metallocene compound having the same structure as
the above-mentioned crosslinked metallocene compound except for

the crosslinked part.

Description of Embodiments
[0050]

The present invention is described in more detail.

The process for producing an ethylene/a-olefin copolymer
according to the present invention is characterized by

copolymerizing ethylene and an o-olefin having 3 or more carbon
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atoms in the presence of an olefin polymerization catalyst
comprising the crosslinked metallocene compound (A) represented

by the general formula [I] and the compound (B).

[0051]
5 <Crosslinked metallocene compound (A)>
The crosslinked metallocene compound (A) is represented by
the aforesaid formula [I]. Y, M, R! to RH, Q and j in the formula

[I] are described below.
[0052]

10 (Y, M, R' to R, Q and 7J)

Y is selected from a carbon atom, a silicon atom, a germanium
atom and a tin atom, and is preferably a carbon atom.
[0053]
M is a titanium atom, a zirconium atom or a hafnium atom,
15 and is preferably a hafnium atom.
rR', R*, R’, R*, R°, R% R’, R% R’ R', R" and RY are each
anatomor a substituent selected fromahydrogenatom, a hydrocarbon
group having 1 to 20 carbon atoms, a silicon-containing group,
anitrogen-containinggroup, anoxygen-containing group, a halogen
20 atom and a halogen-containing group, and they may be the same as
or different from each other. Adjacent substituents of R' to R'?
may be bonded to each other to form a ring, or may not be bonded

to each other.

[0054]
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Examples of the hydrocarbon groups having 1 to 20 carbon
atoms include an alkyl group having 1 to 20 carbon atoms, a cyclic
saturated hydrocarbon group having 3 to 20 carbon atoms, a chain
unsaturated hydrocarbon group having 2 to 20 carbon atoms and a
cyclic unsaturated hydrocarbon group having 3 to 20 carbon atoms.
If adjacent substituents of R’ to R' are bonded to each other to
form a ring, an alkylene group having 1 to 20 carbon atoms, an
arylene group having 6 to 20 carbon atoms, etc. can be given as
the examples.

[0055]

Examples of the alkyl groups having 1 to 20 carbon atoms
include methyl group, ethyl group, n-propyl group, allyl group,
n-butyl group, n-pentyl group, n—-hexyl group, n-—-heptyl group,
n—-octyl group, n—-nonyl group and n—-decanyl group that are
straight-chain saturated hydrocarbon groups, and isopropyl group,
isobutyl group, s-butyl group, t-butyl group, t-amyl group,
neopentyl group, 3-methylpentyl group, 1,1-diethylpropyl group,
1,1-dimethylbutyl group, l-methyl-l-propylbutyl group,
1,1-dipropylbutyl group, 1l,1l-dimethyl-2-methylpropyl group,
l-methyl-1-isopropyl-2-methylpropyl group and cyclopropylmethyl
group that are branched saturated hydrocarbon groups. The number
of carbon atoms of the alkyl group is preferably 1 to 6.
[0056]

Examples of the cyclic saturated hydrocarbon groups having
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3 to 20 carbon atoms include cyclopropyl group, cyclobutyl group,
cyclopentyl group, cyclohexyl group, cycloheptyl group,
cyclooctyl group, norbornenyl group, l—-adamantyl group and
2—adamantyl group that are cyclic saturated hydrocarbon groups,
and 3-methylcyclopentyl group, 3-methylcycohexyl group,
4-methylcyclohexyl group, 4-cyclohexylcyclohexyl group and
4-phenylcyclohexyl group that are groups wherein a hydrogen atom
of a cyclic saturated hydrocarbon group is substituted with a
hydrocarbon group having 1l to 17 carbon atoms. The number of carbon
atoms of the cyclic saturated hydrocarbon group is preferably 5
to 11.

[0057]

Examples of the chain unsaturated hydrocarbon groups having
2to 20 carbonatoms include ethenyl group (vinyl group), 1l-propenyl
group, 2-propenyl group (allyl group) and l-methylethenyl group
(isopropenyl group) that are alkenyl groups, and ethynyl group,
l-propynyl group and 2-propynyl group (propargyl group) that are
alkynyl groups. Thenumber of carbonatomsofthechainunsaturated
hydrocarbon group is preferably 2 to 4.

[0058]

Examples of the cyclicunsaturated hydrocarbon groups having
3 to 20 carbon atoms include cyclopentadienyl group, norbornyl
group, phenyl group, naphthyl group, indenyl group, azulenyl group,

phenanthryl group andanthracenyl group that arecyclicunsaturated
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hydrocarbon groups, 3-methylphenyl group (m-tolyl group),
4-methylphenyl group (p—-tolyl group), 4-ethylphenyl group,
4-t-butylphenyl group, 4-cyclohexylphenyl group, biphenylyl group,
3,4-dimethylphenyl group, 3,5-dimethylphenyl group and
2,4,6-trimethylphenyl group (mesityl group) that are groups
wherein a hydrogen atom of a cyclic unsaturated hydrocarbon group
is substitutedwith a hydrocarbon group having 1l to 15 carbon atoms,
and benzyl group and cumyl group that are groups wherein a hydrogen
atom of a straight-chain hydrocarbon group or a branched saturated
hydrocarbon group is substituted with a cyclic saturated
hydrocarbon group or a cyclic unsaturated hydrocarbon group having
3 to 19 carbon atoms. The number of carbon atoms of the cyclic
unsaturated hydrocarbon group is preferably 6 to 10.

[0059]

Examples of the alkylene groups having 1 to 20 carbon atoms
include methylene group, ethylene group, dimethylmethylene group
(isopropylidene group), ethylmethylene group, l-methylethylene
group, 2-methylethylene group, 1,l1-dimethylethylene group,
1,2-dimethylethylene group and n-propylene group. The number of
carbon atoms of the alkylene group is preferably 1 to 6.
[0060]

Examples of the arylene groups having 6 to 20 carbon atoms
include o-phenylene group, m-phenylene group, p-phenylene group

and 4,4’ -biphenylylene group. The number of carbon atoms of the
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arylene group 1is preferably 6 to 12.
[0061]

Examplesofthesilicon-containinggroups includealkylsilyl
groups, such as trimethylsilyl group, triethylsilyl group,
t-butyldimethylsilyl group and triisopropyl group, arylsilyl
groups, such as dimethylphenylsilyl group, methyldiphenylsilyl
group and t-butyldiphenylsilyl group, pentamethyldisilanyl group
and trimethylsilylmethyl group, all of which are groups wherein
a carbon atom in a hydrocarbon group having 1 to 20 carbon atoms
is substituted with a silicon atom. The number of carbon atoms
of the alkylsilyl group is preferably 1 to 10, and the number of
carbon atoms of the arylsilyl group is preferably 6 to 18.
[0062]

Examples of the nitrogen-containing groups include amino
group, nitro group and N-morpholinyl group, and include
dimethylamino group, diethylamino group, dimethylaminomethyl
group, cyano group, pyrrolidinyl group, piperidinyl group and
pyridinyl groupthat aregroupswhereinintheaforesaidhydrocarbon
groups having 1 to 20 carbon atoms or silicon-containing groups,
a =CH- structure unit is substituted with a nitrogen atom, a —CH,-
structure unit is substituted with a nitrogen atom to which a
hydrocarbon group having 1 to 20 carbon atoms has been bonded,
or a —-CH; structure unit is substituted with a nitrogen atom or

anitrile group to which a hydrocarbon group having 1 to 20 carbon
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atoms has been bonded. As the nitrogen-containing group,
dimethylamino group and N-morpholinyl group are preferable.
[0063]

Examples of the oxygen-containing groups include hydroxyl
group, and include methoxy group, ethoxy group, t-butoxy group,
phenoxy group, trimethylsiloxy group, methoxyethoxy group,
hydroxymethyl group, methoxymethyl group, ethoxymethyl group,
t-butoxymethyl group, 1-hydroxyethyl group, 1-methoxyethyl group,
l-ethoxyethyl group, 2-hydroxyethyl group, 2-methoxyethyl group,
2—-ethoxyethyl group, n-2-oxabutylene group, n-2-oxapentylene
group, n-3-oxapentylene group, aldehyde group, acetyl group,
propionyl group, benzoyl group, trimethylsilylcarbonyl group,
carbamoyl group, methylaminocarbonyl group, carboxyl group,
methoxycarbonyl group, carboxymethyl group, ethocarboxymethyl
group, carbamoylmethyl group, furanyl group and pyranyl group that
are groups wherein in the aforesaid hydrocarbon groups having 1
to 20 carbon atoms, silicon-containing groups or
nitrogen—-containing groups, a —CH,— structure unit is substituted
with an oxygen atom or a carbonyl group, or a —CH; structure unit
is substituted with an oxygen atom to which a hydrocarbon group
having 1 to 20 carbon atoms has been bonded. As the
oxygen—-containing group, a methoxy group is preferable.

[0064]

Examples of the halogen atoms include fluorine, chlorine,
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bromine and iodine that are Group 17 elements.

Examples of the halogen-containing groups include
trifluoromethyl group, tribromomethyl group, pentafluoroethyl
group and pentafluorophenyl group that are groups wherein in the
aforesaid hydrocarbon groups having 1 to 20 carbon atoms,
silicon-containing groups, nitrogen-containing groups or
oxygen—-containing groups, a hydrogen atom is substituted with a
halogen atom.

[0065]

Q is selected from a halogen atom, a hydrocarbon group having
1 to 20 carbon atoms, an anionic ligand and a neutral ligand capable
of coordination with a lone pair of electrons, in a combination
of the same or different kinds.

Details of the halogen atom and the hydrocarbon group having
1 to 20 carbon atoms are as previously described. When Q is a
halogen atom, it is preferably a chlorine atom. When Q is a
hydrocarbon group having 1 to 20 carbon atoms, the number of carbon
atoms of the hydrocarbon group is preferably 1 to 7.

[0066]

Examples of the anionic ligands include alkoxy groups, such
as methoxy group, t-butoxy group and phenoxy group, carboxylate
groups, such as acetate and benzoate, and sulfonate groups, such
as mesylate and tosylate.

[0067]
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Examples of the neutral ligands capable of coordination with
a lone pair of electrons include organophosphorus compounds, such
as trimethylphosphine, triethylphosphine, triphenylphosphine and
diphenylmethylphosphine, and ether compounds, such as
tetrahydrofuran, diethyl ether, dioxane and 1, 2-dimethoxyethane.
j is an integer of 1 to 4, and is preferably 2.
[0068]

(R*®* and rR'Y)

R* and R'! are each an aryl group or a substituted aryl group,
and when they are both substituted aryl groups, they may be the
same as or different from each other.

[0069]

Examples of the aryl groups include phenyl group, 1-naphthyl
group, 2-naphthyl group, anthracenyl group, phenanthrenyl group,
tetracenyl group, chrysenyl group, pyrenyl group, indenyl group,
azulenyl group, pyrrolyl group, pyridyl group, furanyl group and
thiophenyl group that are substituents derived from aromatic
compounds. As the aryl group, phenyl group and 2-naphthyl group
are preferable.

[0070]

Examples of the aromatic compounds include benzene,
naphthalene, anthracene, phenanthrene, tetracene, chrysene,
pyrene, pyrene, indene, azulene, pyrrole, pyridine, furan and

thiophene that are aromatic hydrocarbons and heterocyclicaromatic
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compounds.
[0071]

Examples of the substituted aryl groups include groups
wherein one or more hydrogen atoms possessed by the above aryl
groups are each substituted with a substituent selected from a
hydrocarbon group having 1l to 20 carbon atoms, a silicon-containing
group, a nitrogen-containing group, an oxygen-containing group,
ahalogenatomandahalogen-containinggroup, andspecificexamples
thereof include 3-methylphenyl group (m-tolyl group),
4-methylphenyl group (p-tolyl group), 3-ethylphenyl group,
4-ethylphenyl group, 3,4-dimethylphenyl group,
3,5-dimethylphenyl group, biphenylyl group,

4— (trimethylsilyl)phenyl group, 4-aminophenyl group,

4—- (dimethylamino)phenyl group, 4-(diethylamino)phenyl group,
4-morpholinylphenyl group, 4-methoxyphenyl group, 4—-ethoxyphenyl
group, 4-phenoxyphenyl group, 3,4-dimethoxyphenyl group,
3,5-dimethoxyphenyl group, 3-methyl-4-methoxyphenyl group,
3,5-dimethyl-4-methoxyphenyl group, 3-(trifluoromethyl)phenyl
group, 4-(trifluoromethyl)phenyl group, 3-chlorophenyl group,
4-chlorophenyl group, 3-fluorophenyl group, 4-fluorophenyl group,
5-methylnaphthyl group and 2-(6-methyl)pyridyl group.

[0072]

Electron-donating group—-containing substituted aryl group

At least one of R and R* is a substituted aryl group, said
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substituted aryl group being a substituted aryl group in which
one or more hydrogen atoms of an aryl group are each substituted
withanelectron-donating substituent having a Hammett substituent
constant o of not more than -0.2, wherein when the substituted
aryl group has a plurality of the electron-donating substituents,
theseelectron-donatingsubstituentsmaybethe sameasordifferent
from each other, said substituted aryl group optionally having
a substituent which is a substituent other than the
electron-donating substituent and is selected from a hydrocarbon
group having 1 to 20 carbon atoms, a silicon-containing group,
anitrogen-containinggroup, an oxygen—-containing group, a halogen
atom and a halogen—-containing group, wherein when the substituted
aryl group has a plurality of the substituents, these substituents
may be the same as or different from each other (said substituted
aryl group being also referred to as an “electron-donating
group-containing substituted aryl group” hereinafter).

[0073]

The electron-donating group possessed by the
electron-donating group-containing substituted aryl group and
having a Hammett substituent constant o of not more than -0.2 is
defined and illustrated as follows. The Hammett equation is a
rule of thumb proposed by L. P. Hammett in 1935 in order to
quantitatively discuss an influence of a substituent on a reaction

or an equilibrium of a benzene derivative. Validity of this rule
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is widely accepted today. As the substituent constant determined
by the Hammett equation, there are op in the case of substitution
at the para position of a benzene ring and om in the case of
substitution at the meta position of a benzene ring, and these
values can be found in a large number of common literatures. For
example, in a literature [Chem. Rev., 91, 165 (1991)] by Hansch
and Taft, detailed description of an extremely wide range of
substituents has beenmade. However, values of op andmo described
in these literatures sometimes slightly vary depending upon the
literature even in the case of the same substituents.

In order to avoid such confusion caused by circumstances
in the present invention, values described in Table 1 (pp. 168-175)
of the literature [Chem. Rev., 91, 165 (1991)] by Hansch and Taft
are defined as the substituent constants op and om of the Hammett
equation, regarding the substituents as long as described. 1In
thepresent invention, theelectron-donatinggroup havinga Hammett
substituent constant cof not morethan-0.2 isanelectron-donating
group having a op of not more than -0.2 in the case where the para
position (4-position) of a phenyl group is substituted with the
electron—-donating group, is an electron-donating group having a
om of not more than -0.2 in the case where the meta position
(3-position) of a phenyl group is substituted with the
electron-donating group, and is an electron-donating group having

a op of not more than -0.2 in the case where the ortho position
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(2-position) of a phenyl group is substituted with the
electron-donating group or in the case where an arbitrary position
of an aryl group other than a phenyl group is substituted with
the electron-donating group.

[0074]

Examples of the electron-donating groups having a Hammett
substituent constant op or om of not more than -0.2 include
nitrogen-containinggroups, such as p-amino group (4-amino group),
p-dimethylamino group (4-dimethylamino group), p-diethylamino
group (4-diethylamino group) and m-diethylamino group
(3—-diethylamino group), oxygen—-containing groups, such as
p—methoxy group (4-methoxy group) and p—-ethoxy group (4—-ethoxy
group), tertiary hydrocarbon groups, such as p-t-butyl group
(4-t-butyl group), and silicon-containing groups, such as
p-trimethylsiloxy group (4-trimethylsiloxy group). The
electron-donating groups whose Hammett substituent constant op
or om defined in the present invention is not more than -0.2 are
not limited to the substituents described in Table 1 (pp. 168-175)
of the literature [Chem. Rev., 91, 165 (1991)] by Hansch and Taft.
Substituents whose substituent constant op or om measured based
on the Hammett equation will be within the above range are included
intheelectron-donating groups whose Hammett substituent constant
op or om defined in the present invention is not more than -0.2,

even if the substituents are not described in the above literature.
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Examples of such substituents include p-N-morpholinyl group
(4—N-morpholinyl group) and m-N-morpholinyl group
(3-N-morpholinyl group) .

[0075]

When the electron-donating group-containing substituted
arylgrouphasapluralityofelectron-donatingsubstituents, these
electron-donating substituents may be the same as or different
from each other. The electron-donating group—-containing
substituted aryl group may have not only the electron-donating
substituent but also a substituent selected from a hydrocarbon
group having 1 to 20 carbon atoms, a silicon-containing group,
anitrogen-containinggroup, anoxygen-containing group, a halogen
atom and a halogen-containing group. When the electron-donating
group-containing substituted aryl group has a plurality of the
substituents, these substituents may be the same as or different
from each other. The total of the Hammett substituent constants
o of the electron-donating substituent and the substituent
contained in one electron-donating group-containing substituted
aryl group is preferably not more than -0.15. Examples of such
substituted aryl groups include m,p-dimethoxyphenyl group
(3,4-dimethoxyphenyl group), p-(dimethylamino)-m-methoxyphenyl
group (4-(dimethylamino)-3-methoxyphenyl group),

p— (dimethylamino) -m-methylphenyl group

(4- (dimethylamino)-3-methylphenyl group),
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p—methoxy-m-methylphenyl group (4-methoxy-3-methylphenyl group)
and p-methoxy-m,m-dimethylphenyl group

(4-methoxy—-3, 5-dimethylphenyl group) .

[0076]

Examples of the hydrocarbon groups having 1 to 20 carbon
atoms, the silicon-containing groups, the nitrogen-containing
groups, the oxygen-containing groups, the halogen atoms and the
halogen-containing groups, which may be possessed by the
electron-donating group-containing substituted aryl group,
include the aforesaid specific examples of these atoms and
substituents.

[0077]

The above examples regarding the formula [I] apply similarly
also in the following description of the present specification.

The present applicant has earnestly studied a variety of
crosslinked metallocene compounds. As a result, the present
applicant has found for the first time that when at least one of
R'® and R in the crosslinked metallocene compound (A) represented
by the general formula [I] is particularly an electron-donating
group-containing substituted aryl group having one or more
electron-donating substituents having a Hammett substituent
constant o of not more than -0.2, the molecular weight of the
resulting ethylene/o-olefin copolymer is increased in

copolymerization of ethylene and one or more monomers selected
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from a—olefins having 3 or more carbon atoms in the presence of
an olefin polymerization catalyst comprising the crosslinked
metallocene compound (A).

[0078]

It is known that in the coordination polymerization of an
olefin using an organometallic complex catalyst such as the
crosslinked metallocene compound (A) of the present invention,
a molecular chain of the resulting olefin polymer grows (growth
reaction) and the molecular weight of the olefin polymer increases
by virtue of repeated polymerization of the olefin on a central
metal of the catalyst. On the other hand, it is also known that
by virtue of dissociation of a molecular chain of anolefin polymer
fromacentralmetalofacatalystinareactioncalledchaintransfer,
growth reaction of the molecular chain is terminated, and hence,
increase of a molecular weight of the olefin polymer is also
terminated. From the above, the molecular weight of an olefin
polymer is characterizedby a ratio between the frequency of growth
reactions and the frequency of chain transfer reactions inherent
in an organometallic complex catalyst for producing the olefin
polymer. That is to say, there is a relation that as the ratio
between the frequency of the growth reactions and the frequency
of the chain transfer reactions is increased, the molecular weight
of the resulting olefin polymer is increased, while as the ratio

is decreased, the molecular weight is decreased.
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Here, the frequency of reactions can be estimated from
activation energy of the reaction, and it is thought that the
frequency of reactions having low activation energy can be regarded
as high, and on the other hand, the frequency of reactions having
high activation energy can be regarded as low. It is generally
known that the frequency of the growth reactions in the olefin
polymerization is sufficiently high as comparedwith the frequency
of the chain transfer reactions, that is, the activation energy
of the growth reaction is sufficiently low as compared with the
activation energy of the chain transfer reaction. Accordingly,
it is presumed that a value (referred to as “AE.” hereinafter)
obtained by subtracting activation energy of the growth reaction
from activation energy of the chain transfer reaction becomes
positive, and as this value is increased, the frequency of the
growth reactions is increased as compared with the frequency of
the chain transfer reactions, and as a result, themolecular weight
of the resulting olefin polymer is increased. The validity of
the presumption of the molecular weight of the olefin polymer thus
carried out has been backed up with the results of calculations
by, for example, Laine, et al. [Organometallics, 30, 1350 (2011)].

It is assumed that when at least one of R™ and R in the
crosslinked metallocene compound (A) represented by the general
formula [I] is particularly anelectron-donating group—-containing

substituted aryl group having one or more electron-donating
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substituents having a Hammett substituent constant o of not more
than -0.2, the above AE. is increased, and in the copolymerization
of ethylene and one or more monomers selected fromoa-olefins having
3 or more carbon atoms in the presence of an olefin polymerization
catalyst comprising the crosslinked metallocene compound (A), the
molecular weight of the resulting ethylene/o-olefin copolymer is
increased.

[0079]

The olefin polymerization catalyst comprising the
crosslinkedmetallocene compound (A) is characterizedalso in that
its responsiveness to hydrogen is high in the case where ethylene
and an a-olefin having 3 or more carbon atoms are copolymerized
in the presence of the catalyst. That is to say, the catalyst
exhibits performance to greatly decrease a molecular weight of
the resulting ethylene/a-olefin copolymer by introducing a small
amount of hydrogen into the polymerization reactor. Such
performance is defined by a ratio between a molecular weight of
anethylene/a-olefin copolymer produced inthe polymerizationwith
addition of hydrogen and a molecular weight thereof in the
polymerization without addition of hydrogen. A smaller value of
themolecular weight ratiomeans a larger decrease in themolecular
weight in the polymerization with addition of hydrogen, and with
this, it becomes possible to regard the olefin polymerization

catalyst as apolymerization catalyst having a high responsiveness
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to hydrogen. The molecular weight ratio can be replaced with an
intrinsic viscosity ([n]) ratio or a melt flow rate (MFR) ratio
that becomes a substitute index.

[0080]

The present applicant has earnestly studied a variety of
crosslinked metallocene compounds, and as a result, the present
applicant has found for the first time that when at least one of
R'® and R in the crosslinked metallocene compound (A) represented
by the general formula [I] is particularly an electron-donating
group-containing substituted aryl group having one or more
electron-donating substituents having a Hammett substituent
constant o of not more than -0.2, the molecular weight of the
resulting ethylene/a-olefin copolymer is greatly decreased by
introducing a small amount of hydrogen in the copolymerization
of ethylene and one or more monomers selected fromoa-olefins having
3 or more carbon atoms in the presence of an olefin polymerization
catalyst comprising the crosslinked metallocene compound (A) .
[0081]

It is known that in the coordination polymerization of an
olefin using an organometallic complex catalyst such as the
crosslinked metallocene compound (A), a polymer molecular chain
on a central metal of the catalyst dissociates by the reaction
with hydrogen, and a growth reaction of the molecular chain is

terminated. In the case where the frequency of the reaction with
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hydrogen and the frequency of the growth reaction are compared
witheachother, alargervalueof the frequency ratiocanbe regarded
as a higher responsiveness to hydrogen. If the frequency of
reactions is estimated from activation energy of the reaction in
accordance with the aforesaid estimation, it is presumed that a
value (referred to as “AEyR” hereinafter) obtained by subtracting
activation energy of the growth reaction from activation energy
of the reaction with hydrogen becomes positive, and as this value
is decreased, the frequency of the reactionswithhydrogen is higher
as compared with the frequency of the growth reactions, that is,
a higher responsiveness to hydrogen is exhibited.

[0082]

It is assumed that when at least one of R and R in the
crosslinked metallocene compound (A) represented by the general
formula [I] is particularly anelectron-donating group—-containing
substituted aryl group containing an electron-donating
substituent having a Hammett substituent constant ¢ of not more
than -0.2, the above AEy is decreased, and in the copolymerization
of ethylene and one or more monomers selected froma-olefins having
3 or more carbon atoms in the presence of an olefin polymerization
catalyst comprising the crosslinked metallocene compound (A), the
molecular weight of the resulting ethylene/a-olefin copolymer is
greatly decreased by introducing a small amount of hydrogen.

[0083]
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In the crosslinked metallocene compound (A) represented by
thegeneralformula[I],Rl,R?,R3andR4areallpreferablyhydrogen
atoms. Such a crosslinked metallocene compound (A-1) is

represented by the following general formula [V].

[0084]

- [V]

In the formula [V], definitions, etc. of Y, M, R5, R6, Rn
RS,EQ, Rm, R“y RM, R”, R”, Q and j are as previously described.
[0085]

The crosslinked metallocene compound (A-1) has advantages
that the production process is simplified, that the production
cost is reduced, and that production cost of the ethylene/a-olefin
copolymer is eventually reduced by the use of this crosslinked
metallocene compound, as compared with a compound of the general
formula [I] in which one or more ofIﬁy R2,I§ and R* are substituted
by substituents other than a hydrogen atom. Moreover, when

ethylene and one or more monomers selected from a-olefins having
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3 or more carbon atoms are copolymerized in the presence of an
olefin polymerization catalyst comprising the crosslinked
metallocene compound (A-1), advantages of enhancement in
polymerization activity and enhancement in molecular weight of
the resulting ethylene/a-olefin copolymer are also obtained.
Furthermore, an advantage of enhancement in a-olefin
copolymerizability (reactivity of a-olefin to ethylene) is also
obtained.
[0086]

In the crosslinked metallocene compound (A-1) represented
by the general formula [V], Y is more preferably a carbon atom.
Such a crosslinked metallocene compound (A-2) is represented by

the following general formula [VI].

[0087]

In the formula [VI], definitions, etc. of M, RS,Ef, R7, R%

R?, Rm, R, Ru, RB, RH, Q and J are as previously described.
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The crosslinked metallocene compound (A-2) can be
synthesized by, for example, such a simple process as represented
by the following formula [VII].

[0088]

Q]

R14 R13 R14 R13
R2 L' RS
Rﬂﬁi!'&:z.!i? R6
R10 7
R® R8 R H*
R14 R13
n-BulLi MCl,
5 . [VII]

In the formula [VII], definitions, etc. of M, R5, R6, Rn
r®, r?, R'’, RY, R'?, R'® and R' are as previously described.
[0089]

In the formula [VII], at least one of R and R' is the

10 electron-donatinggroup-containingsubstitutedaryl group, namely,

a substituted aryl group that has one or more electron-donating
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substituents having a Hammett substituent constant o of not more
than -0.2, wherein when the substituted aryl group has a plurality
of the electron-donating substituents, these electron-donating
substituents may be the same as or different from each other, and
that may have not only the electron-donating substituent but also
a substituent selected from a hydrocarbon group having 1 to 20
carbon atoms, a silicon-containing group, a nitrogen—-containing
group, an oxygen-containing group, a halogen atom and a
halogen-containing group, wherein when the substituted aryl group
has a plurality of the substituents, these substituents may be
the same as or different from each other. A variety of ketones
represented by the general formula R**-C (=0)-R'* and satisfying
such conditions are commercially available from common reagent
manufacturers, and therefore, it is easy to obtain raw materials
of the crosslinked metallocene compound (A-2). Even if such
ketones are not on themarket, the ketones canbe easily synthesized
by, for example, a process [Heterocycles, 40, 79 (1995)] by Olah,
et al. Thus, the crosslinked metallocene compound (A-2) has
advantages that the production process is simple and easy, that
the production cost is reduced, and that production cost of the
ethylene/a-olefin copolymer is eventually reduced by the use of
this crosslinkedmetallocene compound, as comparedwith a compound
of the general formula [V] in which Y is selected from a silicon

atom, a germanium atom and a tin atom. Moreover, when ethylene
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and one or more monomers selected from a—olefins having 3 or more
carbon atoms are copolymerized in the presence of an olefin
polymerization catalyst comprising the crosslinked metallocene
compound (A-2), advantages of further enhancement in
polymerization activity and further enhancement in molecular
weight of the resulting ethylene/a-olefin copolymer are also
obtained. Furthermore, an advantage of further enhancement in
a—olefin copolymerizability (reactivity of a—olefin to ethylene)
is also obtained.

[0090]

In the crosslinked metallocene compound (A-2) represented
by the general formula [VI], the electron-donating substituents
contained in R'® and R'* are each more preferably a group selected
from a nitrogen-containing group and an oxygen-containing group.
These substituents have aparticularly lowocof the Hammett equation,
and exert great effects particularly on solving of the problems
(1) and (2) among the problems to be solvedby the present invention.
[0091]

In the crosslinked metallocene compound (A-2) represented
by the general formula [VI], R' and R' are more preferably the
same substituted aryl groups containing, as the electron-donating
substituent, a group selected from a nitrogen-containing group
and an oxygen-containing group. By virtue of this, advantages

obtained are that the synthesis process is simplified, that the
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production cost is reduced, and that production cost of the
ethylene/a-olefin copolymer is eventually reduced by the use of
this crosslinked metallocene compound.

[0092]

In the crosslinked metallocene compound (A-2) represented
by the general formula [VI], R'® and R' are still more preferably
the same substituted phenyl groups containing, as the
electron-donating substituent, a group selected from a
nitrogen-containing group and an oxygen-containing group. For
example, when synthesis is carried out in accordance with such
a process as shown by the aforesaid formula [VII], advantages
obtained are that obtaining of raw materials becomes easy because
various benzophenones, which are raw materials, are commercially
available from common reagent manufacturers, that the production
process is simplified, that the production cost is reduced, and
that production cost of the ethylene/a-olefin copolymer is
eventually reduced by the use of this crosslinked metallocene
compound.

[0093]

Examples of the substituted phenyl groups containing, as
the electron-donating substituent, a group selected from a
nitrogen-containing group and an oxygen—-containing group include
o—aminophenyl group (2-aminophenyl group), p-aminophenyl group

(4—aminophenyl group), o—-(dimethylamino)phenyl group
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(2- (dimethylamino)phenyl group), p-(dimethylamino)phenyl group
(4- (dimethylamino)phenyl group), o-(diethylamino)phenyl group
(2- (diethylamino) phenyl group), p-(diethylamino)phenyl group
(4- (diethylamino) phenyl group), m-(diethylamino)phenyl group
(3—(diethylamino) phenyl group), o-methoxyphenyl group
(2-methoxyphenyl group), p-methoxyphenyl group (4-methoxyphenyl
group), o-ethoxyphenyl group (2-ethoxyphenyl group),
p—ethoxyphenyl group (4-ethoxyphenyl group),
o-N-morpholinylphenyl group (2-N-morpholinylphenyl group),
p—-N-morpholinylphenyl group (4-N-morpholinylphenyl group),
m-N-morpholinylphenyl group (3-N-morpholinylphenyl group),
0, p-dimethoxyphenyl group (2,4-dimethoxyphenyl group),
m, p—dimethoxyphenyl group (3,4-dimethoxyphenyl group),
p— (dimethylamino) -m-methoxyphenyl group
(4- (dimethylamino)-3-methoxyphenyl group),
p— (dimethylamino) -m-methylphenyl group
(4- (dimethylamino)-3-methylphenyl group),
p—methoxy-m-methylphenyl group (4-methoxy-3-methylphenyl group)
and p-methoxy-m,m-dimethylphenyl group
(4-methoxy—-3, 5-dimethylphenyl group).
[0094]

In the crosslinked metallocene compound (A-2) represented
by the general formula [VI], R* and R™ are much more preferably

the same substituted phenyl groups containing, as the
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electron-donating substituent, a group selected from a
nitrogen-containing group and an oxygen-containing group at the
meta position and/or the para position with respect to bonding
to a carbon atom as the Y. For example, when synthesis is carried
out in accordance with such a process as shown by the aforesaid
formula [VII], advantages obtained are that the synthesis is
facilitated, that the production process is simplified, and that
the production cost is reduced, and production cost of the
ethylene/a-olefin copolymer is eventually reduced by the use of
this crosslinked metallocene compound, as compared with the case
where the ortho position is substituted with the substituent.
[0095]
WhenR}3andR}4inthecrosslinkedn@tallocenecompound(A—2)
represented by the general formula [VI] are the same substituted
phenyl groups containing, as the electron-donating substituent,
the nitrogen—-containing group at the meta position and/or the para
position with respect to bonding to a carbon atom as the Y, the
nitrogen-containing group is more preferably a group represented
by the following general formula [II].
[0096]
R15
N
R‘I6 - [11]

Intheformula[II],E$5aijwareeachanatomorasubstituent
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selected from a hydrogen atom, a hydrocarbon group having 1 to
20 carbon atoms, a silicon-containing group, an oxygen—containing
group and a halogen—-containinggroup, may be the same asordifferent
from each other, and may be bonded to each other to form a ring,
and a line drawn on the right-hand side of N represents bonding
to the phenyl group.

Examples of the hydrocarbon groups having 1 to 20 carbon
atoms, the silicon-containing groups, the oxygen-containing
groups and the halogen-containing groups as R*® and R'® include
the aforesaid specific examples of these substituents.

[0097]
Such a crosslinkedmetallocene compound (A-3) is represented

by the following general formula [VIII].

[0098]
(R15R16N)nﬁl
MQ,
15p16 -
RIERN), =
(R,

R7
R® R® -+ [VIII]

In the formula [VIII], definitions, etc. of M, Rs, R6, R,

R% R?, Rm, R, Ru, Q and j are as previously described. R”, R
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and R?? are each an atom or a substituent selected from a hydrogen
atom, a hydrocarbon group having 1 to 20 carbon atoms, a
silicon-containing group, a nitrogen-containing group, an
oxygen—-containing group, a halogen atom and a halogen-containing
group, andmay be the same as or different fromeach other, adjacent
substituents of R’ to R* may be bonded to each other to form a
ring, NR'"R'® is a nitrogen-containing group having a Hammett
substituent constant ¢ of not more than -0.2, wherein when a
plurality of the nitrogen-containing groups are present, these
nitrogen-containing groups may be the same as or different from
each other, n is an integer of 1 to 3, and m is an integer of 0
to 4.

[0099]

In the crosslinked metallocene compound (A-3), NR!°R!®
representedbytheaforesaidgeneral formula [II] hasaparticularly
low o of the Hammett equation, and therefore, this compound exerts
great effects particularly on solving of the problems (1) and (2)
among the problems to be solved by the present invention.
[0100]

WhenR}3andR}4inthecrosslinkedn@tallocenecompound(A—2)
represented by the general formula [VI] are the same substituted
phenyl groups containing, as the electron-donating substituent,
the oxygen—-containing group at the meta position and/or the para

position with respect to bonding to a carbon atom as the Y, the
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oxygen—-containing group is more preferably a group represented
by the following general formula [III].

[0101]

R17-O—... [III]

In the formula [III], R'7 is an atom or a substituent selected
from a hydrogen atom, a hydrocarbon group having 1 to 20 carbon
atoms, a silicon-containing group, a nitrogen-containing group
and a halogen-containing group, and a 1line drawn on the right-hand
side of O represents bonding to the phenyl group.

Examples of the hydrocarbon groups having 1 to 20 carbon
atoms, the silicon-containing groups, the nitrogen-containing
groups and the halogen-containing groups as R' include the
aforesaid specific examples of these substituents.

[0102]

Such a crosslinkedmetallocene compound (A-4) is represented

by the following general formula [IX].

[0103]
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[IX]

In the formula [IX], definitions, etc. of M, RS,Ef, R7, R%
R?, Rw, R, Ru, Q and j are as previously described. R!'” and R
are each an atom or a substituent selected from a hydrogen atom,
a hydrocarbon group having 1 to 20 carbon atoms, a
silicon-containing group, a nitrogen-containing group, an
oxygen—-containing group, a halogen atom and a halogen-containing
group, and may be the same as or different fromeach other, adjacent
substituents of R’ to R* may be bonded to each other to form a
ring, OR'” is an oxygen—-containing group having a Hammett
substituent constant ¢ of not more than -0.2, wherein when a
plurality of the oxygen-containing groups are present, these
oxygen—-containing groups may be the same as or different from each
other, n is an integer of 1 to 3, and m is an integer of 0 to 4.
[0104]

In the crosslinked metallocene compound (A-4), orRY’

represented by the aforesaid general formula [III] has a lower
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o of the Hammett equation, and therefore, this compound exerts
greater effects particularly on solving of the problems (1) and
(2) among the problems to be solved by the present invention.
[0105]

5 In the crosslinked metallocene compound (A-3) represented
by the general formula [VIII] or the crosslinked metallocene
compound (A-4) represented by the general formula [IX], Rs, R%
R9andRF2areallmorepreferablyhydrogenatoms. Such crosslinked
metallocene compound (A-5) or (A-6) is representedby the following

10 general formula [X] or [XI], respectively.

[0106]

(R'ISR'IGN)nt

R10 R” e [X]

In the formula [X], definitions, etc. of M, R@, R7, RMZ Rl%

Q0 and j are as previously described. R, R'® and R?** are each an

15 atom or a substituent selected from a hydrogen atom, a hydrocarbon
group having 1 to 20 carbon atoms, a silicon-containing group,

anitrogen-containinggroup, an oxygen—-containing group, a halogen
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atom and a halogen-containing group, and may be the same as or
different from each other, adjacent substituents of R® to R*? may
be bonded to each other to form a ring, NR'"R'® is a
nitrogen-containing group having a Hammett substituent constant
o of not more than -0.2, wherein when a plurality of the
nitrogen-containinggroups arepresent, thesenitrogen-containing
groups may be the same as or different from each other, n is an
integer of 1 to 3, and m is an integer of 0 to 4.

[0107]

R6

R10 R” ... [XI]

In the formula [XI], definitions, etc. of M, R6, R7, le
R', 0 and J are as previously described. R'" and R?*? are each an
atom or a substituent selected from a hydrogen atom, a hydrocarbon
group having 1 to 20 carbon atoms, a silicon-containing group,
anitrogen-containinggroup, an oxygen—-containing group, a halogen
atom and a halogen-containing group, and may be the same as or

different from each other, adjacent substituents of R® to R? may
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be bonded to each other to form a ring, OrRY is an oxygen—-containing
group having a Hammett substituent constant o of not more than
-0.2, wherein when a plurality of the oxygen-containing groups
are present, these oxygen-containing groups may be the same as
or different from each other, n is an integer of 1 to 3, and m
is an integer of 0 to 4.

[0108]

When synthesized in accordance with, for example, such a
process as shown by the aforesaid formula [VII], the crosslinked
metallocene compound (A-5) or (A-6) has advantages that the
synthesisis facilitated, that theproductionprocessissimplified,
that the production cost is reduced, and that production cost of
the ethylene/a-olefin copolymer is eventually reduced by the use
of this crosslinked metallocene compound, as compared with a
compound of the general formula [VIII] or [IX] in which one or
more of R°, R%, R’ and R'? are substituents other than a hydrogen
atom or halogen atoms.

[0109]

In the crosslinked metallocene compound (A-5) represented
by the general formula [X] or the crosslinked metallocene compound
(A-6) represented by the general formula [XI], at least two of
R, R’, R and R are each more preferably an atom or a substituent
selected from a hydrocarbon group having 1 to 20 carbon atoms,

a silicon-containing group, a nitrogen-containing group, an
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oxygen—-containing group, a halogen atom and a halogen-containing
group. When ethylene and one or more monomers selected from
a-olefins having 3 or more carbon atoms are copolymerized in the
presence of an olefin polymerization catalyst comprising the
crosslinked metallocene compound, advantages of further
enhancement in polymerization activity and further enhancement
in molecular weight of the resulting ethylene/a-olefin copolymer
are obtained.

[0110]

In the crosslinked metallocene compound (A-5) represented
by the general formula [X] or the crosslinked metallocene compound
(A-6) represented by the general formula [XI], R6arm1R7are, and/or
R' and R'! are more preferably bonded to each other to form a ring.
When ethylene and one or more monomers selected from a-olefins
having 3 or more carbon atoms are copolymerized in the presence
of an olefin polymerization catalyst comprising the crosslinked
metallocene compound, advantages of further enhancement in
polymerization activity and further enhancement in molecular
weight of the resulting ethylene/a-olefin copolymer are obtained.
Moreover, an advantage of further enhancement in a-olefin
copolymerizability (reactivity of a-olefin to ethylene) is also
obtained.

[0111]

In the crosslinked metallocene compound (A-5) represented
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by the general formula [X] or the crosslinked metallocene compound
(A-6) represented by the general formula [XI], R6and_R7are, and
R' and R' are both more preferably bonded to each other to form
a ring. The crosslinkedmetallocene compound has advantages that
the synthesis is facilitated, that the production process 1is
simplified, that theproductioncost is reduced, andthat production
cost of the ethylene/a-olefin copolymer is eventually reduced by
the use of this crosslinked metallocene compound, as compared with
thecasewhereonlyoneofamxmminationofRﬁandR7andacombination
of R'” and R'' in the crosslinked metallocene compound (A-5)
represented by the general formula [X] or the crosslinked
metallocene compound (A-6) represented by the general formula [XI]
is bonded to form a ring.

[0112]

In the crosslinked metallocene compound (A-5) represented
by the general formula [X] or the crosslinked metallocene compound
(A-6) represented by the general formula [XI], the rings formed
by bonding of R® and R’ to each other and R' and R'! to each other
are each more preferably a five-membered to seven-membered ring,
particularly a six—-membered ring. The crosslinked metallocene
compound has advantages that the synthesis is facilitated, that
the production process is simplified, that the production cost
is reduced, and that the production cost of the ethylene/a-olefin

copolymer is eventually reduced by the use of this crosslinked
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metallocene compound, as compared with the case where the rings
formed by bonding of R® and R’ to each other and R'® and R*! to each
other in the crosslinked metallocene compound (A-5) represented
by the general formula [X] or the crosslinked metallocene compound
(A-6) represented by the general formula [XI] are rings other than
five-membered to seven-membered rings.

[0113]

The crosslinked metallocene compound (A-5) represented by
the general formula [X] or the crosslinked metallocene compound
(A-6) represented by the general formula [XI] is more preferably
a crosslinked metallocene compound (A-7) represented by the

following general formula [IV].

[0114]

- [1V]
In the formula [IV], M is a titanium atom, a zirconium atom
cnfahafnimnatom,R}3andRF4areeachselectedfromthesubstituted

phenyl group containing a nitrogen-containing group at the meta
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position and/or the para position with respect to bonding to Y
among the substitutedphenyl groupsdescribedinthegeneral formula
[X] and the substituted phenyl group containing an
oxygen—containing group at the meta position and/or the para
position with respect to bonding to Y among the substituted phenyl
groups described in the general formula [XI], rR*®, RY, R?*® and R*
are each a hydrogen atom or a methyl group, Q is selected from
a halogen atom, a hydrocarbon group having 1 to 20 carbon atoms,
an anionic ligand and a neutral ligand capable of coordination
with a lone pair of electrons, in a combination of the same or
different kinds, and j is an integer of 1 to 4.

[0115]

Whenethylene andone ormoremonomers selected froma-olefins
having 3 or more carbon atoms are copolymerized in the presence
of an olefin polymerization catalyst comprising the crosslinked
metallocene compound (A-7), advantages of further enhancement in
polymerization activity and further enhancement in molecular
weight of the resulting ethylene/a-olefin copolymer are obtained.
Moreover, an advantage of further enhancement in a-olefin
copolymerizability (reactivity of a-olefin to ethylene) is also
obtained.

[0116]
In the crosslinked metallocene compound (A) represented by

thegeneral formula [I], thecrosslinkedmetallocene compound (A-1)
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representedby thegeneral formula [V], thecrosslinkedmetallocene
compound (A-2) represented by the general formula [VI], the
crosslinked metallocene compound (A-3) represented by the general
formula [VIII], the crosslinked metallocene compound (A-4)
represented by the general formula [IX], the crosslinked
metallocene compound (A-5) represented by the general formula [X],
the crosslinked metallocene compound (A-6) represented by the
general formula [XI] or the crosslinkedmetallocene compound (A-7)
represented by the general formula [IV], M is more preferably a
hafnium atom. When ethylene and one or more monomers selected
from a-olefins having 3 or more carbon atoms are copolymerized
in the presence of an olefin polymerization catalyst comprising
the above crosslinked metallocene compound in which M is a hafnium
atom, an advantage of dramatic enhancement in increase inmolecular
weight of the resulting ethylene/a-olefin copolymer and in
copolymerizability of o-olefin (reactivity of a-olefin to
ethylene) is particularly obtained.
[0117]

(Examples and the like of the crosslinked metallocene
compounds (A))

Examples of such crosslinked metallocene compounds (A)
include:

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadie

nyl)(n5—fluorenyl)]hafnium dichloride,
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[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)
-2, 7-dimethylfluorenyl) Jhafnium dichloride,
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)
-3, 6-dimethylfluorenyl) Jhafnium dichloride,
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)
-2,7-di-t-butylfluorenyl) Jhafnium dichloride,
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)
-3, 6-di-t-butylfluorenyl) Jhafnium dichloride,
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)
-2,3,6,7-tetramethylfluorenyl) Jhafnium dichloride,
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)
-2, 7-dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride,
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)

—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride,

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(r]5

luorenyl) Jhafnium dichloride,

-f

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim

ethylfluorenyl) Jhafnium dichloride,

[bis (4-methoxyphenyl)methylene (n°~cyclopentadienyl) (n°-3, 6-dim

ethylfluorenyl) Jhafnium dichloride,

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—

t-butylfluorenyl) Jhafnium dichloride,
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[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—
t-butylfluorenyl) Jhafnium dichloride,
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7
—tetramethylfluorenyl) Jhafnium dichloride,
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethyl-3,6-di-t-butylfluorenyl) Jhafnium dichloride,
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame
thyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(4—t—butylphenyl)methylene(n5—cyclopentadienyl)(n5—f
luorenyl) Jhafnium dichloride,
[bis(4—t—butylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethylfluorenyl) Jhafnium dichloride,
[bis(4—t—butylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—dim
ethylfluorenyl) Jhafnium dichloride,
[bis(4—t—butylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—
t-butylfluorenyl) Jhafnium dichloride,
[bis(4—t—butylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—
t-butylfluorenyl) Jhafnium dichloride,
[bis (4-t-butylphenyl)methylene (n°~cyclopentadienyl) (n°-2,3,6,7
—tetramethylfluorenyl) Jhafnium dichloride,
[bis(4—t—butylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim

ethyl-3,6-di-t-butylfluorenyl) ]hafnium dichloride,
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[bis(4—t—butylphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame
thyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(4—t—butylphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafnium dichloride,

5 [bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadieny
l)(n5—fluorenyl)]hafnium dichloride,
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n =2
; 7T-dimethylfluorenyl) Jhafnium dichloride,
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n -3

10 , 6—dimethylfluorenyl) Jhafnium dichloride,
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
, 7-di-t-butylfluorenyl) Jhafnium dichloride,
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—3
, 6-di-t-butylfluorenyl) lhafnium dichloride,

15 [bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
; 3,6, 7-tetramethylfluorenyl) Jhafnium dichloride,
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
, 7-dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride,
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n -t

20 etramethyloctahydrodibenzofluorenyl) Jhafnium dichloride,

[bis (3-N-morpholinylphenyl)methylene (n°~cyclopentadienyl) (n°-o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadieny

l)(n5—fluorenyl)]hafnium dichloride,
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[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
; 7-dimethylfluorenyl) Jhafnium dichloride,
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—3
, 6—dimethylfluorenyl) Jhafnium dichloride,
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
, 7-di-t-butylfluorenyl) Jhafnium dichloride,
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—3
, 6-di-t-butylfluorenyl) lhafnium dichloride,
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
;, 3,6, 7-tetramethylfluorenyl) Jhafnium dichloride,
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
, 7-dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride,
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n -t
etramethyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadi
enyl)(n5—fluorenyl)]hafnium dichloride,
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—2,7—dimethylfluorenyl)]hafnium dichloride,
[bis (4-methoxy-3-methylphenyl)methylene (n°-cyclopentadienyl) (
n5—3,6—dimethylfluorenyl)]hafnium dichloride,
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(

n5—2,7—di—t—butylfluorenyl)]hafnium dichloride,
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[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n°-3, 6-di-t-butylfluorenyl) Jhafnium dichloride,
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—2,3,6,7—tetramethylfluorenyl)]hafnium dichloride,

5 [bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—2,7—dimethyl—3,6—di—t—butylfluorenyl)]hafnium dichloride,
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—tetramethyloctahydrodibenzofluorenyl)]hafnium dichloride,
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(

10 n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride,

[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)
(n5—fluorenyl)]hafnium dichloride,
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethylfluorenyl) Jhafnium dichloride,

15 [bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—3,6
—dimethylfluorenyl) Jhafnium dichloride,
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—di-t-butylfluorenyl)lhafnium dichloride,
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—3,6

20 —di-t-butylfluorenyl)lhafnium dichloride,

[bis (3, 4-dimethoxyphenyl)methylene (n°-cyclopentadienyl) (n°-2, 3
, 6, 7-tetramethylfluorenyl) ] hafnium dichloride,
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7

—dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride,
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[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tet
ramethyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—oct
amethyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopen
tadienyl)(n5—fluorenyl)]hafnium dichloride,
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
yl)(n5—2,7—dimethylfluorenyl)]hafnium dichloride,
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
yl)(n5—3,6—dimethylfluorenyl)]hafnium dichloride,
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
yl)(n5—2,7—di—t—butylfluorenyl)]hafnium dichloride,
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
y1l) (n°-3, 6-di-t-butylfluorenyl) Jhafnium dichloride,
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
yl)(n5—2,3,6,7—tetramethylfluorenyl)]hafnium dichloride,
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
yl)(n5—2,7—dimethyl—3,6—di—t—butylfluorenyl)]hafnium
dichloride,
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
y1l) (n°~tetramethyloctahydrodibenzofluorenyl) Jhafnium
dichloride,
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien

yl)(n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride,
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and

compounds wherein a hafnium atom in the above compounds is
replacedwith a zirconium atom or compounds wherein chloro ligands
in the above compounds are replaced with methyl groups.

However, the crosslinked metallocene compound (A) is not
limited to these examples. If preferred compounds have to be
selected, there can be mentioned
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(4—dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(n5—
octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride,
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
yl)(n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride,
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride,
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame

thyloctahydrodibenzofluorenyl) Jhafnium dichloride,

[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
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—dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride,
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethyl-3,6-di-t-butylfluorenyl) ]hafnium dichloride,
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7
—tetramethylfluorenyl) Jhafnium dichloride,
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
, 7-di-t-butylfluorenyl) Jhafnium dichloride,
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethylfluorenyl) Jhafnium dichloride,
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethylfluorenyl) Jhafnium dichloride,
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
-3, 6-di-t-butylfluorenyl) Jhafnium dichloride, and
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride.
[0118]

The n5—tetramethyloctahydrodibenzofluorenyl and the
n5—octamethyloctahydrodibenzofluorenyl that are each a
constituent part of thecrosslinkedmetallocene compounds (A) given
as examples represent
4,4,7,7—tetramethyl—(5a,5b,11a,12,12a—n5)—l,2,3,4,7,8,9,1O—oc
tahydrodibenzo[b,h] fluorenyl group and
l,1,4,4,7,7,10,lO—octamethyl—(5a,5b,11a,l2,12a—n5)—1,2,3,4,7,

8,9,10-octahydrodibenzo[b,h] fluorenyl group, respectively.
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Thus, for example,
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride
represents a structure of the following formula [XII], and
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafnium dichloride represents a
structure of the following formula [XIII]. Similar definition
to this will be given also in the following description of the
present invention.

[0119]

Me,N Q %

HfCl,
N -

M62

[0120]
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MeO Q K

HfCl,
L=

g

Me

- [XTIT]

<Compound B>

The polymerization catalyst for use in the present invention
is characterized by comprising the above-mentioned crosslinked
metallocene compound (A), and further characterized by comprising
the crosslinked metallocene compound (A) and at least one compound
(B) selected from an organometallic compound (B-1), an
organoaluminumoxy—-compound (B-2) anda compound (B-3) which reacts
with the crosslinked metallocene compound (A) to form an ion pair.
[0121]

As the organometallic compound (B-1), such a compound of
an organometal of Group 1, Group 2, Group 12 or Group 13 of the
periodic table as described below is specifically used.

(B-1la) Organoaluminum compound represented by the general
formula R*Al (OR”) \HyXq

In the above formula, R® and R® may be the same as or different

from each other and each represent a hydrocarbon group having 1
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to 15 carbon atoms, preferably 1 to 4 carbon atoms, X represents
a halogen atom, m is a number of 0<m<3, n is a number of 0=n<3,
p is a number of 0<p<3, g is a number of 0£g<3, and m+n+p+g=3.
[0122]
5 Examples of such compounds include:
tri—-n-alkylaluminums, such as trimethylaluminum,
triethylaluminum, tri-n-butylaluminum, tri-n-hexylaluminum and
tri—-n-octylaluminum,
tri-branchedalkylaluminums, such as triisopropylaluminum,
10 triisobutylaluminum, tri-sec-butylaluminum,
tri-t-butylaluminum, tri-2-methylbutylaluminum,
tri-3-methylhexylaluminum and tri-2-ethylhexylaluminum,
tricycloalkylaluminums, such as tricyclohexylaluminum and
tricyclooctylaluminum,
15 triarylaluminums, such as triphenylaluminum and
tri(4-methylphenyl)aluminum,
dialkylaluminum hydrides, such as diisopropylaluminum
hydride and diisobutylaluminum hydride,
alkenylaluminums represented by the general formula
20 (1-C4Hg) xAly (CsHi0) -, wherein x, y and z are positive numbers, and
z<2x, such as isoprenylaluminum,
alkylaluminumalkoxides, suchas isobutylaluminummethoxide
and isobutylaluminum ethoxide,

dialkylaluminum alkoxides, such as dimethylaluminum
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methoxide, diethylaluminumethoxide anddibutylaluminumbutoxide,

alkylaluminum sesquialkoxides, such as ethylaluminum
sesquiethoxide and butylaluminum sesquibutoxide,

partially alkoxylated alkylaluminums having average
composition represented by the general formula Ra&5Al(ORb)m5 or
the like,

alkylaluminumaryloxides, suchasdiethylaluminumphenoxide
and diethylaluminum(2, 6-di-t-butyl-4-methylphenoxide),

dialkylaluminumhalides, suchasdimethylaluminumchloride,
diethylaluminum chloride, dibutylaluminum chloride,
diethylaluminum bromide and diisobutylaluminum chloride,

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

partially halogenated alkylaluminums, e.g., alkylaluminum
dihalides, such as ethylaluminum dichloride,

dialkylaluminum hydrides, such as diethylaluminum hydride
and dibutylaluminum hydride,

alkylaluminum dihydrides and other partially hydrogenated
alkylaluminums, such as ethylaluminum dihydride and
propylaluminum dihydride, and

partially alkoxylated and halogenated alkylaluminums, such
asethylaluminumethoxychloride, butylaluminumbutoxychloride and

ethylalumium ethoxybromide.
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Further, compounds analogous to the compounds represented
by the general formula R%ﬁl(ORbhﬁ%Xq can be also used, and for
example, organocaluminum compounds in which two or more aluminum
compounds are bonded through a nitrogen atom can be mentioned.
Specific examples of such compounds include
(C2Hs) 2ALN (CoHs) AL (CoHs) 2.

[0123]

(B-1b) Complex alkylated compound of Group 1 metal of the
periodic table and aluminum, said compound being represented by
the general formula M?A1R?,

In the above formula, M? represents Li, Na or K, and R?
represents a hydrocarbon group having 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms.

Examples of such compounds include LiAl (Cy;Hs), and
LiAl (CHis) 4.

[0124]

(B-1c) Dialkyl compound of Group 2 or Group 12 metal of the
periodic table, said compound being represented by the general
formula R°R°M°

In the above formula, R® and R® may be the same as or different
from each other and each represent a hydrocarbon group having 1
to 15 carbon atoms, preferably 1 to 4 carbon atoms, and M° is Mg,
Zn or Cd.

[0125]
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As the organocaluminum oxy-compound (B-2), hithertopublicly
known aluminoxane can be used as it is. Specifically, there can
bementioneda compoundrepresentedbythe followinggeneral formula
[XIV] and/or acompoundrepresentedbythe followinggeneral formula
[XV]:

[0126]

R—Al—O+—AIR,

n
R - [XIV]

[0127]

>
o

I{» .. [ij
wherein R represents a hydrocarbon group having 1 to 10 carbon
atoms, and n represents an integer of 2 or greater.

Inparticular, methylaluminoxane wherein R is amethyl group
and n is 3 or greater, preferably 10 or greater, is utilized. 1In
these aluminoxanes, a small amount of an organocaluminum compound
may be contained. When copolymerization of ethylene and an
a—-olefin having 3 or more carbon atoms is carried out at a high
temperature in the present invention, such a benzene-insoluble
organoaluminum oxy-compound as given as an example in Japanese

Patent Laid-Open Publication No. 1990-78687 can be also applied.
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Further, an organcaluminum oxy-compound described in Japanese
Patent Laid-Open Publication No. 1990-167305, an aluminoxane
having two or more kinds of alkyl groups, which is described in
Japanese Patent Laid-Open Publication No. 1990-24701 and Japanese
Patent Laid-Open Publication No. 1991-103407, etc. can be also
preferably utilized. The “benzene-insoluble organoaluminum
oxy—compound”, which can be used in the present invention, is a
compound that contains an Al component soluble in benzene at 60°C
usually in an amount of not more than 10%, preferably not more
than 5%, particularly preferably not more than 2%, in terms of
Al atom, and that is insoluble or slightly soluble in benzene.
[0128]

As the organoaluminum oxy-compound (B-2), such a modified
methylaluminoxane as represented by the following general formula

[XVI], or the like can be also mentioned.

[0129]
*?I—Oﬂﬁﬁl—oﬁ
Me R - [XVT]

In this formula, R represents a hydrocarbon group having
1 to 10 carbon atoms, and m and n each independently represent
an integer of 2 or greater.
[0130]

This modified methylaluminoxane is prepared by the use of

trimethylaluminum and an alkylaluminum other than
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trimethylaluminum. Such a compound is generally called MMAO.
Such MMAO can be prepared by processes mentioned in U.S. Patent
No. 4,960,878 and U.S. Patent No. 5,041,584. Moreover, a compound
prepared by the use of trimethylaluminum and triisobutylaluminum
and having an isobutyl group as R is also commercially available
from Tosoh Finechem Corporation, etc. under the name of MMAO or
TMAO. Such MMAO is an aluminoxane having been improved in
solubility in various solvents and storage stability, and
specifically, it is dissolved in aliphatic hydrocarbons and
alicyclic hydrocarbons differently from a compound that is
insoluble or slightly soluble in benzene among the compounds
represented by the above formulas [XIV] and [XV].
[0131]

As the organoaluminum oxy-compound (B-2), an organoaluminum
oxy-compound containing boron and represented by the following

general formula [XVII] can be also mentioned.

[0132]
RC d
R4 | R
Al—O—B—0—Al
R RY... [XVII]

In this formula, R° represents a hydrocarbon group having
1 to 10 carbon atoms. Plural Rjn@y be the same as or different
from each other and each represent a hydrogen atom, a halogen atom

or a hydrocarbon group having 1 to 10 carbon atoms.
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[0133]

As the compound (B-3) which reacts with the crosslinked
metallocene compound (A) to form an ion pair (sometimes referred
to as “ionizing ionic compound” or “ionic compound” simply
hereinafter), Lewis acid, an ionic compound, a borane compound,
a carborane compound, etc. described in Japanese Patent Laid-Open
Publications Nos. 1989-501950, 1989-502036, 1991-179005,
1991-179006, 1991-207703, and 1991-207704, U.S. Patent No.
5,321,106, etc. can be mentioned. Further, a heteropoly compound
and an isopoly compound can be also mentioned. However, the
organoaluminumoxy-compound (B-2) describedabove isnot included.
[0134]

An ionizing ionic compound preferably used in the present
invention is a boron compound represented by the following general

formula [XVIII].

[0135]
Rg

3o Rf—Ela'—Rh
R coo [XVIII]

In this formula, R®" is H'

, carbenium cation, oxonium cation,
ammonium cation, phosphonium cation, cycloheptyltrienyl cation,

ferrocenium cation containing a transition metal, or the like.

R to Rilnay be the same as or different from each other and are
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each a substituent selected from a hydrocarbon group having 1 to
20 carbon atoms, asilicon-containinggroup, anitrogen—-containing
group, an oxygen-containing group, a halogen atom and a
halogen-containing group, preferably a substituted aryl group.
[0136]

Specific examples of the carbenium cations include
tri-substituted carbenium cations, such as triphenylcarbenium
cation, tris(4-methylphenyl)carbenium cation and
tris (3, 5-dimethylphenyl) carbenium cation.

[0137]

Specific examples of the ammonium cations include
trialkyl-substituted ammonium cations, such as trimethylammonium
cation, triethylammonium cation, tri (n-propyl)ammonium cation,
triisopropylammonium cation, tri(n-butyl)ammonium cation and
triisobutylammonium cation, N,N-dialkylanilinium cations, such
as N,N-dimethylanilinium cation, N,N-diethylanilinium cation and
N,N-2,4, 6-pentamethylanilinium cation, and dialkylammonium
cations, such as diisopropylammonium cation and
dicyclohexylammonium cation.

[0138]

Specific examples of the phosphonium cations include
triarylphosphonium cations, such as triphenylphosphonium cation,
tris (4-methylphenyl)phosphonium cation and

tris (3, 5-dimethylphenyl)phosphonium cation.
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[0139]

As R®", carbenium cation, ammonium cation or the like is
preferable and in, triphenylcarbenium cation,

N, N-dimethylanilinium cation or N,N-diethylanilium cation is
particularly preferable among the above specific examples.
[0140]

Examples of compounds containing carbenium cation, among
the ionizing ionic compounds preferably used in the present
invention, include triphenylcarbenium tetraphenylborate,
triphenylcarbenium tetrakis (pentafluorophenyl)borate,
triphenylcarbenium
tetrakis[3,5-di-(trifluoromethyl)phenyl]borate,
tris (4-methylphenyl)carbenium
tetrakis (pentafluorophenyl)borate and
tris (3, 5-dimethylphenyl) carbenium
tetrakis (pentafluorophenyl)borate.

[0141]

Examples of compounds containing trialkyl-substituted
ammonium cation, among the ionizing ionic compounds preferably
used in the present invention, include triethylammonium
tetraphenylborate, tripropylammonium tetraphenylborate,
tri(n-butyl)ammonium tetraphenylborate, trimethylammonium
tetrakis (4-methylphenyl)borate, trimethylammonium

tetrakis (2-methylphenyl)borate, tri(n-butyl)ammonium
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tetrakis (pentafluorophenyl)borate, triethylammonium
tetrakis (pentafluorophenyl)borate, tripropylammonium
tetrakis (pentafluorophenyl)borate, tripropylammonium
tetrakis (2, 4-dimethylphenyl)borate, tri(n-butyl)ammonium
tetrakis (3, 5-dimethylphenyl)borate, tri(n-butyl)ammonium
tetrakis[4-(trifluoromethyl)phenyl]borate,
tri(n-butyl)ammonium
tetrakis[3,5-di(trifluoromethyl)phenyl]borate,
tri(n-butyl)ammonium tetrakis (2-methylphenyl)borate,
dioctadecylmethylammonium tetraphenylborate,
dioctadecylmethylammonium tetrakis (4-methylphenyl)borate,
dioctadecylmethylammonium tetrakis (4-methylphenyl)borate,
dioctadecylmethylammonium tetrakis (pentafluorophenyl)borate,
dioctadecylmethylammonium tetrakis(2,4-dimethylphenyl)borate,
dioctadecylmethylammonium tetrakis (3,5-dimethylphenyl)borate,
dioctadecylmethylammonium
tetrakis[4-(trifluoromethyl)phenyl]borate,
dioctadecylmethylammonium
tetrakis[3,5-di(trifluoromethyl)phenyl]borate and
dioctadecylmethylammonium.
[0142]

Examples of compounds containing N,N-dialkylanilinium
cation, among the ionizing ionic compounds preferably used in the

present invention, include N,N-dimethylanilinium
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tetraphenylborate, N,N-dimethylanilinium

tetrakis (pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis[3,5-di(trifluoromethyl)phenyl]borate,

N, N-diethylanilinium tetraphenylborate, N,N-diethylanilinium
tetrakis (pentafluorophenyl)borate, N,N-diethylanilinium
tetrakis[3,5-di(trifluoromethyl)phenyl]borate,

N,N-2,4, 6-pentamethylanilinium tetraphenylborate and
N,N-2,4, 6-pentamethylanilinium

tetrakis (pentafluorophenyl)borate.

[0143]

Examples of compounds containing dialkylammonium cation,
among the ionizing ionic compounds preferably used in the present
invention, include di-n-propylammonium
tetrakis (pentafluorophenyl)borate and dicyclohexylammonium
tetraphenylborate.

[0144]

In addition, ionic compounds disclosed (Japanese Patent
Laid-Open Publication No. 2004-51676) by the present applicant
are also employable without any restriction.

The above ionic compound (B-3) may be used singly or as a
mixture of two or more kinds.

[0145]
As the organometallic compound (B-1), preferable are

trimethylaluminum, triethylaluminumandtriisobutylaluminumthat
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are easily obtainable because of commercial products. Of these,
triisobutylaluminum that is easy to handle is particularly
preferable.

[0146]

As the organoaluminum oxy-compound (B-2), preferable are
methylaluminoxane and MMAO that are easily obtainable because of
commercial products, said MMAO prepared by the use of
trimethylaluminumandtriisobutylaluminum. Of these, MMAO having
been improved in solubility in various solvents and storage
stability is particularly preferable.

[0147]

As the compound (B-3) which reacts with the crosslinked
metallocene compound (A) to form an ion pair, preferable are
triphenylcarbenium tetrakis (pentafluorophenyl)borate and
N, N-dimethylanilinium tetrakis (pentafluorophenyl)borate
because they are easily obtainable as commercial products and
greatly contribute to enhancement in polymerization activity.
[0148]

As at least one compound (B) selected from the compounds
(B-1) to (B-3), a combination of triisobutylaluminum and
triphenylcarbenium tetrakis (pentafluorophenyl)borate and a
combination of triisobutylaluminum and N,N-dimethylanilinium
tetrakis (pentafluorophenyl)borate are particularly preferable

because polymerization activity is greatly enhanced.
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[0149]

<Carrier (C)>

In the present invention, a carrier (C) may be used as a
constituent of an olefin polymerization catalyst, when needed.
[0150]

The carrier (C) that can be used in the present invention
is an inorganic or organic compound and is a granular or fine
particulate solid. As the inorganic compound, a porous oxide,
an inorganic chloride, clay, a clay mineral or an ion-exchange
layered compound is preferable.

[0151]

As the porous oxide, SiO,, Al,0;, MgO, ZrO, TiO,, B,0s3, CaO,
Zn0O, BaO, ThO; and the like, and composites or mixtures containing
them, such as natural or synthetic zeolite, Si0,-MgO, Si0,-Al,03,
S5i0,-Ti0,, Si0,-V,0s, Si0,-Cr,03 and Si0,-Ti0O,-MgO, can be
specifically used. Of these, porous oxides containing SiO, and/or
Al,03as amain component are preferable. Suchporousoxidesdiffer
in their properties depending upon the type and the production
process, but a carrier preferably used in the present invention
has a particle diameter of 0.5 to 300 um, preferably 1.0 to 200
um, a specific surface area of 50 to 1000 m?/g, preferably 100
to 700 mz/g, and a pore volume of 0.3 to 3.0 cm3/g. Such a carrier
is used after it is calcined at 100 to 1000°C, preferably 150 to

700°C, when needed.
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[0152]

As the inorganic chloride, MgCl,, MgBr,, MnCl,, MnBr, or the
like is used.

The inorganic chloride may be used as it is, or may be used
afterpulverizedwithaballmill oranoscillatingmill. Further,
fine particles obtained by dissolving an inorganic chloride in
a solvent such as an alcohol and then precipitating it using a
precipitant may be used.

[0153]

The clay usually comprises aclaymineral as amain component.
The ion-exchange layered compound is a compound having a crystal
structure in which constituent planes lie one upon another in
parallel by ionic bonding or the like with a weak bonding force,
and the ions contained are exchangeable. Most of clay minerals
are ion—-exchange layered compounds. These clay, clay mineral and
ion-exchange layered compound are not limited to natural ones,
and artificial synthetic products can be also used. Examples of
the clays, theclayminerals and the ion—-exchange layered compounds
includeclays, claymineralsandioniccrystalline compounds having
a layeredcrystal structure such as hexagonal closest packing type,
antimony type, CdCl, type and CdI, type. Examples of such clays
and clayminerals include kaolin, bentonite, Kibushi clay, Gairome
clay, allophane, hisingerite, pyrophyllite, micas,

montmorillonites, vermiculite, chlorites, palygorskite,
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kaolinite, nacrite, dickite and halloysite. Examples of the
ion—-exchange layered compounds include crystalline acidic salts
of polyvalent metals, such as a—-Zr (HAsO4),*H,O, o—Zr (HPOy4) »,
o—72r (KPOy4) 2+ 3H,0, o-Ti (HPOy4),, o—-Ti (HAsO4),-H,0, o—Sn (HPO4),-H0,
Y—2r (HPOy4),, y—Ti (HPO4), and y—Ti (NH,PO4),-H,O. It is preferable
to subject the clay and the clay mineral for use in the present
invention to chemical treatment. As the chemical treatment, any
of surface treatments to remove impurities adhering to a surface
and treatments having influence on the crystal structure of clay
can be used. Specificexamples of the chemical treatments include
acid treatment, alkali treatment, salts treatment and organic
substance treatment.

[0154]

The ion-exchange layered compound may be a layered compound
in which spacing between layers has been enlarged by exchanging
exchangeable ions present between layers with other large bulky
ions. Such abulky ion plays apillar-like role to support a layer
structure and is usually called pillar. Insertion of another
substance (guest compound) between layers of a layered compound
as above is referred to as “intercalation”. Examples of the guest
compounds include cationic inorganic compounds, such as TiCl, and
ZrCly, metal alkoxides, suchas Ti (OR)4, Zr (OR) 4, PO (OR) 3 and B (OR) 3,
wherein R is a hydrocarbon group or the like, and metal hydroxide

ions, such as [Al1304(0H),41"", [Zrs(OH)14]1%" and [Fes0 (OCOCH3)¢]".
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These compounds are used singly or in combination of two or more
kinds. During intercalation of these compounds, a polymerization
product obtainedby subjectingametallicalkoxide, suchas Si (OR) 4,
Al (OR) 3 and Ge (OR) 4, wherein R is a hydrocarbon group or the like,
to hydrolysis polycondensation, a colloidal inorganic compound,
such as SiO,;, etc. may coexist. As the pillar, an oxide formed
by intercalating the above metal hydroxide ion between layers and
then performing thermal dehydration or the like can be mentioned.
Of the above carriers, preferable are clays and clay minerals,
and particularly preferable are montmorillonite, vermiculite,
pectolite, taeniolite and synthetic mica.

[0155]

As the organic compound functioning as the carrier (C), a
granular or fine particulate solid having a particle diameter of
0.5 to 300 ym can be mentioned. Specific examples thereof include
a (co)polymer produced using, as a main component, an oa-olefin
having 2 to 14 carbon atoms, such as ethylene, propylene, l-butene
and 4-methyl-1-pentene, a (co)polymer produced using, as a main
component, vinylcyclohexane or styrene, and a modified product
thereof.

[0156]

<Copolymerization of ethylene and aca—-olefin using the above

olefin polymerization catalyst>

The process for producing an ethylene/a-olefin copolymer
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according to the present invention is characterized by
copolymerizing ethylene and an o-olefin having 3 or more carbon
atoms in the presence of the above-mentioned olefinpolymerization
catalyst.

[0157]

Examples of the a-olefins for use in the present invention
include straight—-chain or branched a—olefins having 3 to 20 carbon
atoms, such as propylene, 1-butene, 1-pentene, 3-methyl-1-butene,
l-hexene, 4-methyl-1l-pentene, 3-methyl-1l-pentene, l-octene,
l-decene, 1-dodecene, l-tetradecene, l-hexadecene, l-octadecne,
l-eicosene and vinylcyclohexane. As the o-olefin, a
straight-chain or branched a-olefin having 3 to 10 carbon atoms
is preferable, and propylene, 1-butene, l1-hexene and l1-octene are
more preferable. These a-olefins can be used singly or in
combination of two or more kinds.

[0158]

Further, polymerization may be advanced while at least one
kind selected from a polar group-containing monomer, an aromatic
vinyl compound and a cyclic olefin coexists in the reaction system.
The other monomer can be used in amounts of, for example, not more
than 20 parts by mass, preferably not more than 10 parts by mass,
based on 100 parts by mass of the total of ethylene and the a—-olefin
having 3 or more carbon atoms.

[0159]
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Examples of the polar group-containing monomers include
o, B~unsaturated carboxylic acids, such as acrylic acid,
methacrylic acid, fumaric acid and maleic anhydride, metal salts
thereof, such as sodium salts thereof, o, R-unsaturated carboxylic
esters, suchasmethyl acrylate, ethyl acrylate, n—-propyl acrylate,
methyl methacrylate and ethyl methacrylate, vinyl esters, such
as vinyl acetate and vinyl propionate, and unsaturated glycidyls,
such as glycidyl acrylate and glycidyl methacrylate.

[0160]

Examples of the aromatic vinyl compounds include styrene,
o—-methylstyrene, m—methylstyrene, p-methylstyrene,
0,p-dimethylstyrene, methoxystyrene, vinylbenzoic acid, methyl
vinylbenzoate, vinylbenzyl acetate, hydroxystyrene,
p—-chlorostyrene, divinylbenzene, o-methylstyrene and
allylbenzene.

[0161]

Examples of the cyclic olefins include cyclic olefins having
3 to 30 carbon atoms, preferably 3 to 20 carbon atoms, such as
cyclopentene, cycloheptene, norbornene, 5-methyl-2-norbornene
and tetracyclododecene.

[0162]

As the process for producing an ethylene/a-olefin copolymer

accordingtothe present invention, there canbementionedaprocess

comprising copolymerizing ethylene and an a-olefin having 3 or
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more carbon atoms in the presence of the aforesaid olefin
polymerization catalyst, wherein polymerization is carried out
in such a manner as to obtain an ethylene/a-olefin copolymer in
which the proportion of constituent units derived from ethylene
is not less than 50% by mol when the total of constituent units
derived from all monomers in the polymer is 100% by mol.
[0163]

When ethylene and one olefin selected from a—olefins having
3 to 20 carbon atoms are copolymerized, the charge molar ratio
between ethylene and the a-olefin having 3 to 20 carbon atoms is

usually ethylene:oa-olefin = 10:90 to 99.9:0.1, preferably

ethylene:a-olefin 30:70 to 99.9:0.1, more preferably

ethylene:a-olefin 50:50 to 99.9:0.1.
[0164]

By virtue of the polymerization process using an olefin
polymerization catalyst capable of producingan ethylene/a-olefin
copolymer having a high molecular weight, which is the problem
(1) of the present invention, high-temperature polymerization
becomes possible. That is to say, by the use of the olefin
polymerization catalyst, the molecular weight of an
ethylene/a-olefin copolymer produced in the high-temperature
polymerization can be kept at a desired high value. In solution

polymerization, the viscosity of a polymer solution containing

the resulting ethylene/a-olefin copolymer is decreased at a high
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temperature, and therefore, it becomes possible to raise a
concentration of the ethylene/a-olefin copolymer in the
polymerizer as compared with low-temperature polymerization, and
as a result, productivity per polymerizer is enhanced. The
copolymerization of ethylene and an o-olefin in the present
invention canbe carriedout by any of a liquid phase polymerization
process, such as solution polymerization or suspension
polymerization (slurry polymerization), and a gas phase
polymerization process. The solution polymerization is
particularly preferable fromthe viewpoint that the maximumeffect
of the present invention can be enjoyed as described above.
[0165]

Uses of the components of the olefinpolymerization catalyst
andthe order of addition of the components are arbitrarily selected.
Further, at least two of the components in the catalyst may have
been brought into contact with each other in advance.

The crosslinked metallocene compound (A) (also referred to
as a “component (A)” hereinafter) is used in such an amount that
the amount of the component (A) becomes usually 1077 to 107t mol,
preferably 10°® to 1072 mol, per 1 liter of the reaction volume.
[0166]

The organometallic compound (B-1) (also referred to as a
“component (B-1)"” hereinafter) is used in such an amount that the

molar ratio [ (B—-1)/M] of the component (B-1) to a transition metal



10

15

20

94

atom (M) in the component (A) becomes usually 0.01 to 50000,
preferably 0.05 to 10000.
[0167]

The organoaluminum oxy-compound (B-2) (also referred to as
a “component (B-2)"” hereinafter) is used in such an amount that
the molar ratio [(B-2)/M] of an aluminum atom in the component
(B-2) to a transition metal atom (M) in the component (A) becomes
usually 10 to 5000, preferably 20 to 2000.

[0168]

The compound (B-3) which reacts with the crosslinked
metallocene compound (A) to form an ion pair (also referred to
as a “component (B-3)” hereinafter) is used in such an amount that
the molar ratio [ (B-3)/M] of the component (B-3) to a transition
metal atom (M) in the component (A) becomes usually 1 to 10000,
preferably 1 to 5000.

[0169]

The polymerization temperature is desired to be a high
temperature at which the maximum effect of the present invention
can be enjoyed, and is usually 100°C to 300°C. The lower limit
of the temperature is preferably 120°C, more preferably 130°C,
and the upper limit of the temperature is preferably 250°C, more
preferably 200°C. As the temperature increases in the
polymerization temperature region of not lower than 100°C, the

solution viscosity during polymerization decreases, removal of
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heat of polymerization is facilitated, and increase in molecular
weight of theresultingethylene/a-olefincopolymer canbe achieved.
However, if the polymerization temperature exceeds 300°C,
deterioration of the resulting polymer sometimes takes place, so
that such a temperature is undesirable. Moreover, from the
viewpoint of properties of an ethylene/oa-olefin copolymer that
is preferably produced by the olefin polymerization of the present
invention, an ethylene/a-olefin copolymer that is suitably
employable in many industrial fields such as a field of films can
be effectively produced in the polymerization temperature region
of 100°C to 200°C.

[0170]

The polymerization pressure is usually normal pressure to
10 MPa gauge pressure (MPa-G), preferably normal pressure to 8
MPa-G.

The polymerization reaction can be carried out in any of
abatchprocess, asemi-continuous process andacontinuousprocess.
Further, the polymerization can be continuously carried out in
two or more polymerizers different in reaction conditions.
[0171]

The molecular weight of the resulting ethylene/a-olefin
copolymer can be controlled by changing hydrogen concentration
or polymerization temperature in the polymerization system. The

molecular weight can be also controlled by the amount of the
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component (B) used. When hydrogen is added, the amount thereof
is suitably about 0.001 to 5000 NL per 1 kg of the resulting
ethylene/a-olefin copolymer.

[0172]

A polymerization solvent used in the liquid phase
polymerization process is usually an inert hydrocarbon solvent
and is preferably a saturated hydrocarbon having a boiling point
of 50°C to 200°C at normal pressure. Specific examples of the
polymerization solvents include aliphatic hydrocarbons, such as
propane, butane, pentane, hexane, heptane, octane, decane,
dodecane and kerosene, and alicyclic hydrocarbons, such as
cyclopentane, cyclohexane and methylcyclopentane. Particularly
preferable are hexane, heptane, octane, decane and cyclohexane.
The ao-olefin itself that is a polymerization object can be also
used as the polymerization solvent. Aromatic hydrocarbons, such
as benzene, toluene and xylene, and halogenated hydrocarbons, such
as ethylene chloride, chlorobenzene and dichloromethane, can be
also used as the polymerization solvent, but from the viewpoints
of reductioninburdenonthe environment andminimizationofeffect
on human body health, use of these hydrocarbons is undesirable.
[0173]

The density of the olefin polymer obtained by the olefin
polymerization process of the present invention is usually 850

to 950 kg/m’, preferably 860 to 950 kg/m’.
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The melt flow rate MFR, (ASTM D-1238, 190°C, load of 2.16
kg) of the olefin polymer obtained by the olefin polymerization
process of the present invention is usually 0.01 to 200 g/10 min,
preferably 0.05 to 100 g/10 min. MFR; in this range is preferable
because the olefinpolymer is excellent in shaping processability.
[0174]

The amount of constituent units derived from ethylene in
the ethylene/a-olefin copolymer obtained by the present invention
is usually 99.5 to 50 mol%, preferably 99.9 to 65 mol%, still more
preferably 99.7 to 70 mol%, and the amount of constituent units
derived from the a-olefin is 50 mol% to 0.1 mol%, preferably 35
mol% to 0.1 mol%, more preferably 30 mol% to 0.3 mol%, with the
proviso that the total amount of the constituent units derived
from ethylene and the constituent units derived from the a-olefin
is 100 mol%.

[0175]

The amounts of vinyl, vinylidene, di-substituted olefin and
tri-substituted olefin, being molecular chain double bonds, are
each preferably less than 0.2, more preferably less than 0.1, per
1000 carbon atoms. The lower limit of each of them is preferably
0 per 1000 carbon atoms. When the amount of the molecular chain
double bonds is in this range, crosslinking during thermal shaping
and scission of polymer molecular chain are suppressed, variation

of MFR during shaping processing or scorch hardly occurs, and in
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addition, deterioration of the copolymer during, for example, use
under the heating conditions can be suppressed, so that such an

amount is preferable.

Examples
[0176]

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

Structures of a crosslinked metallocene compound and its
precursor were determineclbylneasuring'a]TlNMR.spectrunl(270 MHz,
JEOL GSH-270), a FD-mass (referred to as “FD-MS” hereinafter)
spectrum (JEOL SX-102A), etc.

[0177]

[Bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—oc
tamethyloctahydrodibenzofluorenyl)]zirconium dichloride was
synthesized in accordance with a process described in
W02004/029062.

Properties or characteristics of an ethylene/a-olefin
copolymer were measured by the following methods.

[0178]
[1-Octene content]
Using a Fourier transform infrared spectrophotometer

FT/IR-610 manufactured by JASCO Corporation, absorbances of
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l-octene in absorption near 1376 cm ' attributed to the methyl
symmetric deformation vibration and absorption near 4325 cm’
attributedtoanovertone absorptionoftheC-Hstretchingvibration
were measured. Next, a ratio between these absorbances (D1376
cm '/D4325 cm') was calculated, and using a previously prepared
calibration curve, which was prepared using a standard sample
standardizecibyljc—NMRq a l-octene content (mol%) was determined.

[1-Butene content]

Using a Fourier transform infrared spectrophotometer
FT/IR-4100 manufactured by JASCO Corporation, absorbances of

1

l-butene in absorption near 771 cm =~ attributed to the CH,

deformation vibration on an ethyl group and absorption near 4325
cm ' attributed to an overtone vibration of the C-H stretching
vibration were measured. Next, a ratio between these absorbances
(D771 cm '/D4325 cm ') was calculated, and using a previously
prepared calibration curve, which was prepared using a standard
sample standardized by 13C—NMR, a l-butene content (mol%) was
determined.
[0179]

[Amount of molecular chain double bonds]

A 'H NMR spectrum (400 MHz, JEOL ECX400P) was measured using
o-dichlorobenzene-d,; as a measurement solvent under the measuring

conditions of a measuring temperature of 120°C, a spectral width

of 20 ppm, a pulse repetition time of 7.0 seconds and a pulse width
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of 6.15 psec (45° pulse) to calculate the amount.
[0180]

[Intrinsic viscosity (I[n])]

Intrinsic viscosity was measured at 135°C using a decalin
solvent. Inlbmlofdecalin, about 20mgof apolymer wasdissolved,
and a specific viscosity ns, was measured in an oil bath at 135°C.
To this decalin solution, 5 ml of a decalin solvent was added to
dilute the solution, and a specific viscosity ns was measured in
the same manner as above. This dilution operation was further
repeated twice, and a value of ng/C given when a concentration
(C) was extrapolated to 0 was adopted as an intrinsic viscosity.

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

[0181]

[Melt flow rate (MFRi;qg and MFRj) ]

MFRi9: value measured by a standard method of ASTM D-1238
at 190°C under a load of 10.0 kg

MFR;: value measured by a standard method of ASTM D-1238
at 190°C under a load of 2.16 kg
[0182]

[Density]

Using a hydraulic hot press manufactured by Shinto Metal
Industries Corporation, which had been preset at 190°C, a sheet
having a thickness of 0.5 mm was produced at a pressure of 100

kg/cm2 (shape of spacer: 45x45x0.5 mm in a plate of 240x240x0.5
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mm (thickness), nine-cavity mold), and then using a different
hydraulic hot press manufactured by Shinto Metal Industries
Corporation, whichhadbeen preset at 20°C, the sheet was compressed
at a pressure of]lN)kg/cmztc>cool'the sheet, whereby a test sample
was prepared. As the heatingplate, a SUS plate havinga thickness
of 5 mm was used. This pressed sheet was heat-treated at 120°C
for 1 hour and then slowly cooled linearly down to room temperature
over a period of 1 hour. Thereafter, a density was measured with
a density gradient tube.

[0183]

[Synthesis Example 1]

Synthesis of

[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o

ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

(i) Synthesis of
bis (4-N-morpholinylphenyl) (cyclopentadienyl) (octamethyloctahy
drodibenzofluorenyl)methane

In nitrogen atmosphere, to a 100 ml three—-neck flask, 1.24
g (3.21 mmol) of octamethyloctahydrodibenzofluorene, and 80 ml
of dehydrated THF were introduced. Thereto, in an ice water bath,
1.97 ml (3.26 mmol) of a 1.66 M n-butyllithium hexane solution
was slowly added dropwise. While gradually returning to room
temperature, the mixture was stirred for 20 hours. Thereto, in

an ice water bath, 1.08 g (2.69 mmol) of
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6,6-bis (4-N-morpholinylphenyl) fulvene was added. The mixture
was stirred for 4 hours at room temperature. Thereafter, to the
reaction solution, saturated ammonium chloride water was added
to separate the organic layer. The agqueous layer was subjected
to extraction with diethyl ether. The resultant organic layers
were combined, washed one time with a saturated agueous sodium
bicarbonate solution, one time with water, and one time with a
saturated saline solution, and dried over magnesium sulfate. The
solvent was distilled off. The resultant solid was purified by
column chromatography. As a result, 2.1 g (84.0%) of
bis (4-N-morpholinylphenyl) (cyclopentadienyl) (octamethyloctahy
drodibenzofluorenyl)methane was obtained as a white powder.
Bis (4-N-morpholinylphenyl) (cyclopentadienyl) (octamethyloctahy
drodibenzofluorenyl)methane was identified by 'H NMR spectrum.
Measured values thereof are shown below.
'y NMR spectrum (270 MHz, CDCls3): &/ppm 7.3 (br), 7.2-6.8 (br),
6.5-6.0 (br), 5.2 (s), 3.8 (s), 2.9 (s), 1.7-1.5 (br), 1.4-1.2
(br), 1.1-0.8 (br)
[0184]
(ii) Synthesis of
[bis (4-N-morpholinylphenyl)methylene (n°~cyclopentadienyl) (n°-o
ctamethyloctahydrodibenzofluorenyl) JThafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 0.8 g

(1.0 mmol) of
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bis (4-N-morpholinylphenyl) (cyclopentadienyl) (octamethyloctahy
drodibenzofluorenyl)methane, 30 ml of dehydrated toluene, and 0.4
g of dehydrated THF were added. While the mixture was cooled in
adryicebath, 1.3ml (2.0mmol) of an-butyllithium/hexane solution
(1.66M) wasgraduallyadded. Themixturewasstirredfor 30minutes
at room temperature, and thereafter stirred for 4 hours under
heating at 40°C. After the reaction solution returning to room
temperature, the solventwasdistilledoff. Totheresultantsolid,
50 ml of dehydrated diethyl ether was added, followed by cooling
to -20°C, and thereafter 0.317 g (0.98 mmol) of hafnium
tetrachloride was added. While the temperature was gradually
elevated to room temperature, themixture was stirred for 16 hours.
Subsequently, the solvent was distilled off, and extraction was
performed with dehydrated dichloromethane. The resultant was
concentrated again, and thereafter washed with dehydrated diethyl
ether. As a result, 0.45 g (43.3%) of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
obtained as a yellow solid.
[Bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
identified by 'H NMR spectrum. Measured values thereof are shown
below.

'y NMR spectrum (270 MHz, CDCl3): &/ppm 8.01 (s, 2H), 7.80-7.60
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(m, 4H), 7.00-6.80 (m, 4H), 6.29 (s, 2H), 6.19 (t, J = 2.6 Hz,
2H), 5.50 (t, J=2.6 Hz, 2H), 3.83 (t, J=4.8 Hz, 8H), 3.16-3.08
(m, 8H), 1.67-1.60 (m, 8H), 1.46 (s, 6H), 1.36 (s, 6H), 0.96 (s,
6H), 0.85 (s, 6H)

[0185]

[Synthesis Example 2]

Synthesis of

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

(i) Synthesis of 6,6-bis[4-(dimethylamino)phenyl]fulvene

In nitrogen atmosphere, to a 200 ml three-neck flask, 3.06
g (42.4 mmol) of lithiumcyclopentadienide, 10.1 g (37.5 mmol) of
4,4"'"-bis(dimethylamino)benzophenone, and 100 ml of dehydrated DME
were added. While the mixture was cooled in an ice bath, 4.86
g (42.6mmol) of DMI was added. Thereafter, themixturewas stirred
under heating to reflux for 8 days. While the mixture was cooled
in an ice bath, 50 ml of water was gradually added. 50 ml of
dichloromethane was further added, and the mixture was stirred
for 30 minutes at room temperature. The resultant two-layer
solutionwas transferredtoa300ml separating funnel. Theorganic
layer was washed three times with 100 ml of water, and dried over
anhydrous magnesium sulfate for 30 minutes. Subsequently, the
solvent was distilled off under reduced pressure. Extraction was

performed with a mixed solvent of hexane/ethyl acetate (4:1).
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Thereafter, the solvent was distilled off under reduced pressure,
and recrystallization was performed in ethanol. As a result, 1.04
g (3.29 mmol, 8.8%) of 6,6-bis[4-(dimethylamino)phenyl] fulvene
was obtained as a reddish brown solid.
6,6-Bis[4- (dimethylamino)phenyl] fulvene was identifiedknz%iNMR
spectrum and FD-MS spectrum. Measured values thereof are shown
below.
'H NMR spectrum (270 MHz, CDCls) : &/ppm 7.29-7.25 (m, 4H), 6.71-6.65
(m, 4H), 6.57-6.54 (m, 2H), 6.36-6.34 (m, 2H), 3.02 (s, 12H)
FD-MS spectrum: M/z 316 (M')
[0186]
(ii) Synthesis of
bis[4-(dimethylamino)phenyl] (cyclopentadienyl) (octamethylocta
hydrodibenzofluorenyl)methane

In nitrogen atmosphere, to a 500 ml three-neck flask, 3.69
g (9.53 mmol) of octamethyloctahydrodibenzofluorene, and 250 ml
of dehydrated cyclopentylmethyl ether were added. While the
mixture was cooled in an ice bath, 6.10 ml (10.1 mmol) of a
n-butyllithium/hexane solution (1.65 M) was gradually added.
Thereafter, themixturewas stirred for 24 hours at roomtemperature.
3.00g (9.48mmol) of 6,6-bis[4-(dimethylamino)phenyl]fulvene was
added, and the mixture was heated to reflux for 6 days. While
the mixture was cooled in an ice bath, 200 ml of water was gradually

added. The resultant two-layer solution was transferred to a 1
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L separating funnel, to which 200 ml of diethyl ether was added.
The resultant solution was shaken several times. Thereafter, the
aqueous layer was removed, and the organic layer was washed three
times with 200 ml of water, and one time with 200 ml of a saturated
saline solution, and dried over anhydrous magnesium sulfate for
30 minutes. Subsequently, the solvent was distilled off under
reducedpressure. Asaresult, anorange-brown solidwas obtained,
which was then recrystallized from acetone. As a result, 4.63
g (6.58 mmol, 69.4%) of
bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (octamethylocta
hydrodibenzofluorenyl)methane was obtainedasapaleyellowsolid.
Bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (octamethylocta
hydrodibenzofluorenyl)methane was identified by FD-MS spectrum.
A measured value thereof is shown below.
FD-MS spectrum: M/z 702 (M')
[0187]
(iii) Synthesis of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 200 ml Schlenk flask, 3.08 g
(4.39 mmol) of
bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (octamethylocta
hydrodibenzofluorenyl)methane, 80 ml of dehydrated toluene, and

0.74ml (9.1mmol) of dehydrated THF were sequentially added. While
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the mixture was cooled in an ice bath, 5.50 ml (9.08 mmol) of a
n-butyllithium/hexane solution (1.65M) was gradually added. The
mixture was stirredat 45°C for 5 hours. Asaresult, aredsolution
was obtained. After the solvent was distilled off under reduced
pressure, 80 ml of dehydrated diethyl ether was added to provide
a red solution again. While the solution was cooled in a
methanol/dry ice bath, 1.37g (4.27 mmol) of hafnium tetrachloride
was added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 16 hours. As a result,
an orange slurry was obtained. After the solvent was distilled
off under reduced pressure, the resultant solid was transferred
into a glove box, washed with hexane, and then subjected to
extractionwith dichloromethane. After the solvent was distilled
off under reduced pressure, a small amount of toluene was added
to provide a slurry. Hexane was added thereto, and thereafter
the solvent was distilled off little by little under reduced
pressure. As a result, an orange solid was collected. This solid
was washed with hexane, and dried under reduced pressure. As a
result, 2.49 g (2.62 mmol, 61.4%) of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
obtained as an orange solid.
[Bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
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identified by 'H NMR spectrum and FD-MS spectrum. Measured values
thereof are shown below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 8.00 (s, 2H), 7.74-7.61
(m, 4H), 6.80-6.69 (m, 4H), 6.35 (s, 2H), 6.18 (t, J = 2.6 Hz,
2H), 5.52 (¢, J=2.6 Hz, 2H), 2.90 (s, 12H), 1.7-1.5 (br m, 8H),
1.46 (s, 6H), 1.39 (s, 6H), 0.99 (s, 6H), 0.86 (s, 6H)

FD-MS spectrum: M/z 950 (M")

[0188]

[Synthesis Example 3]

Synthesis of

[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o

ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

(1) Synthesis of
bis (3-N-morpholinylphenyl) (cyclopentadienyl) (octamethyloctahy
drodibenzofluorenyl)methane

In nitrogen atmosphere, to a 100 ml three-neck flask, 2.0
g (5.17 mmol) of octamethyloctahydrodibenzofluorene, and 80 ml
of dehydrated THF were introduced. Thereto, in an ice water bath,
3.5ml (5.43 mmol) of a 1.56 M n-butyllithium hexane solution was
slowly added dropwise. While gradually returning to room
temperature, the mixture was stirred for 4 hours. Thereto, in
an ice water bath, 2.17 g (5.4 mmol) of
6, 6-bis (3-N-morpholinylphenyl) fulvene was added. The mixture

was stirred for 5 hours at room temperature. Thereafter, to the
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reaction solution, a saturated ammonium chloride water was added
to separate the organic layer, and the aqueous layer was subjected
to extraction with diethyl ether. The resultant organic layers
were combined, washed one time with a saturated aqueous sodium
bicarbonate solution, one time with water, and one time with a
saturated saline solution, and dried over magnesium sulfate. The
solvent was distilled off. The resultant solid was purified by
column chromatography. As a result, 2.8 g (71.0%) of
bis (3-N-morpholinylphenyl) (cyclopentadienyl) (octamethyloctahy
drodibenzofluorenyl)methane was obtained as an ocher powder.
Bis (3-N-morpholinylphenyl) (cyclopentadienyl) (octamethyloctahy
drodibenzofluorenyl)methane was identified by 'H NMR spectrum.
Measured values thereof are shown below.
'H NMR spectrum (270 MHz, CDCls): &/ppm 7.3-6.2 (br), 5.30 (s),
3.9-3.6 (br), 3.3-3.0 (br), 1.8-1.4 (br), 1.5-1.0 (br), 1.0-0.8
(br)
[0189]
(ii) Synthesis of
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 0.8 g
(1.0 mmol) of
bis (3-N-morpholinylphenyl) (cyclopentadienyl) (octamethyloctahy

drodibenzofluorenyl)methane, 30 ml of dehydrated toluene, and 0.3
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g of dehydrated THF were added. While the mixture was cooled in
adryicebath, 1.3ml (2.0mmol) of an-butyllithium/hexane solution
(1.58M) wasgraduallyadded. Themixturewasstirredfor 30minutes
at room temperature, and thereafter stirred for 4 hours under
heating at 40°C. After the reaction solution returning to room
temperature, the solventwasdistilledoff. Totheresultantsolid,
200 ml of dehydrated diethyl ether was added, followed by cooling
to-20°C, andthereafter 0.30g (0.94 mmol) of hafniumtetrachloride
was added. While the temperature was gradually elevated to room
temperature, themixture was stirred for 16 hours. Subsequently,
the solvent was distilled off, and extraction was performed with
a large amount of dehydrated hexane. The resultant was
concentrated again, and thereafter washed with a small amount of
dehydrated hexane. As a result, 0.3 g (28.6%) of
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
obtained as a yellow solid.
[Bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
identified by %{NMR.spectrum. Measured values thereof are shown
below.
lHNMRspectrum(27OMHz,CDClg):é/ppm7.98—7.97(m,2H),7.45—7.14
(m, 6H), 6.81-6.74 (m, 2H), 6.31 (s, 1H), 6.25 (s, 1H), 6.18-6.13

(m, 2H), 5.48-5.45 (m, 2H), 3.81-3.75 (m, 4H), 3.64-3.62 (m, 4H),
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3.17-3.10 (m, 4H), 2.92-2.90 (m, 4H), 1.58-1.55 (m, 8H), 1.41 (s,
6H), 1.34 (s, 6H), 0.92 (s, 6H)

[0190]

[Synthesis Example 4]

Synthesis of

[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(

n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride

(1) Synthesis of 4,4'-dimethoxy-3,3'-dimethylbenzophenone

In nitrogen atmosphere, to a 500 ml three-neck flask, 16.2
g (80.6mmol) of 4-bromo-2-methylanisole, and 200 ml of dehydrated
diethyl ether were added. While the mixture was cooled in a
methanol/dry ice bath, 51.6 ml (84.6 mmol) of a
n-butyllithium/hexane solution (1.64 M) was gradually added.
While the temperature was gradually elevated to room temperature,
the mixture was stirred for 15 hours. While the mixture was cooled
in an ice bath, a solution composed of 5.06 g (32.2 mmol) of
N-carboethoxypiperidine and 50 ml of dehydrated diethyl ether was
gradually added with a dropping funnel over a period of 20 minutes.
The mixture was stirred for 1 hour at room temperature, and stirred
for 2 hours under heating to reflux. While the mixture was cooled
in an ice bath, 100 ml of 2N hydrochloric acid was gradually added.
The resultant two-layer solution was transferred to a 500 ml
separating funnel, and was shaken several times. Thereafter, the

aqueous layer was removed. Subsequently, the organic layer was
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washed two times with 100 ml of water, one time with 100 ml of
a saturated aqueous sodium bicarbonate solution, and one time with
100 ml of a saturated saline solution, and dried over anhydrous
magnesium sulfate for 30 minutes. After the solvent was distilled
off under reduced pressure, a small amount of hexane was added
toperformrecrystallization. The resultant solidwasdriedunder
reduced pressure. As a result, 7.57 g (28.0 mmol, 87.0%) of
4,4"'-dimethoxy—-3,3"'-dimethylbenzophenone was obtained as a white
solid. 4,4'-Dimethoxy-3,3'-dimethylbenzophenone was identified
by 'H NMR spectrum. Measured values thereof are shown below.
lHNMRspectrum(27OMHz,CDClg):é/ppm7.63—7.6O(m,4H),6.86—6.83
(m, 2H), 3.89 (s, 6H), 2.24 (s, 6H)
[0191]
(ii) Synthesis of 6, 6-bis(4-methoxy-3-methylphenyl) fulvene

In nitrogen atmosphere, to a 300 ml three-neck flask, 7.44
g (27.5 mmol) of 4,4'-dimethoxy-3,3'-dimethylbenzophenone, 100
ml of dehydrated THF, 100 ml of dehydrated cyclopentylmethyl ether,
and 5.95 ml (55.0 mmol) of 1,3-dimethyl-2-imidazolidinone were
added. 27.5 ml (55.0 mmol) of a sodium cyclopentadienide/THF
solution (2.0 M, Aldrich) was added at room temperature. The
mixture was stirred under heating to reflux for 7 days. While
the mixture was cooled in an ice bath, 100 ml of water was gradually
added. The resultant two-layer solution was transferred to a 300

ml separating funnel, to which 100 ml of diethyl ether was added.
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The resultant solution was shaken several times. Thereafter, the
aqueous layer was removed, and the organic layer was washed three
times with 100 ml of water, and one time with 100 ml of a saturated
saline solution, and dried over anhydrous magnesium sulfate for
30 minutes. Subsequently, the solvent was distilled off under
reducedpressure. Asaresult, anorange-brown solidwas obtained.
The resultant solid was subjected to separation with the use of
silica gel chromatography (200 g, hexane: ethyl acetate = 9:1)
to obtain a red solution. The solvent was distilled off under
reduced pressure. As a result, 1.67 g (5.24 mmol, 19.0%) of
6, 6-bis (4-methoxy-3-methylphenyl) fulvene was obtained as an
orange solid. 6,6-Bis(4-methoxy-3-methylphenyl) fulvene was
identified by %{NMR.spectrum. Measured values thereof are shown
below.
'H NMR spectrum (270 MHz, CDCls3): &/ppm 7.16-7.11 (m, 4H), 6.81
(d, J = 8.2 Hz, 2H), 6.58-6.56 (m, 2H), 6.31-6.28 (m, 2H), 3.87
(s, 6H), 2.20 (s, 6H)
[0192]
(iii) Synthesis of
bis (4-methoxy-3-methylphenyl) (cyclopentadienyl) (octamethyloct
ahydrodibenzofluorenyl)methane

In nitrogen atmosphere, to a 100 ml three-neck flask, 1.27
g (3.29 mmol) of octamethyloctahydrodibenzofluorene, and 50 ml

of dehydrated cyclopentylmethyl ether were added. While the
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mixture was cooled in an ice bath, 2.10 ml (3.44 mmol) of a
n-butyllithium/hexane solution (1.64 M) was gradually added. The
mixture was stirred for 16 hours at room temperature. While the
mixture was cooled in a sodium chloride/ice bath, 1.10 g (3.44
mmol) of 6,6-bis(4-methoxy-3-methylphenyl) fulvene was added at
-12°C. Thereafter the mixture was stirred for 22 hours at room
temperature. While the mixture was cooled in an ice bath, 50 ml
of water was gradually added. The resultant two-layer solution
was transferred to a 300 ml separating funnel, to which 100 ml
of diethyl ether was added. The resultant solution was shaken
several times. Thereafter, the aqueous layer was removed, and
the organic layer was washed three times with 100 ml of water,
and one time with 100 ml of a saturated saline solution, and dried
over anhydrous magnesium sulfate for 30 minutes. Subsequently,
the solvent was distilled off under reduced pressure. A small
amount of hexane was added to perform recrystallization to give
asolid. Thissolidwasdriedunder reducedpressure. Asaresult,
1.98 g (2.81 mmol, 85.3%) of

bis (4-methoxy-3-methylphenyl) (cyclopentadienyl) (octamethyloct
ahydrodibenzofluorenyl)methane was obtainedasapaleyellowsolid.
Bis (4-methoxy-3-methylphenyl) (cyclopentadienyl) (octamethyloct
ahydrodibenzofluorenyl)methane was identified by FD-MS spectrum.
A measured value thereof is shown below.

+

FD-MS spectrum: M/z 704 (M)
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[0193]
(iv) Synthesis of
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 1.00 g
(1.42 mmol) of
bis (4-methoxy-3-methylphenyl) (cyclopentadienyl) (octamethyloct
ahydrodibenzofluorenyl)methane, 40 ml of dehydrated toluene, and
2401l (2.96mmol) of dehydrated THF were sequentially added. While
the mixture was cooled in an ice bath, 1.80 ml (2.95 mmol) of a
n-butyllithium/hexane solution (1.64 M) was gradually added. The
mixture was stirred at 45°C for 5 hours. As a result, a red slurry
was obtained. After the solvent was distilled off under reduced
pressure, 40 ml of dehydrated diethyl ether was added to provide
a red solution. While the solution was cooled in a methanol/dry
ice bath, 418 mg (1.30 mmol) of hafnium tetrachloride was added.
While the temperature was gradually elevated to room temperature,
themixture was stirred for 16 hours. As aresult, anorange slurry
was obtained. After the solvent was distilled off under reduced
pressure, the resultant solid was transferred into a glove box,
and subjectedtoextractionwithhexane. The solventwasdistilled
off under reduced pressure to give a solid, and to this solid,
a small amount of hexane was added. The mixture was allowed to

be left at -20°C. As a result, an orange solid was precipitated
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out. This solid was collected by filtration, washed with a small
amount of hexane, and thereafter dried under reduced pressure.
As a result, 1.06 g (1.11 mmol, 85.3%) of
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride was
obtained as an orange solid.
[Bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride was
identified by 'H NMR spectrum and FD-MS spectrum. Measured values
thereof are shown below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 8.02 (s, 2H), 7.71-7.53
(m, 4H), 6.88-6.77 (m, 2H), 6.29-6.27 (m, 2H), 6.21-6.18 (m, 2H),
5.53-5.47 (m, 2H), 3.83-3.77 (m, 6H), 2.28-2.27 + 2.09-2.08 (m,
6H), 1.7-1.5 (brm, 8H), 1.46 (s, 6H), 1.40-1.39 (m, 6H), 0.99-0.94
(m, 6H), 0.85 (s, 6H)

FD-MS spectrum: M/z 952 (M')

[0194]

[Synthesis Example 5]

Synthesis of

[bis (4-methoxy-3, 5-dimethylphenyl)methylene (n°-cyclopentadien

y1l) (n°~octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

(i) Synthesis of
4,4"'"-dimethoxy-3,3"',5,5"'-tetramethylbenzophenone

In nitrogen atmosphere, to a 500 ml three-neck flask, 16.7
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g (77.6 mmol) of 4-bromo-2,6-dimethylanisole, and 150 ml of
dehydrated diethyl ether were added. While the mixture was cooled
in a methanol/dry ice bath, 49.7 ml (81.5 mmol) of a
n-butyllithium/hexane solution (1.64 M) was gradually added.
While the temperature was gradually elevated to room temperature,
the mixture was stirred for 16 hours. While the mixture was cooled
in an ice bath, a solution composed of 4.83 g (30.7 mmol) of
N-carboethoxypiperidine and 50 ml of dehydrated diethyl ether was
gradually added with a dropping funnel over a period of 20 minutes.
The mixture was stirred for 1 hour at room temperature, and stirred
for 2 hours under heating to reflux. Thereto, in an ice bath,
100 ml of 2N hydrochloric acid was gradually added. The resultant
two-layer solution was transferred to a 500 ml separating funnel.
The resultant solution was shaken several times. Thereafter, the
aqueous layer was removed. Subsequently, the organic layer was
washed two times with 100 ml of water, one time with 100 ml of
a saturated aqueous sodium bicarbonate solution, and one time with
100 ml of a saturated saline solution, and dried over anhydrous
magnesium sulfate for 30 minutes. After the solvent was distilled
off under reduced pressure, a small amount of hexane was added
toperformrecrystallizationtogiveasolid. Thissolidwaswashed
with a small amount of hexane, and dried under reduced pressure.
As a result, 6.83 g (22.9 mmol, 74.5%) of

4,4"'-dimethoxy-3,3"',5,5"'-tetramethylbenzophenone was obtained
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as a white solid.
4,4"'-Dimethoxy-3,3"',5,5"'-tetramethylbenzophenone was
identified by 'H NMR spectrum. Measured values thereof are shown
below.
g NMR spectrum (270 MHz, CDClz): &/ppm 7.44 (s, 4H), 3.77 (s, 6H),
2.31 (s, 12H)
[0195]
(ii) Synthesis of 6, 6-bis(4-methoxy-3,5-dimethylphenyl) fulvene
In nitrogen atmosphere, to a 300 ml three-neck flask, 6.76
g (22.7 mmol) of
4,4'"-dimethoxy-3,3"',5,5"'-tetramethylbenzophenone, 100 ml of
dehydrated THF, 100 ml of dehydrated cyclopentylmethyl ether, and
4.90ml (45.3mmol) of 1,3-dimethyl-2-imidazolidinone were added.
22.7 ml (45.4 mmol) of a sodium cyclopentadienide/THF solution
(2.0 M, Aldrich) was added at room temperature. The mixture was
stirred under heating to reflux for 7 days. While the mixture
was cooled in an ice bath, 100 ml of water was gradually added.
The resultant two-layer solution was transferred to a 300 ml
separating funnel, to which 100 ml of diethyl ether was added.
The resultant solution was shaken several times. Thereafter, the
aqueous layer was removed, and the organic layer was washed three
times with 100 ml of water, and one time with 100 ml of a saturated
saline solution, and dried over anhydrous magnesium sulfate for

30 minutes. Subsequently, the solvent was distilled off under
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reducedpressure. Asaresult, anorange-brownsolidwas obtained.
The resultant solid was subjected to separation with the use of
silica gel chromatography (450 g, hexane: ethyl acetate = 9:1)
to obtain a red solution. The solvent was distilled off under
reduced pressure. As a result, 3.80 g (11.0 mmol, 48.4%) of
6,6-bis (4-methoxy-3,5-dimethylphenyl) fulvene was obtained as an
orange solid. 6,6-Bis(4-methoxy-3,5-dimethylphenyl) fulvene was
identified.by]f{NMR.spectrum. Measured values thereof are shown
below.
'H NMR spectrum (270 MHz, CDCls3): &/ppm 6.95 (s, 4H), 6.57-6.55
(m, 2H), 6.28-6.26 (m, 2H), 3.77 (s, 6H), 2.27 (s, 12H)
[0196]
(iii) Synthesis of
bis (4-methoxy-3,5-dimethylphenyl) (cyclopentadienyl) (octamethy
loctahydrodibenzofluorenyl)methane

In nitrogen atmosphere, to a 200 ml three-neck flask, 1.59
g (4.12 mmol) of octamethyloctahydrodibenzofluorene, and 50 ml
of dehydrated cyclopentylmethyl ether were added. While the
mixture was cooled in an ice bath, 2.70 ml (4.43 mmol) of a
n-butyllithium/hexane solution (1.64 M) was gradually added. The
mixture was stirred for 16 hours at room temperature. While the
mixture was cooled in an ice bath, 1.51 g (4.35 mmol) of
6, 6-bis (4-methoxy—-3,5-dimethylphenyl) fulvene was added.

Thereafter, themixturewas stirred for 4 hours at room temperature.
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While the mixture was cooled in an ice bath, 100 ml of water was
graduallyadded. Theresultanttwo-layersolutionwastransferred
to a 300 ml separating funnel, to which 100 ml of diethyl ether
was added. The resultant solution was shaken several times.
Thereafter, the aqueous layer was removed, and the organic layer
was washed three times with 100 ml of water, and one time with
100 ml of a saturated saline solution, and dried over anhydrous
magnesium sulfate for 30 minutes. Subsequently, the solvent was
distilled off under reduced pressure. A small amount of methanol
was added toperformrecrystallizationtogiveasolid. This solid
was washed with a small amount of ethanol, and dried under reduced
pressure. As a result, 2.35 g (3.21 mmol, 77.8%) of
bis (4-methoxy-3,5-dimethylphenyl) (cyclopentadienyl) (octamethy
loctahydrodibenzofluorenyl)methane was obtainedas awhite solid.
Bis (4-methoxy-3, 5-dimethylphenyl) (cyclopentadienyl) (octamethy
loctahydrodibenzofluorenyl)methane was identified by FD-MS
spectrum. A measured value thereof is shown below.
FD-MS spectrum: M/z 732 (M')
[0197]
(iv) Synthesis of
[bis (4-methoxy-3, 5-dimethylphenyl)methylene (n°~cyclopentadien
yl)(n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride
In nitrogen atmosphere, to a 100 ml Schlenk flask, 1.30 g

(1.77 mmol) of



10

15

20

121

bis (4-methoxy-3,5-dimethylphenyl) (cyclopentadienyl) (octamethy
loctahydrodibenzofluorenyl)methane, 40 ml of dehydrated toluene,
and 300 pl (3.70 mmol) of dehydrated THF were sequentially added.
While the mixture was cooled in an ice bath, 2.20 ml (3.61 mmol)
of a n-butyllithium/hexane solution (1.64 M) was gradually added.
The mixture was stirred for 5 hours at 45°C. As a result, a red
slurry was obtained. After the solvent was distilled off under
reduced pressure, 40 ml of dehydrated diethyl ether was added to
provide a red solution. While the solution was cooled in a
methanol/dry ice bath, 532 mg (1.66 mmol) of hafnium tetrachloride
was added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 18 hours. As a result,
an orange slurry was obtained. After the solvent was distilled
off under reduced pressure, the resultant solid was transferred
into a glove box, and subjected to extraction with hexane. The
solvent was distilled off under reduced pressure to give a solid,
and to this solid, a small amount of hexane and diethyl ether were
added. The mixture was allowed to be left at -20°C. As a result,
an orange solid was precipitated out. This solid was collected
by filtration, washedwith a small amount of hexane, and thereafter
dried under reduced pressure. As a result, 1.27 g (1.29 mmol,
77.7%) of
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien

yl)(n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride
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was obtained as an orange solid.
[Bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
yl)(n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride
was identified by 'H NMR spectrum and FD-MS spectrum. Measured
values thereof are shown below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 8.02 (s, 2H), 7.55-7.43
(m, 4H), 6.28 (s, 2H), 6.19 (t, J =2.6 Hz, 2H), 5.48 (t, J = 2.6
Hz, 2H), 3.72 (s, 6H), 2.35 (s, 6H), 2.16 (s, 6H), 1.7-1.5 (br
m, 8H), 1.46 (s, 6H), 1.40 (s, 6H), 0.98 (s, 6H), 0.86 (s, 6H)
FD-MS spectrum: M/z 980 (M')
[0198]

[Synthesis Example 6]

Synthesis of

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet

hyloctahydrodibenzofluorenyl) Jhafnium dichloride

(i) Synthesis of 6,6-bis(4-methoxyphenyl) fulvene

In nitrogen atmosphere, to a 500 ml three-neck flask, 8.28
g (115mmol) of lithiumcyclopentadienide, and 200 ml of dehydrated
THF were added. While the mixture was cooled in an ice bath, 13.6
g (119 mmol) of DMI was added. The mixture was stirred for 30
minutes at room temperature. Thereafter, 25.3 g (105 mmol) of
4,4'-dimethoxybenzophenone was added. The mixture was stirred
under heating to reflux for 1 hour. While the mixture was cooled

in an ice bath, 100 ml of water was gradually added. 200 ml of
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dichloromethane was further added, and the mixture was stirred
for 30 minutes at room temperature. The resultant two-layer
solutionwastransferredtoa500ml separating funnel. Theorganic
layer was washed three times with 200 ml of water, and dried over
anhydrous magnesium sulfate for 30 minutes. Subsequently, the
solvent was distilled off under reduced pressure. As a result,
an orange-brown solid was obtained. The resultant solid was
subjected to separation with the use of silica gel chromatography
(700 g, hexane: ethyl acetate = 4:1) to obtain a red solution.
The solvent was distilled off under reduced pressure. As aresult,
9.32 g (32.1 mmol, 30.7%) of 6,6-bis(4-methoxyphenyl) fulvene was
obtainedas anorange solid. 6,6-Bis(4-methoxyphenyl) fulvene was
identified by %{NMR.spectrum. Measured values thereof are shown
below.
'H NMR spectrum (270 MHz, CDCls3) : &/ppm 7.28-7.23 (m, 4H), 6.92-6.87
(m, 4H), 6.59-6.57 (m, 2H), 6.30-6.28 (m, 2H), 3.84 (s, 6H)
[0199]
(ii) Synthesis of
bis (4-methoxyphenyl) (cyclopentadienyl) (octamethyloctahydrodib
enzofluorenyl)methane

In nitrogen atmosphere, to a 200 ml three-neck flask, 1.33
g (3.45 mmol) of octamethyloctahydrodibenzofluorene, and 100 ml
of dehydrated t-butylmethyl ether were added. While the mixture

was cooled in an ice bath, 2.30 ml (3.75 mmol) of a
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n-butyllithium/hexane solution (1.63 M) was gradually added. The
mixture was stirred for 4 hours at room temperature. After 0.909
g (3.13 mmol) of 6, 6-bis(4-methoxyphenyl) fulvene was added, the
mixture was heated to reflux for 40 hours. While the mixture was
cooled in an ice bath, 50 ml of water and 50 ml of diethyl ether
was gradually added. The resultant solution was transferred to
a 500 ml separating funnel. The resultant solution was shaken
several times. Thereafter, the aqueous layer was separated, and
the organic layer was washed three times with 100 ml of water,
and one time with 100 ml of a saturated saline solution, and dried
over anhydrous magnesium sulfate for 30 minutes. Subsequently,
the solvent was distilled off under reduced pressure. The
resultant was subjected to separation with the use of silica gel
chromatography (150 g, hexane: ethyl acetate = 19:1) to obtain
a colorless solution. The solvent was distilled off under reduced
pressure. As a result, 2.06 g (3.04 mmol, 97.3%) of

bis (4-methoxyphenyl) (cyclopentadienyl) (octamethyloctahydrodib
enzofluorenyl)methane was obtained as a pale yellow solid.
Bis (4-methoxyphenyl) (cyclopentadienyl) (octamethyloctahydrodib
enzofluorenyl)methane was identified by FD-MS spectrum. A
measured value thereof is shown below.

FD-MS spectrum: M/z 676 (M')

[0200]

(iii) Synthesis of
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[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 1.06 g
(1.57 mmol) of
bis (4-methoxyphenyl) (cyclopentadienyl) (octamethyloctahydrodib
enzofluorenyl)methane, 40 ml of dehydrated toluene, and 270 ul
(3.33 mmol) of dehydrated THF were sequentially added. While the
mixture was cooled in an ice bath, 2.00 ml (3.28 mmol) of a
n-butyllithium/hexane solution (1.64 M) was gradually added. The
mixture was stirredat 45°C for 5hours. Asaresult, aredsolution
was obtained. After the solvent was distilled off under reduced
pressure, 40 ml of dehydrated diethyl ether was added to provide
a red solution again. While the solution was cooled in a
methanol/dry ice bath, 718 mg (1.53 mmol) of hafnium
tetrachloride-bis (diethyl ether) complex was added. While the
temperaturewas graduallyelevatedtoroomtemperature, themixture
was stirredforl7hours. Asaresult, anorangeslurrywasobtained.
After the solvent was distilled off under reduced pressure, the
resultant solidwas transferredintoaglovebox, washedwith hexane,
and then subjected to extraction with dichloromethane. After the
solvent was distilled off under reduced pressure, the resultant
solid was allowed to dissolve in toluene, and hexane was added
thereto. Thereafter, the solvent was distilled off little by

little under reduced pressure. As a result, an orange solid was
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precipitated out. This solid was collected by filtration, washed
with hexane, and then dried under reduced pressure. As a result,
984 mg (1.06 mmol, 69.4%) of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafniumdichloride was obtainedas
an orange solid.
[Bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafniumdichloride was identified
by 'H NMR spectrum and FD-MS spectrum. Measured values thereof
are shown below.

'y NMR spectrum (270 MHz, CDCls3): &/ppm 8.02 (s, 2H), 7.83-7.69
(m, 4H), 6.98-6.85 (m, 4H), 6.27 (s, 2H), 6.20 (t, J= 2.6 Hz,2H),
5.50 (¢, J = 2.6 Hz,2H), 3.79 (s, 6H), 1.7-1.5 (br m, 8H), 1.46
(s, 6H), 1.40 (s, 6H), 0.98 (s, 6H), 0.86 (s, 6H)

FD-MS spectrum: M/z 924 (M')

[0201]

[Comparative Synthesis Example 1]

Synthesis of

[bis(B—Chlorophenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl) Jhafnium dichloride

(i) Synthesis of
[bis(3—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—octameth
yloctahydrodibenzofluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 568 mg
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(829 mumol) of

bis (3-chlorophenyl) (cyclopentadienyl) (octamethyloctahydrodibe
nzofluorenyl)methane, and 30 ml of dehydrated diethyl ether were
added. While the mixture was cooled in a methanol/dry ice bath,
1.2 ml (1.9 mmol) of a n-butyllithium/hexane solution (1.59 M)
was gradually added. The mixture was stirred for 6 hours at room
temperature. While the mixture was cooled in a methanol/dry ice
bath, 265 mg (826 uymol) of hafnium tetrachloride was added. While
the temperature was gradually elevated to room temperature, the
mixture was stirred for 16 hours. As a result, an orange slurry
was obtained. After the solvent was distilled off under reduced
pressure, the resultant solid was transferred into a glove box,
and subjectedtoextractionwithhexane. The solventwasdistilled
off under reduced pressure to give a solid, and to this solid,
a small amount of hexane was added. The mixture was allowed to
be left at -20°C. As a result, a yellow solid was precipitated
out. This solid was collected by filtration, washed with a small
amount of hexane, and thereafter dried under reduced pressure.
As a result, 150 mg (161 umol, 19.4%) of
[bis(3—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—octameth
yloctahydrodibenzofluorenyl) Jhafnium dichloride was obtained as
a yellow solid.
[Bis(3—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl) Jhafnium dichloride was identified
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by 'H NMR spectrum and FD-MS spectrum. Measured values thereof
are shown below.
lHNMRspectrum(27OMHz,CDClg):é/ppm7.73—7.68(m,2H),7.6O—7.57
(m, 1H), 7.52-7.45 (m, 2H), 7.44-7.40 (m, 1H), 7.38-7.32 (m, 1H),
7.07 (¢d, J=7.8 Hz, J=5.4 Hz, 1H), 6.96-6.91 (m, 2H), 5.92-5.85
(m, 4H), 5.16-5.09 (m, 2H), 1.4-1.2 (brm, 8H), 1.11 (s, 6H), 1.06
(s, 3H), 1.04 (s, 3H), 0.68 (s, 3H) 0.61 (s, 3H), 0.52 (s, 3H),
0.50 (s, 3H)

FD-MS spectrum: M/z 932 (M')
[0202]

[Synthesis Example 7]

Synthesis of

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride

(i) Synthesis of
bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (tetramethyloct
ahydrodibenzofluorenyl)methane

In nitrogen atmosphere, to a 100 ml three—-neck flask, 1.4
g (4.24 mmol) of tetramethyloctahydrodibenzofluorene, and 50 ml
of dehydrated cyclopentylmethyl ether were introduced. Thereto,
in an ice water bath, 2.7 ml (4.45 mmol) of a 1.66 Mn-butyllithium
hexane solution was slowly added dropwise. While gradually
returning to roomtemperature, themixturewas stirred for 20 hours.

Thereto, in an ice water bath, 1.47 g (4.66 mmol) of
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6,6-bis[4- (dimethylamino)phenyl] fulvene was added. The mixture
was stirred for 8 hours at room temperature. Thereafter, to the
reaction solution, a saturated ammonium chloride water was added
to separate the organic layer, and the aqueous layer was subjected
to extraction with diethyl ether. The resultant organic layers
were combined, washed one time with a saturated agueous sodium
bicarbonate solution, one time with water, and one time with a
saturated saline solution, and dried over magnesium sulfate. The
solvent was distilled off. The resultant solid was washed with
diethyl ether. As a result, 1.8 g (64.0%) of
bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (tetramethyloct
ahydrodibenzofluorenyl)methane was obtained as a white powder.
Bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (tetramethyloct
ahydrodibenzofluorenyl)methane was identified by 'H NMR spectrum.
Measured values thereof are shown below.
'H NMR spectrum (270 MHz, CDCls): &/ppm 7.3 (s), 7.2-6.9 (br), 6.6
(s), 6.6-6.3 (br), 6.5-6.0 (br), 5.2 (s), 2.8 (s), 2.7-2.4 (m),
1.8-1.6 (br), 1.4-1.2 (m)
[0203]
(ii) Synthesis of
[bis[4- (dimethylamino)phenyl]methylene (n°~cyclopentadienyl) (n°
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 0.8 g

(1.24 mmol) of
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bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (tetramethyloct
ahydrodibenzofluorenyl)methane, 30 ml of dehydrated toluene, and
0.4 g of dehydrated THF were added. While the mixture was cooled
in a dry ice bath, 1.5 ml (2.5 mmol) of a n-butyllithium/hexane
solution (1.66 M) was gradually added. The mixture was stirred
for 30 minutes at room temperature, and thereafter stirred for
4 hours under heating at 40°C. After the reaction solution
returning to room temperature, the solvent was distilled off. To
the resultant solid, 80 ml of dehydrated diethyl ether was added,
followed by cooling to -20°C, and thereafter 0.38 g (1.20 mmol)
of hafnium tetrachloride was added. While the temperature was
gradually elevated to room temperature, the mixture was stirred
for 16 hours. Thereafter, the solvent was distilled off, the
resultant solid was washed with dehydrated hexane, and then
subjected to extraction with dehydrated diethyl ether. The
resultant was concentrated again, and thereafter washed with
dehydrated diethyl ether. As a result, 0.60 g (54.2%) of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
obtained as a yellow solid.

[Bis[4- (dimethylamino) phenyl]methylene (n°~cyclopentadienyl) (n°
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
identified by 'H NMR spectrum. Measured values thereof are shown

below.
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'H NMR spectrum (270 MHz, CDCls): &/ppm 8.03 (s, 2H), 7.65-7.58
(m, 4H), 6.73-6.66 (m, 4H), 6.20 (t, J = 2.6 Hz, 2H), 6.08 (s,
2H), 5.60 (t, J=2.6 Hz, 2H), 2.91 (s, 12H), 2.51-2.49 (m, 4H),
1.71-1.66 (m, 8H), 1.47 (s, 6H), 1.40 (s, 6H)

[0204]

[Synthesis Example 8]

Synthesis of

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame

thyloctahydrodibenzofluorenyl) Jhafnium dichloride

(i) Synthesis of
bis (4-methoxyphenyl) (cyclopentadienyl) (tetramethyldodecahydro
dibenzofluorenyl)methane

In nitrogen atmosphere, to a 200 ml three—-neck flask, 2.40
g (7.26 mmol) of tetramethyldodecahydrodibenzofluorene, and 80
ml of dehydrated cyclopentylmethyl ether were added. While the
mixture was cooled in a sodium chloride/ice bath, 4.70 ml (7.71
mmol) of a n-butyllithium/hexane solution (1.64 M) was gradually
added. Thereafter, while the temperature was gradually elevated
to room temperature, the mixture was stirred for 16 hours. After
1.96 g (6.75 mmol) of 6,6-bis(4-methoxyphenyl) fulvene was added,
the mixture was stirred for 4 hours at room temperature. While
the mixture was cooled in an ice bath, 100 ml of water was gradually
added. The resultant solution was transferred to a 300 ml

separating funnel, to which 100 ml of dichloromethane was added.
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The resultant solution was shaken several times. Thereafter, the
aqueous layer was separated, and the organic layer was washed three
times with 100 ml of water, and dried over anhydrous magnesium
sulfate for 30 minutes. Subsequently, the solvent was distilled
off under reduced pressure. The resultant solid was washed with
diethyl ether, and dried under reduced pressure. As a result,
3.99 g (6.43 mmol, 95.3%) of
bis (4-methoxyphenyl) (cyclopentadienyl) (tetramethyldodecahydro
dibenzofluorenyl)methane was obtained as a white solid.
Bis (4-methoxyphenyl) (cyclopentadienyl) (tetramethyldodecahydro
dibenzofluorenyl)methane was identified by 'H NMR spectrum.
Measured values thereof are shown below.
'H NMR spectrum (270 MHz, CDCls): &/ppm 7.34 (s), 7.09 (br s), 6.63
(br s), 6.40-6.38 (m), 6.27-6.23 (m), 5.26-5.22 (m), 3.72 (s),
2.97 (br s), 2.82 (brs), 2.65-2.42 (m), 1.74-1.58 (m), 1.27-1.17
(m)
[0205]
(ii) Synthesis of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame
thyloctahydrodibenzofluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 300 ml Schlenk flask, 5.07 g
(8.16 mmol) of
bis (4-methoxyphenyl) (cyclopentadienyl) (tetramethyldodecahydro

dibenzofluorenyl)methane, 120 ml of dehydrated toluene, and 1.38
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ml (17.0 mmol) of dehydrated THF were sequentially added. While
the mixture cooled in an ice bath, 10.4 ml (17.1 mmol) of a
n-butyllithium/hexane solution (1.64 M) was gradually added. The
mixture was stirredat 45°C for 5hours. Asaresult, aredsolution
was obtained. After the solvent was distilled off under reduced
pressure, 200 ml of dehydrated diethyl ether was added to provide
a red solution again. While the solution was cooled in a
methanol/dry ice bath, 2.47 g (7.70 mmol) of hafnium tetrachloride
was added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 16 hours. As a result,
an orange slurry was obtained. After the solvent was distilled
off under reduced pressure, the resultant solid was transferred
into a glove box, washed with diethyl ether, and then subjected
to extraction with dichloromethane. After the solvent was
distilled off under reduced pressure, the resultant solid was
allowed to dissolve in toluene, hexane was added thereto.
Thereafter, the solvent was distilled off little by little under
reduced pressure. As a result, an orange solid was precipitated
out. This solid was collected by filtration, washed with hexane,
and dried under reduced pressure. As a result, 4.12 g (4.75 mmol,
61.6%) of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame
thyloctahydrodibenzofluorenyl) Jhafnium dichloride was obtained

as an orange solid.
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[Bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame
thyloctahydrodibenzofluorenyl) Jhafnium dichloride was
identified by 'H NMR spectrum. Measured values thereof are shown
below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 8.05 (s, 2H), 7.77-7.64
(m, 4H), 6.93-6.83 (m, 4H), 6.22 (t, J = 2.6 Hz, 2H), 5.99 (s,
2H), 5.58 (¢, J =2.6 Hz, 2H), 3.79 (s, 6H), 2.6-2.4 (br m, 4H),
1.8-1.6 (br m, 8H), 1.47 (s, 6H), 1.41 (s, 6H)

[0206]

[Synthesis Example 9]

Synthesis of

[bis (3, 4-dimethoxyphenyl)methylene (n°-cyclopentadienyl) (n°-2, 7

—dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride

(1) Synthesis of 3,3',4,4'-tetramethoxybenzophenone

To a 300 ml three-neck flask, 17.3 g (125.2 mmol) of
1,2-dimethoxybenzene, and 200 ml of polyphosphoric acid were added
and stirred at room temperature. Further, 22.8 g (125.2 mmol)
of 3,4-dimethoxybenzoic acid was added. The mixture was heated
at 100°C, andstirred for 6 hours. Thereafter, thereactionproduct
was added, and insoluble substances were filtered off. The
resultant solid was washed with ethanol. As a result, 26.2 g (69%)
of 3,3',4,4"'-tetramethoxybenzophenone was obtained as a white
powder. 3,3',4,4'—TetramethoxybenzophenonewasidentifiedbylH

NMR spectrum. Measured values thereof are shown below.
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'H NMR spectrum (270 MHz, CDCls): &/ppm 7.42 (d, J = 2.0 Hz, 2H),
7.36 (dd, J = 8.2, 2.0 Hz, 2H), 6.89 (d, J = 8.2 Hz, 2H), 3.95
(s, 6H), 3.93 (s, 6H)
[0207]
(ii) Synthesis of 6,6-bis(3,4-dimethoxyphenyl) fulvene

In nitrogen atmosphere, to a 200 ml three—-neck flask, 1.74
g (19.8 mmol) of cyclopentadiene sodium salt, and 100 ml of
dehydrated THF were introduced. Thereto, in an ice water bath,
3.0 ml (27.3 mmol) of 1,3-dimethyl-2-imidazolidinone and 4.65 g
(15.38 mmol) of 3,3',4,4"'-tetramethoxybenzophenone were added.
The mixture was stirred for 3 days under heating to reflux at 60°C.
Thereafter, to the reaction solution, an aqueous hydrochloric acid
solutionwas addedto separatetheorganiclayer. Thiswas followed
by extraction with ethyl acetate. The resultant organic layer
was washed one time with a saturated aqueous sodium bicarbonate
solution, one time with water, and one time with a saturated saline
solution, and dried over magnesium sulfate. The solvent was
distilled off. The resultant solid was purified by column
chromatography. As a result, 3.0 g (56%) of
6,6-bis (3,4-dimethoxyphenyl) fulvene was obtained as an orange
powder. 6,6-Bis(3,4-dimethoxyphenyl) fulvene was identified by
'H NMR spectrum. Measured values thereof are shown below.
'H NMR spectrum (270 MHz, CDCls3): &/ppm 6.89-6.87 (m, 6H), 6.59

(d, J = 6.6 Hz, 2H), 6.32 (d, J=6.6 Hz, 2H), 3.93 (s, 6H), 3.82
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(s, 6H)
[0208]
(iii) Synthesis of
bis (3,4-dimethoxyphenyl) (cyclopentadienyl) (2, 7-dimethyl-3, 6-d
i-t-butylfluorenyl)methane

In nitrogen atmosphere, to a 100 ml three—-neck flask, 1.5
g (4.89 mmol) of 2, 7-dimethyl-3,6-di-t-butylfluorene, and 30 ml
of dehydrated cyclopentylmethyl ether were introduced. Thereto,
in an ice water bath, 3.1 ml (5.14 mmol) of a 1.66 Mn-butyllithium
hexane solution was slowly added dropwise. While gradually
returning to roomtemperature, themixturewas stirred for 20 hours.
In an ice water bath, 1.71 g (4.9 mmol) of
6,6-bis (3,4-dimethoxyphenyl) fulvene was added, and the mixture
was stirred for 20 hours at room temperature. Thereafter, the
reaction solution was quenched with an aqueous hydrochloric acid
solution, and subjected to extraction with diethyl ether. The
resultant organic layer was washedone timewith a saturated aqueous
sodium bicarbonate solution, one time with water, and one time
with a saturatedsaline solution, anddried over magnesiumsulfate.
The solvent was distilled off. The resultant solid was washed
with methanol. As a result, 1.9 g (58.0%) of
bis (3,4-dimethoxyphenyl) (cyclopentadienyl) (2, 7-dimethyl-3, 6—-d
i-t-butylfluorenyl)methane was obtained as a white powder.

Bis (3,4-dimethoxyphenyl) (cyclopentadienyl) (2, 7-dimethyl-3, 6-d
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i-t-butylfluorenyl)methane was identified by 'H NMR spectrum.
Measured values thereof are shown below.
lHNMRspectrum(27OMHz,CDClg):6/ppm7.4(s),7.2—6.3(br),5.2(s),
3.7 (br), 3.5-3.0 (br), 2.3 (s), 1.3 (s)
[0209]
(iv) Synthesis of
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 0.8 g
(1.22 mmol) of
bis (3,4-dimethoxyphenyl) (cyclopentadienyl) (2, 7-dimethyl-3, 6—-d
i-t-butylfluorenyl)methane, 30 ml of dehydrated toluene, and 0.4
g of dehydrated THF were added. While the mixture was cooled in
a dry ice bath, 1.5 ml (2.45 mmol) of a n-butyllithium/hexane
solution (1.66 M) was gradually added. The mixture was stirred
for 30 minutes at room temperature, and thereafter stirred for
4 hours under heating at 40°C. After the reaction solution
returning to room temperature, the solvent was distilled off. To
the resultant solid, 80 ml of dehydrated diethyl ether was added,
followed by cooling to -20°C, and thereafter 0.38 g (1.20 mmol)
of hafnium tetrachloride was added. While the temperature was
gradually elevated to room temperature, the mixture was stirred
for 16 hours. Thereafter, the solvent was distilled off, and the

resultant solid was washed with dehydrated hexane, and then
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subjected to extraction with dehydrated diethyl ether and
dehydrateddichloromethane. The resultant wasconcentratedagain,
and thereafter washed with dehydrated diethyl ether. As a result,
0.62 g (56.4%) of
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride was
obtained as a yellow solid.
[Bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride was
identified by 'H NMR spectrum. Measured values thereof are shown
below.

g NMR spectrum (270 MHz, CDCl3): &/ppm 8.06 (d, J = 2.3 Hz, 2H),
7.46-7.28 (m, 4H), 6.91-6.83 (m, 2H), 6.28-6.27 (m, 2H), 6.17 (t,
J=10.1 Hz, 2H), 5.68-5.60 (m, 2H), 3.90-3.87 (m, 9H), 3.62 (s,
3H), 2.30 (s, 6H), 1.49 (s, 18H)

[0210]

[Synthesis Example 10]

Synthesis of

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim

ethyl-3,6-di-t-butylfluorenyl) Jhafnium dichloride

(i) Synthesis of
bis (4-methoxyphenyl) (cyclopentadienyl) (2, 7-dimethyl-3, 6-di-t-
butylfluorenyl)methane

In nitrogen atmosphere, to a 100 ml three-neck flask, 1.2
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g (3.92 mmol) of 2, 7-dimethyl-3,6-di-t-butylfluorene, and 40 ml
of dehydrated cyclopentylmethyl ether were introduced. Thereto,
in an ice water bath, 2.5ml (4.11 mmol) of a 1.66 Mn-butyllithium
hexane solution was slowly added dropwise. While gradually
returningto roomtemperature, themixturewas stirred for 20 hours.
In an ice water bath, 1.25 g (4.31 mmol) of

6, 6-bis (4-methoxyphenyl) fulvene was added, and the mixture was
stirred for 4 hours at room temperature. Thereafter, the reaction
solution was quenched with an aqueous hydrochloric acid solution,
and subjected to extraction with diethyl ether. The resultant
organic layer was washed one time with a saturated aqueous sodium
bicarbonate solution, one time with water, and one time with a
saturated saline solution, and dried over magnesium sulfate. The
solvent was distilled off. The resultant solid was washed with
hexane. As a result, 1.7 g (74%) of

bis (4-methoxyphenyl) (cyclopentadienyl) (2, 7-dimethyl-3, 6-di-t-
butylfluorenyl)methane was obtained as a white powder.

Bis (4-methoxyphenyl) (cyclopentadienyl) (2, 7-dimethyl-3, 6-di-t-
butylfluorenyl)methane was identified by 'H NMR spectrum.
Measured values thereof are shown below.

g NMR spectrum (270 MHz, CDClz): &/ppm 7.43 (s), 7.12 (s), 6.68
(br s), 6.32 (br s), 5.22 (s), 3.73 (s), 2.97 (br s), 2.84 (br
s), 2.32 (s), 1.38 (s)

[0211]
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(ii) Synthesis of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethyl-3,6-di-t-butylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 0.8 g
(1.22 mmol) of
bis (4-methoxyphenyl) (cyclopentadienyl) (2, 7-dimethyl-3, 6-di-t-
butylfluorenyl)methane, 20 ml of dehydrated toluene, and 0.5 g
of dehydrated THF were added. While the mixture was cooled in
a dry ice bath, 1.7 ml (2.75 mmol) of a n-butyllithium/hexane
solution (1.66 M) was gradually added. The mixture was stirred
for 30 minutes at room temperature, and thereafter stirred for
4 hours under heating at 40°C. After the reaction solution
returning to room temperature, the solvent was distilled off. To
the resultant solid, 30 ml of dehydrated diethyl ether was added,
followed by cooling to -20°C, and thereafter 0.41 g (1.28 mmol)
of hafnium tetrachloride was added. While the temperature was
gradually elevated to room temperature, the mixture was stirred
for 16 hours. Thereafter, the solvent was distilled off, and the
resultant solid was washed with dehydrated hexane, and then
subjected to extraction with dehydrated diethyl ether and
dehydrated dichloromethane. The dichloromethane solution was
concentrated again, and thereafter washed with dehydrated diethyl
ether. As a result, 0.70 g (79.1%) of

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
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ethyl-3,6-di-t-butylfluorenyl) Jhafnium dichloride was obtained
as a yellow solid.
[Bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride was
identified by %{NMR.spectrum. Measured values thereof are shown
below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 8.05 (s, 2H), 7.80-7.66
(m, 4H), 6.96-6.84 (m, 4H), 6.25 (t, J = 2.8 Hz, 2H), 6.12 (s,
2H), 5.61 (t, J = 2.8 Hz, 2H), 3.80 (s, 6H), 2.29 (s, 6H), 1.49
(s, 18H)

[0212]

[Synthesis Example 11]

Synthesis of

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7

—tetramethylfluorenyl) Jhafnium dichloride

(i) Synthesis of
bis (4-methoxyphenyl) (cyclopentadienyl) (2,3, 6, 7-tetramethylflu
orenyl)methane

In nitrogen atmosphere, to a 100 ml three—neck flask, 500
mg (2.25 mmol) of 2,3,6,7-tetramethylfluorene, and 40 ml of
dehydrated t-butylmethyl ether were added. While the mixture was
cooledinanicebath, 1.45ml (2.36mmol) of an-butyllithium/hexane
solution (1.63 M) was gradually added, and the mixture was stirred

for 18 hours at room temperature. After 591 mg (2.03 mmol) of
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6, 6-bis (4-methoxyphenyl) fulvene was added, themixture was heated
to reflux for 3 days. While the mixture was cooled in an ice bath,
50 ml of water was gradually added. The resultant solution was
transferred to a 300 ml separating funnel, to which 50 ml of
dichloromethane was added. The resultant solution was shaken
several times. Thereafter, the aqueous layer was separated, and
the organic layer was washed three times with 50 ml of water, and
dried over anhydrous magnesium sulfate for 30 minutes.
Subsequently, thesolvent wasdistilledoff under reducedpressure.
The resultant solidwas washedwith a small amount of diethyl ether.
As a result, a white solid was obtained. Further, the solvent
of the washing liquid was distilled off under reduced pressure,
and the resultant solid was washed with a small amount of diethyl
ether to collect a white solid, which was then combined with the
white solid previously obtained. The resultant solid was dried
under reduced pressure. As a result, 793 mg (1.55 mmol, 76.0%)
of

bis (4-methoxyphenyl) (cyclopentadienyl) (2,3, 6, 7-tetramethylflu
orenyl)methane was obtained.

Bis (4-methoxyphenyl) (cyclopentadienyl) (2,3,6, 7-tetramethylflu
orenyl)methane was identified by FD-MS spectrum. Ameasuredvalue
thereof is shown below.

FD-MS spectrum: M/z 512 (M')

[0213]
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(ii) Synthesis of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7
—tetramethylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 272 mg
(0.531 mmol) of
bis (4-methoxyphenyl) (cyclopentadienyl) (2,3, 6, 7-tetramethylflu
orenyl)methane, 20 ml of dehydrated toluene, and 90 pul (1.1 mmol)
of THF were sequentially added. While the mixture was cooled in
an ice bath, 0.68ml (1.1 mmol) of an-butyllithium/hexane solution
(1.63 M) was gradually added. The mixture was stirred at 45°C
for 5 hours. As a result, a red solution was obtained. After the
solvent was distilled off under reduced pressure, 20 ml of
dehydrated diethyl ether was added to provide a red solution again.
While the solution was cooled in a methanol/dry ice bath, 164 mg
(0.511 mmol) of hafnium tetrachloride was added. While the
temperaturewas graduallyelevatedtoroomtemperature, themixture
was stirred for 16 hours. Asaresult, ayellowslurrywasobtained.
After the solvent was distilled off under reduced pressure, the
resultant solidwas transferredintoaglovebox, washedwith hexane,
and then subjected to extraction with dichloromethane. After the
solvent was distilled off under reduced pressure, the resultant
solidwas allowed todissolve in a small amount of dichloromethane,
and hexane was added to perform recrystallization at -20°C. A

solid precipitated was collected, washed with hexane, and dried
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under reduced pressure. As a result, 275 mg (0.362 mmol, 70.8%)
of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7
—tetramethylfluorenyl) Jhafnium dichloride was obtained as a
yellow solid.
[Bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7
—tetramethylfluorenyl) Jhafnium dichloride was identified by g
NMR spectrumand FD-MS spectrum. Measuredvalues thereof are shown
below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 7.87 (s, 2H), 7.80-7.66
(m, 4H), 6.94-6.83 (m, 4H), 6.24 (t, J = 2.6 Hz, 2H), 6.15 (s,
2H), 5.65 (t, J = 2.6 Hz, 2H), 3.80 (s, 6H), 2.47 (s, 6H), 2.05
(s, 6H)

FD-MS spectrum: M/z 760 (M")

[0214]

[Synthesis Example 12]

Synthesis of

[bis (4-N-morpholinylphenyl)methylene (n°-cyclopentadienyl) (n°-2

, 7-di-t-butylfluorenyl) hafnium dichloride

(1) Synthesis of
bis (4-N-morpholinylphenyl) (cyclopentadienyl) (2, 7-di-t-butylfl
uorenyl)methane

In nitrogen atmosphere, to a 100 ml three-neck flask, 1.6

g (5.8 mmol) of 2,7-di-t-butylfluorene, and 80 ml of dehydrated
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THF were introduced. Thereto, in an ice water bath, 3.9 ml (6.1
mmol) of a 1.56 M n-butyllithium hexane solution was slowly added
dropwise. While gradually returning to room temperature, the
mixture was stirred for 4 hours. Thereto, in an ice water bath,
2.30 g (5.8 mmol) of 6,6-bis (4-N-morpholinylphenyl) fulvene was
added. The mixture was stirred for 20 hours at room temperature.
Thereafter, to the reaction solution, saturated ammonium chloride
water was added to separate the organic layer, and the aqueous
layer was subjected to extraction with diethyl ether. The
resultant organic layers were combined, washed one time with a
saturatedagqueous sodiumbicarbonate solution, onetimewithwater,
and one time with a saturated saline solution, and dried over
magnesium sulfate. The solvent was distilled off. The resultant
solid was washed with methanol. As a result, 1.3 g (32.6%) of
bis (4-N-morpholinylphenyl) (cyclopentadienyl) (2, 7-di-t-butylfl
uorenyl)methane was obtained as an ocher powder.

Bis (4-N-morpholinylphenyl) (cyclopentadienyl) (2, 7-di-t-butylfl
uorenyl)methanewasidentifiedby1HNMRspectrum. Measuredvalues
thereof are shown below.

'H NMR spectrum (270 MHz, CDCls) : &/ppm 7.5-7.0 (br), 6.7-6.5 (br),
6.5-6.0 (br), 5.30 (s), 3.9-3.7 (br),3.3-2.9 (br),1.2 -1.0 (s)
[0215]

(ii) Synthesis of

[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
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, 7-di-t-butylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 0.8 g
(1.2 mmol) of
bis (4-N-morpholinylphenyl) (cyclopentadienyl) (2, 7-di-t-butylfl
uorenyl)methane, 30 ml of dehydrated toluene, and 0.5 g of
dehydrated THF were added. While the mixture was cooled in a dry
ice bath, 1.5 ml (2.4 mmol) of a n-butyllithium/hexane solution
(1.58M) wasgraduallyadded. Themixturewasstirredfor30minutes
at room temperature, and thereafter stirred for 4 hours under
heating at 40°C. After the reaction solution returning to room
temperature, the solvent wasdistilledoff. Totheresultant solid,
50 ml of dehydrated diethyl ether was added, followed by cooling
to-20°C, andthereafter 0.381g (1.2mmol) of hafniumtetrachloride
was added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 16 hours. Subsequently,
the solvent was distilled off, and the resultant was washed with
dehydrated hexane and dehydrated diethyl ether, and then subjected
to extractionwith dehydrated dichloromethane. The resultant was
concentrated again, and thereafter washed with dehydrated diethyl
ether. As a result, 0.64 g (58%) of
[bis (4-N-morpholinylphenyl)methylene (n°~cyclopentadienyl) (n°-2
, 7-di-t-butylfluorenyl) hafnium dichloride was obtained as a
yvellow solid.

[Bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
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, 7-di-t-butylfluorenyl) Jhafnium dichloride was identified bylH
NMR spectrum. Measured values thereof are shown below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 7.99 (d, J = 8.9 Hz, 2H),
7.82-7.67 (m, 4H), 7.54 (d, J = 8.9 Hz, 2H), 6.96-6.84 (m, 4H),
6.44 (s, 2H), 6.25 (¢, J=2.6 Hz, 2H), 5.60 (t, J = 2.6 Hz, 2H),
3.83 (t, J=4.8 Hz, 8H), 3.12 (t, J = 4.8 Hz, 8H), 1.05 (s, 18H)
[0216]

[Comparative Synthesis Example 2]

Synthesis of

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—t

—butylfluorenyl) Jhafnium dichloride

(1) Synthesis of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—t
—butylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 684 g
(1.27 mmol) of
bis (4-methylphenyl) (cyclopentadienyl) (2, 7-di-t-butylfluorenyl
)methane, and 50 ml of dehydrated diethyl ether were added. While
the mixture was cooled in a methanol/dry ice bath, 1.7 ml (2.8
mmol) of a n-butyllithium/hexane solution (1.63 M) was gradually
added. The mixture was stirred for 17 hours at room temperature.
While the mixture was cooled in a methanol/dry ice bath, 406 mg
(1.27 mmol) of hafnium tetrachloride was added. While the

temperaturewas graduallyelevatedtoroomtemperature, themixture
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was stirredforl6hours. Asaresult, anorangeslurrywasobtained.
After the solvent was distilled off under reduced pressure, the
resultant solid was transferred into a glove box, and subjected
to extraction with diethyl ether. The solvent was distilled off
under reduced pressure to give a solid, and to this solid, a small
amount of methylene chloride was added. Thereafter, hexane was
added. The mixture was allowed to be left at -20°C. As a result,
a yellow solid was precipitated out. This solid was collected
by filtration, washedwith a small amount of hexane, and thereafter
driedunder reduced pressure. Asaresult, 131mg (167 umol, 13.2%)
of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—t
—butylfluorenyl) Jhafnium dichloride was obtained as a yellow
solid.
[Bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—t
—butylfluorenyl) Jhafnium dichloride was identified by 'H NMR
spectrum and FD-MS spectrum. Measured values thereof are shown
below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 7.99 (d, J = 8.9 Hz, 2H),
7.80 (dd, J =8.0 Hz, 2.2 Hz, 2H), 7.73 (dd, J = 8.0 Hz, 2.2 Hz,
2H), 7.54 (dd, J = 8.9 Hz, 1.6 Hz, 2H), 7.22 (br d, J = 8.9 Hz,
2H), 7.14 (br d, J = 8.6 Hz, 2H), 6.36 (d, J = 0.8 Hz, 2H) 6.26
(¢, J=2.7 Hz, 2H), 5.60 (t, J=2.7 Hz, 2H), 2.32 (s, 6H), 1.03

(s, 18H)
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FD-MS spectrum: M/z 784 (M')
[0217]
[Synthesis Example 13]

Synthesis of

[bis (3, 4-dimethoxyphenyl)methylene (n°-cyclopentadienyl) (n°-2, 7

—dimethylfluorenyl) Jhafnium dichloride

(1) Synthesis of
bis(3,4-dimethoxyphenyl) (cyclopentadienyl) (2, 7-dimethylfluore
nyl)methane

In nitrogen atmosphere, to a 100 ml three-neck flask, 1.0
g (5.15 mmol) of 2,7-dimethylfluorene, and 30 ml of dehydrated
cyclopentylmethyl ether were introduced. Thereto, inan icewater
bath, 3.3ml (5.4 0mmol) ofal.66Mn-butyllithiumhexane solution
was slowly added dropwise. While gradually returning to room
temperature, the mixture was stirred for 20 hours. In an ice water
bath, 1.80 g (5.15 mmol) of 6,6-bis(3,4-dimethoxyphenyl) fulvene
was added, andthemixturewas stirred for 8 hours at roomtemperature.
Thereafter, the reaction solution was quenched with an aqueous
hydrochloric acid solution, and subjected to extraction with
diethyl ether. The resultant organic layer was washed one time
with a saturated aqueous sodium bicarbonate solution, one time
with water, and one time with a saturated saline solution, and
dried over magnesium sulfate. The solvent wasdistilledoff. The

resultant solid was washed with a small amount of diethyl ether.
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As a result, 1.7 g (62%) of
bis (3,4-dimethoxyphenyl) (cyclopentadienyl) (2, 7-dimethylfluore
nyl)methane was obtained as a white powder.
Bis (3,4-dimethoxyphenyl) (cyclopentadienyl) (2, 7-dimethylfluore
nyl)methane was identified by 'H NMR spectrum. Measured values
thereof are shown below.
'H NMR spectrum (270 MHz, CDCls): &/ppm 7.3 (br), 7.0-6.8 (br),
6.7-6.5 (br), 6.4-6.2 (br), 5.3 (s), 3.8 (bs), 3.7-3.5 (br), 3.1
(s), 2.2 (s)
[0218]
(ii) Synthesis of
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, toa 50 ml Schlenk flask, 0.8 g (1.47
mmol) of
bis (3,4-dimethoxyphenyl) (cyclopentadienyl) (2, 7-dimethylfluore
nyl)methane, 30 ml of dehydrated toluene, and 0.5 g of dehydrated
THF were added. While the mixture was cooled in a dry ice bath,
1.8 ml (2.94 mmol) of a n-butyllithium/hexane solution (1.66 M)
was gradually added. The mixture was stirred for 30 minutes at
room temperature, and thereafter stirred for 4 hours under heating
at 40°C. Afterthereactionsolutionreturningtoroomtemperature,
the solvent was distilled off. To the resultant solid, 80 ml of

dehydrated diethyl ether was added, followed by cooling to —-20°C,
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and thereafter 0.38 g (1.20 mmol) of hafnium tetrachloride was
added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 16 hours. Thereafter,
the solvent wasdistilledoff, andthe resultant solidwas subjected
to extraction with dehydrated diethyl ether and dehydrated
dichloromethane. Then, the solvent was distilled off, and the
resultant solidwas washedwithasmall amount of dehydrateddiethyl
ether and dehydrated dichloromethane. As a result, 0.34 g (29%)
of
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethylfluorenyl) Jhafnium dichloride was obtained as a yellow
solid.
[Bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethylfluorenyl) Jhafnium dichloride was identified by 'H NMR
spectrum. Measured values thereof are shown below.

'H NMR spectrum (270 MHz, CDC13): &/ppm 7.93 (d, J = 8.6 Hz, 2H),
7.41-7.22 (m, 6H), 6.82 (dd, J=15.1, 8.6 Hz, 2H), 6.25-6.20 (m,
4H), 5.69-5.62 (m, 2H), 3.85-3.82 (m, 9H), 3.58 (s, 3H), 2.10 (s,
6H)

[0219]

[Synthesis Example 14]

Synthesis of

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim

ethylfluorenyl) Jhafnium dichloride




10

15

20

152

(1) Synthesis of
bis (4-methoxyphenyl) (cyclopentadienyl) (2, 7-dimethylfluorenyl)
methane

In nitrogen atmosphere, to a 100 ml three-neck flask, 1.0
g (5.15 mmol) of 2,7-dimethylfluorene, and 30 ml of dehydrated
cyclopentylmethyl ether were introduced. Thereto, inan icewater
bath, 3.3ml (5.40mmol) of al.66Mn-butyllithiumhexane solution
was slowly added dropwise. While gradually returning to room
temperature, the mixture was stirred for 20 hours. Thereafter,
the resultant was cooled to -20°C, and 1.5 g (5.17 mmol) of
6, 6-bis (4-methoxyphenyl) fulvene was added. The mixture was
stirred for 8 hours at room temperature. Subsequently, the
reaction solution was quenched with an aqueous hydrochloric acid
solution, and subjected to extraction with diethyl ether. The
resultant organic layer was washedone timewith a saturated aqueous
sodium bicarbonate solution, one time with water, and one time
with a saturatedsaline solution, anddriedover magnesiumsulfate.
The solvent was distilled off. The resultant solid was washed
with a small amount of hexane. As a result, 2.1 g (83%) of
bis (4-methoxyphenyl) (cyclopentadienyl) (2, 7-dimethylfluorenyl)
methane was obtained as a white powder.
Bis (4-methoxyphenyl) (cyclopentadienyl) (2, 7-dimethylfluorenyl)
methanewasidentifiedby1HNMRspectrum. Measured values thereof

are shown below.
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'H NMR spectrum (270 MHz, CDCls): &/ppm 7.31 (d, J = 7.6 Hz), 7.10
(br s), 6.96 (d, J=7.6 Hz), 6.84 (br s), 6.62 (br s), 6.41 (s),
6.30-6.24 (br m), 5.29 (s), 3.73 (br s), 3.00 (br s), 2.83 (br
s), 2.21 (s), 2.16 (s)
[0220]
(ii) Synthesis of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, toa 50 ml Schlenk flask, 0.8 g (1.65
mmol) of
bis (4-methoxyphenyl) (cyclopentadienyl) (2, 7-dimethylfluorenyl)
methane, 30 ml of dehydrated toluene, and 0.5 g of dehydrated THF
were added. While the mixture was cooled in a dry ice bath, 2.1
ml (3.38 mmol) of a n-butyllithium/hexane solution (1.66 M) was
gradually added. The mixture was stirred for 30 minutes at room
temperature, and thereafter stirred for 4 hours under heating at
40°C. After the reaction solution returning to room temperature,
the solvent was distilled off. To the resultant solid, 80 ml of
dehydrated diethyl ether was added, followed by cooling to -20°C,
and thereafter 0.527 g (1.65 mmol) of hafnium tetrachloride was
added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 16 hours. Thereafter,
the solvent was distilled off, the resultant solid was washed with

dehydrated diethyl ether, and then subjected to extraction with
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dehydrated dichloromethane. The solvent was distilled off, and
the resultant solid was washed with a small amount of dehydrated
diethyl ether. As a result, 0.66 g (55%) of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethylfluorenyl) Jhafniumdichloride was obtainedasayellowsolid.
[Bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethylfluorenyl) Jhafnium dichloride was identified by 'H NMR
spectrum. Measured values thereof are shown below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 7.97 (d, J = 8.6 Hz, 2H),
7.80-7.64 (m, 4H), 7.32 (d, J = 8.6 Hz, 2H), 6.96-6.83 (m, 4H),
6.29 (¢, J=2.6 Hz, 2H), 6.18 (s, 2H), 5.68 (t, J = 2.6 Hz, 2H),
3.80 (s, 6H), 2.14 (s, 6H)

[0221]

[Comparative Synthesis Example 3]

Synthesis of

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dime

thylfluorenyl) Jhafnium dichloride

(1) Synthesis of
bis (4-methylphenyl) (cyclopentadienyl) (2, 7-dimethylfluorenyl)m
ethane

In nitrogen atmosphere, to a 200 ml three-neck flask, 876
mg (4.51 mmol) of 2, 7-dimethylfluorene, and 20 ml of dehydrated
THF were added. While the mixture was cooled in a methanol/dry

ice bath, 3.0 ml (4.9 mmol) of a n-butyllithium/hexane solution
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(1.63 M) was gradually added. The mixture was stirred for 4 hours
at roomtemperature. Whilethemixturewascooledinamethanol/dry
ice bath, a solution of 1.28 g (4.96 mmol) of

6, 6-bis (4-methylphenyl) fulvenedissolvedin25ml of THF was added.
While the temperature was gradually elevated to room temperature,
themixture was stirred for 23 hours. As aresult, anorange slurry
was obtained. The organic phase was extracted, washed with 100
ml of a saturated aqueous ammonium chloride solution, with 100
ml of a saturated agueous sodium bicarbonate solution, and then
with 100 ml of a saturated aqueous sodium chloride solution, and
thereafter, dehydrated with anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure. As a result,
a yellow solid was obtained. The resultant solid was washed with
hexane andmethanol, anddriedunder reducedpressure. Asaresult,
880 mg (1.94 mmol, 43.1%) of

bis (4-methylphenyl) (cyclopentadienyl) (2, 7-dimethylfluorenyl)m
ethane was obtained as a yellow powder.

Bis (4-methylphenyl) (cyclopentadienyl) (2, 7-dimethylfluorenyl)m
ethane was identified by FD-MS spectrum. A measuredvalue thereof
is shown below.

FD-MS spectrum: M/z 453 (M")

[0222]

(ii) Synthesis of

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dime
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thylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 843 mg
(1.86 mmol) of
4,4'-ditolylcyclopentadienyl) (2, 7-dimethylfluorenyl)methane,
and 50 ml of dehydrateddiethyl ether were added. While themixture
was cooled in a methanol/dry ice bath, 2.5 ml (4.0 mmol) of a
n-butyllithium/hexane solution (1.59 M) was gradually added. The
mixture was stirred for 24 hours at room temperature. While the
mixture was cooled in a methanol/dry ice bath, 594 mg (1.86 mmol)
of hafnium tetrachloride was added. While the temperature was
gradually elevated to room temperature, the mixture was stirred
for 19 hours. As a result, an orange slurry was obtained. After
the solvent wasdistilled off under reduced pressure, the resultant
solidwas transferred into a glove box, and subjected to extraction
with methylene chloride. The solvent was distilled off under
reduced pressure to give a solid, and to this solid, a small amount
of methylene chloride and hexane were added. The mixture was
allowed to be left at -20°C. As a result, a yellow solid was
precipitated out. This solid was collected by filtration, washed
with a small amount of hexane, and thereafter dried under reduced
pressure. As a result, 670 mg (957 umol, 51.6%) of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dime
thylfluorenyl) JThafnium dichloride was obtained as a yellow solid.

[Bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dime
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thylfluorenyl) Jhafniumdichloridewas identifiedby 'HNMR spectrum
and FD-MS spectrum. Measured values thereof are shown below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 7.96 (d, J = 8.6 Hz, 2H),
7.76 (dd, J =8.1 Hz, 2.4 Hz, 2H), 7.67 (dd, J = 7.8 Hz, 1.9 Hz,
2H), 7.31 (dd, J = 8.6 Hz, 1.4 Hz, 2H), 7.20 (br d4, J = 7.8 Hz,

2H), 7.10 (br d, J = 7.8 Hz, 2H), 6.28 (t, J = 8.0 Hz, 2H), 6.15

(br s, 2H), 5.68 (t, J 8.0 Hz, 2H), 2.33 (s, 6H), 2.12 (s, 6H)
FD-MS spectrum: M/z 700 (M")

[0223]

[Synthesis Example 15]

Synthesis of

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

-3,6-di-t-butylfluorenyl) Jhafnium dichloride

(1) Synthesis of
bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (3, 6-di-t-butyl
fluorenyl)methane

In nitrogen atmosphere, to a 100 ml three-neck flask, 867
mg (3.12 mmol) of 3,6-di-t-butylfluorene, and 50 ml of dehydrated
t-butylmethyl ether were added. While the mixture was cooled in
anicebath, 2.10ml (3.34mmol) of an-butyllithium/hexane solution
(1.59M) was gradually added. Thereafter, themixture was stirred
for 19 hours at room temperature. After 988 mg (3.12 mmol) of
6,6-bis[4- (dimethylamino)phenyl] fulvene was added, the mixture

was heated to reflux for 2 days. While the mixture was cooled
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in an ice bath, 50 ml of water was gradually added. The resultant
two-layer solution was transferred to a 300 ml separating funnel,
towhich 100 ml of diethyl ether was added. The resultant solution
was shaken several times. Thereafter, the aqueous layer was
removed, and the organic layer was washed three times with 50 ml
of water, and one time with 50 ml of a saturated saline solution,
and dried over anhydrous magnesium sulfate for 30 minutes.
Thereafter, the solvent was distilled off under reduced pressure.
As a result, a brown solid was obtained, which was then
recrystallized fromhexane. Asaresult, 1.07g (1.81 mmol, 58.0%)
of
bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (3, 6-di-t-butyl
fluorenyl)methane was obtained as a white solid.
Bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (3, 6-di-t-butyl
fluorenyl)methane was identified by FD-MS spectrum. A measured
value thereof is shown below.
FD-MS spectrum: M/z 594 (M")
[0224]
(ii) Synthesis of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
-3, 6-di-t-butylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 501 mg
(841 pmol) of

bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (3, 6-di-t-butyl
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fluorenyl)methane, 30 ml of dehydrated toluene, and 0.14 ml (1.7
mmol) of dehydrated THF were sequentially added. Whilethemixture
was cooled in an ice bath, 1.10 ml (1.75 mmol) of a
n-butyllithium/hexane solution (1.59 M) was gradually added. The
mixture was stirredat 45°C for 5hours. Asaresult, aredsolution
was obtained. After the solvent was distilled off under reduced
pressure, 30 ml of dehydrated diethyl ether was added to provide
a red solution again. While the solution was cooled in a
methanol/dry ice bath, 235 mg (735 umol) of hafnium tetrachloride
was added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 16 hours. After the
solvent was distilled off under reduced pressure, the resultant
solid was transferred into a glove box, washed with hexane, and
then subjected to extraction with dichloromethane. The solvent
was distilled off under reduced pressure for concentration. A
small amount of hexane was added to perform recrystallization at
-20°C. A solid precipitated was washed with a small amount of
hexane, and dried under reduced pressure. As a result, 459 mg
(545 umol, 74.2%) of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
-3, 6-di-t-butylfluorenyl) Jhafnium dichloride was obtained as a
yvellow solid.
[Bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

-3, 6-di-t-butylfluorenyl) Jhafnium dichloride was identified by
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'H NMR spectrum and FD-MS spectrum. Measured values thereof are
shown below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 8.04 (d, J = 1.3 Hz, 2H),
7.70-7.60 (m, 4H), 7.08-7.04 (m, 2H), 6.72-6.69 (m, 4H), 6.52-6.48
(m, 2H), 6.24 (t, J =2.6 Hz, 2H), 5.68 (t, J =2.6 Hz, 2H), 2.93
(s, 12H), 1.40 (s, 18H)

FD-MS spectrum: M/z 842 (M')

[0225]

[Comparative Synthesis Example 4]

Synthesis of

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t

—butylfluorenyl) Jhafnium dichloride

(1) Synthesis of
bis(4-methylphenyl) (cyclopentadienyl) (3, 6-di-t-butylfluorenyl
ymethane

In nitrogen atmosphere, to a 200 ml three-neck flask, 2.50
g (8.98 mmol) of 3, 6-di-t-butylfluorene, and 150 ml of dehydrated
THF were added and stirred. With this solution cooled to —-20°C,
5.9 ml (9.26 mmol) of a n-butyllithium/hexane solution (1.57 M)
was gradually added. Thereafter, the mixture was stirred for 14
hours at roomtemperature. Theresultant solutionwas cooledagain
to -20°C, and then, a THF solution of 2.78 g (10.76 mmol) of
6, 6-bis (4-methylphenyl) fulvene was added dropwise. Thereafter,

the mixture was stirred for 14 hours at room temperature.
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Subsequently, the reaction solution was quenched with a saturated
aqueous ammonium chloride solution, and subjected to extraction
with diethyl ether. The resultant organic layer was washed one
time with a saturated agqueous sodium bicarbonate solution, one
time with water, and one time with a saturated saline solution,
and dried over magnesium sulfate. The solvent was distilled off.
The resultant solid was washed with methanol. As a result, 3.45
g (72%) of
bis (4-methylphenyl) (cyclopentadienyl) (3, 6-di-t-butylfluorenyl
ymethane was obtained as a white solid.
Bis (4-methylphenyl) (cyclopentadienyl) (3, 6-di-t-butylfluorenyl
)methanewasidentifiedbylHNMRspectrum. Measuredvalues thereof
are shown below.
HNMR spectrum (270 MHz, CDCl3) : &/ppm 7.5-6.7 (m), 5.38 (s), 3.0-2.8
(br), 2.3 (br), 1.3 (s)
[0226]
(ii) Synthesis of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
—butylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 50 ml Schlenk flask, 0.565 g
(1.05 mmol) of
bis (4-methylphenyl) (cyclopentadienyl) (3, 6-di-t-butylfluorenyl
)methane, 10 ml of dehydrated toluene, and 0.3 g of dehydrated

THF were added. While the mixture was cooled in a dry ice bath,
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1.3 ml (2.11 mmol) of a n-butyllithium/hexane solution (1.66 M)
was gradually added. The mixture was stirred for 30 minutes at
room temperature, and thereafter stirred for 4 hours under heating
at 40°C. Afterthereactionsolutionreturningtoroomtemperature,
the solvent was distilled off. To the resultant solid, 80 ml of
dehydrated diethyl ether was added, followed by cooling to -20°C,
and thereafter 0.318 g (1.0 mmol) of hafnium tetrachloride was
added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 16 hours. Thereafter,
the solvent wasdistilledoff, andthe resultant solidwas subjected
to extraction with dehydrated diethyl ether and dehydrated
dichloromethane, followed by distilling off the solvent. The
resultant solidwas washedwithasmall amount of dehydrateddiethyl
ether. As a result, 0.32 g (38%) of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
-butylfluorenyl) Jhafniumdichloride was obtainedasayellowsolid.
[Bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
—butylfluorenyl) Jhafnium dichloride was identified by 'H NMR
spectrum. Measured values thereof are shown below.

'y NMR spectrum (270 MHz, CDCls): &/ppm 8.05 (d, J = 1.0 Hz, 2H),
7.76-7.70 (m, 4H), 7.19-7.10 (m, 4H), 7.07 (d, J = 9.2 Hz, 2H),

6.39 (d, J = 9.2 Hz, 2H), 6.25 (t, J = 2.6 Hz, 2H), 5.67 (t, J

2.6 Hz, 2H), 2.32 (s, 6H), 1.40 (s, 18H)

[0227]
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[Comparative Synthesis Example 5]

Synthesis of

[bis(4—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t

—butylfluorenyl) Jhafnium dichloride

(1) Synthesis of
[bis(4—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
—butylfluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 50 ml Schlenk flask, 0.50 g
(0.87 mmol) of
bis (4-chlorophenyl) (cyclopentadienyl) (3, 6-di-t-butylfluorenyl
)methane, 20 ml of dehydrated toluene, and 0.4 g of dehydrated
THF were added. While the mixture was cooled in a dry ice bath,
1.1 ml (1.73 mmol) of a n-butyllithium/hexane solution (1.67 M)
was gradually added. The mixture was stirred for 30 minutes at
room temperature, and thereafter stirred for 4 hours under heating
at 40°C. Afterthereactionsolutionreturningtoroomtemperature,
the solvent was distilled off. To the resultant solid, 80 ml of
dehydrated diethyl ether was added, followed by cooling to -20°C,
and thereafter 0.308 g (0.96 mmol) of hafnium tetrachloride was
added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 16 hours. Thereafter,
the solution was filtered, concentrated and solidified by drying
to give a solid. This solid was subjected to extraction with

dehydrated hexane. The solvent was distilled off. The resultant
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solid was washed with a small amount of dehydrated diethyl ether.
As a result, 0.23 g (32%) of
[bis(4—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
-butylfluorenyl) Jhafniumdichloride was obtainedasayellowsolid.
[Bis(4—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
—butylfluorenyl) Jhafnium dichloride was identified by 'y NMR
spectrum. Measured values thereof are shown below.

'y NMR spectrum (270 MHz, CDClj3): &/ppm 8.07 (s, 2H), 7.88-7.73
(m, 4H), 7.44-7.31 (m, 4H), 7.12 (dd, J = 9.2, 2.0 Hz, 2H), 6.35
(d, 3 =9.2 Hz, 2H), 6.28 (¢, J = 2.6 Hz, 2H), 5.63 (t, J = 2.6
Hz, 2H), 1.41 (s, 18H)

[0228]

[Comparative Synthesis Example 6]

Synthesis of

[diphenylmethylene(n5—cyclopentadienyl)(n5—3,6—di—t—butylfluor

enyl) Jhafnium dichloride

(i) Synthesis of
diphenyl (cyclopentadienyl) (3, 6-di-t-butylfluorenyl)methane

In nitrogen atmosphere, to a 200 ml three—neck flask, 7.0
g (24.6 mmol) of 3,6-di-t-butylfluorene lithium salt, and 100 ml
of dehydrated THF were introduced. While the mixture was cooled
to -20°C, 16.6 ml (26.9 mmol) of a 1.62 M n-butyllithium hexane
solution was slowly added dropwise. While gradually returning

to room temperature, the mixture was stirred for 20 hours.
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Thereafter, while the mixture was cooled to -20°C, 6.0 g (26.1
mmol) of 6,6-diphenylfulvene was added. The mixture was stirred
for 1 hour at room temperature. Subsequently, the reaction
solution was quenched with an aqueous hydrochloric acid solution,
and subjected to extraction with diethyl ether. The resultant
organic layer was washed one time with a saturated aqueous sodium
bicarbonate solution, one time with water, and one time with a
saturated saline solution, and dried over magnesium sulfate. The
solvent was distilled off. The resultant solid was washed with
methanol. As a result, 10.2 g (82%) of
diphenyl (cyclopentadienyl) (3, 6-di-t-butylfluorenyl)methane was
obtained as a white powder.
Diphenyl (cyclopentadienyl) (3, 6-di-t-butylfluorenyl)methane was
identified by %{NMR.spectrum. Measured values thereof are shown
below.
lHNMRspectrum(27OMHz,CDClg):6/ppm7.5(s),7.2—6.9(br),6.4—6.0
(br), 5.4 (br), 3.2-2.8 (br), 1.3 (s)
[0229]
(ii) Synthesis of
[diphenylmethylene(n5—cyclopentadienyl)(n5—3,6—di—t—butylfluor
enyl) Jhafnium dichloride

In nitrogen atmosphere, to a 150 ml Schlenk flask, 3.0 g
(5.9 mmol) of

diphenyl (cyclopentadienyl) (3, 6-di-t-butylfluorenyl)methane,
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and 80ml of dehydrateddiethyl ether were added. While themixture
was cooled in a dry ice bath, 7.3 ml (11.8 mmol) of a
n-butyllithium/hexane solution (1.63 M) was gradually added. The
mixture was stirred for 24 hours at room temperature. Thereafter,
the solvent was distilled off to give a solid, and to this solid,
100 ml of dehydrated hexane was added, followed by coolingto -20°C,
andthereafter1.76g (5.5mmol) of hafniumtetrachloride was added.
While the temperature was gradually elevated to room temperature,
the mixture was stirred for 16 hours. Thereafter, the solvent
was distilled off, and the resultant solid was washed with
dehydrated hexane and dehydrated diethyl ether, and then subjected
to extraction with dehydrated dichloromethane. The solvent was
distilled off, and the resultant solid was washed with a small
amount of dehydrated diethyl ether. As a result, 1.66 g (37%)
of
[diphenylmethylene(n5—cyclopentadienyl)(n5—3,6—di—t—butylfluor
enyl) Jhafnium dichloride was obtained as a yellow solid.
[Diphenylmethylene(n5—cyclopentadienyl)(n5—3,6—di—t—butylfluor
enyl) Jhafnium dichloride was identified by 'H NMR spectrum.
Measured values thereof are shown below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 8.07 (s, 2H), 7.91-7.86
(m, 4H), 7.38-7.30 (m, 6H), 7.07 (dd, J =9.2, 1.5 Hz, 2H), 6.34
(dd, g = 9.2, 1.5 Hz, 2H), 6.27 (t, J = 2.8 Hz, 2H), 5.68 (t, J

= 2.8 Hz, 2H), 1.40 (s, 18H)
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[0230]
[Synthesis Example 16]

Synthesis of

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride

(1) Synthesis of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 100 ml Schlenk flask, 1.52 g
(2.17 mmol) of
bis[4- (dimethylamino)phenyl] (cyclopentadienyl) (octamethylocta
hydrodibenzofluorenyl)methane, 50 ml of dehydrated toluene, and
0.37ml (4.6mmol) of dehydrated THF were sequentiallyadded. While
the mixture was cooled in an ice bath, 2.80 ml (4.59 mmol) of a
n-butyllithium/hexane solution (1.64 M) was gradually added. The
mixture was stirredat 45°C for 5 hours. Asaresult, aredsolution
was obtained. After the solvent was distilled off under reduced
pressure, 50 ml of dehydrated diethyl ether was added to provide
a red solution again. While the solution was cooled in a
methanol/dryicebath, 466mg (2.00mmol) of zirconiumtetrachloride
was added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 16 hours. As a result,

a red slurry was obtained. After the solvent was distilled off

under reduced pressure, the resultant solid was transferred into
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a glove box, washed with hexane, and then subjected to extraction
withdichloromethane. The solventwasdistilledoff under reduced
pressure for concentration, and a small amount of hexane was added
thereto. As a result, a solid was precipitated and collected.
This solidwas washedwith hexane, anddriedunder reducedpressure.
As a result, 750 mg (0.869 mmol, 43.5%) of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride was
obtained as a red solid.
[Bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride was
identified by %{NMR.spectrum. Measured values thereof are shown
below.

'H NMR spectrum (270 MHz, CDCls): &/ppm 8.02 (s, 2H), 7.73-7.61
(m, 4H), 6.80-6.68 (m, 4H), 6.30 (s, 2H), 6.23 (t, J = 2.6 Hz,
2H), 5.53 (¢, J=2.6 Hz, 2H), 2.90 (s, 12H), 1.7-1.5 (br m, 8H),
1.46 (s, 6H), 1.39 (s, 6H), 0.98 (s, 6H), 0.84 (s, 6H)

[0231]

[Comparative Synthesis Example 7]

Synthesis of

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl) Jhafnium dichloride

(i) Synthesis of

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth
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yloctahydrodibenzofluorenyl) Jhafnium dichloride

In nitrogen atmosphere, to a 200 ml Schlenk flask, 3.07 g
(4.76 mmol) of
bis (4-methylphenyl) (cyclopentadienyl) (octamethyloctahydrodibe
nzofluorenyl)methane, 80 ml of dehydrated toluene, and 800 ul (9.9
mmol) of dehydrated THF were sequentially added. Whilethemixture
was cooled in an ice bath, 6.00 ml (9.90 mmol) of a
n-butyllithium/hexane solution (1.65M) was gradually added. The
mixture was stirredat 45°C for 5hours. Asaresult, aredsolution
was obtained. After the solvent was distilled off under reduced
pressure, 100 ml of dehydrated diethyl ether was added to provide
a red solution again. While the solution was cooled in a
methanol/dry ice bath, 1.43 g (4.46 mmol) of hafnium tetrachloride
was added. While the temperature was gradually elevated to room
temperature, the mixture was stirred for 15 hours. As a result,
an orange slurry was obtained. After the solvent was distilled
off under reduced pressure, the resultant solid was transferred
into a glove box, washed with hexane, and then subjected to
extractionwith dichloromethane. After the solvent was distilled
off under reduced pressure, the resultant solid was allowed to
dissolve in a small amount of dichloromethane, and hexane was added
thereto. Thereafter, the solvent was distilled off little by
little under reduced pressure. As a result, an orange solid was

precipitated out. This solid was collected by filtration, washed
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with hexane, and dried under reduced pressure. As a result, 3.14
g (3.51 mmol, 78.7%) of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth
yloctahydrodibenzofluorenyl) Jhafnium dichloride was obtained as
an orange solid.
[Bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth
yloctahydrodibenzofluorenyl) Jhafnium dichloride was identified
by 'H NMR spectrum and FD-MS spectrum. Measured values thereof
are shown below.

'y NMR spectrum (270 MHz, CDCls3): &/ppm 8.02 (s, 2H), 7.82-7.69
(m, 4H), 7.25-7.11 (m, 4H), 6.22 (s, 2H), 6.19 (t, J = 2.6 Hz,
2H), 5.50 (¢, J =2.6 Hz, 2H), 2.32 (s, 6H), 1.7-1.5 (br m, 8H),
1.46 (s, 6H), 1.39 (s, 6H), 0.94 (s, 6H), 0.83 (s, 6H)

FD-MS spectrum: M/z 892 (M')

[0232]

[Example 1]

Ethylene/l-octene copolymerization using

[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o

ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

To a stainless autoclave with an inner volume of 2 L
sufficiently nitrogen-purged, 850 ml of heptane, and 150 ml of
l-octene were introduced, and the temperature of the system was
elevated to 147°C. Thereafter, ethylene was fed so that the total

pressure became 3 MPa-G. Subsequently, 0.3 mmol of
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triisobutylaluminum, 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.00020 mmol of
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
injected with nitrogen, and the number of stirring rotations was
set at 250 rpm. Thereby, polymerization was initiated.
Thereafter, ethylene alone was continuously fed to keep the total
pressure at 3 MPa-G. Polymerization was performed for 10 minutes
at 150°C. A small amount of ethanol was added into the system
toterminate thepolymerization, andthereafter unreactedethylene
was purged. The resultant polymer solution was poured into an
excess amount of methanol toprecipitateout apolymer. Thepolymer
was collected by filtration, and dried under reduced pressure at
120°C overnight.

As a result, 3.1 g of an ethylene-l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount

of 12.5 mol%, and had [n] = 6.92 dl/g.
[0233]
[Example 2]

Ethylene/l-octene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
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1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride.

As a result, 15.2 g of an ethylene-1l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount

of 12.2 mol%, and had [n] = 5.48 dl/g.
[0234]
[Example 3]

Ethylene/l-octene copolymerization using

[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o

ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00020 mmol of
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
that N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate
was used in an amount of 0.00080 mmol.

As a result, 14.4 g of an ethylene-1-octene copolymer was
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obtained. The resultant polymer contained l-octene in an amount

of 13.2 mol%, and had [n] = 5.30 dl/g.
[0235]
[Example 4]

Ethylene/l-octene copolymerization using

[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(

n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00006 mmol of
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—octamethyloctahydrodibenzofluorenyl)]hafniumdichloride,and
that N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate
was used in an amount of 0.00024 mmol.

As a result, 12.0 g of an ethylene-1l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount

of 12.9 mol%, and had [n] = 5.29 dl/g.
[0236]
[Example 5]

Ethylene/l-octene copolymerization using

[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien

yl)(n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride
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Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00006 mmol of
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
yl)(n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride,
and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00024 mmol.

As a result, 10.2 g of an ethylene-1l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount

of 13.4 mol%, and had [n] = 5.15 dl/g.
[0237]
[Example 6]

Ethylene/l-octene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet

hyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis (4-N-morpholinylphenyl)methylene (n°~cyclopentadienyl) (n°-o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00006 mmol of

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
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hyloctahydrodibenzofluorenyl) Jhafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00024 mmol.

As a result, 17.9 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 12.8 mol%, and had [n] = 4.73 dl/g.

[0238]
[Comparative Example 1]

Ethylene/l-octene copolymerization using

[bis(3—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00010 mmol of
[bis(3—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—octameth
yloctahydrodibenzofluorenyl) Jhafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00040 mmol.

As a result, 7.2 g of an ethylene-l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 14.9 mol%, and had [n] = 4.17 dl/g.

[0239]
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[Example 7]

Ethylene/l-octene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride.

As a result, 23.0 g of an ethylene-l1-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount

of 10.0 mol%, and had [n] = 6.55 dl/g.
[0240]
[Example 8]

Ethylene/l-octene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame

thyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was

replaced by 0.00005 mmol of
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[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame
thyloctahydrodibenzofluorenyl) Jhafnium dichloride.
As a result, 10.0 g of an ethylene-1l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount

of 11.0 mol%, and had [n] = 6.27 dl/g.
[0241]
[Example 9]

Ethylene/l-octene copolymerization using

[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7

—dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride.

As a result, 4.8 g of an ethylene-l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount

of 12.1 mol%, and had [n] = 6.59 dl/g.
[0242]
[Example 10]

Ethylene/l-octene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim




10

15

20

178

ethyl-3,6-di-t-butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethyl-3,6-di-t-butylfluorenyl) Jhafnium dichloride.

As a result, 10.2 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 11.4 mol%, and had [n] = 5.37 dl/g.

[0243]
[Example 11]

Ethylene/l-octene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7

—tetramethylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7
—tetramethylfluorenyl) Jhafnium dichloride.

As a result, 8.3 g of an ethylene-l-octene copolymer was



10

15

20

179

obtained. The resultant polymer contained l-octene in an amount

of 10.6 mol%, and had [n] = 5.70 dl/g.
[0244]
[Example 12]

Ethylene/l-octene copolymerization using

[bis (4-N-morpholinylphenyl)methylene (n°-cyclopentadienyl) (n°-2

, 7-di-t-butylfluorenyl) hafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00050 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
, 7-di-t-butylfluorenyl) Jhafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00200 mmol.

As a result, 15.6 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 13.0 mol%, and had [n] = 4.83 dl/g.

[0245]
[Comparative Example 2]

Synthesis using

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—t

—butylfluorenyl) Jhafnium dichloride
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Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—t
—butylfluorenyl) Jhafnium dichloride.

As a result, 7.9 g of an ethylene-l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount

of 14.0 mol%, and had [n] = 3.86 dl/g.
[0246]
[Example 13]

Ethylene/l-octene copolymerization using

[bis (3, 4-dimethoxyphenyl)methylene (n°-cyclopentadienyl) (n°-2, 7

—dimethylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis (3, 4-dimethoxyphenyl)methylene (n°-cyclopentadienyl) (n°-2, 7
—dimethylfluorenyl) Jhafnium dichloride.

As a result, 2.6 g of an ethylene-l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount
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of 12.6 mol%, and had [n] = 5.59 dl/g.
[0247]
[Example 14]

Ethylene/l-octene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim

ethylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethylfluorenyl) Jhafnium dichloride.

As a result, 7.0 g of an ethylene-l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 12.0 mol%, and had [n] = 5.24 dl/g.

[0248]
[Comparative Example 3]

Ethylene/l-octene copolymerization using

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dime

thylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of

[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
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ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dime
thylfluorenyl) Jhafnium dichloride.

As a result, 4.0 g of an ethylene-l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount

of 11.8 mol%, and had [n] = 4.32 dl/g.
[0249]
[Example 15]

Ethylene/l-octene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

-3,6-di-t-butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00004 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
-3, 6-di-t-butylfluorenyl) Jhafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00016 mmol.

As a result, 13.3 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount

of 11.9 mol%, and had [n] = 4.49 dl/g.
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[0250]
[Comparative Example 4]

Ethylene/l-octene copolymerization using

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t

-butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
—butylfluorenyl) Jhafnium dichloride.

As a result, 3.6 g of an ethylene-l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 13.2 mol%, and had [n] = 3.92 dl/g.

[0251]
[Comparative Example 5]

Ethylene/l-octene copolymerization using

[bis(4—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t

-butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o

ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
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replaced by 0.00010 mmol of
[bis(4—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
-butylfluorenyl) Jhafnium dichloride, and that

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00040 mmol.

As a result, 3.5 g of an ethylene-l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 15.2 mol%, and had [n] = 3.23 dl/g.

[0252]
[Comparative Example 6]

Ethylene/l-octene copolymerization using

[diphenylmethylene(n5—cyclopentadienyl)(n5—3,6—di—t—butylfluor

enyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
1, except that 0.00005 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00003 mmol of
[diphenylmethylene(n5—cyclopentadienyl)(n5—3,6—di—t—butylfluor
enyl) Jhafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00012 mmol.

As a result, 2.2 g of an ethylene-l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount
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of 13.8 mol%, and had [n] = 3.74 dl/g.
[0253]
[Example 16]

Ethylene/l-octene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride

To a stainless autoclave with an inner volume of 2 L
sufficiently nitrogen-purged, 300 ml of heptane, and 700 ml of
l-octene were introduced, and the temperature of the system was
elevated to 147°C. Thereafter, ethylene was fed so that the total
pressure became 3 MPa-G. Subsequently, 0.3 mmol of
triisobutylaluminum, 0.00010 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride,
and 0.050 mmol of MMAO were injected with nitrogen, and the number
of stirring rotations was set at 250 rpm. Thereby, polymerization
was initiated. Thereafter, ethylene alone was continuously fed
tokeepthetotal pressureat 3MPa-G. Polymerizationwasperformed
for 10 minutes at 150°C. A small amount of ethanol was added into
the system to terminate the polymerization, and thereafter
unreacted ethylene was purged. The resultant polymer solution
was poured into an excess amount of methanol to precipitate out
a polymer. The polymer was collected by filtration, and dried

under reduced pressure at 120°C overnight.
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As a result, 30.9 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 12.5 mol%, and had [n] = 2.72 dl/g.

[0254]
[Comparative Example 7]

Ethylene/l-octene copolymerization using

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl)]zirconium dichloride

Polymerization was performed in the same manner as in Example
16, except that 0.00010 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride was
replaced by 0.00010 mmol of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth
yloctahydrodibenzofluorenyl)]zirconium dichloride.

As a result, 29.1 g of an ethylene-1l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount

of 12.6 mol%, and had [n] = 2.65 dl/g.
[0255]
[Example 17]

Ethylene/l-octene copolymerization using

[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o

ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

To a stainless autoclave with an inner volume of 2 L
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sufficiently nitrogen-purged, 850 ml of heptane, and 150 ml of
l-octene were introduced, and the temperature of the system was
elevatedto 147°C, andthereafter, 500ml of hydrogen was introduced,
and ethylene was fed so that the total pressure became 3 MPa-G.
Subsequently, 0.3 mmol of triisobutylaluminum, 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.00060 mmol of
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
injected with nitrogen, and the number of stirring rotations was
set at 250 rpm. Thereby, polymerization was initiated.
Thereafter, ethylene alone was continuously fed to keep the total
pressure at 3 MPa-G. Polymerization was performed for 10 minutes
at 150°C. A small amount of ethanol was added into the system
toterminate thepolymerization, andthereafter unreactedethylene
was purged. The resultant polymer solution was poured into an
excess amount of methanol toprecipitateout apolymer. Thepolymer
was collected by filtration, and dried under reduced pressure at
120°C overnight.
[0256]

As a result, 9.7 g of an ethylene-l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 11.2 mol%, and had [n] = 1.66 dl/g, MFR, = 1.69 g/10 min, MFRig

= 10.5 g/10 min, and a density of 881 kg/m’. The amount of the
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molecular chain double bonds (number/1000 carbons) was as follows:
vinyl = 0.1, vinylidene = 0.1, di-substituted olefin = 0.1, and
tri-substituted olefin = 0.1.

[0257]

[Example 18]

Ethylene/l-octene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
that N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate
was used in an amount of 0.00020 mmol.

[0258]

As a result, 27.0 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 11.8 mol%, and had [n] =1.76 dl1/g, MFR, = 1.40 g/10 min, MFRig
= 8.7 g/10 min, and a density of 877 kg/m3. The amount of the

molecular chain double bonds (number/1000 carbons) was as follows:
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vinyl < 0.1 (belowdetectable lower 1imit), vinylidene < 0.1 (below
detectable lower limit), di-substituted olefin < 0.1 (below
detectable lower limit), and tri-substituted olefin = 0.1.
[0259]

[Example 19]

Ethylene/l-octene copolymerization using

[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o

ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00020 mmol of
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
that N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate
was used in an amount of 0.00080 mmol.

[0260]

As a result, 16.8 g of an ethylene-l1-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 12.6 mol%, and had [n] = 1.90 dl1/g, MFR, = 0.87 g/10 min, MFRig
= 5.4 g/10 min, and a density of 875 kg/m’.

[0261]
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[Example 20]

Ethylene/l-octene copolymerization using

[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(

n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00006 mmol of
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—octamethyloctahydrodibenzofluorenyl)]hafniumdichloride,and
that N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate
was used in an amount of 0.00024 mmol.

[0262]

As a result, 18.7 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 12.6 mol%, and had [n] =1.83 dl/g, MFR, = 1.10 g/10 min, MFRig
= 6.8 g/10 min, and a density of 875 kg/m>.

[0263]
[Example 21]

Ethylene/l-octene copolymerization using

[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien

yl)(n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride
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Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00006 mmol of
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
yl)(n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride,
and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00024 mmol.

[0264]

As a result, 19.3 g of an ethylene-l1-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 13.4 mol%, and had [n] =1.78 dl1/g, MFR, = 1.23 g/10 min, MFRig
= 7.6 g/10 min, and a density of 873 kg/m’.

[0265]
[Example 22]

Ethylene/l-octene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet

hyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,

that 0.00015 mmol of
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[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00006 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafnium dichloride, and that

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00024 mmol.

[0266]

As a result, 25.5 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 12.7 mol%, and had [n] =1.71 dl1/g, MFR, = 1.45 g/10 min, MFRig
= 9.3 g/10 min, and a density of 874 kg/m>.
[0267]

[Comparative Example 8]

Ethylene/l-octene copolymerization using

[bis(3—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis (4-N-morpholinylphenyl)methylene (n°~cyclopentadienyl) (n°-o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00010 mmol of

[bis(3—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—octameth
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yloctahydrodibenzofluorenyl) Jhafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00040 mmol.

[0268]

As a result, 14.0 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 14.8 mol%, and had [n] =1.74 dl1/g, MFR, = 1.38 g/10 min, MFRig
= 9.4 g/10 min, and a density of 866 kg/m’.

[0269]
[Example 23]

Ethylene/l-octene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00003 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
that N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate
was used in an amount of 0.00012 mmol.
[0270]

As a result, 11.0 g of an ethylene-1l-octene copolymer was



10

15

20

194

obtained. The resultant polymer contained l-octene in an amount
of 10.0 mol%, and had [n] = 1.90 dl1/g, MFR, = 0.93 g/10 min, MFRig
=5.6g/10min, and a density of 884 kg/m’. The amount of molecular
chains double bond (number/1000 carbons) was as follows: vinyl
< 0.1 (below detectable lower limit), vinylidene < 0.1 (below
detectable lower limit), di-substituted olefin < 0.1 (below
detectable lower limit), and tri-substituted olefin = 0.1.
[0271]

[Example 24]

Ethylene/l-octene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame

thyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame
thyloctahydrodibenzofluorenyl) Jhafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00020 mmol.
[0272]

As a result, 22.8 g of an ethylene-1l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount
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of 10.6 mol%, and had [n] =1.80 dl1/g, MFR, = 1.16 g/10 min, MFRig
= 7.1 g/10 min, and a density of 881 kg/m’.

[0273]

[Example 25]

Ethylene/l-octene copolymerization using

[bis (3, 4-dimethoxyphenyl)methylene (n°-cyclopentadienyl) (n°-2, 7

—dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00020 mmol of
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethyl-3, 6-di-t-butylfluorenyl) Jhafniumdichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00080 mmol.

[0274]

As a result, 17.2 g of an ethylene-l1-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 12.4 mol%, and had [n] = 1.88 dl1/g, MFR, = 0.80 g/10 min, MFRig
= 4.8 g/10 min, and a density of 876 kg/m>.

[0275]
[Example 26]

Ethylene/l-octene copolymerization using
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[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim

ethyl-3,6-di-t-butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00003 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethyl-3,6-di-t-butylfluorenyl) ]hafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00012 mmol.

[0276]

As a result, 12.0 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 11.4 mol%, and had [n] = 1.92 dl1/g, MFR, = 0.87 g/10 min, MFRig
= 5.4 g/10 min, and a density of 879 kg/m’.

[0277]
[Example 27]

Ethylene/l-octene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7

—tetramethylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that 0.00015 mmol of

[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
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ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7
—tetramethylfluorenyl) Jhafnium dichloride, and that

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00020 mmol.

[0278]

As a result, 17.3 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 10.5 mol%, and had [n] =1.79 dl1/g, MFR, = 1.20 g/10 min, MFRig
= 7.2 g/10 min, and a density of 881 kg/m’. The amount of the
molecular chain double bonds (number/1000 carbons) was as follows:
vinyl < 0.1 (belowdetectable lower 1imit), vinylidene < 0.1 (below
detectable lower limit), di-substituted olefin < 0.1 (below
detectable lower limit), and tri-substituted olefin = 0.1.
[0279]

[Example 28]

Ethylene/l-octene copolymerization using

[bis (4-N-morpholinylphenyl)methylene (n°-cyclopentadienyl) (n°-2

, 7-di-t-butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of

[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
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ctamethyloctahydrodibenzofluorenyl) Jhafniumdichloride mmol was
replaced by 0.00040 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
, 7-di-t-butylfluorenyl) hafnium dichloride, and that

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00160 mmol.

[0280]

As a result, 18.5 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 13.0 mol%, and had [n] = 2.04 dl1/g, MFR, = 0.64 g/10 min, MFRig
= 3.8 g/10 min, and a density of 874 kg/m’.
[0281]

[Comparative Example 9]

Ethylene/l-octene copolymerization using

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—t

—butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00005 mmol of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—t

-butylfluorenyl) Jhafnium dichloride, and that
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N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00020 mmol.
[0282]

As a result, 14.4 g of an ethylene-1-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 13.5 mol%, and had [n] =1.84 dl1/g, MFR, = 1.24 g/10 min, MFRi,
= 8.9 g/10 min, and a density of 870 kg/m>.

[0283]
[Example 29]

Ethylene/l-octene copolymerization using

[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7

—dimethylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00030 mmol of
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethylfluorenyl) Jhafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00120 mmol.
[0284]

As a result, 12.1 g of an ethylene-l1-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount
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of 13.2 mol%, and had [n] = 1.86 dl1/g, MFR, = 0.88 g/10 min, MFRig
= 5.2 g/10 min, and a density of 874 kg/m’.

[0285]

[Example 30]

Ethylene/l-octene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim

ethylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00010 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethylfluorenyl) Jhafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00040 mmol.

[0286]

As a result, 24.0 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 11.4 mol%, and had [n] = 1.85 dl/g, MFR, = 1.24 g/10 min, MFRig
= 7.4 g/10 min, and a density of 879 kg/m’>.

[0287]

[Comparative Example 10]
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Ethylene/l-octene copolymerization using

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dime

thylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00008 mmol of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dime
thylfluorenyl) JThafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00032 mmol.

[0288]

As a result, 16.9 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 11.7 mol%, and had [n] = 1.89 dl/g, MFR, = 0.96 g/10 min, MFRig
= 6.2 g/10 min, and a density of 877 kg/m>.

[0289]
[Example 31]

Ethylene/l-octene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

-3, 6-di-t-butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
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17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00003 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
-3, 6-di-t-butylfluorenyl) Jhafnium dichloride, and that

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00012 mmol.

[0290]

As a result, 16.3 g of an ethylene-l1-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 12.0 mol%, and had [n] =1.86 dl/g, MFR, = 0.98 g/10 min, MFRj,
= 6.1 g/10 min, and a density of 876 kg/m>.
[0291]

[Comparative Example 11]

Ethylene/l-octene copolymerization using

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t

-butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o

ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
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replaced by 0.00010 mmol of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
-butylfluorenyl) Jhafnium dichloride, and that

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00040 mmol.

[0292]

As a result, 21.3 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 13.1 mol%, and had [n] = 1.58 dl1/g, MFR, = 1.95 g/10 min, MFRig
= 13.2 g/10 min, and a density of 873 kg/m’.

[0293]
[Comparative Example 12]

Ethylene/l-octene copolymerization using

[bis(4—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t

—butylfluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00020 mmol of
[bis(4—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
-butylfluorenyl) Jhafnium dichloride, and that

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
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used in an amount of 0.00080 mmol.
[0294]

As a result, 14.8 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 15.2 mol%, and had [n] =1.81 dl/g, MFR, = 1.13 g/10 min, MFRi,
= 8.1 g/10 min, and a density of 866 kg/m>.
[0295]

[Comparative Example 13]

Ethylene/l-octene copolymerization using

[diphenylmethylene(n5—cyclopentadienyl)(n5—3,6—di—t—butylfluor

enyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
17, except that hydrogen was introduced in an amount of 400 ml,
that 0.00015 mmol of
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride was
replaced by 0.00008 mmol of
[diphenylmethylene(n5—cyclopentadienyl)(n5—3,6—di—t—butylfluor
enyl) Jhafnium dichloride, and that
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate was
used in an amount of 0.00032 mmol.
[0296]

As a result, 8.6 g of an ethylene-l-octene copolymer was

obtained. The resultant polymer contained l-octene in an amount
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of 13.8 mol%, and had [n] =1.90 dl1/g, MFR, = 0.90 g/10 min, MFRig
= 6.0 g/10 min, and a density of 870 kg/m’.

[0297]

[Example 32]

Ethylene/l-octene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride

To a stainless autoclave with an inner volume of 2 L
sufficiently nitrogen-purged, 300 ml of heptane, and 700 ml of
l-octene were introduced, and the temperature of the system was
elevated to 147°C. Thereafter, 400ml of hydrogen was introduced,
and ethylene was fed so that the total pressure became 3 MPa-G.
Subsequently, 0.3 mmol of triisobutylaluminum, 0.00010 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride,
and 0.050 mmol of MMAO were injected with nitrogen, and the number
of stirring rotations was set at 250 rpm. Thereby, polymerization
was initiated. Thereafter, ethylene alone was continuously fed
tokeepthetotal pressureat 3MPa-G. Polymerizationwasperformed
for 10 minutes at 150°C. A small amount of ethanol was added into
the system to terminate the polymerization, and thereafter
unreacted ethylene was purged. The resultant polymer solution
was poured into an excess amount of methanol to precipitate out

a polymer. The polymer was collected by filtration, and dried
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under reduced pressure at 120°C overnight.

As a result, 38.5 g of an ethylene-1l-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 12.4 mol%, and had [n] = 1.71 dl/g.

[0298]
[Comparative Example 14]

Ethylene/l-octene copolymerization using

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl)]zirconium dichloride

Polymerization was performed in the same manner as in Example
32, except that 0.00010 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride was
replaced by 0.00010 mmol of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth
yloctahydrodibenzofluorenyl)]zirconium dichloride.

As a result, 21.5 g of an ethylene-l1-octene copolymer was
obtained. The resultant polymer contained l-octene in an amount
of 13.0 mol%, and had [n] = 1.74 dl/g.

[0299]
[Example 33]

Ethylene/l-butene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride
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To a stainless autoclave with an inner volume of 2 L
sufficiently nitrogen-purged, 900 ml of heptane, and 45 g of
l-butene were introduced, and the temperature of the system was
elevated to 147°C. Thereafter, ethylene was fed so that the total
pressure became 3 MPa-G. Subsequently, 0.3 mmol of
triisobutylaluminum, 0.00055 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0055 mmol of
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
injected with nitrogen, and the number of rotating numbers was
set at 400 rpm. Thereby, polymerization was initiated.
Thereafter, ethylene alone was continuously fed to keep the total
pressure at 3 MPa-G. Polymerization was performed for 10 minutes
at 150°C. A small amount of ethanol was added into the system
toterminate thepolymerization, andthereafter unreactedethylene
was purged. The resultant polymer solution was poured into an
excess amount of methanol toprecipitateout apolymer. Thepolymer
was collected by filtration, and dried under reduced pressure at
120°C overnight.

As a result, 44.7 g of an ethylene-1-butene copolymer was
obtained. The resultant polymer contained l-butene in an amount

of 7.0 mol%, and had [n] = 9.0 dl1/g, and a density of 895 kg/m3.

[0300]
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[Example 34]

Ethylene/l-butene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet

hyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
33, except that 0.00055 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0055 mmol of
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
replaced by 0.00050 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafnium dichloride, and 0.0050
mmol of
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate.

As a result, 20.7 g of an ethylene-1-butene copolymer was
obtained. The resultant polymer contained l-butene in an amount
of 7.3 mol%, and had [n] = 9.8 dl/g, and a density of 894 kg/m’.
[0301]

[Comparative Example 15]

Ethylene/l-butene copolymerization using

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
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33, except that 0.00055 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0055 mmol of

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
replaced by 0.00080 mmol of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth
yloctahydrodibenzofluorenyl) Jhafniumdichloride, and 0.0080 mmol
of N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate, and
that polymerization time was changed to 5 minutes.

As a result, 54.9 g of an ethylene-1-butene copolymer was
obtained. The resultant polymer contained l-butene in an amount
of 7.3 mol%, and had [n] = 6.7 d1/g, and a density of 896 kg/m’.
[0302]

[Example 35]

Ethylene/l-butene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
33, except that 1-butene was introduced in an amount of 50 g, that
0.00055 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and

0.0055 mmol of
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N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
replaced by 0.00022 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0022 mmol of

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate, and
that polymerization time was changed to 6 minutes.

As a result, 53.6 g of an ethylene-1-butene copolymer was
obtained. The resultant polymer contained l-butene in an amount
of 6.1 mol%, and had [n] = 8.7 dl/g, and a density of 897 kg/m’.
[0303]

[Example 36]

Ethylene/l-butene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame

thyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
33, except that l-butene was introduced in an amount of 50 g, and
that 0.00055 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0055 mmol of
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
replaced by 0.00050 mmol of

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame
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thyloctahydrodibenzofluorenyl) Jhafnium dichloride, and 0.0050
mmol of
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate.

As a result, 24.1 g of an ethylene-1-butene copolymer was
obtained. The resultant polymer contained l-butene in an amount
of 7.0 mol%, and had [n] = 10.2 dl/g, and a density of 895 kg/m’.
[0304]

[Example 37]

Ethylene/l-butene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

To a stainless autoclave with an inner volume of 2 L
sufficiently nitrogen-purged, 900 ml of heptane, 45 g of 1-butene,
and 500 ml of hydrogen were introduced, and the temperature of
the system was elevated to 147°C. Thereafter, ethylene was fed
so that the total pressure became 3 MPa-G. Subsequently, 0.3 mmol
of triisobutylaluminum, 0.00055 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0055 mmol of
N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
injected with nitrogen, and the number of stirring rotations was
set at 400 rpm. Thereby, polymerization was initiated.

Thereafter, ethylene alone was continuously fed to keep the total
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pressure at 3 MPa-G. Polymerization was performed for 10 minutes
at 150°C. A small amount of ethanol was added into the system
toterminate thepolymerization, andthereafter unreactedethylene
was purged. The resultant polymer solution was poured into an
excess amount of methanol toprecipitateout apolymer. Thepolymer
was collected by filtration, and dried under reduced pressure at
120°C overnight.

As a result, 46.4 g of an ethylene-1-butene copolymer was
obtained. The resultant polymer contained l-butene in an amount
of 6.0 mol%, and had [n] = 2.00 dl1/g, MFR, = 0.94 g/10 min, MFRig
= 5.7 g/10 min, and a density of 907 kg/m’. The amount of the
molecular chain double bonds (number/1000 carbons) was as follows:
vinyl < 0.1 (belowdetectable lower 1imit), vinylidene < 0.1 (below
detectable lower limit), di-substituted olefin < 0.1 (below
detectable lower limit), and tri-substituted olefin = 0.1.
[0305]

[Example 38]

Ethylene/l-butene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet

hyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
37, except that hydrogen was introduced in an amount of 600 ml,
that 0.00055 mmol of

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
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—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0055 mmol of

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
replaced by 0.00050 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafnium dichloride, and 0.0050
mmol of N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate,
and that polymerization time was changed to 15 minutes.

As a result, 45.1 g of an ethylene-1-butene copolymer was
obtained. The resultant polymer contained l-butene in an amount
of 6.5 mol%, and had [n] = 1.81 dl/g, MFR, = 1.45 g/10 min, MFRig
= 8.3 g/10 min, and a density of 905 kg/m’. The amount of the
molecular chain double bonds (number/1000 carbons) was as follows:
vinyl < 0.1 (belowdetectable lower 1imit), vinylidene < 0.1 (below
detectable lower limit), di-substituted olefin < 0.1 (below
detectable lower limit), and tri-substituted olefin = 0.1.
[0306]

[Comparative Example 16]

Ethylene/l-butene copolymerization using

[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
37, except that hydrogen was introduced in an amount of 550 ml,

and that 0.00055 mmol of
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[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0055 mmol of

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
replaced by 0.00080 mmol of
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth
yloctahydrodibenzofluorenyl) Jhafniumdichloride, and 0.0080 mmol
of N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate.

As a result, 46.6 g of an ethylene-1-butene copolymer was
obtained. The resultant polymer contained l-butene in an amount
of 6.7 mol%, and had [n] = 1.81 dl/g, MFR, = 1.35 g/10 min, MFRig
= 8.3 g/10 min, and a density of 904 kg/m’. The amount of the
molecular chain double bonds (number/1000 carbons) was as follows:
vinyl < 0.1 (belowdetectable lower 1imit), vinylidene < 0.1 (below
detectable lower limit), di-substituted olefin = 0.1, and
tri-substituted olefin = 0.1.

[0307]
[Example 39]

Ethylene/l-butene copolymerization using

[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5

—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
37, except that l-butene was introduced in an amount of 50 g, that

hydrogen was introduced in an amount of 600 ml, and that 0.00055
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mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0055 mmol of

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
replaced by 0.00022 mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0022 mmol of

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate.

As a result, 61.3 g of an ethylene-1-butene copolymer was
obtained. The resultant polymer contained l-butene in an amount
of 5.8 mol%, and had [n] = 1.82 dl1/g, MFR, = 1.30 g/10 min, MFRjg
= 7.9 g/10 min, and a density of 906 kg/m’. The amount of the
molecular chain double bonds (number/1000 carbons) was as follows:
vinyl < 0.1 (belowdetectable lower 1imit), vinylidene < 0.1 (below
detectable lower limit), di-substituted olefin = 0.1, and
tri-substituted olefin = 0.1.

[0308]
[Example 40]

Ethylene/l-butene copolymerization using

[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame

thyloctahydrodibenzofluorenyl) Jhafnium dichloride

Polymerization was performed in the same manner as in Example
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37, except that 1-butene was introduced in an amount of 50 g, that
hydrogen was introduced in an amount of 600 ml, and that 0.00055
mmol of
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride, and
0.0055 mmol of

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate were
replaced by 0.00050 mmol of
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame
thyloctahydrodibenzofluorenyl) Jhafnium dichloride, and 0.0050
mmol of

N, N-dimethylaniliniumtetrakis (pentafluorophenyl)borate.

As a result, 51.0 g of an ethylene-1-butene copolymer was
obtained. The resultant polymer contained l-butene in an amount
of 5.9 mol%, and had [n] = 2.05 dl/g, MFR, = 0.87 g/10 min, MFRig
= 4.9 g/10 min, and a density of 904 kg/m’. The amount of thet
molecular chain double bonds (number/1000 carbons) was as follows:
vinyl < 0.1 (belowdetectable lower 1imit), vinylidene < 0.1 (below
detectable lower limit), di-substituted olefin = 0.1, and

tri-substituted olefin = 0.1.

[0309]
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Table 1 Polymerization result of ethylene/l-octene copolymerization

Component (B) Amount Amount o o
Polymerization | Polymerization
Component (A) (B-1) (B-2) (B-3) added of added of temperature time
1-octene hydrogen

EZES mmol Eg’fg mmol ;52’53? mmol EKES mmol ml ml °C min
Example 1 i 0.00005 a 0.3 - - C 0.00020 150 0 150 10
Example 17 i 0.00015 a 0.3 - - c 0.00060 150 500 150 10
Example 2 ii 0.00005 a 0.3 - - C 0.00020 150 0 150 10
Example 18 ii 0.00005 a 0.3 - - c 0.00020 150 400 150 10
Example 3 iii 0.00020 a 0.3 - - c 0.00080 150 0 150 10
Example 19 iii 0.00020 a 0.3 - - c 0.00080 150 400 150 10
Example 4 iv 0.00006 a 0.3 - - c 0.00024 150 0 150 10
Example 20 iv 0.00006 a 0.3 - - c 0.00024 150 400 150 10
Example 5 v 0.00006 a 0.3 - - C 0.00024 150 0 150 10
Example 21 v 0.00006 a 0.3 - - c 0.00024 150 400 150 10
Example 6 vi 0.00006 a 0.3 - - c 0.00024 150 0 150 10
Example 22 vi 0.00006 a 0.3 - - c 0.00024 150 400 150 10
Comp. Ex. 1 vii 0.00010 a 0.3 - - c 0.00040 150 0 150 10
Comp. Ex. 8 vii 0.00010 a 0.3 - - c 0.00040 150 400 150 10
Example 7 viii 0.00005 a 0.3 - - c 0.00020 150 0 150 10
Example 23 viii 0.00003 a 0.3 - - C 0.00012 150 500 150 10
Example 8 ix 0.00005 a 0.3 - - C 0.00020 150 0 150 10
Example 24 ix 0.00005 a 0.3 - - c 0.00020 150 500 150 10
Example 9 X 0.00005 a 0.3 - - c 0.00020 150 0 150 10
Example 25 X 0.00020 a 0.3 - - c 0.00080 150 500 150 10
Example 10 xi 0.00005 a 0.3 - - c 0.00020 150 0 150 10
Example 26 xi 0.00003 a 0.3 - - c 0.00012 150 500 150 10
Example 11 xii 0.00005 a 0.3 - - C 0.00020 150 0 150 10
Example 27 xii 0.00005 a 0.3 - - c 0.00020 150 500 150 10
Example 12 xiii 0.00050 a 0.3 - - C 0.00200 150 0 150 10
Example 28 xiii 0.00040 a 0.3 - - c 0.00160 150 400 150 10
Comp. Ex. 2 Xiv 0.00005 a 0.3 - - c 0.00020 150 0 150 10
Comp. Ex. 9 xiv 0.00005 a 0.3 - - c 0.00020 150 400 150 10
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Table 1 (continued) Polymerization result of ethylene/l-octene copolymerization
Component (B) Amount Amount Polymerization | Polymerization
Component (A) (B-1) (B-2) (B-3) added of added of temperature time
1-octene | hydrogen
Ezgg mmol Egig? mmol EKE; mmol Eg’tgg mmol ml ml °C min
Example 13 XV 0.00005 a 0.3 - - c 0.00020 150 0 150 10
Example 29 XV 0.00030 a 0.3 - - c 0.00120 150 500 150 10
Example 14 Xvi 0.00005 a 0.3 - - C 0.00020 150 0 150 10
Example 30 Xvi 0.00010 a 0.3 - - [ 0.00040 150 400 150 10
Comp. Ex. 3 xvii 0.00005 a 0.3 - - C 0.00020 150 0 150 10
Comp. Ex.10 xvii 0.00008 a 0.3 - - c 0.00032 150 400 150 10
Example 15 xviii 0.00004 a 0.3 - - c 0.00016 150 0 150 10
Example 31 xviii 0.00003 a 0.3 - - C 0.00012 150 400 150 10
Comp. Ex. 4 XixX 0.00005 a 0.3 - - C 0.00020 150 0 150 10
Comp. Ex. 11 XixX 0.00010 a 0.3 - - C 0.00040 150 400 150 10
Comp. Ex. 5 XX 0.00010 a 0.3 - - C 0.00040 150 0 150 10
Comp. Ex. 12 XX 0.00020 a 0.3 - - C 0.00080 150 400 150 10
Comp. Ex. 6 XXi 0.00003 a 0.3 - - C 0.00012 150 0 150 10
Comp. Ex. 13 xxi 0.00008 a 0.3 - - c 0.00032 150 400 150 10
Example 16 xxii 0.00010 a 0.3 b 0.050 - - 700 0 150 10
Example 32 XXii 0.00010 a 0.3 b 0.050 - - 700 400 150 10
Comp. Ex. 7 xxiii 0.00010 a 0.3 b 0.050 - - 700 0 150 10
Comp. Ex. 14 xXiii 0.00010 a 0.3 b 0.050 - - 700 400 150 10
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[0310]
Table 1 (continued) Polymerization result of ethylene/l-octene copolymerization
Yield of . Content . Amount of molecular chain double bond
polymer mileage of [n] [n] ratio MFR:2 MFR10 Density vingl vinylidene d1 tr.i-
1-octene Notes) substituted | substituted
g | MmOt o | /g g/10min | g/10min | kgmo | Number | Number | Number | Number/
Example 1 3.1 62 12.5 6.92 -
Example 17 9.7 65 11.2 1.66 0.24 1.69 10.5 881 0.1 0.1 0.1 0.1
Example 2 15.2 303 12.2 5.48 -
Example 18 27.0 541 11.8 1.76 0.32 1.40 8.7 877 <0.1 <0.1 <0.1 0.1
Example 3 14.4 72 13.2 5.30 -
Example 19 16.8 84 12.6 1.90 0.36 0.87 5.4 875
Example 4 12.0 199 129 5.29 -
Example 20 18.7 311 12.6 1.83 0.35 1.10 6.8 875
Example 5 10.2 171 13.4 5.15 -
Example 21 19.3 322 13.4 1.78 0.35 1.23 7.6 873
Example 6 17.9 299 12.8 4.73 -
Example 22 25.5 425 12.7 1.71 0.36 1.45 9.3 874
Comp. Ex. 1 7.2 72 14.9 4.17 -
Comp. Ex. 8 14.0 140 14.8 1.74 0.42 1.38 9.4 866
Example 7 23.0 460 10.0 6.55 -
Example 23 11.0 367 10.0 1.90 0.29 0.93 5.6 884 <0.1 <0.1 <0.1 0.1
Example 8 10.0 201 11.0 6.27 -
Example 24 22.8 457 10.6 1.80 0.29 1.16 7.1 881
Example 9 4.8 96 12.1 6.59 -
Example 25 17.2 86 12.4 1.88 0.29 0.80 4.8 876
Example 10 10.2 204 114 5.37 -
Example 26 12.0 399 11.4 1.92 0.36 0.87 5.4 879
Example 11 8.3 165 10.6 5.70 -
Example 27 17.3 345 10.5 1.79 0.31 1.20 7.2 881 <0.1 <0.1 <0.1 0.1
Example 12 15.6 31 13.0 4.83 -
Example 28 18.5 46 13.0 2.04 0.42 0.64 3.8 874
Comp. Ex. 2 7.9 158 14.0 3.86 -
Comp. Ex. 9 14.4 287 13.5 1.84 0.48 1.24 8.9 870
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Table 1 (continued) Polymerization result of ethylene/l-octene copolymerization (continued)
Yield of . Content . Amount of molecular chain double bond
polymer mileage of [n] [n] ratio MFR:2 MFR1o0 Density vinyl vinylidene d1 tr.i—

1-octene Notes) substituted | substituted
g kg/nl\l/lmol- mol% dl/g g/10 min g/10 min kg/ms3 I}hllgz)%% ljlllgz)%% ljlll(r)%%% Nlllggzg/

Example 13 2.6 52 12.6 5.59 -

Example 29 12.1 40 13.2 1.86 0.33 0.88 5.2 874

Example 14 7.0 140 12.0 5.24 -

Example 30 24.0 240 11.4 1.85 0.35 1.24 7.4 879

Comp. Ex. 3 4.0 80 11.8 4.32 -

Comp. Ex.10 16.9 212 11.7 1.89 0.44 0.96 6.2 877

Example 15 13.3 333 11.9 4.49 -

Example 31 16.3 545 12.0 1.86 0.41 0.98 6.1 876

Comp. Ex. 4 3.6 71 13.2 3.92 -

Comp. Ex. 11 21.3 213 13.1 1.58 0.40 1.95 13.2 873

Comp. Ex. 5 3.5 35 15.2 3.23 -

Comp. Ex. 12 14.8 74 15.2 1.81 0.56 1.13 8.1 866

Comp. Ex. 6 2.2 75 13.8 3.74 -

Comp. Ex. 13 8.6 108 13.8 1.90 0.51 0.90 6.0 870

Example 16 30.9 309 12.5 2.72 -

Example 32 38.5 385 12.4 1.71 0.63

Comp. Ex. 7 29.1 291 12.6 2.65 -

Comp. Ex. 14 21.5 215 13.0 1.74 0.66
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[0311]

Note 1) As component (A), crosslinked metallocene compounds shown
below were used.

i:
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

ii:
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

iii:
[bis(3—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—o
ctamethyloctahydrodibenzofluorenyl) Jhafnium dichloride

iv:
[bis(4—methoxy—3—methylphenyl)methylene(n5—cyclopentadienyl)(
n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride

v
[bis(4—methoxy—3,5—dimethylphenyl)methylene(n5—cyclopentadien
yl)(n5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride
vi:
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafnium dichloride

vii:
[bis(3—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl) Jhafnium dichloride
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viii:
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—tetramethyloctahydrodibenzofluorenyl) Jhafnium dichloride

ix:
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetrame
thyloctahydrodibenzofluorenyl) Jhafnium dichloride

x:
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7
—dimethyl-3, 6-di-t-butylfluorenyl) Jhafnium dichloride

xi:
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethyl-3,6-di-t-butylfluorenyl) Jhafnium dichloride

xii:
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,3,6,7
—tetramethylfluorenyl) Jhafnium dichloride

xiii:
[bis(4—N—morpholinylphenyl)methylene(n5—cyclopentadienyl)(n5—2
, 7-di-t-butylfluorenyl) Jhafnium dichloride

xiv:
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—di—t
-butylfluorenyl) Jhafnium dichloride

XV
[bis(3,4—dimethoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7

—dimethylfluorenyl) Jhafnium dichloride
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XVvi:
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dim
ethylfluorenyl) Jhafnium dichloride

xvii:
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—2,7—dime
thylfluorenyl) Jhafnium dichloride

Xviii:
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
-3, 6-di-t-butylfluorenyl) Jhafnium dichloride

xXix:
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
—butylfluorenyl) Jhafnium dichloride

XX:
[bis(4—chlorophenyl)methylene(n5—cyclopentadienyl)(n5—3,6—di—t
—butylfluorenyl) Jhafnium dichloride

Xx1:
[diphenylmethylene(n5—cyclopentadienyl)(n5—3,6—di—t—butylfluor
enyl) Jhafnium dichloride

xXxii:
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(r]5
—octamethyloctahydrodibenzofluorenyl) ]zirconium dichloride
xxiii:
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octameth

yloctahydrodibenzofluorenyl)]zirconium dichloride
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Note 2) As component (B-1), an organometallic compound shown below
was used.

a: triisobutylaluminum

Note 3) As component (B-2), an organometallic compound shown below
was used.

b: MMAO

Note 4) As component (B-3), a compoundwhich reactswithcrosslinked
metallocene compound (A) to form an ion pair, shown below, was
used.

c: N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate
Note 5) Ratio of [n] given at the time of polymerization with the
addition of hydrogen to [n] given at the time of polymerization

without the addition of hydrogen
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Table 2 Polymerization result of ethylene/l-butene copolymerization
Component (B)

Amount

Amount

Component (A) (B-1) (B-3) added of added of Pi);ymH;Z§ZtE:;ZH Polyn;ie;::atlon
1-butene hydrogen

IKES mmol Ig’tg? mmol Eg’tg? mmol ml ml °C min
Example 33 i 0.00055 a 0.3 c 0.0055 45 0 150 10
Example 37 i 0.00055 a 0.3 c 0.0055 45 500 150 10
Example 34 vi 0.00050 a 0.3 c 0.0050 45 0 150 10
Example 38 vi 0.00050 a 0.3 C 0.0050 45 600 150 15
Comp. Ex. 15 XXivV 0.00080 a 0.3 C 0.0080 45 0 150 5
Comp. Ex. 16 XXiv 0.00080 a 0.3 C 0.0080 45 550 150 10
Example 35 viii 0.00022 a 0.3 c 0.0022 50 0 150 6
Example 39 viii 0.00022 a 0.3 c 0.0022 50 600 150 10
Example 36 ix 0.00050 a 0.3 c 0.0050 50 0 150 10
Example 40 ix 0.00050 a 0.3 C 0.0050 50 600 150 10
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[0313]
Table 2 (continued) Polymerization result of ethylene/l-butene copolymerization
Yield of . Content . Amount of molecular chain double bond
polymer mileage of [n] [n] ratio MFR:2 MFR10 Density vingl vinylidene d1 tr.i-
1-butene Noted) substituted | substituted
g kg/nl\q/lmol mol% dl/g g/10 min g/10 min kg/ms3 I}l;l(r)r;)t())e;:r I}I;l(r)lz)lz)e&r I}I;{)rz)%eér N;l(r)r:)%e;:r/
Example 33 44.7 81 7.0 9.0 895
Example 37 46.4 84 6.0 2.00 0.22 0.94 5.7 907 <0.1 <0.1 <0.1 0.1
Example 34 20.7 41 7.3 9.8 894
Example 38 451 90 6.5 1.81 0.18 1.45 8.3 905 <0.1 <0.1 <0.1 0.1
Comp. Ex. 15 54.9 69 7.3 6.7 896
Comp. Ex. 16 46.6 58 6.7 1.81 0.27 1.35 8.3 904 <0.1 <0.1 0.1 0.1
Example 35 53.6 247 6.1 8.7 897
Example 39 61.3 279 5.8 1.82 0.21 1.30 7.9 906 <0.1 <0.1 0.1 0.1
Example 36 24.1 48 7.0 10.2 895
Example 40 51.0 102 5.9 2.05 0.20 0.87 4.9 904 <0.1 <0.1 0.1 0.1
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[0314]

Note 1) As component (A), crosslinked metallocene compounds shown
below were used.

ii:
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(n
5—octamethyloctahydrodibenzofluorenyl)]hafnium dichloride

vi:
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—octame
thyloctahydrodibenzofluorenyl) Jhafnium dichloride

viii:
[bis[4—(dimethylamino)phenyl]methylene(n5—cyclopentadienyl)(n
5—tetramethyloctahydrodibenzofluorenyl)]hafnium dichloride

ix:
[bis(4—methoxyphenyl)methylene(n5—cyclopentadienyl)(n5—tetram
ethyloctahydrodibenzofluorenyl) Jhafnium dichloride

XXiv:
[bis(4—methylphenyl)methylene(n5—cyclopentadienyl)(n5—octamet
hyloctahydrodibenzofluorenyl) Jhafnium dichloride

Note 2) As component (B-1), an organometallic compound shown below
was used.

a: triisobutylaluminum

Note 3) As component (B-3), acompoundwhichreactswithcrosslinked
metallocene compound (A) to form an ion pair, shown below, was

used.



228

c: N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate
Note 4) Ratio of [n] given at the time of polymerization with the
addition of hydrogen to [n] given at the time of polymerization

without the addition of hydrogen
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CLAIMS

1. A process for producing an ethylene/a-olefin copolymer,

comprising copolymerizing ethylene and an a-olefin having 3 or

more carbon atoms in the presence of an olefin polymerization

catalyst comprising:

(2) a bridged metallocene compound represented by the

following general formula [I], and

(B) at least one compound selected from (B-1) an
organometallic compound, (B-2) an organoaluminum oOXy-
compound and (B-3) a compound which reacts with the
bridged metallocene compound (A) to form an ion pair,

(L.

R? R3

R! R*

Rl4

RIZ Y MQ{@
R13
Rll R6
RIO R7

R? RS

wherein Y is selected from a carbon atom, a silicon atom,

a germanium atom and a tin atom,
M is a titanium atom, a zirconium atom or a hafnium atom,

R', R?, R?, R%, R°, R%, R’, R%, R?, R, R' and R" are each
an atom or a substituent selected from a hydrogen atom, a
hydrocarbon group having 1 to 20 carbon atoms, a silicon-

containing group, a nitrogen-containing group, an oxygen-
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containing group, a halogen atom and a halogen-containing
group, and are optionally the same as or different from

each other,

adjacent substituents of R' to R are optionally bonded to

each other to form a ring,

R* and R are each an aryl group or a substituted aryl
group, and are optionally the same as or different from

each other when being both substituted aryl groups,

at least one of R' and R™ is a substituted aryl group,
said substituted aryl group being a substituted aryl
group in which one or more hydrogen atoms of an aryl
group are each substituted with an electron-donating
substituent having a Hammett substituent constant o of
not more than -0.2, wherein when the substituted aryl
group has a plurality of the electron-donating
substituents, these electron-donating substituents are
the same as or different from each other, said
substituted aryl group optionally having a substituent
which is a substituent other than the electron-donating
substituent and is selected from a hydrocarbon group
having 1 to 20 carbon atoms, a silicon-containing group,
a nitrogen-containing group, an oxygen-containing group,
a halogen atom and a halogen-containing group, wherein
when the substituted aryl group has a plurality of the
substituents, these substituents are the same as or

different from each other,

Q is selected from a halogen atom, a hydrocarbon group
having 1 to 20 carbon atoms, an anionic ligand and a

neutral ligand capable of coordination with a lone pair
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of electrons, in a combination of the same or different

kinds, and

j is an integer of 1 to 4, and,

wherein polymerization is carried out in such a manner as
to obtain an ethylene-based polymer in which the
proportion of constituent units derived from ethylene is
not less than 50% by mol when the total of constituent
units derived from monomers in the polymer is 100% by

mol.

2. The process for producing an ethylene/a-olefin copolymer as
claimed in claim 1, wherein R', R?, R?® and R* in the general

formula [I] are all hydrogen atoms.

3. The process for producing an ethylene/a-olefin copolymer as
claimed in claim 1, wherein Y in the general formula [I] is a

carbon atom.

4. The process for producing an ethylene/o-olefin copolymer as
claimed in claim 1, wherein the electron-donating substituent
is a group selected from a nitrogen-containing group and an

oxygen-containing group.

5. The process for producing an ethylene/oa-olefin copolymer as
claimed in claim 4, wherein R'® and R in the general formula

[I] are the same substituted aryl group.
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6. The process for producing an ethylene/a-olefin copolymer as
claimed in claim 4, wherein R' and R in the general formula
[I] are each a substituted phenyl group containing, as the
electron-donating substituent, a group selected from a
nitrogen-containing group and an oxygen-containing group at
the meta position and/or the para position with respect to

bonding to Y.

7. The process for producing an ethylene/oa-olefin copolymer as
claimed in claim 4, wherein R™ and R™ in the general formula
[I] are each a substituted phenyl group containing, as the
electron-donating substituent, a nitrogen-containing group
represented by the following general formula [II]:

[11]
R}S

wherein R'® and R'® are each an atom or a substituent
selected from a hydrogen atom, a hydrocarbon group having
1 to 20 carbon atoms, a silicon-containing group, an
oxygen-containing group and a halogen-containing group,
are optionally the same as or different from each other,
and are optionally bonded to each other to form a ring,
and a line drawn on the right-hand side of N represents

bonding to the phenyl group.

8. The process for producing an ethylene/o-olefin copolymer as
claimed in claim 4, wherein R'? and R'™ in the general formula
[I] are each a substituted phenyl group containing, as the
electron-donating substituent, an oxygen-containing group

represented by the following general formula [IITI]:



233

RY—0— [III]

wherein R' is an atom or a substituent selected from a
hydrogen atom, a hydrocarbon group having 1 to 20 carbon
atoms, a silicon-containing group, a nitrogen-containing
group and a halogen-containing group, and a line drawn on
the right-hand side of 0 represents bonding to the phenyl

group.

9. The process for producing an ethylene/a-olefin copolymer as

9

claimed in claim 1, wherein R>, R®, R® and R'? in the general

formula [I] are all hydrogen atoms.

10. The process for producing an ethylene/oa-olefin copolymer
as claimed in claim 1, wherein at least two of R°, R’, R' and
R in the general formula [I] are each a substituent selected
from a hydrocarbon group, a silicon-containing group, a
nitrogen-containing group, an oxygen-containing group, a

halogen atom and a halogen-containing group.

11. The process for producing an ethylene/a-olefin copolymer
as claimed in claim 10, wherein R® and R’, and/or R'® and R in
the general formula [I] are bonded to each other to form a

ring.

12. The process for producing an ethylene/a-olefin copolymer
as claimed in claim 11, wherein R® and R’, and R' and R in the
general formula [I] are both bonded to each other to form a

ring.
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13. The process for producing an ethylene/o-olefin copolymer
as claimed in claim 12, wherein the rings formed by bonding of
R® and R’, and R' and R' in the general formula [I] to each

other are each a five-membered to seven-membered ring.

14. The process for producing an ethylene/o-olefin copolymer
as claimed in claim 13, wherein the rings formed by bonding of
R® and R’, and R' and R in the general formula [I] to each

other are each a six-membered ring.

15. The process for producing an ethylene/a-olefin copolymer
as claimed in claim 14, wherein ethylene and an a-olefin are
copolymerized in the presence of an olefin polymerization
catalyst comprising a bridged metallocene compound represented

by the following general formula [IV]:
[Ivy

wherein M is a titanium atom, a zirconium atom or a

hafnium atom,

R™ and R'™ are each a substituted phenyl group containing,
as the electron-donating substituent, a nitrogen-
containing group represented by the general formula [II],

or are each a substituted phenyl group containing, as the
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electron-donating substituent, an oxygen-containing group

represented by the general formula [IITI],

R, R'Y, R*® and R** are each a hydrogen atom or a methyl

group,

Q is selected from a halogen atom, a hydrocarbon group
having 1 to 20 carbon atoms, an anionic ligand and a
neutral ligand capable of coordination with a lone pair
of electrons, in a combination of the same or different

kinds, and

j is an integer of 1 to 4.

1l6. The process for producing an ethylene/a-olefin copolymer
as claimed in claim 1, wherein M in the general formula [I] is
hafnium.

17. The process for producing an ethylene/a-olefin copolymer
as claimed in claim 1, wherein the polymerization temperature
is 100 to 300° C.

18. The process for producing an ethylene/a-olefin copolymer
as claimed in claim 1, wherein polymerization is carried out
in such a manner as to obtain an ethylene-based polymer in

which the proportion of constituent units derived from

ethylene is not less than 65% by mol when the total of

constituent units derived from monomers in the polymer is 100%

by

mol.
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19. The process for producing an ethylene/o-olefin copolymer
as claimed in claim 18, wherein polymerization is carried out
in such a manner as to obtain an ethylene-based polymer in
which the proportion of constituent units derived from
ethylene is not less than 70% by mol when the total of

constituent units derived from monomers in the polymer is 100%

by mol.
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PROCESS FOR PRODUCING ETHYLENE/o-OLEFIN COPOLYMER
ABSTRACT

A process capable of producing an ethylene/a-olefin
copolymer having a high molecular weight even under the conditions
of a high polymerization temperature is provided. The process
for producing an ethylene/a-olefin copolymer includes
copolymerizing ethylene and an o-olefin having 3 or more carbon
atoms in the presence of an olefin polymerization catalyst
including a crosslinked metallocene compound (A) represented by
the following general formula [I] and a cocatalyst component (B).
In the general formula [I], Y is selected from a carbon atom, etc.,
M is a hafnium atom or the like, R! to R'? are each selected from
a hydrogen atom, a hydrocarbon group, etc., R* and R'" are each
a substituted aryl group or the like, at least one of R*® and R
is a substituted aryl group having one or more electron-donating
substituents having a Hammett substituent constant ¢ of not more
than -0.2, Q is selected from a halogen atom, etc., and j is an

integer of 1 to 4.
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[No suitable figure]





