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DESCRIPTION

PROCESS FOR PREPARING OLEFIN POLYMER USING MIXED CATALYST

Technical Field
00017 The present invention relates to a process for

preparing an olefin polymer.

Background Art

10002) Olefin polymers are applied to various uses as
thermoplastic resin materials or modifiers of thermoplastic resins.
Asapolymerizaticncatalystusedinthepreparationofolefinpolymers,
a titanium catalyst or a metallocene catalyst is known. In the case
of using the titaniunlcatalyst, however, there is a problem that the
composition of clefin types of an clefin peclymer that can be prepared
is restricted or a problem that the compatibility is not homogeneous
because of a wide molecular weight distribution. Inthe case of using
the metallocene catalyst, copolymerizability of a—olefins is
excellent and oa-olefins can be polymerized with a wide range of
composition, but whenhigh-temperaturepolymerizationis carriedout,
the molecular weight is not increased or the polymerization activity
is scmetimes low, and this is an obstacle to low cost.

[0003] Recently, i1t has been disclosed by J.A. Ewen, et

al. thatwhenacatalyst comprisingatransitionmetal catalyst having,
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as a ligand, iscopropylidene (cyclopentadienyl) (9~fluorene) wherein
cyclopentadiene and fluorene are crosslinked by isopropylidene and
aluminoxane is used, polypropylene of high tacticity having a
syndictactic pentad fraction of more than 0.7 is obtained (non patent
literature 1).

[0004] Moreover, it has been reported that by the use
of a catalyst having a structure analcgous to that of the above
transition metal catalyst showing a syndiotactic polypropylene
activity, a propylene/ethylene copolymer having a high molecular
weight is obtained (patent literature 1)}. In this transition metal
catalyst, however, there is yet room for improvement inpolymerization
performance at high temperatures andparticularly inmolecular weight
(patent literatures 2 and 3).

[0005] By the way, a method for polymerizing an ao-olefin
by mixing different metallcocene compounds for the purpose of allowing
the resulting polymer to exhibit specific properties instead of
widening a molecular welight distribution of the polymer has been also
proposed. Forexample, aprocess for preparing polypropylenebyusing
a crosslinked monocyclopentadienyl hetero atom~containing compound
and an uncrossliinked biscyclopentadienyl-containing compound has
been reported (patent literatured4). Moreover, there isa literature
in which use of a hafnium metallocene type catalyst compound of a
crosslinked bulky ligand and a zirconium metallocene type catalyst

compound is discussed (patent literature 5). Furthermore, a procass
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for preparing a propylene polymer using at least two different
zirconium metallocene type catalyst compounds having a crosslinked
bulky ligandhas been disclosed. Oneof sterically firm zirconocenes
used herein has, as a bulky ligand, an indenyl ligand having a
substituent on a six-membered ring (patent literature 6). Still
furthermore, aprocess for preparingpolypropylene usingtwodifferent
zirconium metallocene type catalyst compounds having a crosslinked
bulky ligand has been disclosed (patent literature 7).

[0C06] The present applicant has already reported that
a polypropylene polymer having a relatively high melting point and
a high molecular weight can be prepared by the use of a specific

transition metal catalyst (patent literature 8).

Citation List
Patent Literature

[0007] Patent literature 1: Japanese Patent Laid~Open
Publication No. 274703/1990

Patent literature 2: Japanese Patent Laid-Open Publication No.
161957/2004

Patent literature 3: WO01/027124 pamphlet

Patent literature 4: U.S. Patent No. 5,516,848

Fatent literature 5: EP 03107348

Patent literature 6: U.S. Patent No. 5,696,045

Patent literature 7: EP 516018R



10

15

20

Patent literature 8: Japanese Patent Laid-Open Publication No.
302854 /2007
Non Patent Literature

[0008] Non patent literature 1: J. Am. Chem. Soc. 1988,

110, ©255-6256

Summary of Invention
Technical Problem
[00G9] In order to make industrialization possible,
however, it has been desired that the preparation can be carried out
at a high temperature exceeding ordinary temperature, but any catalyst
satisfying such reguirement soundly has not been reported so far.
[0010] Accordingly, it is an cbject of the present
invention to provide an olefin polymerization process to efficiently
obtalin an «-olefin polymer having a high melting point and a high
molecular weight without impairing characteristics of a metallocene
catalyst ({particularly, characteristic that the molecular weight

distribution of the resulting polymer is narrow).

Sciution to Problem

[0011] Under such clrcumstances, the present inventors
have earnestly studied. As a result, they have found that in the
case where an a~olefin such as propylene is polymerized, an a—olefin

polymer having a high melting point and a high molecular weight can



be obtained even in the polymerization at a high temperature at which
industrialization is possible, by using two or more kinds of specific
metallocene compounds different in ligand structure, and they have
alsc found that the resulting olefin polymer has a nafrow molecular

5 weight distribution. Thus, the present invention has been
accomplished.

[0012] That is to say, the process for preparing an olefin
polymer accerding £o the present invention is a process for preparing
an olefin polymer, comprising polymerizing monomers containing

10 pfopylene:andijfnecessaigran_awolefin.ofZEOI:more carbon atoms other
than propylene, wherein the polymerization is carried out at a
temperature of not lower than 40°C in the presence of a catalyst
comprising a transitionmetal compound component (A) which comprises
twe or more kinds of transition metal compounds (a) represented by

15  the following formula [Al] and an organometallic compound component
(B) which comprises one or more kinds of organometallic compounds
{b) selected from the following compounds {b-i}, (b-2) and (b-3):

(b-1) an organcaluminum oxy-compound,

{b-2) a compoundwhich reactswith the transitionmetal compound

20 (a} to form an ion pair,

{b-3) an organcaluminum compound, and

the olefin polymer is an clefin polymer whose welght-average
molecular .weaight (Mw) and number-average molecular weight (Mn), as

determined by gel permeation chromatography (GPC), satisfy the
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relationship of 15 (Mw/Mn} <3, and which has a melting point (Tm), as
determined by DSC, of not lower than 150°C and an intrinsic viscosity

{[n]} of not less than 1.5 dl/g,

(00131

- [Al]

100141 wherein R to R™ are each independently a hydrogen atom,
a halogen atom, a hydrocarbon group, a halogen-containing hydrocarbon
group, a nitrogen-centaining group, an oxygen-containing group or
a silicon-containing group, two adjacent groups of R' to R® and R®
to R may be bonded to form a ring, R™ and R are each independently
a hydrogen atom, a hydrocarbon group of 1 to 40 carbon atoms or a
sillcon-containing group of 1 to 40 carbon atoms and may be bonded
to each other to form a ring, M is Ti, Zr or Hf, Y 1s a silicon atom
or a carbon atom, Q is a halogen atom, a hydrocarbon group, an anionic

ligand or a neutral ligand capable of being coordinated by a lone
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pair, 7 is an integer of 1 to 4, and when plural Q are present, they

may be the same as or different from =sach other.

Advantageous Effects of Invention
[0G15] The process for preparing an olefin polymer

according te the present invention is excellent in polymerization
activity. For example, when propylene is used as a monomer, the
resulting propylene polymer has a narrow molecular weight and has
a high melting point and a high molecular weight. When the olefin
polymerization catalyst comprising a crosslinked metallocene
compound according to the present invention is used, preparation of
polypropylene having a narrow molecular weight distribution,beoomes
possible even in the polymerization at a high temperature. Moreover,
whenthe aboveolefinpolymerizationcatalyst comprisingacrosslinked
metaliocenecompoundjjaused,eapolymerexhibitingeamolecularweight
distribution equivalent to or narrower than that in the case of using
publicly known technigque and having a high melting point and a high
molecular welght is obtained even 1f a monomer other than propylene

is used.

Description of Embodiments
[0016] With regard to the component (A) and the component
(B) relevant to the present invention, the olefin polymerization

catalyst containing these components, andtheprocess forpolymerizing
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clefins in the presence of the olefin polymerization catalyst, best
modes for carrying cut the present invention are described in crder
hereinafter.

1c017] The process for preparing an olefin polymer
according tothe present invention is aprocess for preparing an olefin
polymer, comprising polymerizing at least one monomer selected from
og~olefins of two ormore carbonatoms. 1Inthe abovemonomer, propylens
iscontained. Theabovepolymerizationiscarriedoutatatemperature
of not lower than 40°C in the presence of a catalyst comprising a
transition metal compound component (A) which comprises two or more |
kinds of specific transition metal compounds (a) and a specific
organomeﬁalliccompoundcomponent(B}. Intheolefinpolymer obtained
by this polymerization, the welght-average molecular weight (Mw) and
the number-average molecular weight {(Mn), as determined by gel
permeation chromatography (GPC), satisfy the relationship of
1€ (Mw/Mn)£3, the melting point (Tm), as determined by DSC, is not
lower than 150°C, and the intrinsic viscosity {[n!) is not less than
1.5 di/g. In the present invention, by using the transition metal
compound component (A) comprising two or more kinds of specific
transition metal compounds (a), an o—olefin can be efficiently
polymerizedwith a highpolymerization activity even at a temperature
of not lower than room temperature {usually 20°C), particularly not
lower than 40°C, as described above. Moreover, an o—olefin polymer

havinganarrowmolecularweight distributionandhavingahighmelting
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polnt and a high molecular weight can be obtained.

(00181 Transitionmetal compound component (A) (mixedcatalyst)

The transition metal compound component (A) comprises two or
more kinds of transition metal compounds (a) represented by the
following formula [Al]. The transition metal compound (a) is a
crosslinked metallocene compound. Since the transition metal
compound component (A) comprises two or more kinds of the transition
metal compounds (a}, an o-olefin can be polymerized with a high
polymerization activity even at a temperature of not lower than_room
temperéture, particularly not lower than 40°C. Moreover, the
resulting o~olefin polymer can be improved in the molecular weight
distributicon and in the melting point and the intrinsic viscoesity

with a good bhalance.

[6019]

R’ RO < oo [A1]
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[0020] IntheformulaEAl],R?to?ﬂzareeachindependently.
a hydrogen atom, a halcgen atom, a hydrocarbon group, a
halogen-containing hydrocarbon group, a nitrogen-containing group,
an oxygen-containing group or a silicon-containing group.

(00211 The halogen atoms include a flucrine atom, a
chilorine atom, a bromine atom and an lodine atom.

[o0z21 The number of carbon atoms of the hydrocarbon group
is not specifically restricted. Examples of the hydrocarbon groups
include straight-chainhydrocarbongroups, suchasmethyl 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
nmdecanylgroup;branchedhydrocaIBOﬂgroups,suchasisopropylgroup,
t-butyl group, amyl group, 3-methylpentyl group, 1,1-diethylpropyl
group, 1,l-dimethylbutyl group, 1~methyl—l~propylbutyi group,

1, l1-propylbutyl group, 1,l-dimethyl-2-methylpropyl group and
l-methyl-l-isopropyl-2-methylpropyl group; cyolic saturated
hydrocarbon groups, such as cyclepentyl group, cyclohexyl group,
cyclcheptyl group, cyclooctyl group, norbornyl group and adamantyl
group; andcyclicunsaturatedhydrocarbongroups, suchasphenyl group,
naphthy! group, biphenyl group, phenanthryl group and anthracenyl
group, and nucleus alkyl-substituted groups thereof (groups wherein
a hydrogen atom on the aromatic ring in the above cyclic unsaturated
hydrocarbon groups is replaced with an alkyl group).

[0023] The halogen-~containing hydrocarbon group is
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preferably a halogen—ceontaining hydrocarbon group of 1 to 20 carbon
atoms, and examples thereof include fluoromethyl group,
trifiuoromethyl group, trichloromethyl group, pentafluorcethyl group,
1-flucrophenyl group, l-chlorophenyl group, l-bromophenyl group,
1—iodoph@nyl. roup, ZzZ-~fluorophenyl group, Z2-bromophenyl group,
2-iodophenyl group, 2-chlorophenyl group, 3-chlorophenyl group,
4-chlorophenyl group, 2-bromophenyl group, 3-bromophenyl group,
4~bromophenyl group, Z-fluorcophenyl group, 3-flucrophenyl group,
4-fluorophenyl group, fluocronaphthyl group, chloronaphthyl group,
bromonaphthyl group, iodonaphthyl group, pentafluorophenyl group and
tri-perflucrophenylmethyl group.

(0024} The number of carbon atoms of the
halogen-containing hydrocarbon group ismore preferably 1to 10, still
more preferably 1 to 6. As the halogen-containing hydrocarbon group,
more preferably used is fluoromethyl group, triflucromethyl group,
trichloromethyl group, pentafluoroethyl group, 1-fluorophenyl group,
l—chloréphenyl group, l-bromophenyl group, l-iodophenyl group,
Z~fluorophenyl group, 2-bromophenyl group, 2-iocdophenyl group,
Z-chiorophenyl group, 3-chlorophenyl group, 4-chlorophenyl group,
Z-bromophenyl group, 3-bromophenyl group, 4-bromophenyl group,
2-fluorophenyl group, 3-fluorophenyl group, 4-fluorophenyl group,

pentafluorophenyl group or the like.

Py

0025] The nitrogen-containing group is preferably a

nitrogen~containing hydrocarbeon group of 1 to 20 carbon atoms, and
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examples therecf include dimethylamino group, diethylamino group,
didecylamino group, pyrrolidinyl group, piperidinyl group, pyrrolyl
group, pyridyl group, quinclyl group, imidazolyl group,
dimethylaminophenyl group and piperidinyliphenyl group.

[0C26] The numper of carbon atoms of the
nitrogen-containing hydrocarbon group is more preferably 1 to 10,
stillmore preferably 1l to 6. Asthenitrogen~containing hydrocarbon
group, morepreferablyused isdimethylaminogroup, diethylamino group,
pyrrolidinyigroup,piperidinylgroup,pyrroiyigroup,pyridyigfoup,
imidazolyl group or the.like.

{0027] | The cxygen-containing groﬁp is preferably an
oxygen—-containing hydrocarbon group of 1 to 20 carbon atoms, and
examples thereof includemethoxygroup, ethoxy group, n~propoxy group,
iscpropoxy group, n—hbutoxy group, sec-butoxy group, isobutoxy group,
tert-butoxygroup, l-decyloxy group, l-icesyloxy group, phenoxy group,
l-naphthoxy group, Z-naphthoxy group, Z-methoxyphenyl group,
3-methoxyphenyl group, 4-methoxyphenyl group and 4-phenoxyphenyl
group.

[0028] Thenumber of carbon atoms of the oxygen-containing
hydrocarbon group is more preferably 1 to 10, still more preferably
1 to 6. As the oxygen-containing hydrocarbon group, more preferably
used ismethoxy group, ethoxy group, n-propoxy group, isopropoxy group,
n-butoxy group, sec—-putoxygroup, iscbutoxygroup, tert-butoxy group,

phenoxy group or the like.
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[0029] The silicen-containing group is preferably a
silicon-containing hydrocarbon group, and the number of carbon atoms
and the number of silicon atoms of the silicon~containing hydrocarbon |
gfoup are not specifically restricted. The silicon-containing group
is, for example, an alkylsilyl group or an arylsilyl group. Examples
of such groups include trimethylsilyl group, triethylsilyl group and
triphenylsilyl group.

[0030] Two adjacent groups of R' to R® and R® to R*? may
be bonded to form a ring.

[0031] R and R* are sach independently a hydrogen atom,
a hydrocarbon group (f)‘ of 1 to 40 carbon atoms or a siliconmcontaining
group of 1 to 40 carbon atoms.

[0032] The hydrocarbon group (f) of 1 to 40 carbon atoms
is preferably a group (fl) selected from an alkyl group (fl-1) of
1 to 40 carbon atoms, preferably 1 to 20 carbon étoms, an aralkyl
group {f1-2}) of 1 to 40 carbon atoms, preferably 1 to 20 carbon atoms,
and an aryl group and a nucleus substituted aryl group (group wherein
a hydrogen atomon the aromatic ring in the above aryl group is replaced
with a substituent) (£1-3) of 6 to 40 carbon atoms, preferably 6 to
20 carbon atoms.

(00333 Examples of the alkyl groups (fi1-1) include
straight-chain hydrocarben groups, such asmethyl 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
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group; branched hydrocarbon groups, such as isopropyl group, t-butyl
group, amyl group, 3-methylpentyl group, 1,l-diethylpropyl group,
1,1-dimethylbutyl group, l-methyli-l-propylbutyl group,

1, 1-propylbutyl group, 1,l-dimethyl-2-methylpropyl group and
lemethyl-l-isopropyl-Z-methylpropyl group; and cyclic saturated
hydrocarbon groups, such as cyclopentyl group, cyclohexyl group,
cycloheptyl group, cyclooctyl group, norbornyl group and adamantyl
group.

[00347 Examples of the aralkyl groups (£1-2) inciude
benzyl group, o-phenethyl group, B-phenethyl group, diphenylmethyl -
group, naphthylmethyl group and neophyl group.

[0035] Examples of the aryl groups and the nucleus
substituted aryl groups (f1-3) include aryl groups, such as phenyl
group and naphthyl group; alkylaryl grcoups, such as o-tolyvl group,
m~tolyl group, p-tolyl group, ethyiphenyl group, n-propylphenyl group,
i-propylphenyl group, n~butyiphenyl group, s~butyiphenyl group,
t-butylphenyl group and xylyl group; chloroaryl groups, such as
o-chlorophenyl group, m~chlorophenyl group, p~chiorophenyl group and
chloronaphthyl group; bromoaryl groups, such as o-bromophenyl group,
m-bromophenyl group, p-bromephenyl group and bromonaphthyl group;
bromoalkylaryl groups, such as bromome#hylphenyl group and
dibromomethylphenyl group; lodoaryl groups, such as o-iodophenyl
group, m~iodophenvyl group, p-icdophenvl group and iodonaphthyl group;

and iodoalkylaryl groups, such as iodomethylphenyl group and
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diiodomethylbhenyl group.

[00306] The Silicon—containing group of 1 to 40 carbon
atoms is, for example, an alkylsilyl group or an arylsilyl group.
Examples of such groups include trimethylsilyl group, triethylsilyl
group and triphenylsilyl group.

(0037} R and R* are each more preferably an alkyl group
(£1-1) of 1 to 20 carbon atoms, an aralkyl group (£1-2) of 1 to 20
carbon atoms, or an aryl group and a nucleus substituted aryl group
(f1-3) of 6 to 20 carboeon atoms. Specifically, the later-described
organic group represented by the formula [Al-1-1] or [A1-2-171 is
preferably used. Mcre specifically, n-butyl group, phenyl group,
chlorophenyl group, benzyl group, chlorckenzyl group, methylbenzyl
group or tolyl group is preferably used.

[0038] R* and RY™ may be bonded to form a ring.

[0039] Mis Ti, Zr or Hf. M is preferably Zr or Hf, more
preferably Zr.

[0040] Y is a silicon atom or a carbon atom. Y is
preferably a carbon atom.

[0041] Qisahalogenatom, a hydrocarbon group, ananicnic
ligand or a neutral ligand capable of being coordinated by a lone
pair.

10042] The halogen atoms include a fluorine atom, a
chlorine atom, & bromine atom and an iodine atom.

[0C43] Examples of the hydrocarbon groups includemethyl,
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ethyl, n-prepyl, isopropyl, Z-methylpropyl, 1,1-dimethylpropyl,
2, 2~dimethylpropyl, 1,1l-diethvlipropyl, lmethylml—m@thylpropyl,
1,1,2,2-tetramethylpropyl, sec-butyl, tert-butyl,
1,1-dimethylbutyl, 1,1;3—trimethylbutyl, neopentyvl,
cyclohexylmethyl, cyclohexyl and l-methyl-l-cyclohexyl. Examples
of neutral, conjugated cr non~conjugated dienes of 10 or less carbon
atoms incliude s-cis- or s-trans-nd-1, 3-butadiene, s-cis- or
s-trans-n4-1, 4-diphenyi-1, 3-butadiene, s-cis- or
s—trans-nd4-3-methyl-1, 3-pentadiene, g~cis- or
s—trans—n4-1,4-dibenzyl-1, 3~butadiene, s-cis- or

s-trans-n4-2, 4-hexadiene, s-cis- or s—trans-n4-1, 3-pentadiene,
s-cis- ¢r s~trans=-nd-1,4-ditolyl-1,3-butadiene and s-cis- or
S—trans—n4—1,4mbis(tfimethylsilyl}—l,3~butadiene.

[00441 Examples of the anionic ligands include alkoxy
groups, such as methoxy, tert-butoxy and phenoxy; carboxylate groups,
such as acetate and benzoate; and sulfonate groups, such as mesylate
and tosyiate.

(00451 Lxamples of the neutral ligands capable of being
coordinated by a lone pair include organic phosphorus compounds, such
as trimethylphosphine, triethylphosphine, triphenylphosphine and
diphenylmethylphosphine; and ethers, such as tetrahydrofuran,
diethyl ether, dioxane and 1,2-dimethoxyethane.

[0046)] A preferred embodiment of Q is a halogen atom or

an alkyl group of 1 to 5 carbon atoms among the above atoms and groups.
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160471 3 is an integer of 1 to 4. 3 is preferably 2.

[0048] When 3 1s an integer of 2 tc 4 ‘and plural Q are

.present, plural O may be the same as or different from each cother.

[0049] Amorepreferredembodiment of the transiticnmetal

5 compound {a) is.a transition metal compound (alﬂl).or a transition
metal compound (al-2) described below.

[Q050] The transition metal compound (al-1) is

represented by the following formula [A1I-17.

[0051]

Ri&a

10 R7® R e AL

[0052] In the formula [Al-1], RY™ to R' are each
independently a hydrogen atom, a halegen atom, a hydrocarbon group,
a halogen-containing hydrocarbongroup, anitrogen-containing group,
an oxygen-containing group or a silicon-containing group.
15 [0053] Examples andpreferredranges of thehalogenatons,

the hydrocarbon groups, the halogen-containing hydrocarbon groups,
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the nitrogen~containing groups, the oxygen-containing groups and the
silicon-containing groups are the same as those described for R* to
R* in the formula [A1].

[0054] Two adjacent groups of R™ to R*™ and R* to R™ may
be bonded to form a ring.

[0055] In the formula [Al-1], however, R, R%, Rr% and
R'“® are each independently selected from a hydrogen atom, the
above-mentioned hydrocarbon group and the above-mentioned
silicon-containing group, and at least one of R**, R, R™ and R'*
is selected from the above-mentioned hydrocarbon group and the
above-mentioned silicon~containing group.

[0056] When such a transition metal compound (al-1) is
used, an o-olefin polymer having a high molecular weight and a high
intrinsic viscosity can be prepared.

[0057] In the formula [Al-1], it is preferable that R*®
and R*® are each a hydrocarbon group (£} of 1 to 40 carbon atoms or

a silicon-containing group of 1 to 40 carbon atoms and R*® and R

are each a hydrogen atom. By virtue of this, an o-olefin polymer

- having a high molecular weight and a high intrinsic viscosity can

be prepared.

100587 The hydrocarbon group (f) of 1 to 40 carbon atoms
is preferably a group (fl) selected from an alkyl group (£1-1) of
1 to 40 carbon atoms, preferably 1 to 20 carbon atoms, an aralkyl

group {£f1-2) of 1 to 40 carbon atoms, preferably 1 to 20 carbon atoms,
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and an aryl group and a nucleus substituted aryl group {group wherein
a hydrogen atomon the aromatic ring in the above aryl group is replaced
with a substituent5 (f1-3) of 6 to 40 carbon atoms, preferably 6 to
20 carbon atoms.

[0059] Examples of the alkyl groups (fl1-1) include
straight—chainhydrocarbongroups,suchas&@thylgroup,ethylgroup,
n-prepyl 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; branched hydrocarbon groups, such as isopropyl group, t~5utyl
grﬁup, amyi group, 3-methylpentyl group, 1,l-diethylpropyl group,'
1,1-dimethylbutyl group, l-methyl-l-propylbutyl group,

1, l-propylbutyl group, 1,l-dimethyl-2-methylpropyl group and
1~methylw1—isopzopyl—Z—methylpEOpyl group; and cyclic saturated
hydrocarbon groups, such as cyclopentyl group, cyclohexyl group,
cycloheptyl group, cyclooctyl group, norbornyl group and adamantyl
group.

[0060] Examples of the aralkyl groups (£f1-2} include
benzyl group, a-phenethyl group, B-phenethyl group, diphenylmethyl
group, naphthylmethyl group and neophyl group.

[0061] Examples of the aryl groups and the nucleus
substituted aryl groups (f1-3) include aryl groups, such as phenyl
group and naphthyl group; alkylaryl groups, such as o-tolyl group,
m-tolyl group, p-tolyl group, ethylphenyl group, n-propylphenyl group,

i-propylphenyl group, n-butylphenyl group, s-butylphenyl group,
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t-butylphenyl group and xylyl group; chloroaryl groups, such as
o-chlorophenyl group, m~chlorophenyl group, p-chlorcphenyl group and
chloronaphthyl group; bromeoaryl groups, such as o-bromophenyl group,
m-bromophenyl group, p-bromophenyl group and bromonaphthyl group;
bromealkylaryl groups, such aslbromomethylphenyl group and
dibromomethylphenyl group; ilodoaryl groups, such as o—iodOphenyl
group, m—icdophenyl group, p-lodephenyl group and iodonaphthyl group;
and iodoalkylaryl groups, such as ilodomethylphenyl group and
diiqdbmethylphenyi.group.

[0062] The silicon-containing group of 1 to 40 carbon
atoms is, for example, an alkylsilyl group or an arylsilyl group.
Examples of such groups include trimethylsilyl group, triethylsilyl
group and triphenylsilyl group.

[0063] E@aandRuaareeachmorepreferablyanethylgroup,
an ethyl group, an isopropyl group cor a t-butyl group because they
are substituents capable of preparing an o-olefin polymer having a
high molecular weight and a high intrinsic viscosity. R™ and R™
are.preferably the same atoms or the same groups as each other from
the viewpoint of preparation of a ligand.

[0064] It is preferable that R* and R are each selected
from a hydrogen atom, an alkyl group (fl-1}) of 1 to 40 carbon atoms
and a silicon-containing group of 1 to 40 carbon atoms, and it is
more preferable that they are each an alkyl group (fl1-1} of 1 to Z0

carbon atoms and are the same groups as each other. By virtue of
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this, an a-clefin polymer having a high molecular welght and a high
intrinsic viscosity can be prepared. Examples cf the alkyl groups
(f1-1) are the same as those described for R*¥®and R**. 1t ispreferable
that R®*® and R’ are each,a;nethyl group, an ethyl group, an isopropyl
group or a t-butyl group and are tThe same groups as each other.

[0065] r?, r¥ r' p*, R andR'*Pareeachmorepreferably
a hydrogen atom because an u~olefin po1ymer having a high molecular
weight and a high intrinsic viscositylcan be prepared.

[0066} .RuaandRmaéreeadh1ndependentlyanérgénicgroup
represented by the following formula [Al-1-1].

[0067]

v TAL-1-1]

[0068] In the formula [Al-1-11, R"™ to R are each
independently a hydrogen atom, a halcocgen atom, a hydroxyl group, a
hydrocarbon group of 1 to 14 carbon atoms, a halegen-containing
hydrocarbon group of 1 to 14 carbon atoms, a sulfur-containing group,

an oxygen-containing group or a silicon-containing greoup.
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(0069 The halogen atoms include a flucrine atom, a
chlorine atom, a bromine atom and an lodine atom, and are preferably
a fluorine atom, a chlorine atom and a bromine atom, particularly
preferably a fluorine atom and a chlorine atom.

L0070} Examples of the hydrocarbongroups of 1 to 14 carbon
atomsincludemethylgroup,ethylgroup,1—propylgrbup,l~butylgroup,

1-hexyl group, vinyl group, ailyl group, l-pentenyl group, 1-hexenyl

group, l-octenyl group, l-decenyl group, i—t@tradecanyl'group,

isquOpyl group, tért—butylfgroup, B—mgthylpentyi group,.
1,1~dieﬁhylpropyl group, cyclopentyl group, cyclohexyl group,
cyeloheptyl group, cyclooctyl group, 4-cyclohexyl-tert-butyl group,
norbornylgroup,adamantylgroup,phenylgroup,B—methylphenylgroup,
3—methylphenylgroup,4—methylphenylgroup,2,4—dim§thylphenylgroup,
2, 6-dimethylphenyl group, naphthylmethyl group and naphthyl group.

[0071] Thenumberofcarbonatomsofthehydrocarbongroup
is preferably 1 to 12, more preferably 1 to 10, still more preferably
1 to 8, particularly preferably 1 to 6. As the hydrocarbon group,
more preferably used is methyl group, ethyl group, l-propyl group,
1-butyl group, sec-butyl group, iscbutyl group, tert-butyl group,
1-hexyl group, cyclopentyl group, cyclohexyl group, phenyl group,
naphthyl group, biphenyl group cor the like.

100721 Examples of the halogen-containing hydrocarbon
groups of 1 to 14 carbon atoms include flucromethyl group,

trifluoromethyl group, trichloromethyl group, pentaflucroethyl group,
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Z2-fluorophenyl greup, 2-bromophenyl group, 2-iodophenyl group,
2-chlorophenyl group, 3-chlorophenyl group, 4~chlorephenyl group,
Z-bromophenyl group, 3-bromophenyl group, é—bromophenyl group,
4-trifliuoromethylphenyl group, 4-triflucromethoxyphenyl group,
2,6-difluorephenyl group, 3,5-dichlorophenyl group,
3,5-difluorophenyl group, pentafluorophenyl group,

2,6wdifluoro¥4wterthbutylphenyl group, Iflucrcnaphthyl group and

~chloronaphthyl group.

[0073] : The.numbér of'éarbon atoms of the
halogen-containing hydrocarbon group is preferably 1 to 12, more
preferably 1 teo 10, still more preferably 1 to 8, particularly
preferably 1 to 6. Asg the halogen~-containing hydrocarbon group, more
preferably used 1s fluoromethyl group, triflucromethyl group,
trichloromethylgroup,pentafluoroethylgroup,Z—fluorophenylgroup,
2-bromophenyl group, 2-iodophenyl group, 2-chlorophenyl group,
3-chlorophenyl group, 4-chlorophenyl group, 2~bromophenyl group,
3—bromophenylgroup,4—bromophenylgroup,2,6—difluorophenylgroup,
3,5-dichlorophenyl group, 3,5-difluorophenyl group,
pentafluorophenylgroup,fluoronaphthylgroup,chloronaphthylgroup
or the like.

[0074] The sulfur-containing group is preferably a
sulfur-containing hydrocarbon group of 1 to 14 carbon atoms, and
examples thereof include thiomethyl group, thiocethyl group,

thiocyclohexyl group, thiophenyl group, thicnaphthyl group,
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Z-methylthiophenyl group, 3-methylthiophenyl group,
4-methylthiophenyl group, 2-thienyl group, 3-thienyl group and
S-methyl-2-thiophenyl group.

[0075] The number of carbonatoms of the sulfur-containing
hydrocarbon group is preferably 1 to 12, more preferably 1 to 10,
still more preferably 1 to 8, particularly preferably 1 to 6. BAs
thesulfur—containinggroup,morepfeferabiyusedisthiomethylgroup,
thicethyl group, thlocyclohexyl group, thlophenyl group,
thlonaphthyi group, Z-thienyl group, 3-thienyl group or *he llke

[0078] The oxygen-containing group is preferably an
oxygen-containing hydrocarbon group of 1 to 14 carbon atoms, and
examples thereof includemethoxy group, ethoxy group, l-propoxy group,
isopropoxy group, l-butoxy group, sec-butoxy group, isobutoxy group,
tert-butoxy group, l-tetradecoxy group, phenoxy group, naphthoxy
group, biphenyloxy group and benzyloxy group.

[0077] The number of carbon atoms of the oxygen-containing
hydrocarbon group is preferably 1 to 12, more preferably 1 to 10,
still more preferably 1 to 8, particularly preferably 1 to 6. As
the oxygen-containing hydrocarbon group, more preferably used is
methoxy group, ethoxy group, l-propoxy group, isopropoxy group,
l-butoxy group, sec-butexy group, iscbutoxygroup, tert-butoxy group,
phenoxy group, naphthoxy group, biphenyloxy group or the like.

[cor78l The siliicon=-containing group is preferably a

silicon-containing hydrocarbon group or 1 te 14 carbon atoms, and
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examples thereof include trimethylsilylmethyl group, triethylsilyl
group, triiscpropylsilyl group, tert-butyldimethylsilyl group,
d-trimethylsilylphenyl group, 4-(tert~butyldimethylisiloxy)phenyl
group, dimethylphenylsilyl group, dim@thylnaphthylsilyl group and
hexyl-di-1-butylsilyl group.

[G079] The numbef of carbon atoms of the

silicon-containing hydrocarbon group is preferably 1 to 12, more

preferably 1 to 10_r still more preferably 1 to 8, particularly

preferably 1to 6. As the silicon-containing hydrocarbon group, more
preferably used is trimethylsilyvlmethyl group, triethylsilyl group,
tert-butyldimethylsilyl group, dimethylphenyisilyl group or the
like.

[0080] It is preferable that at least one of RY™ to R
is a halogen atom or a halogen-containing hydrocarbon group of 1 to

17a

14 carbon atoms, and it is more preferable that R™'° is a halogen atom

and R™%, R'™, R*™ and R'™ are each a hydrogen atom. By virtue of

this, an a-clefin polymer having a high molecular weight and a high
intrinsic viscosity can be prepared. It is also preferable that RY™®
to R are each a hydrogen atom.

[0081] Two adjacent groups of R™ to RY™ may be bonded
to form a ring.

[0082] n is 0 or 1.

[0083] R¥™® and R**® which are each represented by the above

formula [Al-1-1] are each more specifically a phenyl group, a
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chlorophenyl group, a benzyl group, a. chlorobenzyl group, a
methylbenzyl group or a tolyl group.

(0084 Tt is preferable that R* and R™® are each
represented by the above formula [Al-1-1] and are the same organic
groups as each other.

10085] Mis Ti, Zr or Hf, ¥ is a silicon atom or a carbon
atom, Q is a halegen atom, a hydrocarbon group, an anionic ligand
or a neutral ligand capable of being coordinated by a lone pair, and
7 is an integer of 1 to 4. Examples and éreferxed ranges of M, Y,
Q‘and j are the same as those of M, ¥, @ and J in the formula [Al].

[008&] When § is an integer of 2 to 4 and plural Q are
present, plural Q may the same as cr different from each other.

(00871 The transition metal compound (al-2) is
represented by the following formula [Al-Z2].

[0088]

R14E

R7k R 6o . e 241_2]
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(00893 In the formula [Al-2], R*™ to R'™ are each
independently a hydrogen atom, a halogen atom, a hydrocarbon group,
ahalogen—containinghydrocarbongroup,arﬂtfogen~contaihinggroup,
an oxygen-containing group or a silicon-containing group.

[0C3s0] Examplesandpreferredranges of thehalogenatoms,
the hydrocarbon groups, the halegen~containing hydrocarbon groups,
therﬁtrogen—containinggroups,theoxygen—containinggroupsandthe
silicon-containing groups are the same as.those described for R to
R™ __n the formﬁla [Al}.

10091] Two adjacent groups of R™ to R*® and R® to R*® may
be bonded to form a ring.

100927 In the formula [Al-2], however, R™, R®, R®™ and
R*¥ are each a hydrogen atom.

[C093] When such a transition metal compound (al-2) is
used, an o-olefin polymer having a high melting point can be prepared.

[00%4] In the formula [Al-2], it is preferable that at

least one of R*® and R'™®

is selected from a halogen atom and the
above-mentioned halogen-containing hydrocarbon group, and it is more
preferable that R™ and R'™ are each selected from a halogen atom and
the above-mentioned halocgen-containing hydrocarbon greoup. It is
still more preferable that R™ and R*™ are each a halogen atom such
as chlorine atom or a trifluoromethyl group and are the same groups

as each other. By virtue of this, an ao-olefin polymer having a high

meiting point can be prepared.
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[G085] It is preferable that R®® and R™ are each selected
from a hydrogen atom, an alkyl group (£1-1} of 1 to 4C carbon atoms
and a silicon-containing group of 1 to 40 carbon atoms, and it is
more preferable that they are each an alkyl group {£1-1) of 1 te 20
carbon atoms and are the same groups as each other. Examples of the
alkyl groups (fl-1) are the same as those described for R™ and R'™.
It is prefe;able that R® and R™ are each a methyl group, an ethyl
group, an isopropyi group or a t-butyl group and are the same groups -
as each other. |

r6096] R%*, R*, R™ and R'? are each more preferably a
hydrogen atom because an g-olefin polymer having a high melting point
can be prepared.

(0087 R* and R* are each independently an organic group
repressnted by the following formula [Al-2Z-11.

[6098]

e [A1-2-1]

10099] In the formula [Al-2-11, R o R gre each
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independently a hydrogen atom, a halogen atom, a hydroxyl group, a
hydrocarbon group of 1 to 14 carbon atoms, a halogen-containing
hydrocarbon group of 1 to 14 carbon atoms, a sulfur~contaiﬁing'group,
an oxygen-contalning group or a silicon-containing group.

[0100] Examples andpreferredrangesof thehalogenatoms,
thehydrocarbongroupsof11&)14carbonatoms,thehalogen—containing
hydrocarbon groups of 1 to 14 carbon atoms, the sulfur-containing
groups, the oxygenQCOHtaining groups'and the silicon-containing
gréups are the same as those of the halogen atoms, the hydrocarbon
groups of 1 to 14 carbon atoms, the halogen-ceontaining hydrocarbon
groups of 1 to 14 carbon atoms, the sulfur-containing gfoups, the
oxygen—-containing groups and the silicon~containing groups in the
formula [Al-1-1] previously described.

[0101] t is preferable that at least one of R-1513 to R
is a halogen atom or a halogen-containing hydrocarbon group of 1 to

14 carbon atoms, and it is more preferable that R'®

is a halogen atom
and R™®, R*®, R and R'™ are each a hydrogen atom. By virtue of
this, anoa~olefin polymer having a highmelting point can be prepared.
It is also preferable that R™ to R'™ are sach a hydrogen atom.
(0102} Two adjacent groups of R™ to R may be bonded
to form a ring.
[OlOé] nis 0 or 1.

[0104] Ruband194bwhichareeachrepr@sentedkaitheabove

formula [ARl-2-1] are each more specifically a phenyl group, a
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chlorophenyl group, a benzyl group, a chlorcbenzyl group, a
methylbenzyi group or a tolyl group.

[0105] Tt is preferabie that R™ and R* are each
represented by the above formula [Al-2-1] and are the same organic
groups as each other.

(0106} Mis Ti, Zr or HEf, Y is é silicon atom or a carbon
atom, Q is a halogen afom, a hydrocérbon group, an, anionic ligand
or a n@utral.ligand ¢apable of being coordinated,by a lone pair, and
7 is an integer of 1 to 4. Examples and preferred ranges of M, Y,
Q and J are the same as these of M, Y, Q and J in the formula [AlT.

[0107] When 7 is an'integer of 2 to 4 and plural Q are
present, plural Q may the same as or different from each other.

101087 Examples of the crosslinkedmetal locene compounds
represented by the formula [Al-1] are given below, but the scope of
the present invention is not restricted by those examples.

10109] There can be mentioned
dimethylmethylene(cyclopentadienyl){2,7—di—o—tolyl—3,6—di—tert*b
utylflvorenyl)zirconium dichloride,
diethylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl-3, é~di~tert-bu
tylfluorenyl) zirconium dichloride,
di~n-propvlmethylene {cyclopentadienyl) (2, 7~di~o~tolyl~3, 6~di-ter
t-butylflucrenyl)zirconium dichloride,
diisopropylmethylene (cyclopentadienyl) (2, 7-di~o~tolyl~3, 6~di~ter

t-butylfluorenyl)zirconium dichloride,
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di-n-butylmethylene (cyclopentadienyl} (2,7-di-o-tolyl-3, 6-di-tert
-butylflucrenyljzirconium dichloride,

dilsobutylmethylene (cyclopentadienyl) (2,7~di-o-tolyl-3, 6-di-tert

'—butylfluorenyl)zirconium dichloride,

di-sec-butylmethylene (cyclopentadienyl) (2, 7~di~o~tolyl~3, 6~di-te
ri~-putylflucrenyl)zirconium dichloride,
di—tert-butylmethylene(cyclopentadienyl)(2,7—di~o~tolyl—3,6~dimt
ert-putylfluorenyl) zirconium dichloride,
di—n—octylmethylene(cyclopentadienyl)(2,7*di—o—tolyl—3,6—di—tert
mbutylfluorenyl)zirconium dichloride,
di-n-triacontylmethylene(cyclopentadienyl) (2, 7T-di~o~tolyl~-3, 6-di
—-tert-butylfluocrenyl)zirconium dichloride,

phenylmethylene (cyclopentadienyl) (2, 7-di-o~tolyl-3, 6-di-tert-but
vifluorenyl)zirconium dichloride,

diphenylmethylene (cyclopentadienyl) (2, 7~di~o-tolyl-3, 6-di-tert-b
utylfluorenyl)zirconium dichloride,

di-p-tolylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl-3, 6-di-tert
-butyiflucrenyl)zircenium dichloride,
di({p-chlorcophenyl)methylene (cyclopentadienyl) (2, 7-di-o~teolyl-3,6
~di-tert-~butylfluorenyl)zirconium dichloride,
di(p-trifluoromethylphenyl)methylene (cyclopentadienyl) {2, 7-di-o-
tolyl-3, é~di-tert-butylilucrenyl) zirconium dichloride,
di(2-naphthyl)methylene (cyclopentadienyl) (2, 7-di-o-tolyl-3, 6-di-

tert-butyiflucrenyl)zirconium dichloride,
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dibenzylﬁethylene(cyclopentadienyl)(2,7—di—o—tolyl—3,6—di—tert—b
utylflucrenyl) zircenium dichloride,

di(p~chlorobenzyl)methylene (cyclopentadienyl) (2, 7-di-o-tolyl-3,6
-di-tert-butylfluorenyl)zirconium dichloride,

di (p-methylbenzyl)methylene (cyclopentadienyl) (2, 7-di-o-tolyl-3,86
—di*tertwbutylfluorenyl)zirconium,dichloride,
cyclohexyl(Cyclopentadienyl)(2,7—di—o—tolyl—3,6—di—tert—buﬁylflu
orenyl)zirconium.diéhloride,

dibenzylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl-fluorenyl)zir
conium dichloride,

dibenzylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl-3, 6~ditrimeth
yisilylflucrenyl)zirconium dichloride,

dibenzylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl-3, 6—dicumylfl
uorenyl) zirconium dichloride,

dibenzylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl~3, 6~adamantyl
fluorenyl) zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)[2,7—dim{0wethyiphenyl}—3,6—d
i-tert-butylfluorenyllzirconium dichloride,
dibenzylmethylene(cyclopentadienyl){2,7—di—[o—(nwpropyl)phenyl]—
3,6~di~tert-butylfluorenyllzirconium dichloride,
dibenzylmethylene {cyclopentadienyl) (2, 7-di-[o-{isopropyl) phenyl]
-3, 6~di~tert-butylflucrenyl]zirconium dichloride,
dib@nzylmethylene(cyclopentadienyl)[2,7—di—[o—(n~butyl)phenyl]—3

, 6~di-tert~butylfluorenyl]zirconium dichloride,
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dibenzylmethylene (cyclopentadienyl) (2, 7-di-[o-(isobutyl)phenyl]l-

3, 6~di-tert-butylflvorenyl]zirconium dichloride,

dibenzylmethylene (cyclopentadienyl) {2, 7-di-[o~- (sec~butyl)phenyl]
—3;6—di—teft—butylfluorenyljzirconium dichloride,
dibenzylmethylene (cyclopentadienyl) [2, 7-di-[o- (tert-butyl)phenyl
1-3, 6-di-tert-butylfluorenyl]zirconium dichloride,
dibenzylmethylene(cyclbpentadienyl){2,7~diw[0w(n—icosyl)phenyl]—
3, 6~di—tert—buty1fzuémnyu zirconium dichloride,
dibenzylmethylene (cyclopentadienyl) [2, 7T-di- {o~-cyclohexylphenyl) -
3, 6~di-tert-butylfluorenyllzirconium dichloride,
dibenzylmethylene (cyclopentadienyl) [2, 7-di- (biphenyl-2-y1})-3, &é~d
i—tert—butylfluorenyl}zirconium dichloride,
dibenzylmethylene (cyclopentadienyl) [2, 7T-di-[o- (2Z-naphthyl)}phenyl
1-3,6-di-tert~butyifluorenyllzirconium dichloride,
dibenzylmethylene (cyclopentadienyl) {2, 7-di-{o- {Z2-phenanthrvl)phe
nyl}-3, 6-di-tert-butylfluorenyllzirconium dichloride,
dibenzylmethylene (cyclopentadienyl) {2, 7-di- (o-trimethylsilylphen
yl} =3, 6-di-tert-butylflucrenyi]zirconium dichloride,
dibenzylimethylene (cyclopentadienyl) [2,7-di-[ (o-triphenylsilylphe
nyl} -3, 6-di-tert-butylflucrenyl]zirconium dichloride, etc.

[0110] Compounds wherein “zirconium” is replaced with
“hafnium” or “titanium” in the above compounds and compounds wherein
“dichioride” isreplacedwith “dimethyl” or Ymethylethyl” in the above

compounds are also preferably usad.
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[0111] Examples of the crosslinkedmetal locene compounds
represented by the formula [Al-2] are given below, but the scope of
the present invention is not restricted by those examples.

(0112) There can ke mentioned
diphenylmethylene (cyclopentadienyl) (2, 7-diphenyl-3, 6~di-tert-but
ylfluorenyi}zirconium,dichloride,
dibenzylmethyiene(cyclopentadienyl)(2,7ddiphenyiw3,6mdi~tertmbut
ylfluorenyl)zirconium dichloﬁide,
dimethylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3, 6-di
~tert-butylfluorenyl) zirconium dichloride,
diethylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3, 6-di-
tert-butylfluorenyl)zirconium dichloride,
di~n-propylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3,6
-di-tert-butylflucrenyl)zirconium dichloride, |
diisopropylmethylene (cyclopentadienyl} (2, 7-di-p-chlorophenyl-3,546
-di—tert~butylfluorenyi)zirconium_dichloride,
di~-n~butylmethylene (cyclopentadienyl) (2, 7-di~-p~chlorophenyl-3, 6~
di-tert-butylflucrenyl)zirconium dichloride,
diisobutylmeth?lene(cyclopentadienyl)(2,T—di—p—chlorophenyl—B,G—
di-tert-butylfluorenyl)zirconium dichloride,
di—sec—butyimethylene(cyclopentadienyl)(2,7—di—p—chlorophenyl—3,
6-di-tert-butylfluorenyl)zirconium dichloride,
di-tert-butylimethyliene (cycleopentadienyl) (2, 7-di-p-chlorophenyl-3

, o-di-tert~butylfluorenyl)zirconium dichleride,
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di-n-octylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl=-3, 6-
di-tert-butylflucrenyl)zirconium dichleoride,
di—n—triacontylmethylene(cyclopentadienyl)(2,7mdi—p—chlorophenyl
—3,6—di—£ert~butylfluorenyl)zirconium dichioride,
phenylmethylene(cyclopentadienyl){2,7—di—p—chlorophenyi—3,6—di—t
ert-butylifiucrenyl)zirconium dichlioride,
diphénylmethylene(cyclopentadienyl)(2,7—di—p~chlorophenylw3,6~di
~tert-butylfluorenyl) zirconium dichloride,

di-p-tolylmethylene (cyclopentadienyl) (2, 7T-di-p~chlorophenyl-3, 6-
di—ﬁert—butylfluorenyl)Zirconium.dichloride,
di{p-chlorophenyl)methylene (cyclopentadienyl) (2, 7-di-p-chlorophe
nyl—3,6—di—tert~butylfluorenyl)zirconium dichloride,
di(p-triflucromethylphenylimethylene (cyclopentadienyl) (2, 7-di-p-
chlorophenylm3,6—di—tert—butylfluorenyl)zirconium,dichioride,
di{2—naphthy1)methylene(cyclopentadienyl)(2,7—di—p~chlorophenylw
3,6~di~tert-butylfluorenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7—di~pwchlbrophenyl~3,6—di
~tert-butylflucrenyl)zirconium dichloride,
di{p-chlorobenzyl)methylene (cyclopentadienyl) (2, 7-di-p~chlorophe
nyl-3,6-di-tert-butylflucrenyl) zirconium dichloride,

di {(p-methylbenzyl)methylene (cyclopentadienyl) (2, 7-di-p-chlorophe
nyl-3,6-di~tert-butylfluorenyl)zirconium dichloride,

cyclohexyl (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3, 6-di-tert-b

utylflucrenyl) zirconium dichlioride,
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dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-chlerophenyl-fluore
nyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7~di—p—chloz0phenyl—3;6%di
triméthylsilylfluorenyl}zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7—di-p~chloréphenyl—3,6—di
cumylfluorenyl)zirconium dichloride,
dibenzylmethyléne(oyclopentadienyl){2,7—di—p~chloropbenyl—3,6-ad
amantylflucrenyl)zirconium dichloride,

dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-trifluocromethylphen
yi-3,6-di-tert-butylflucrenyl)zirconium dichloride,
diethylmethylene(cyclopentadienyl)(2,7—diwpmtrifluoromethylpheny
1-3,6-di-tert-butylfluorenyl)zirconium dichloride,
di—n—propylmethylene(cycl@pentadienyl)(2,7wdi—p—trifluoromethylp
henyl-3, 6-di-tert-butylfluorenyl)zirconium dichloride,
diisopropylmethylene(cyclopentadienyl)(2,7—di—p—trifluoromethylp

henyl—B,6~di—tertwbutylfluorenyl)zirconium dichloride,

.di—n~butylmethylene(cyclopentadienyl)(2,7—dimp~trifluoromethylph

enyl-3, 6-di~tert-butylfluorenyl) zirconium dichloride,
diisobutylm@thyiene(cyclopentadienyl)(2,7wdi—p—trifluoromethylph
enyl-3,é-di-tert~butylfluorenyl) zirconium dichloride,
di—sec~butylmethylene(cyclopentadienyl)(2,7—di—p—trifluoromethyl
phenyl-3, 6-di~tert-butylfluorenyl)zirconium dichloride,
di-tert-butylmethylene (cyclopentadienyl) (2, 7-di-p-triflucoromethy

lphenyl-3, é~di-tert-butylfluorenyl)zirconium dichloride,
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di-n-octylmethylene (cyclopentadienyl) (2, 7-di~p-trifluoromethylph
enyl-3,6-di-tert-butylfluorenyl) zirconium dichloride,
di-n-triacontylmethylene (cyclopentadienyl) (2, 7-di~p-trifluoromet
hylphenyl—3,6—di—tertwbutylflu0renyl)zirconium,dichlqride,
phenylmethylene(cyclopentadienyl)(2,7—di—p~trifluoromethylphenyl
-3, 6-di-tert-pbutylfluorenyl)zirconium dichloride,
diphenylmethylene(cyclopentadienyl)(2,7fdiwp—tri%luoromethylphen
yl~3,6—di—tert—bﬁtylf1uorenyl)zirconium,dicﬁléride,
di~p—tolylm@thylene{cyciopentadienyl){2,7-di—p~t£ifluoromethylph
enyl-3, 6-di-tert-butylfluorenyl) zirconium dichloride,

di (p-chlorophenyl)methylene (cyclopentadienyl) (2, 7-di-p-trifiuoro
methylphenyl-3, 6-di-tert-butylflucrenyl)zirconium dichloride,

di {p-trifluoromethylphenyl)methylene (cyclopentadienyl) (2, 7-di-p-
trifluorcmethylphenyl-3, 6-di-tert-butylfluorenyl)zirconium
dichloride,

di {2-naphthyl)methylene (cyclopentadienyl) (2, 7-di-p-trifluorometh
ylpheny1—3,6—dimtert—butylfluorenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7~diwp—trifluoromethylphen
yl-3, 6-di-tert-butylfluorenyl)zirconium dichloride,
di{p-chlorcbenzyl)methylene (cyclopentadienyl) (2, 7-di-p-trifluoro
methylphenyl-3, 6-di~tert-butylfluorenyl)zirconium dichloride,

di (p-methylbenzyl)methylene (cyclopentadienyl) (2, 7-di-p-trifluoro
methylphenyl-3, é-di-tert-butylflucrenyl)zirconium dichloride,

cyclohexyl (cyclopentadienyl) (2, 7-di-p-trifluoromethylphenyl-3, 6-
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di-tert-butylfluorenyl)zirconium dichloride,

dibenzyvimethylene (cyclopentadienvyl) {2, 7T-di-p-triflucromethyliphen
yl-fluorenyl) zirconium dichloride,

dibenzyimethylene (cyclopentadienyl) (2, 7-di-p-triflucromethylohen
v1-3, 6-ditrimethylsilylflucrenyl) zirconium dichloride,
dibenzylmethylene (cyclopentadienvl) (2, 7-di-p-trifluoromethylphen
y1l-3,6-dicumylfluorenyl) zirconium dichloride,

dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-triflucromethylphen

y1-3, 6-~adamantylflucrenyl) zirconium dichloride,

dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-bromophenyl-3, 6-dit
rimethylsilylflucrenyl)zirconium dichloride, dibenzvl
{cyclopentadienyl) (2, 7T-di-p-icdophenyl -3, 6-ditrimethylsilylfluor
enyl)zirconium dichloride, etc.

(01137 Compounds wherein “zirconium” is replaced with
“hafnium” or “titanium” in the above compounds and compounds wherein
“dichloride” is replacedwith “dimethyl” or “Ymethylethyl” in the above
compoundé are aléo preferably used.

[0114] The transition metal compound (a), e.g., the
transition metal compound (al-1}) and the transition metal compound
{al-2), canbhepreparedbyapupblicly knownprocess, andthepreparation
process is not specifically restricted. Examples of the publicly
known preparation processes include preparation processes described
in WO2001/27124 pamphlet and W02004/087775 pamphlet by the present

applicant.
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[0115] Now, an example of a process for preparing a
fluorene derivative that is used for preparing the transition metal
compound {a) is described.

011e] The process for preparing a fluoroene derivative
is a process for preparing a specific fluorene derivative by allowing

a specific fluorene compound (RA) to react with a specific boron

compound (BB} in the presence of a base (CC), and 1is charaéterized

by carrying out the reaction in a water-containing solvent (FF} using
a specific phosphorus compound (DD) and a specific palladium compound
(EE) as catalysts.

[0117] The fluorene compound (AA), the boron compound
{BB), the base (CC), the phosphorus compound (DD), the palladium
compound (EE) and the water-containing solvent (FF) are described
below in detail.

[0118] Fluorene compound (AA)

The flucrene compound (AR} for use in the present invention
is a fluorene compound represented by the following formula [11] or
the following formula (22).

[0119]
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[0120]

v e n [22]

[01Z21] In the formula [11] and the formula [22], R +q
RM® are sach a hydrogen atom, a hydroxyl group, a halogen atom (XX},
a hydrocarbon group (GG} of 1 to 20 carbon atoms, an oxygen-containing
hydrocarbon group (00) of 1 to 20 carbon atoms, a nitrogen-containing
hydrocarbon group (WN) of 1 to 20 carbon atoms, a silicon-containing
hydrocarbon group (85I} of 1 to 20 carbon atems, a halogen-containing

hydrocarbon group (HE) of 1 tc 20 carbon atoms or a sulfur-containing
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nydrocarbon group (83) of 1 to 20 carbon atoms, and they may be the
same as or different from one another. In one or more combinations
of adjacent greoups, the adjacent groups may be bonded to each other
to form a ring. At least one of R'™ to 'Rios iz a halogen atom (XX)
or a sulfur-containing hydrocarbon group {3S) of 1 to 20 carbon atoms.

[0122] R*™ to R*™ which are atoms or grou?s other than
a haldgen atom (XX) and a sulfur—containing.hydrocarbén gﬁoup {SS)
may ke the same as R* to R* in the formula {Al].

[0123] Intheprocessforpreparingafluorenederivative,
the halogen atom (XX} and/or the sulfur-containing hydrocarbon group
(33) of the substituénts of the fluorene compound (AA) is converted
into a substituent R'™ of the later-described boron compound (BB)
to obtain a fluorene derivative.

(0124} It is preferable that arbitrary two of Rum, Rw3,
RY® ang rY07 afe each a halogen atom (XX}, and the residual two are
each a hydrocarbon group (GG) of 1 to 20 carbon atoms, an
oxygen-containing hydrocarbon group (00) of 1 te 20 carbon atoms,
a silicon-containing hydrocarbon group (SSI) of 1 to 20 carbon atoms,
a halogen-containing hydrocarbon group (HH) of 1 to 20 carbon atoms
or a sulfur-containing hydrocarbon group (SS) of 1 to 20 carbon atoms.
If such a fluorene compound (AA) is used as a reaction raw material,
yield of the resulting fluorene derivative is lowered in the
conventional preparation process. However, when the reaction is

carried out in a solvent containing water using the later-described
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phosphorus compound (DD} and palladium compound (EE) as catalysts,
the reactionproceeds rapidly and the fluorene derivative is obtained
in a good yield even if such a flucrene compound (AA) is used as a
reaction raw material.

[0125] The halcgen atom (XX) is, for example, a fluorine
atom, a chlorine atom, a bromine atom cor an iodine atom. Of such
atoms;eachlozineatom¢eabromineatom&n:aniodineatomjj;preferable,
and a bromine atom or an iodine atom is particularly preferable.

[0126] Examples of the hydreocarbon groups (GG) of 1 to
20 carbon atoms include methyl group, ethyl group, l-propyl group,
allyl group, l-butyl group, l-pentyl group, l-hexyl group, 1-heptyl
group; i1-octyl group, l-nonyl group, l-decanyl group, l~eicosanyl
group, i1sopropyl group, tert-butyl group, 3-methylpentyl group,
1,1-diethylpropyl group, 1,l-dimethylbutyl group,
i-methyl-l-propylbutyl group, 1,1l-dipropylbutyl group,
l,i-dimethyl-2-methylpropyl group,
l-methyl-1-iscpropyl-Z-methylpropyl group,

1, l-dimethyl-2, 2-dimethyl-3, 3-dimethyl-4, 4-dimethylpentyl group,
cyclopentyl group, cyclchexyl group, cycloheptyl group, cyclooctyl
group, 4-cycichexyl-tert-butyl group, norbornyl group, adamantyl
group, phenyl group, Z-methylphenyl group, 3-methylphenyl group,
4-methylphenyl group, 2,4-dimethylphenyl group, 2, 6—dimethylphenyl
group, mesityl group, benzyl group, a-phenethyl group, diphenylmethyl

group, naphthylmethyl group, cumyl group, neophyl group, naphthyl
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group, biphenyl group, binaphthyl group, phenanthryl group,
anthracenyl group and fluorenvl group.

(01273 The number of carbon atoms of the hydrocarbon group
(GG) is preferably 1 to 10, more preferably 1 to 6. Examples of such
hydrocarbon groups (GG) include straight-chain hydrocarbon groups,
suchasn@thylgroup,ethylgroup,1*pr§pyigroup,allylgroup,lmbutyl
gioup, l-pentyl group and l1-hexyl group;_isopropyl.gzoup,‘tert—buﬁyl
group, 3~methylpentyl group, 1,l-dimethylbutyl group,
1,l-dimethyl-2-methylpropyl group, cyclopentyl group, cyclohexyl
group and aryl group.

[0128] Examples of the oxygen-containing hydrocarbon
groups (G0) of 1 to 20 carbon atoms include methoxy group, ethoxy
group, n-propoxy group, isopropoxy group, n-butoxy group, sec-butoxy
group, isobutoxy group, tert-butoxy group, l-decyloxy group,
l-icosyloxy group, phenoxy group, l-naphthoxy group, 2-naphthoxy
group, 2-methoxryphenyl group, 3-methoxyphenyl group, 4-methoxyphenyl
group and 4-phenoxyphenyl group.

[0129] The number of carbonatoms of the oxygen-containing
hydrocarbon group (00) is preferably 1 to 10, more preferably 1 to
6. Examplesof suchoxygen-containinghydrecarbongroups (00) include
methoxy group, ethoxy group, n-propoxy group, iSOpropoxy group,
n—butoxygroup,sec—butoxygroup,isobutoxygroup,tert—butoxygroup
and phenoxy group.

[0130] Examples of the nitrogen-containing hydrocarbon
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groups (NN} of 1 to 20 carbon atoms include dimethylamino group,
diethylamino group, didecylamino group, pyrrolidinyl group,
piperidinyl group, pyrrolyl greoup, pyridyl group, quinolyl group,
imidazolyl group, dimethylaminophenyl group and piperidinyliphenyl
group.

[0131] The number of carbon atoms of the
nitrogen~containing hydtocarbon group (NN} 1s preferably 1 to 10,
more preferably 1 te 6. Examples of such nitrogen-containing
hydrocarben groups (NN) include dimethylamino group, diethylamino
group, pyrrolidinyl group, piperidinyl group, pyrrolyl group, pyridyl
group and imidazolyl group.

[0132] Examples of the silicon-containing hydrocarbon
groups (35I) of 1 to 20 carbon atoms include trimethylsilyl group,
triethylsilyl group, triiscopropylsilyl group,
tertfbutyldimethylsilyl group, hexyl-di-l-heptylsilyl group,
4-trimethylsilylphenyl group and triphenylisilyl group.

[0133] The number of carbon atoms of the
silicon-containing hydrocarbon group {(SSI) is preferably 1 to 10,
more preférably 1 to 6.. Examples of such silicon-~containing
hydrocarbon groups (SSI) include trimethylsilyl group, triethylsilyl
group and tert-butyldimethylsilyl group.

[G134] Examples of the halcgen-containing hydrocarbon
groups (HH) of 1 teo 20 carbon atoms include flucromethyl group,

triflucromethyl group, trichloromethyl group, pentafluorcethyl group,
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1-flucrophenyl group, l-chlorophenyl group, l-bromophenyl group,
l-icdophenyl group, 2-fluorophenyl group, 2-bromophenyl group,
2-iodophenyl group, 2-chlorophenyl group, 3-chlorophenyl group,
4-chlorophenyl group, Z-bromophenyl group, 3-bromophenyl group,
4-bromophenyl group, 2-fluorcophenyl group, 3-flucrophenyl group,
4~fluorophenyl greup, fluorcnaphthyl group, chloronaphthyl group,
bromonaphthyl group, iodonaphthyl group, pentafluorophenyl group and
tri-perfluorcophenylmethyl group.

{01L35] The number of carbon atoms of the
halogen-containing hydrocarbon group (HH) ispreferably 1 to 10, more
preferably 1 to 6. Examples of such halogen~containing hydrocarbon
groups (HH) include fluoromethyl group, trifluoromethyl group,
trichloromethyl group, pentafliuoroethyl group, 1-fluorophenyl group,
l1-chlorophenyl group, l-breomophenyl group, l-iodophenyl group,
2-fluorophenyl group, Z-bromophenyl group, 2-iodophenyl group,
2-chlorophenyl group, 3-chlorophenyl group, 4-chlorophenyl group,
Z-bromophenyl group, 3-bromophenyl group, 4-bromophenyl group,
Z2-fluorophenyl group, 3-fluorcphenyl group, 4-flucrophenyl group and
pentafluorophenyl group.

[0136] Examples of the sulfur-containing hydrocarbon
groups (SS5) of 1 to 20 carbon atoms include methanesulfonato group,
ethanesulfonato group, trifluoromethanésulfonato group,
2,2,2-trifluoroethanesulfonato group, benzenesulfonato group,

o-toluenesulfonato group, m-toluenesulfonato group,
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p-toluenesulfonato group, p-ethylbenzenesulfonatoc group and
p-tert-butylbenzenesulionato group.

[0137;3 The numberof carbonatoms of the sulfur-centaining
hydrocarbon group (38) is preferably 1 to 10, more preferably 1 to

5 b. Examplesofsuchsulfur-containinghydrocarbongroups (38) include
methanesulfonatc group, ethanesulfcnato group,
trifluoromethanesulfonato group, Z,2,2-trifluoroethanesulfconate
group, benzenesulfonato group, p-toluenesulfonato group,
p-ethylbenzenesulfonate group and p-tert-butylbenzenesulfonato
10 group.
01381 The fluorene compound (AA) is particularly

preferably a fluorene compound represented by the following formula

[771.

R'.'Ef}wﬁ \ | R’?Qﬁi
H L2 Y [ [ 1' J
s H 17
[0140] In the formula [77], each X is independently a
chlorine atom, a bromine atom, an iodine atom or a flucrine atom,

and ' and R*%® are each independently a hydrocarbon group of 1 to
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20 carbon atoms.

[0141] In the formula {77], it is more preferable that
each X 1s independently a chlorine atom, a bromine atom or an iodine
atom and R'™ and R' are each independently a hydrocarbon group of
1 to 15 carbon atoms.

[0142] Examples of the hydrocarbongroups of Tto 15 carbon
atoms include methyl group, ethyl group, l-propyl group, allyl group,
I-butyl group, l-pentyl group, 1-hexyl group, 1-heptyl group, 1-octyl
group, l-nonyl group,.l*decanyl group, l-pentadecanyl group,
iscpropyl group, tert-butyl group, 3-methylpentyl group,
1,1-diethylpropyl group, 1,1l-dimethylbutyl group,
l-methyl-Il-propylbutyl group, 1,1-dipropylbutyl group,
1,1-dimethyli~2~methylprepyl group,
l-methyl~l-iscpropyl-2-methylpropyl group, cyclopentyl group,
cyclohexyl group, cycloheptyl group, cyclooctyl group,
4-cyclohexyl-tert-butyl group, norbernyl group, adamantyl group,
phenyl group, o-methylphenyl group, m-methylphenyl group,
p-methylphenyl group, 2,4-dimethylphenyl group, 2,6—dimethylphehyl
group, mesityl group, benzyl group, a-phenethyl group, naphthylmethyl
group, cumyl group, neophyl group, l-naphthyl group and 2-naphthyl
group.

[0143] In the formula [77], it is still more preferable

that each X is independently a chlorine atom or a bromine atom and

R*% and R** are each independently a hydrocarbon group of 1 to 10
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carbon atoms.

[0144; Examples of the hydrocarbon groups of 1 to 10 carbon
atoms include methyl group, ethyl group, l-propyl group, allyl group,
L-butyl group, l-decyl group, isopropyl group, tert-butyl group,
4—cyclohexy%—tert—butylgrdup,b—methyiphenylgroup,m—methyiphenyl
group, p~methylphenyl greoup, 2Z,4-dimethylphenvl group,

2, 6~dimethylphenyl group, mesityl group, benzyl group, l-naphthyl
group and Z-naphthyl group.

[0145] In the formula [771, it is also preferable that
RY¥? and RY™° are each selected from a hydrogen atom, an alkyl group
(fi~1) of 1 to 40 carbon atoms and a silicon-containing group of 1
to 40 carbon atoms, and it i1s more preferable that they are each an
alkyl group (£1-1) of 1 to 20 carbon atoms and are the same groups
as each other, as described for R®® and R’ in the.aforesaid formula
fA1-1] or R® and R™ in the aforesaid formula [Al-2]. It is still
more preferabie that R'® and R' are each a methyl group, an ethyl
group, an isopropyl group or a t-butyl group and are the same groups
as each other.

[0l46) If the flucrene compound (AR} represented by the
formula [77] is used as a reaction rawmaterial, yvield of the resulting
fluorenederivative 1s lowered intheconventional preparationprocess.
However, when the reaction is carried out in a solvent containing
waterusing the later-described phosphorus compound (DD) andpalladium

compound (EE) as catalysts, the reaction proceeds rapidly and the
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fluorene derivative is obtained in a good yield even 1f such a fluocrene
compound (AA) is used as a reaction raw material.

01473 Boron compound (BB)

The boron compound (BB) is a boron compound represented by the
5 - following formula {33], the following formula [441 or the following
formula [5B5].

[0148]

Rﬂ”l

R'@'}Em o [33]

10149]

RWBF.M .+« [44]

(0150]

10
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|

B
Dw‘"

]

R E“Q*’” B~ R 113

-+« [58]

tG151] In the formula [33], the formula [44] and the
formula [55], R™, R* and R** are each a hydroxyl group, a hydrocarbon
group {GGZ) of 1 tc 20 carbon atoms, an oxygen-containing hydrocarben
5 group (002) of 1 to 20 carbon atoms, anitrogen—-containing hydrocarbon
group (NN2) of 1 to 20 carbon atoms, a silicon-containing hydrocarbon
group {5512} of 1 to 20 carbon atoms, a halogen-containing hydrocarbon
group (HHZ) of 1 to 20 carben atoms or a sulfur-containing hydrocarbon

group (852) of 1 to 20 carbon atoms, and they may be the same as or

1
Rlll 112

10 different from one another. and R may be bonded to each other
to form a ring. M is a lithium atom, a sodium atom or a potassium
atom.

[C152] If such a boron compound (BB} is used as a reaction
raw material, yileld of the resulting fluorene derivative is lowered

15 inthe conventional preparation process. However, when the reaction

is carriedout in a soclvent containingwater using the later-described

phesphorus compound (DD} and palladium compound (EE) as catalysts,
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the reactionproceeds rapidly and the fluorene derivative is obtained
in a good yield even if such a boron compound (BB) is used as a reaction
raw material.

[0153] Examples of the hydrocarbon groups (GG2) of 1 to
20 carbon atoms include methyl grbup, ethyl group, 1—propyl group,.
I-hexyl group, l-heptyl group, i1-decanyl group, vinyl group, allyl
group,lﬂpentenylgroup,1—hexenylgroup,i—octenyigroup,1~decenyl
group, l-icesyloxy group, isopropyl group, tert-butyl group,
3-methylpentyl group, 1,l-diethylpropyl group, 1,l-dimethylibutyl
group, l-methyl-l-propylbutyl group, 1,l-dipropylbutyl group,
1, 1-dimethyl-2~methylpropyl group,
l-methyl-l-isopropyl-Z2-methylpropyl group, cyclopentyl group,
cyclohexyl group, cycloheptyl group, cycleooctyl group,
4-cyclohexyl-tert-butyl group, norbornyl group, adamantyl group,
Z-cyclohexylvinyl group, phenyl group, 2-phenylvinyl group,
Z2-{4-biphenyl)vinyl group, 2-methylphenyl group, 3-methylphenyl
group, 4-methylphenyl group, Z-ethylphenyl group, 2, 4-dimethyiphenyl
group, 2,6-dimethylphenyl group, mesityl group, benzyl group,
o-phenethyl group, diphenylmethyl group, naphthylmethyl group, cumyl
group, neophyl group, naphthyl group, biphenyl group, binaphthyl group,
phenanthryl group, anthracenyl group and flucrenyl group.

[0154) The number of carbon atoms of the hydrocarbon group
(GG2) is preferably 1 to 16, more preferably 1 to 12. Examples of

such hydrocarbon groups (GG2) include methyl group, ethyl group,
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l-propyl group, l-hexyl group, l~heptyl group, 1-decanyl group, vinyl
group, allyl group, l-pentenyl group, l-hexenyl group, 1-octenyl group,
l-decenyl group, isopropyl group, tert-butyl group, 3-methylpentyl
group, l,l—diethylpropyl group, 1,l-dimethylbutyl group,
l—methyl—l—propylbutyl group, 1, l-dipropylbutyl group,

1, 1~dimethyl-2-methylpropyl group, |
1—methyl~1~isopropyl—Z—meﬁhylpropyl group, cyclopentyl group,
cyclohexyl group, cycloheptyl group, cyclooctyl group,
4-cyclohexyl-ftert-hutyl group, norkbornyl group, adamantyl group,
2-cyclohexylvinyl group, phenyl group, Z-phenylvinyl group,
2-methylphenyl group, 3-methylphenyl group, 4-methyliphenyl group,
?-ethylphenyl group, 2,4-dimethylphenyl group, 2,6-dimethylphenyl
group, mesityl group, benzyl group, a-phenethyl group, diphenyimethyl
group, naphthylmethyl group, cumyl group, necphyl group, naphthyl.
group and biphenyl group.

[0155] Examples of the oxygen-containing hydrocarbon
groups (002) of 1 tc 20 carbon atoms include methoxy group, ethoxy
group, 1-propoxy group, 1sopropoxy group, l-butoxy group, s-butoxy
group, iscbutoxy group, tert-butoxy group, l-decyloxy group,
1-icosyloxy group, phenoxygroup, benzyloxygroup, 1-naphthoxy group,
Z-naphthoxy group, Z-methoxyphenyl group, 3-methoxyphenyl group,
d-methoxyphenyl group, 4-ethoxyphenyl group, 4-isopropoxyphenyl
group, 4-phencxyphenyl group, 4-formylphenyl group, 4-hydroxyphenyl

group, Z-furyl group, 3-furyl group, benzofuryl group,
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4~carboxyphenyl group and 4-benzoylphenyl group. Moreoveﬁ, there
can be alsc mentioned pinacol ester, catechol ester, 1, 3-propanediol
ester, necopentyl glyccl ester, etc. wherein RY and r™ are bonded
to each other.

[0156] The number of carbonatoms of the oxygen-containing
hydrocarbon_group_{OCE) is preferably 1 to 16, more preferably 1 to
12. Examples of such oxygen-containing hydrocarbon groups (002)
includemethoxy group, ethoxy group, 1-propoxy group, isopropoxry group,
I-butoxy group, s-butoxy group, isobutoxy group, tert-butoxy group,
l-decyloxy group, phenoxy group, benzyloxy group, l-naphthoxy group,
Z-naphthoxy group, Z—methoxyphenyl group, 3-methoxyphenyl group,
4-methoxyphenyl group, 4-ethoxyphenyl group, é—isopropoxyphenyl
group, 4-phenoxyphenyl greup, 4-formylphenyl group, 4-hydroxyphenyl
group, 2Z2-furyl group, 3-furyl group, benzofuryl group and
4-carboxyphenyl group. Moreover, there canbe alsomentionedpinacol
ester, catechol ester, 1, 3~propanediol ester, neopentyl glycol ester,
etc. wherein R™ and R are bonded to each other.

[0157] Examples of the nitrogen-containing hydrocarbon
groups (NN2} of 1 to 20 carbon atoms include dimethylamino group,
diethylamino group, didecylaminc group, Z-aminophenyl group,
3—aminophenyl group, 4-aminophenyl group, 3-nitrophenyl group,
d-cyanophenyl group, 3-acetamidophenyl group, 4-acetamidophenyl
group, 3-pyridinyl group, 4-pyridinyl group, 3-guinolinyl group,

8-quinolinyl group, 4-isoquinolinyl group, 4-pyrazole group,



15

20

SF-2099 >4

l-methyl-4-pyrazole group and 3, 5-dimethyl-4-pyrazocle group.

[C158)] The number of carbon atoms of the
nitrogen-containing hydrocarbon group (NN2) is preferably 1 to 10,
more preferably 1 to 6. Examples of such nitrogen-containing
h?drocarbon,grdupé (NNé) include dimethylamine group, diethylamino
group, Z2-aminophenyl group, 3-amincophenyl group, 4-aminophenyl group,
3-pyridinyl group, 4-pyridinyl group, 4-pyrazole group,
l-methyl-4-pyrazole group and 3, 5-dimethyl-4-pyrazole group.

[0159] Examples of the silicon-containing hydrocarbon
groups (SSIZ) of 1 to 20 carbon atoms include trimethylsilyl group,
trietnylsilyl group, triisopropylsilyl group,
tert-butyldimethylsilyl group, Z2-triphenylsilylethyl group,
4-trimethylsilylphenyl group, 4-{tert-butylidimethvlsiloxy)phenyl
group and hexyl-di-l-heptylsilyl group.

(0160} The number of carbon atoms of the
silicon-centaining hydrocarbon group {35I12) is preferably 1 to 10,
more preferably 1 to 6. Examples of such silicon-containing
hydrocarbon groups‘(SSIZ) include trimethylsilyl group,
triethylsilyl group and tert-butvldimethylsilvl group.

(0161] Examples of the halocgen-containing hydrocarbon
groups (HHZ) of 1 to 20 carbon atoms Include flucromethyl group,
triflucrcmetnyl group, trichloromethyl group, pentaflucrcethyl group,
Z-fluorophenyl group, Z-bromophenyl group, 2-iodophenyl group,

Z-chlorophenyl group, 3-chlorophenyl group, 4-chlorophenyl group,
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2-~methyl-4-chlorophenyl group, Z2-bromophenyl group, 3-bromophenyl
group, 4-bromophenyl group, 4-flucrophenyl greoup,
d-trifluocrcomethylphenyl group, 4-trifluoromethoxyphenyl group,

2, 6-difluorcphenyl group, 3,5-dichlorophenyl group,
3,5-difluorophenyl group, pentafluofophenyl group and
tri-perfliuorophenylimethyl éroup.

[0162] The number of carbon atoms of the
halogen-containing hydrocarbon group (HHZ2) is preferably 1 to 10,
more preferably 1 te 7. Examples of such halogen-containing
hydrocarbongrodps(HHZ)includefluoromethylgroup,trifluoromethyl
group, trichloromethyl group, pentafluoroethyl group, 2-fluorophenyl
group, Z-bromophenyl group, Z2-icdophenyl group, 2-chlorophenyl group,
B—Chlorophenylgroup,4—chlorophenylgroup,2—methy1—4—chlorophenyl'
group, Z2-bremophenyl group, 3-bromophenyl group, 4-bromophenyl group,
4—fluorophenyl group, 4-trifluoromethyvlphenyl group,

2, 6-difluorophenyl group, 3,5-dichlorophenyl group,
3,5-difluorophenyl group and pentafluorophenyl group.

[0163] Examples of the sulfur-ccontaining hydrocarbon
groups (SS2) of 1 to 20 carbon atoms include thiophenyl group,
2-methylthiophenyl group, 3-methylthiophenyl group,
4-methylithiophenyl group, 2-thienyl group, 3-thienyl group,
S-methyl-Z-thiophenyl group, Z-thianaphthalenyl group,
3-thianaphthalenyl group and thiotrityl group.

[0164] The number of carbonatoms of the sulfur-containing
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hydrocarbon group (S82) is preferably 1 to 10, more preferably 1 to
6. Examples of such sulfur-containing hydrocarbon groups (SS2)
include thiophenyl group, 2-thienyl group and 3-thienyl group.

[C165] Mis a sodium atom, a lithium atom or a potassium

‘atom, and is preferably a potassium atom.

[Cleo] R is more preferably a group represented by the
following formula [887.

[(Gle7]

126 SR128

T & w® i-_,f g]

(01687 In the formula [881, R* to R™ are each a hydrogen

atom, a hydroxyl group, a halogen atom (XX3}, a hydrocarbon group
(GG3) of 1 to 14 carbon atoms, an oxygen-containing hydrocarbon group
(003) of 1 to 14 carbon atoms, a silicon-containing hydrocarbon group
(SSI3) of 1 tol4carbonatoms, ahalogen~containing hydrocarbon group

{HH3) of 1 to 14 carbon atoms or a sulfur—-containing hydrocarbon group



10

15

20

SE-2099 57

(333) of 1 to 14 carbon atoms, and the substituents may be the same
as or different from one another. In one or more combinations of
adjacent groups, the adjacent groups may be bonded to each other to
form a ring. The black circle (@) represents a linkage point to a
Poron atom, and the total number of carbon atoms of R'™ to R™ is
14 or less.

[0169] The halogen atom (XX3) is, for example, a fluorine
atom, a chlorine atom, a bromine atom or an iodine atom. OFf such
atoms, a fluorine atom, achlorine atomor abromine atom is preferable,
and a flucrine atom or a chlorine atom is particularly preferable.

[0170] Examples of the hydrocarbon groups (GG3) of 1 to
14 carbon atoms include methyl group, ethyl group, l-propyl group,
1—butyl group, 1l-~hexyl group, vinyl group, ailyl group, l-pentenyl
group, l-hexenyl group, l-octenyl group, l-decenyl group,
i-tetradecanyl group, isopropyl group, tert-butyl group,
3-methylipentyl group, 1,1l-diethylpropyl group,.cyciopentyi group,
cyclohexyl group, cyclcheptyl group, cyclooctyl group,
4-cyclohexyl-tert-butyl group, norbornyl group, adamantyl group,
phenyl group, Z-methylphenyl group, 3-methyiphenyl group,
4-methylphenyl group, 2,4-dimethylphenyl group, 2, 6~dimethylphenyl
group, naphthylmethyl group and naphthyl group.

[0171] Thenumberofcarbonatomsofthehydrocarbongroup
(GG3) 1s preferably 1 to 12, more preferably 1 to 10, still more

preferably 1 to 8, particularly preferably 1 to 6. Examples of such
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hydrocarbon groups (GG2) include methyl group, ethyl groﬁp, l-propyl
group, l-butvyl group, ssec-butyl group, isobutyl group, tert-butyl
group, l-hexyl group, cyelopentyl group, cyclohexyl group, phenyl
group, naphthyl groﬁp_and biphenyl group.

[6172] Examples of the oxygen-containing hydrocarbon
groups (C03) of 1 to 14 carbon atoms include methoxy group, ethoxy
group, l-propoxy group, isopropoxy group, l-butoxy group, sec-butoxy
group, iscobutoxy group, tert-butoxy group, l-tetradecoxy group,
phencxy group, naphthoxygroup, biphenyloxygroup andbenzyloxy group.

[0173] The number of carbonatoms of the oxygen=~contalining
hydrocarbon group (003) is preferably 1 to 12, more preferably 1 to
10, still more preferably 1 to 8, particularly preferably 1 to 6.
Examples of such oxygen-containing hydrocarbon groups {(003) include
methoxy group, ethoxy group, l-propoxy group, isopropoxy group,

l-butoxy group, sec-butoxy group, isobutoxygroup, tert-butoxy group,

phenoxy group, naphthoxy group and biphenyloxy group.

[0174] Examples of the silicon-ceontaining hydrocarbon
groups (SSI3) of 1 to 14 carbon atoms include trimethylsilyl group,
triethylsilyl group, triisopropylsilyl group,
tert-butyldimethylsilyl group, 4-trimethylsilylphenyl group,
d-{tert-butyldimethylsiloxy)phenyl group, dimethylphenylisilyl
group, dimethylnaphthylsilyl group and hexyl-di-l-butylsilyl group.

[0175] The number of carbon atoms of the

silicon=-containing hydrocarbon group (SS5I3) is preferably 1 to 12,
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more preferably 1 to 10, still mere praeferably 1 to 8, particularly
preferably 1 tc €. Examples of such silicon-containing hydrocarbon
groups (S5I3) include trimethylsilyl gxoﬁp, triethylsilyl.group,
tert-butyldimethylsilyl group and dimethylphenylsilyl group.

[017¢€] Examples of the halogen—coﬁtaining hydrocarbon
groups (HH3) of 1 to 14 carbon atoms include fluoromethyl group,
tzifluoromethylgxoup,trichldromethylgroup,pentafluoroethylgroup,
2-flucrophenyl group, Z-bromophenyl group, Z-iodophenyl group,
2~chlorophenyl group, 3-chlorophenyl group, 4-chiorophenyl group,
2-bromophenyl group, 3-bromophenyl group, 4-bromophenyl group,
d-triflucromethylphenyl group, 4-trifluoromethoxyphenyl group,
2,6-difluorophenyl group, 3,5-dichlorophenyl group,
3,5~difluorophenyl group, pentaflucrophenyl group,
Z,6-difluoro-4-tert-butvyiphenvl group, fluoronaphthyl group and
chioronaphthyl group.

[0177] The number of carbon atoms of the
halogen-containing hydrocarbon group (HH3) is preferably 1 to 12,
more preferably 1 to 10, still more preferably 1 to 8, particularly
preferably 1 to 6. Examples of such halogen-containing hydrocarbon
groups (HH3} include fluoromethyl group, trifluoromethyl group,
trichloromethyl group, pentaflucroethyl group, Z~flucrophenyl group,
Z-bromophenyl group, 2-iodophenyl group, Z-chlorophenyl group,
3-chlorophenyl group, 4-chlorephenyl group, Z2-bromophenyl group,

3-bromoprhenyl group, 4-bromophenyl group, 2, 6-difluorophenyl group,
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3,5-dichlorephenyl group, 3,5-diflucrophenyl group,
pentafluorophenyl group, fluoronaphthyl group and chloronaphthyl
group.

(01781 -Examples of the sulfuz—containimg hydrocarben
grQups(SSB)ofltol4éarbonatomsincludethiomethylgroup,thioethyl
group, thiocyclohexyl group, thiophenyl group, thionaphthyl group,
Z-methylthiophenyl group, 3-methylthiophenyl group,
d-rmethylthiophenyl group, 2-thienyl group, 3-thienyl group and
5-methyl~2-thiophenyl group.

| [0179] The number of carbonatoms of the sulfur-containing
hydrocarbon group (8353} is preferably 1 to 12, more preferably 1 to
10, still more preferably 1 to 8, particulaily preferably 1 to 6.
Examples of such sulfur—c§nﬁaining'hydxocarbon_groups {853} include
thiomethyl group, thioethyl group, thiocycichexyl group, thiophenyl
group, thionaphthyl group, 2-thienyl group and 3-thienyl group.

10180] "In the formula [88], it 1s preferable that one
substituent is a halogen atom (XX3), a hydrocarbon group (GG3) of
1 to 14 carbon atoms, an oxygen-containing hydrocarbon group (003}
of 1 tol4d carbonatoms, a silicon-containing hydrocarbon group (SSI3)
of 1 to 14 carbon atoms, a halegen-containing hydrocarbon group (HH3)
of 1 to 14 carbon atems or a sulfur-containing hydrocarbon group (553)
of 1 to 14 carbon atoms, the residual four substituents are each a
hydrogen atom, and the total number of carbon atoms of R*™® to R

is 14 or less. It is also preferable that at least one of R*®*® and
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R in the formula [88] is a hydrocarbon group (GG3) of 1 to 14 carbon

125

atoms. It is more preferable that R™ is a hydrocarbon group (GG3)

of 1 to 14 carbon atoms and R™® to R™ are each a hydrogen atom. More
specifically, in the formula [88], it is preferable that R™’ is a
hydrocarbon group of 1 to 10 carbon atoms, such as methyl group, ethyl
group, propyl group, l-propyl grouio, 1-pbutyl group, sec~butyl group,
isobutyl group, tert-butyl group, l-hexyl group, 1—de§yl group,

cyclopentyl group, cyclohe_xyl group, 4-cyclchexyl-tert-butyl group,
phenyl group, l-naphthyl group or Z-naphthyl group, and R*® to RY

are each a hydrogen atom.

{018'1] In the formula ([88], it is also preferable that

R127 125

is a halogen atom and R™°7, R*6, R and R™® are each a hydrogen
atom. It isalso preferable that R™ to R are each a hydrogen atom.
[0182] The total number of carbon atoms of R to RY¥? is
14 or less, preferably 12 or less, more preferably 10 or less, still
more preferably 8 or less, particularly preferably 6 or less.
(0183 If a boron compound {BB) representedby the formula
[88] isusedas areaction rawmaterial, vieldof theresulting fluorene
derivative 1s lowered in the conventional preparation process.
However, when the rsaction is carried out in a sclvent containing
waterusingthe later~describedphosphorus compound (DD) andpalladium
compound (EE) as catalysts, the reaction proceeds rapidly and the
flucrene derivative is obtained in a good yieldeven if such a fluorene

compound (AA) is used as a reaction raw material.
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[0184] Intheprocess forpreparingaflucrenederivative,
the amount of the boron compound (BB} used is in the range of preferably
0.01 to 5 mél, more preferably O.1 te 5 mol, particularly preferably
0.5 to 5 mol, based on 1 mol of the halogen aﬁom,(XX) and the
sulfur-containing hydrocarbon group {SS) which are bonded to the
fluorene compound (AA). When the amount of the boron compound (BB)
used is in the above range, the reaction proceeds in a good yield.
[0185] Base (CC)

Examples of the bases (CC) include alkali metal salts, such
as lithium hydroxide, sodium hydroxide, potassium hydroxide, barium
hydroxide, potassium phosphate, sodium carbonate, potassium
carbonate, sodium hydrogencarbonate, potassium hydrogencarbonate,
calcium carbonate, cesium carbonate, sodium fluoride, potassium
fluoride, cesium fluoride, sodium methoxide, sodium ethoxide and
potassiumtert-butoxide; andamine bases, suchasammonia, methylamine,
ethylamine, propylamine, iscpropylamine, butylamine, iscbutylamine,
tert-butylamine, ethylenediamine, benzylamine,
hexamethylenediamine, 1,2-cyclohexanediamine, dimethylamine,
diethylamine, dipropylamine, dibutylamine, trimethylamine,
triethylamine, diiscpropylethylamine, pyridine, 2-methylpyridine,
3-methylpyridine, é4-methylpyridine, pyrrolidine,
N-methylpyrrolidine, piperidine, N-methylpiperidine, morpholine,
N-methylmorpholine, piprazine, l-methylpiperazine,

Z-methylpiperazine, 3-methylpiperazine, 4-methylipiperazine,
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gquinuclidine, é—dimethylamiﬁopyridine, imidazole,
N-methylimidazcle, tetramethylethylenediamine,
hexamethylenediamine, phenethylamine, diphenylamine, guanidine,
1,8-diazabicyclo[5.4.0]undec-7-ene,
l,5~diazabicyclo[4.3,0}non—5—ene, 1l,4-diazabicyclo[2.2.2]octane,
aniline, N-methylaniline and N,N-dimethylaniline.

(01861 The base (CC) is preferably a base which is liquid
or solid at ordinary temperature from the viewpoint of handling, and
examples of such bases include lithium hydroxide, sodium hydroxide,
potassium hydroxide, barium hydroxide, potassium phosphate, sodium
carbonate,potaésiwncarbonate,sodiwﬂhydrogencarbonate,potassium
hydrogencarbohate, calcium carbonate, cesium carbonate, sodium
fluoride, potassium fluoride, cesium fluoride, sodium methoxide,
sodium ethoxide, potassium tert-butoxide, ethylenediamine,

1, 3-diaminopropane, propylamine, benzylamine, hexamethylenediamine,
1,Z-cyclohexanediamine, dimethylamine, diethylamine, dipropylamine,
dibutylamine, trimethylamine, triethylamine, diisopropylethylanine,
pyridine, 2-methylpyridine, 3-methylpyridine, 4-methylpyridine,
pyrrclidine, N-methylpyrrolidine, piperidine, N-methylpiperidine,
morpholine, N-methylmorpholine, piprazine, guinuclidine,
d-dimethylaminepyridine, imidazole, N-methylimidazole,
tetramethylethylenediamine, hexamethylenediamine, phenethylamine,
guanidine, 1,8~diazabicyclo[5.4.0lundec-7-ene,

l,5=diazabicyclo[4.3.0]non~5-ene, 1,4-diazabicyclo(2.2.2]octane,
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aniline, N-methylaniline and N,N-dimethylaniline. Of these, more
preferably used are lithium hydroxide, sodium,hydroxide,”potassium
hydroxide, barium hydroxide, potassium phosphate, sodium carbonate,
potassium carbonate, sodium hydrogencarbonate, potassium
hydrogencarhonate, calcium carbonate, cesium carbonate, sodium
fluoride, potassium_fiuoride, cesiuﬁ fluoride, sodium methoxide,
sodium ethoxide and potassium tert-butoxide.

(0187} Intheprocess forpreparingaflucrenederivative,
the amocunt of the base (LC) gsed,is in the range of preferably 0.0001
to 100 mol, more preferably 0.01 to 50 mol, particularly preferably
0.10 to 30 mol, based on 1 mol of the fiuocrene compound {AA). When
ihe amount of the base (CC) used is in the above range, the reaction
proceeds in a good yield.

(0188] Phosphorus compound (DD}

The phosphorus compound {DR) used as a catalyst is a phosphorus
compound represented by the following formula [66].

[0188]
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{01907 In the formula [667, R“4toIﬁEdareeachaahydrogen
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms,
an oxygen-containing hydrocarbon group of 1 to 20 carbon atoms, a
nitregen-containing hydrocarbon group of 1 to 20 carbon atoms, a
siliceon~containing hydrocarbon group of 1 to 20 carbon atoms, a
halogen-containing hydrocarbon group of 1 to 20 carbon atoms or a
sulfurmcontaininginydrocarbon grou;>of 1 to 20 carbon atoms, and they
may be the same as or different from one another. In one or more

combinations of adjacent groups, the adjacent groups may be bonded
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to each other te form a ring.

[0191] Examples of the halogen atoms, the hydrocarbon
groups of 1 to 20 carbon atoms, the oxygen-containing hydrocarbon
groups of 1 to 20 carbon atoms, the nitrogen—contéinimg hydrocarbon
groups of 1 to 20 carbon atoms, the silicon-containing hydrocarbon
groups of 1 to 20 carben atoms, the halogen-containing hydrocarbon
groups of 1 to 20 carbon atoms and the sulfur-containing hydrocarbon
groups c¢f 1 to 20 carbon atoms are the same as those of the halogen
atoms (XX3), the hydrocarbon groups (GG) c¢f 1 to 20 carbon atoms,
the oxvgen-containing hydrocarbon groups (00) of 1 to 20 carbon atoms,
the nitrogen-containing hydrocarbon groups (NN} of 1 to 20 carbon
atoms, the silicen-containing hydrocarbon groups (85I) of 1 to 20
carbon atoms, the halogen-containing hydrocarbon greoups (HH} of 1
to 20 carbon atoms and the sulfur~-containing hydrocarbon groups (533)
of 1 to 20 carbon atoms previcusly described.

[0192] The phosphorus compound {DD) is preferably
represented by the following formula [99].

[0193]
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[0194] In the formula [991, R™, RY, R™®, R and rR'™
are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1
to 20 carbon atoms, an oxygen-containing hydrocarbon group of 1 to
2C carbon atoms, a nitrogen—containing hydrocarbon group of 1 to 20
carbon atoms, a silicon~containing hydrocarbon group of 1 to 20 carbon
atoms, a halogen—-containing hydrocarbon group of 1 to 20 carben atoms
of a sulfur-containing hydrocarbon group of 1 to 20 carbon atoms,
and they may be the same as or different from one another. Examples
of the halogen atoms, the hydrocarbon groups of 1 to 20 carbon atoms,
the oxygen-containing hydrocarben groups of 1 to 20 carbon atoms,

the nitrogen-containing hydrocarbon groups of 1 to 20 carbon atoms,
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the silicon-ceontaining hydrocarbon groups of 1 to 20 carbon atoms,
the halogen-containing hydrocarbon groups of 1 to 20 carbon atoms
and the sulfur-containing hydrocarbon groups of 1 to 20 carbon atoms
are the same as those of the halcgen atoms (XX3), the hydxocarbon
groups.uxﬂ of 1 to 20 carbon atoms, theoxygeﬁ—containinghydrocarbon
groups {00} of 1 tc 20 carbon atoms, the nitrogen-containing
hydrocarbongroups (NN) of 1 to 20 carbenatoms, the silicon-containing
hydrocarbon groups (SSI) of 1 to 20 carbon atoms, the
halogen—-containing hydrocarbon groups (HH) of 1 to 20 carbon atoms
and the sulfur-containing hydrocarbon groups (SS3) of 1 to 20 carbon
atoms previously described.

[0185] In the formula [99], it is more preferable that
R™4, RME RME R and R'™! are each independently a hydrocarbon group
of 1 te 6 carbon atoms, such as methyl group, ethyl group, l-propyl
group,isopropylgroup,lmbutylgroup,tert~butylgf5up,1*hexylgroup,
cyclopentyl group or cyclohexyl group, an oxygen—-containing
hydrocarbon group of 1 to 6 carbon atoms, such as methoxy group, ethoxy
group, l-propoxy group, 1sopropoxy group, l-butoxy group or
tert-butoxy group, or a nitrogen-ceontaining hydrocarbon group of 1
to & carbon atoms, such as amino group, methylamino group,
dimethylamino group, diethylamino group or dipropylamino group, and
it is particularly preferable that they are each independently a
methoxy group, an isopropyl group, a tert-butyl group or a cyclohexyl

group.
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[(01986] Inthe process for preparing a fluorene derivative
by allowing the fluorene compound {AA} Lo react with the horon compound
(BB} in the presence of the base (CC}, the flucorene derivative can
be obtained in a high vyield by carrving out the reaction in a
water-containing solvent (FF) using the phospherus compound (DD} and
the later-described palladium compound (EE) as catalysts.

(0197] Intheprocess forpreparinga fluorenederivative,
the amount of the phosphorus compound (DD} used is in the range of
preferably 0.00001 to 100 mel, more preferably 0.0001 to 50 mol,
particularlypreferably 0.001 to 30 mel, based on 1 mol of the fluorene
compound (AA) . When the amount of the phosphorus compound {DD) used
is in the aboﬁe range, the reaction proceedé rapidly.

(01987 Palladium compound (EE)

Examples of the palladium compounds (EE) used as catalysts
inciude divalent palladium compounds, such as
bis{acetonitrile)dichloropalladium{II},
bis(benzonitrile)dicloropalliadium{II),
di-u-chlorobisi{u~allylipalladium(II) ],
trans-dichlorobis(triphenylphosphine}palladium(II),
dichlcero{u-dichloroocta-1, 5~diene)palladium{II),
(bicycle[2.2.1)hepta-2, 5-diene)dichlopalladium (I},
dichloro(l,5-cyclocctadiene)palladium{II},

(2,27 -bipyridine)dichloropalladium(II), palladium(II) acetate,

palladium{Il) chloride, palladium(II) bromide, palladium(II) icdide,
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palladium(II) cyanide, palladium(II) acetylacetonate, palladium{II)
hexafluorcacetylacetonate, palladium(II) nitrate,
1,4-bis(diphenylphosphinc)butane~dichloropalladium{II),
[1,2-bis (diphenyliphosphino)ethaneldichloropalladium(II),
{1,3-bis{diphenylphosphino)propane)palladium(II) chloride,
(1,1’ -bis(diphenylphosphingo) ferrocene]dichleoropalladiuom{II},
activatedcarbonpalladiumandbis (triphenylphosphine)palladium (I}
chloride; and zero-valent palladium compounds, such as
tris{(dibenzylideneacetone)dipalladium(G),
tetrakis {triphenylphosphine)palladium (0},
pis[l,2-bis(diphenylphosphino)ethanelpalladium(0) and
bis(3,5,3’,5’—dimethoxybenzylideneacetone)palladium(@). The
valence of palladium of the palladium compound (EE) is preferably
a valence of 2, and palladium{II) acetate or
bislacetonitrile)dichloropalladium(II) 1is more preferably ﬁsed.

[C199] Inthe process forpreparing a flucrene derivative
byailowingthefluorenecompound(AA)toreactwiththeboroncompound
(BB) in the presence of the base {(CC), the fluorene derivative can
be obtained in a high yield by carrving out the reaction in a
water-containing solvent (FF) using the phosphorus compound (DD) and
the palladium compound (EE) as catalysts.

[0200] Intheprocess forpreparingafluorenederivative,
the amount of the palladium compound (EE) used is in the range of

preferably 0.0C001 to 50 mol, more preferably 0.0001 to 25 mol,
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particularlypreferably 0.001l tc 15 mol, basedon 1 mol of the fluorene
compound (AA). When the amount of the palladium compound (EE) used
is in the above range, the reaction proceeds rapidly.

102G1] Water-contailning solvent (FF)

The water-containing sclvent (T'F) is not specifically
restricted as long as it is a solvent containing water as an essential
component.

[0202] pxamples of solvents other than water include
aliphatic hydrocarbons, such as pentane, hexane, heptane, octane,
decane and dodecane; alicyclic hydrocarbons, such as cyclopentane,
cyclehexane and methyleycelopentane; aromatic hydrocarbons, such as
benzene, toluene and xylene; halogenated hydrocarbons, such as
ethylene chloride, chlorobenzene anddichloromethane; polar solvents,
such as acetone, methyl acetate, ethyl acetate, dimethylformamide,
1,3-dimethyl-2-imidazclidinone and dimethyl sulfoxide; polar
solvents, such as methanol, ethanol, propancol, isopropanol, butancl
and tert-butancl; and ether-based sclvents, such as diethyl ether,
tert-butyl methyl ether, tetrahydrofuran, dioxane and cyclopentyl
methyl ether.

[0203] The water-containing solvent (FF} is preferably
constituted of water and an organic compound containing an oxygen
atom.

[0204)] Examples of the organic compounds containing an

oxygen atom include acetone, methyl acetate, ethyl acetate,
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dimethylformamide, 1,3-dimethyl-Z-imidazolidincne, dimethyl
sulfoxide, methanol, ethanol, propanol, iscpropancl, butanol,
tert-butanol, tetrahydrofuran, dioxane and cyclopentyl methyl ether.

[0205] The solvent is more preferably a solvent which
does not undergo decompositicn during the reaction. Specifically,
there can be mentioned acetone, dimethylformamide,
1,3-dimethyl-2-imidazolidinone, dimethyl sulfoxide, methanol,
ethanol, propanol, isopropanol, butanol, tert-butanol,
tetrahydrofuran and cyclopentyl methyl ether. Particularly
preferable are diethyl ether, tert-butyl methyl ether,
tetrahydrofuran, dicxane and cyclopent?l methyl ether.

[0206] The content of water (water/scolvent other than
water, 1in terms of velume) in the water-containing solvent (FF) is
preferably not less than 0.01, more preferably not less than 0.02,
particularly preferably nct iess than 0.05.

[0207] The ratic of water to the palladium compound (EE)
(water/palladium compound (EE), in terms of mol) is preferably not
less than 50 times, more preferably not less than 100 times, still
more preferably not less than 200 times, particularly preferably not
less than 400 times.

{0208] It is particularly preferable that the content
of water {(water/solvent other than.Water, in terms of volume) in the
water-containing solvent (¥F) is not less than 0.05 and the ratio

of water to the palladium compound (EE) {(water/palladium compound
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(EE)Y, in terms of mol) 1is not less than 400 times. The'upper limit
of the content of water in the water-containing solvent (FF) is not
specifically restricted, bpt the water-containing solvent (FF) must
alwayscontainasolventotherthanwaterbecausethereactionproceeds
in the solvent. Therefore, the upper limit of the content of water
(water/soclvent other than water, in terms of volume) is, foz‘example,.
not more than 20.

[0209] By allowing the fluorene compound (AA) to react
with the boron compound (BB) in such a water-containing solvent (FF)
in the presence of the base (CC) using the phosphorus compound (DD)(
and the palladium compound (EE) as catalysts, the flucorene derivative
can be obtalined in a high vield.

[0210] Process for preparing fluorene derivative

The proceass for preparing a fluorene derivative is a process
comprising allowing the fluorene compound {AA) to react with the boron
compound (BB) in the presence of the base (CC) to prepare a flucrens
derivative wherein a halogen atom and/cr a sulfur~containing
hydrocarbon group of the substituents of the fluorene compound (AA)
has been converted into the substituent R of the boren compound (BR),
and is characterized by carrying out the reaction in the
water-containing solvent (F'F) using the phosphorus compound (DD} and
the palladium compound (EE) as catalysts.

[0211] The temperature of the reaction of the fluorene

compound (AA) with the boron compound (BB) is in the range of preferably
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-70 to 150°C, more preferably -40 to 100°C, particularly preferably
=20 to 70°C. The reaction temperature is preferably a temperature
at which industrialization is possible. The reaction pressure is
in the range of preferably 0.01 to 10 MPa, more preferably 0.02 to
5 5 MPa, particularly preferably 0.05 to 2 MPa. The reaction pressure
is preferably a pressure at which industrialization is possible. The
reaction time is in the range of preferably 0.1 to 300 hcurs, more
preferably 0.1 te 100 hours, particularly preferably 0.1 to 72 hours.
The reaction time is preferably a time for which industrialization
10 1s possible.

[0212] When the reaction is carried out, the order of
addition of the components (RAA) toc (FF) to the reaction container
is arbitrarily determined, but it is preferable to add the components
in, for example, the following order.

15 (1} The components (AA) to (EE) are added, then a solvent other
than water 1s added, and finally water is added.

{11) A solvent other than water is added, then the components
(AA) to (EE) are added, and finally water is added.

{111) The compcnent (AR), the component (BB), the component

20 (CC}, the component (DD), the component (EE) and the component (FF)
are added.in this order.

(iv) The component (FF) is added, and then the components (AA)
to {(EE) are added.

(v) The components {AA) to (EE) are added, and then the component
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(FF} is added.
(vi}Thecomponent{AA),thecomponent(CC),thecomponent{DD),
the cqmponent (EE) and a solvent other than water are added, then
water 1s added, and finally the component (BB) is added.
(vii) The component (BBf, the ccmponent (CC), the component
(BD) , the component (EE) and,é solvent other than water are added,
then water is added, and finally the component {AA) is.added.
(viii) The component (CC) towhichwaterhasbeenaddedinadvance,
the component {(AA), the component (BB), the component (DD), the
component (EE) and a solvent other than water are added.
(ix}Thecomponent(AA),thecomponent(BB),thecomponent{DD),
the component (EE) and a solvent other than water are added, and then
the component (CC) to which water has been added in advance iz added.
[0213] In the present invention, the fluorene derivative
is cbtained by allowing the fluorene compound (AA) to react with the
boron compound (BB) in the water—containing solvent (FF) in the
presence of the base (CC) using the phosphorus compound {DD) and the
palladium compound (EE} as catalysts, as described above. That is
to say, the fluorene derivative i1s a fluorene derivative wherein a
halogen atom and/or a sulfur-containing hydrocarbon group of the
substituents of the fluorene compound (AA} has been converted into
the substituent RY of the boron compound (BB} .
[0214] Examples of:the fluorene derivatives obtained by

the above preparation process are given below.
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[0215] That istosay, examplesofthe fluorenederivatives
obtained by the above preparati@n process include
2,7-di{o-teolyl)~-3,6~-di-tert-butylfluorene,
2,7~-di{p-chlorophenyl}-3,é~di-tert-butylflucrene,
Z,7-diphenyl-3, 6-di-tert-butylfluorsne,

2, 7-di(p-flucrophenyl) -3, 6-di-tert-butylflucrens,

2, 7-di (p~trifluoromethylphenyl} -3, 6-di-tert-butylfluorene,
2,7mdi(p—methoxyphenyl)~3,6—di—tert—butylflu0£ene,

Z2,7-di (o-ethylphenyl) -3, 6~di-tert-butylfluorene,

Z2,7-di (biphenyl-4-yl)-3,6-di-tert-butylflucrene,

2, 7-bis (2, 4-dimethylphenyl) -3, 6~di~tert-butylfluorene,
2,7-bis{4-chloro-2-methylphenyl) -3, 6—di-tert-butylfluorene,
2,7-di(o-telyl)-£fluorene, 2,7-di{p~fluorophenyl)-flucrene,
2,7-di{p-trifluoromethylphenyl)~fluorene,

2,7-di (p—methoxyphenyl)-flucrene, 2, 7-di (o~ethylphenyl) -fluorene,
2, 7~di (biphenyl-4-yl)-fluorene,

2, 7-bis (2, 4-dimethylphenyl)-fluorene,

2, 7~bis{d-chloro-Z-methylphenyl)-fluorens,
Z2-({o-tolyl) -3, 6-di-tert-butylfluorene,
2-(p—flucrophenyl) -3, 6-di~-tert-butylflucrene,
Z—{p-trifluoromethylphenyl) -3, 6~di~tert-butylfluorene,

2- (p-methoxyphenyl) -3, 6~di-tert-butylfluorene,
2-={o-ethylphenyl) -3, 6~di-tert-butylfluorene,

2—(biphenyl—a—yl)—3,6—di—tert—butylfluorene,
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2-(2,4-dimethylphenyl) -3, é~di-tert-butyifiuorene,
2-{d-chloro-2-methylphenyl) -3, 6~di-tert~butylfluorene,
2—(o—tQLyl)—fluorene, 2~ (p-fluorophenyl)-fluorene,
2-{p—trifluorcmethylphenyl}-fluorene,

Z2- {p-methoxyphenyl)-fluorene, 2—(OMethylphenyl)—fluotene,
2-{biphenyl-4-yl)-fluorene, 2-(2,4~-dimethylphenyl)-fluorene,

2~{d-chloro-2-methylphenyl)~fiucrene, l-{o-tolyl}-fluorene,

2-{p—-fluocrophenyl)-£flucrene, 3~ (p-trifluoromethylphenyl)-fluocrene,

4- (p—methoxyphenyl) -fluorene, 1~ (o-ethylphenyl)~fluorene,

2= (biphenyl-4-yl)-flucrene, 3-(2,4-dimethylphenyl)~fluorene,
4-(d-chlcro-Z~methylphenyl) -fluocrene,

2,7-di(o~tolyl)~3, e~di-tert-butylfluorenone,

2,7-di (p-fluorophenyl) -3, 6-di-tert-butylfluorenone,
2,7—di{p—trifluoromethylphenyl)-3,6~di—text—butyifluorenone,
2, 7-di (p—methoxyphenyl) -3, 6-di~tert~butyifluocrenocne,

2,7-di (o-ethylphenyl} -3, e~di~tert-butylfluorenone,

2,7~di (biphenyl-4-yl) -3, 6~di-tert-butylfluorenone,
2,7-bisg(2,4-dimethyviphenyl}~3, 6-di-tert-butylfluorenone,

2, 7-bis(d-chloro~2-methylphenyl) -3, 6-di-tert-butyifluocrencne,
2,7~di(o-telyl)-flucrencne, 2,7-di(p-fluorcphenyl)-fluorenone,
2,7-di(p-triflucrcmethylphenyl)-flucrenone,

2,7-di {p-methoxyphenyl)-fiuorenone,

2,7-di (o-ethylphenyl)-flucrenone,

2,7=di {biphenyl-4-yl)-fluorenone,
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2,7-pis (2, 4-dimethylphenyl) -flucrenocne,
2,7-bis{4-chloro-2-methylphenyl) —flucrenons,
2-{o-tolyl)-3, é-di-tert-butylfluorencne,
0~ (p-fluorophenyl) ~3, 6-di-tert-butylfluorenone,
2-{p-triflucromethylphenyl}-3,é-di-tert-butyliluocrenocne,
2= {p-methoxyphenyl) -3, 6-di-tert-butyifluorenocne,
2-{o~ethylphenyl) -3, 6-di~tert-butylfluorenone,
Z—(biphenyl-4-vi) -3, é-di-tert-butylfluorenone,
2-1(2,4-dimethylphenyl) -3, 6-ai-tert~butylfluorenone,
2={4-chloro-2-methylphenyl) -3, 6-di-tert-butylflucrencne,
2-{o-tolyly-fluorenone, Z-(p-flucrophenyl)-~fluorenone,
2—-(p-trifluorcomethylphenyl)-fluorenone,
2-{p-methoxyphenyl)-fluorenone, 2-(o-ethylphenyl)-fluorencne,
2-(biphenyl-4-yl)~fluorencne, 2-(2,4-dimethylphenyl)-fluorenone,
2-{4-chloro-Z2-methylphenyl)-fluorenone, 1-{o-tolyl)-fluorenone,
2-(p-fluorcphenyl}-flucrencone,
3-(p-triflucromethylphenyl)-fluorenone,
4- (p-methoxyphenyl)-fluorencne, 1-(o-ethylphenyl)-flucrenone,
2-(biphenyl-4-yl)~fluorenone, 3-(Z,4-dimethylphenyl)-fluorenone
and 4- (4-chloro-2-methylphenyl)~flucrenone.

[0216] The fluorene derivative {(ligand) for use in the
preparationof the transitionmetal compound (al-1) andthe transition
metal compound (al-2) canbepreparedby theuse of the fluorene compound

represented by the formula [77] and the boron compound having a
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substituent represented by the formula [88]. Here, R and R*™® in
the formula [77] correspond to R®%® and R™® in the formula [Al-1] or
R® and R'® in the formulé [Al-2], and the substituent represented
by the formula [88] corresponds to a phenyl group having R'® to R™
and a phenyl group having R¥ o R'™® in the formula [Al-1}, or a phenyl
group having R*® to R™® and a phenyl group having R¥ to R'™ in the
formula [Al-2].

[6217] By the use of the olefin polymerization catalyst
comprising the component (A) satisfying the aforesaid conditions and
the later-described component (B}, the effect of thepresent invention
can be aéhieved.

[0218] In other words, the transition metal compound
component (A} {mixed catalyst) comprises two or more kinds of the
transiticn metal compounds (a) represented by the fecrmula [ARL].
According to such a transition metal compcund component (A), an
a-olefin can be polymerized with a high polymerization activity even
at a temperature of not lower than room temperature, particularly
not lower than 40°C. Morecver, the resulting polymer can be improved
in the molecular weight distribution and in the melting point and
the intrinsic viscosity with a good balance. The expression “high
polymerization activity” means that an activity of such a level that
industrialization is possible is exhibited, and means an activity
of usually 1.0 to 1000 (kg/mmol~cat-hr).

(0219} It is particularly preferable that in the
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transition metal compound component (A} {(mixed catalyst), at least
one kind (one or more kinds) of the transition metal compounds (a)

is a.trans:%_tj;on metal compound (al-1) representedby the formula [Al-1],
or in the transition metal compound component (A) {(mixed catalyst).,

at least one kind {one or more kinds) of the transitionmetal compounds
{a) is a2 transition metal compound (al-2) represented by the formula
[Al-2]. Whenthetransitionmetal compound (al~1) isused, ana-olefin
polymer having a highmolecular weight and a high intrinsic viscosity
can be prepared, and when the transition metal compound (al-2) is
used, an a-olefin polymer having a highmelting point can be prepared.

In this case, if the transition metal compound (al-2) is a transition
metal compound wherein at least one of R*® and R*® in the formula {A1-2]

is selected from a halogen atom and a halogen—-containing hydrocarbon
group or a transition metal compound wherein at least one of R and
R in the formu.la [Al-2-17 is selected from a halogen atom and &
halogen-centaining hydrocarbon group, an o~olefin polymer having a
higher melting point can be prepared.

[0220] Moreover, it isdesirablethat thetransiticonmetal
compound component [(A) (mixed catalyst) contains at least one kind
(one ormore kinds) of the transitionmetal compound (al-1) represented
by the formula [Al-1] and at least one kind {one or more kinds) of
the transitionmetal compound (al-2) representedbythe formula [Al-27.
According to such a transition metal compound component (A) (mixed

catalyst), the molecular weight distribution can be adjusted to a
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more preferred range.

(02217 . Olefin polymerization catalyst

Next, a preferred empodiment of use of the transition metal
compound component {A) for the clefinpolymerization cétalyst in the
present invention 1s described.

10222 When the crosslinked metallocene compound is used
for the olefin polymerization catalyst, the catalyst comprises the
transitionmetal compound component (A} andanorganometallic compound
compoenent (B). The organometallic compound component (B) comprises
one or more kinds of organometallic compounds (b) selected from the
following compounds (b-1), (b-2) and (b-3):

[0223] (p-1) an organcaluminum oxy-compound,

{b-2) acompoundwhich reactswith thetransitionmetal compound
(a} to form an ion pailr,

{b-3) an organoaluminum compound.

The compounds (b~1), (b-2) and (b-3) may be respectively used
singly, or may be respectively used in combination of two or more
kinds. The olefin polymerization catalyst further comprises a
particulate carrier (C} and an organic compound component (D}, when
needed. The components are described below in detaill.

[022473 Organocaluminum oxy-compound (b-1)

As the organcaluminum oxy-compound (b-1} for use in the present
inventicn, hitherto publicly known aluminoxane can be used as it is.

Specifically, there can be mentioned a compound represented by the
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following formula {2]:

[0225]

"Al——07—AIR;

R

[0226] and/or the fcllowing formula [3]:

[0227]

—{-Al—09-

R

- - 12]

. [3]

rgz28) In the formulas 2] and [3}, R i1s a hydrocarbon

group of 1 to 10 carbon atoms, and n is an integer of 2 or more.

In

particular, a compound of the above formula wherein R i1s a methyl

group and n is 3 or more, preferably 10 or more, is preferably used.

In such aluminoxanes, some quantity of an organcaluminum compound

may be contained. A characteristic property of the high-temperature

solution polymerization of the present invention is that such a

benzene-insoluble ocrgancaluminum oxy-compound as given as an example

in Japanese Patent Laid-Open Publication No. 78687/1930 is also
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applicable. Moreover, an corgancaluminum oxy-compound described in
Japanese Patent Laid-Cpen Publication No. 167305/1990, aluminoxane
havingtwoornwrekindsofalkylgroups,whichisdescribedin&épanese
Patent Laid-Open Pﬁblication No. 24701/19%90 and Japanese Patent
5 Laid;Opeﬁ Publication No. 103407/1991, etc. are also preferably
employable. The “benrzene-insoluble” organcaliuminum oxy-compound
used in the high-temperature solution pglymerization_of the present
inventionmeans anorgancaluninumoxy-compoundinwhichanAl component
that is soluble inbenzene at 60°C is contained in an amount of usually
10 notmorethanl0%, preferablynotmorethan 5%, particularlypreferably
not more than 2%, in terms of Al atom and which is insoluble or slightly
goluble in benzene.
[C229] As the crganocaluminum oxy-compound for use in the
presént'invention, there can be also méntioned, for example, such

15 medified methylaluminoxane as represented by the following formula

i47:
[0230]

—AI—0F—Al—O

\ Th © m

Me R . o« [4]
(0231} wherein R is a hydrocarbon group of 1 to 10 carbon atoms,

20  and m and n are each an integer of 2 or more.
This modified methylaluminoxane is prepared by the use of

trimethylaluminum and alkylaluminum other than trimethylaluminum.
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Such a compound of the formula [4] is generally called MMAO. Such
MMAC canbepreparedbyprocessesdescribedinU. 5. Patent No. 4, 360,878
andU.5. PatentNo. 5,041,584, Compounds of the above formula prepared
by the use of trimethylaluminum and triiscbutylaluminum and having
an lsobutyl group as R are commercially produced by Tosoh Finechem
Corporationunder the names of MMAC and TMAC. SuchMMAO is aluminoxane
having been improved in solubility in varicus solvents and storage
stability, andisspecificallyacompoundwhichis scluble inaliphatic
hydrocarbons and alicyclic hydrocarbons differently from compounds
whichare insolubleor slightly sclubleinbenzene, suchas the compound
of the formula [2] or [3].

[0232] As the organcaluminum oxy-compound for use in the
present invention, there can be also mentioned an organcaluminum
oxy-compound contalning boron, which is represented by the following
formula [5]:

[0233]

rd R®
A O—B—0—Al

rA” - g S 1

Qd

[0234] wherein R® is a hydrocarbon group of 1 to 10 carbon atoms,
and each R® may be the same or different and is a hydrogen atom, a
halogen atom or a hydrocarbon group of 1 to 10 carbon atoms.

Such organcaluminum oxy-compounds (b-1) as above may be used
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singly, or may be used as a mixture of two or more kinds.

[0235] Compound (b-2) which reacts with transition metal

compeund {a) to form ion pair

Examples of the compounds (b-2) which react with the transition
metal compound (a) to forman ionpair (scmetimes referred toas “ionic
compounds”hereihafter)includeLewisacid,anioniccompound,aborane
compound and a carborane compcund which are described in Japanese

Patent Laid-Open Publication No. 5019850/1989, Japanese Patent

_Laid—Open Publication No. 502036/1989, Japanese Patent Lald-Open

Publicaticn No. 179005/1991, Japanese Patent Laid-Open Publication

No. 179006/1991, Japanese Patent Laid-Open Publication No.
207703/1991, Japanese Patent Laid-Open Publication No. 207704/1991,

U.S. Patent No. 5,321,106, etc. Moreover, a heteropoly compound and

“an isopoly compound are also included.

[0236] In the present invention, an ionic compound
preferably adepted is a compound represented by the following formula
[(6].

[0237]

RQ

‘ -+ = [6]
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[G238] In the above formula, R* is HY, carbenium cation,
oxonium cation, ammonium cation, phosphonium cation,
cycloheptylitrienyl cation, ferrocenium cation having transition
metal, or the like. R' to R' may be the same as or different from
one another and are each an organic group; preferably an aryl group.

102397 Examples of the carbenium cations include
tri-substituted carbeniumcations, such as triphenylcarbeniumcation,
tris(methylphenyl)carbenium cation and
tris{dimethylphenyl)carbenium cation.

(0624017 Examples of the ammonium cations include
trialkylammonium cations, such as trimethylammonium cation,
triethylammonium cation, tri{n-propyl)ammonium cation,
triisopropylammonium caticon, tri{n-butyl)ammonium cation and
trilsobutylammonium cation; N,N-dialkylanilinium cations, such as
N, N=-dimethylanilinium cation, N,N-diethylanilinium cation and
N,N-2,4, 6~pentamethylaniliniumcation; anddialkylammoniumcations,
such as dilsopropylammontium cation and dicyclohexylammonium cation.

[0241] Examples of the phosphonium cations include
triarylphosphonium cations, such as triphenylphosphonium cation,
tris (methylphenyl)phosphonium cation and
tris (dimethylpheny)phosphonium cation.

[0242) Of the above cations, carbenium cation, ammonium
cationor thelike is preferable asR®, and triphenylcarbeniumcation,

N, N-dimethylanilinium cation or N,N-diethylanilinium cation is
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particularly preferable.

[0z43] Examples of carbenium salts include

triphenylcarbenium tetraphenylborate, triphenylcarbenium

tetrakis{pentafluorophenyl)borate, triphenylcarbenium

C tetrakis{3,5-ditrifluoromethylphenyliborate,

tris (4-methylphenyl)carbenium tetrakis (pentafluorophenyl)borate

and tris{3, 5-dimethylphenyl)carbenium

tetrakis {pentaflucrophenyl)borate.

0244] Asammoniwnsaits,tziaikyl—substitut@dammoni&m
salts, N,N-dialkylanilinium salts, dialkylammonium salts, etc. can
be mentioned.

[0245] Examples of the trialkyli-substituted ammonium
salts include triethylammonium tetraphenylborate, tripropylamonium
tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate,
trimethylammonium tetrakis{p-telyl)borate, trimethylammnoium
tetrakis{o-tolyl)borate, tri({n-butyl)ammonium
tetrakis(pentaflucorophenyl)borate, triethylammenium
tetrakis (pentafluorophenyl)borate, tripropylammonium
tetrakis (pentafluorophenyl)borate, tripropylammonium
tetrakis (2, 4~dimethylphenyl)borate, tri{n-butyl)ammonium
tetrakis (3, 5-dimethylphenyl}borate, tti(n—butyl)ammonium
tetrakis(4~trifluorcmethylphenyl)borate, tri(n-butyl)ammonium
tetrakis(3, 5-ditrifluoromethylphenyl)borate, tri(n-butyl)ammonium

tetrakis(o-tolyl)borate, dicctadecylmethylammonium
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tetraphenylberate, dioctadecylmethylammonium
tetrakis{p-tolyl)borate, dicctadecylmethylammonium

tetrakis (o-tolyl)lborate, dioctadecylmethylammonium
tetrakis({pentaflucrophenyl)borate, dioctadecylmethylammonium
tetrakis{2,4-dimethylphenyl)borate, dioctadecylmethylammonium
tetrakis (3, 5-dimethylphenyl)borate, dioctadecylmethylammonium
tetrakis (4~triflucromethylphenyl )borate,
dioctadecylmethylammonium

tetrakis (3, 5-ditriflucromethylphenyl)borate and
dioctadecylmethylammonium.

[0246] Examples of the N,N-dialkylanilinium salts
inciude N,N-dimethylanilinium Tetraphenylborate,
N,N-dimethylanilinium tetrakis{pentafliuorophenyl)borate,
N,N-dimethylaniliniumtetrakis (3, 5~ditrifluoromethylphenyl)borate,
N,N—diethylanilinium tetraphenylborate, N,N-diethylanilinium
tetrakis (pentafluorophenyl)borate, N,N-diethylanilinium
tetrakis (3, 5-ditrifluoromethylphenyl)borate,

N,N~-2,4, 6-pentamethylanilinium tetraphenylborate and
N,N-2,4, 6-pentamethylaniliniumtetrakis (pentafiuvorephenyl)borate.

[0247] Examples of the dialkylammonium salts include
di(l-propyl)ammonium tetrakis (pentaflucrephenyl)borate and
dicyclohexylammonium tetraphenylborate.

[G248] In addition, ionic compounds disclosed by the

present applicant (Japanese Patent Laid-Open Publication No.
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51676/2004} can be alsc used without any restriction.
[0249] Such ionic compounds (b-2) as above may be used
singly, or may be used as a mixture of two or more kinds.

[0250] Organoaluminum compound (b-3)

The organcaluminum compound (b-3} for forming the olefin
polymerization catalyst is, for example, an organcaluminum compound
represented by the following formula [7] or an alkylated complex
compound ¢f a group 1 metal and aluminum, which is represented by
the following formula [8].

An organoaluminum compcound represented by the formula {7]:

R*GAL (OR®) nHpX (7]
wherein R* and R® may be the same as or different from each other and
are each a hydrocarbon group of 1 fo 15 carbon atoms, preferably 1
to 4 carbon atoms, X 1s a halogen atom, and m, n, p and g are numbers
satisfying the conditions of 0<ms$3, 05n<3, 03p<3, 05g<3 and m+n+p+g=3,

[0251] Examples of such compounds include
tri-n-alkylialuminums, such as trimethylaluminum, triethylaluminum,
tri-n-butylaluminum, trihexyialuminum and trioctylaluminum;
branched chain trialkylaluminums, such as triiscpropylaluminum,
triisobutylaluminum, tri-sec-butylaluminum,
tri-tert-butylaluminum, tri-Z-methylbutylaluminum,
tri-3-methylhexylaluminum and tri-2-ethylhexylaluminum;
tricycloalkylaluminums, such as tricyclohexylaluminum and

tricyclooctylaluminum; triarylaluminums, such as triphenylaluminum
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and tritolylaluminum; dialkylaluminum hydrides, such as
diisopropylaluminum hydride and diiscbutylaluminum hydride;
alkenylaluminmnssuchasisoyrenylaluminumrepresentedbyfheformula
(1~CyHo) AL, {CsHig) » {wherein x, y and z are each a positive number,
and zS2x) or the like; alkylaluminum alkoxides, such as
ischutyvlaluminum methoxide and isobutylaluminum ethoxide;
dialkylaluminum alkoxides, such as dimethylaluminum methoxide,
diethylaluminumethoxideanddibutylaluminumbutoxide; alkylaluminum
sesquialkoxides, such as ethylaluminum sesquiethoxide and
butyialuminunasesquibufoxide; partially alkoxylated alkylaluminums
having an average composition represented by the formﬁla
RaZ.5A1(CRbI0.5 or the like; alkvlaluminum aryloxides, such as
diethylaluminum phenoxide and
diethylaluminum (2, 6—di-t-butyl-4-methyliphenoxide);
dialkylaluminum halides, such as dimethylaluminum chloride,
diethylaluminumchloride, dibutylaluminumchleride, diethylaluminum
bromideanddiisobutylaluminumchloride; alkylaluminumsesquihalides,
such as ethylaluminum sesquichloride, butylaluminum sesguichloride
and ethylaluminum sesquibromide; partially halogenated
alkylaluminums, e.g., alkylaluminum dihalides such as ethylaluminum
dichloride; dialkylaluminum hydrides, such as diethylaluminum
hydride and dibutylaluminum hydride; other partially hydrogenated
alkylaluminums, e.g., alkyialuminum dihydrides, such as

athylaluminum dihydride and propylaluminum dihydride; and partially
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alkoxylated and halogenated alkylaluminums, such as ethylaluminum
ethoxychloride, butylaluminum butoxychloride and ethylaluminum
ethoxybromide.

An alkylated complex compound of a periodic table group 1 metal
and aluminum, which is represented by the formula [8]: |

M*AL1R%, [8]
wherein M° is Li, Na or K, and R* is a hydrocarbon group of 1 to 15
carbon atoms, preferably 1 to 4 carbon atoms.

[0252] Such a compound is, for example, LiAI{CyHs)s or
LiAL (CqHis) 4.

102531 Moreover, a compound analogous to the compound
represented by the formula [8] is alsc employable, and for example,
an organoaluminum compound wherein two or more aluminum compounds
are bonded through a nitrogen atom is employable. An example of such
a compound 1is (C2H5)gAlN(C2H5)A1(62H5)2.

[0254] As the organoaluminum compound (b-3),
trimethylaluminum or triiscbutylaluminum is preferably used from the
viewpoint of ease of obtaining.

[0255] Such organoaluminum compounds (b-3) as above may
be used singly, or may be used as a mixture of two or more kinds.

[0z5¢} The clefin polymerization catalyst for use in the
present invention may contain a carrier (C) when needed, in addition
to the transition metal compound component (A) and the organcmetallic

compound component (B .
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(02571 Carrier (C)

The carrier (C) for use in the present invention is an inorganic
or organic compound and is a granular or finely particulate solid.
As the ilnorganic compound, porous oxide, inorganic chloride, clay,
clay mineral or an ion~exchange layered compound is preferable.

[0258] As the porous oxide, S510,, Al,0;, MgO, Zr0O, TiO,
3,05, Ca0, Zn0, Ba0, ThO; or the like is employable. A composite or
a mixture containing these oxides is alsc employable. For example,
natural or synthetic zeolite, 5i0;-Mg0, $i0;-Al;0s, Si0,~Ti0;, 310,-V:0s,
8i0,=~Cry03, S10,-Ti0.-Mg0, etc. are employable. Of these, porous oxide
containing Si0; and/or Al;C; as a main component is preferable. Such
porous oxides differ from one another in their properties according
to the type and the preparation process. However, the carrier that
is preferably used in the present invention desirably has a particle
diameter of 10 to 300 um, preferably 20 to 200 um, a specific surface
area of 50 to 1000 m*/g, preferably 100 to 700 m?/g, and a pore volume
6f 0.3 to 3.0 cm’/g. Such a carrier is used after it is calcined at
a temperature of 100 to 1000°C, preferably 150 to 700°C, when needed.

[G259] As the inorganic chloride, MgCl,, MgBrs, MnCl,,
MnBr, or the iike is used. The inorganic chloride may be used as it
is, ormaybeusedafter it ispulverizedbyaballmillorancscillating
mill. Also employable is a substance in the form of fine particles
obtained by dissolving the inorganic chloride in a solvent such as

an alcohol and then precipitating fine particles from the solution



10

15

20

SF-2099 93

using a precipitant.

[0260] The clay for use in the present invention usually
comprises clay mineral that is a main component. The ion-exchange
layeared compound for use in the present inventicon 1s a compeund having
a crystal structure wherein faces made by ionic bonding or the like
are laid one upon another in parallel with a weak bonding force, and
icns ccntained are exchangeable. Most of clay minerals are
ion~exchange lavered compounds. These clay, clay mineral and
ion-exchange layered compound are not limited to natural ones, and
artificial synthetic ones are also employable. As the clay, the clay
mineral or the ion-exchange layered compound, c¢lay, clay mineral or
an ionic crystalline compound having a layered crystal structure,
such as hexagonal close packing type, antimony type, CdCl2 type or
CdIZ type, can bementlioned. Examplesof such ¢lays andclayminerals
include kaolin, bentonite, Kibushi clay, gairome clay, allophane,
hisingerite, pyrophyllite, mica group, montmorillonite group,
vermiculite, chlorite group, palygorskite, kaolinite, nacrite,
dickite and hallioysite. Examples of the lon-exchange layered
compounds include crystalline acid salts of polyvalent metals, such
as c-Zr {HAsCy) > * H:0, «~Zr (HPO.) 2, o~Zr (KPOs): * 3H:O, o~Ti{HPO4) -,
a~T1 (HASCs) 2 * HoO, o~Sn (HPOs)o * HoO, yv-Zr (HPQ4),, v-Ti(HPO4 ), and
v=T1 (NHsPOs)» = HoO. It is also preferable to subject the clay and the
clay mineral for use in the present invention to chemical treatment.

As the chemical treatment, surface treatment to remove impurities
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adhering to the surface, treatment having influence on the crystal
structure of clay, or the like can be used. Examples of such chemical
treatments include acid treatment, alkali treatment, salts treatment
and organic substance treatment.

(0261} The ion-exchange layered compéund for use in the
present invention may be a layered compound which is in such a state
that spaces between layers are enlarged by exchanging exchangeable
ions between layers for different large bulky ions utilizing ion
exchange properties. Such a bulky ion plays a pillar-like role to
support the layer structure, and is usually called a pillar.
Introduction of another substance into the space between layers is
referred to as “intercalation”. Examples of guest compounds to be
intercalated include cationic inorganic compounds, such as TiCl1l4 and
ZrCl4, metallicalkoxides, such as Ti (OR)y, Zr{OR),4, PO(OR)3and B(OR) 4
(R is a hydrocarbon group or the 1ike), and metallic hydroxide ions,
such as [Al3304{0H)24]7", [Zrs{OH) 141" and [Fe;O(0OCOCH;)4]7. These
compounds are used singly or in combination of two or more kinds.
When sucha compound is intercalated, apolymerizationproduct obtained
by hydrolyzing metallic alkoxide, such as S1(0OR)4, AL(OR):z or Ge (OR)y
(Risahydrocarbongrouporthe like), oracclloidal inorganic compound,
such as Si0;, may be allowed to coexist. The pillar is, for example,
anoxide formedbycarryingout thermal dehydrationafterintercalation
of themetallichydroxide ions between layers. Of the above inorganic

compounds, preferable are clays and clay minerals, and particularly
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preferable are montmorillonite, vermiculite, pectolite, taeniolite
and synthetic mica.

[0z62] ' As the organic compound, a granular or finely
particulate solid having a particle diameter of 10 to 300 um can be
mentioned. Examples of such solids include (co)polymers formed by
using, as a main component, an o~olefin of 2 to 14 carbon atoms, such
as ethylene, propylene, l-butene or 4-methyl-l-pentene, (co)polymers
formed by using, as a main component, vinylcyclohexane or styrene,
and modification products thersof.

roz2e3] Such carriers () as above may be used singly,
or may be used as a mixture of two or more kinds.

[0264] The clefin polymerization catalyst for use in the
present invention may contain an organic compound component (D), in
addition teo the transiticn metal compound component (A}, the
organcmetallic compound component (B) and the carrier (C) that is used
when needed.

[0265] Crganic compound component (D}

In the present invention, the crganic compound component (D)
is used when needed, for the purpcse of improving polymerization
performance and properties of the resulting polymer. Examples of
such organic compounds include alcohels, phenclic compounds,
ca%boxylic acids, phosphoric acids and sulfonic acid salts, but the
organic compounds employable are not limited to these compounds.

[026¢8] Such organic compound components (D) as above may
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be used singly, or may be used as a mixture of two or more kinds.

02671 In the polymerization, the way of use and the order
of addifion cf the above components are arbitrarily selected, and
such methods as bslow can be mentioned.

[0268] (1) Amethodof addingthe transitionmetal compound
{a) alone to the polymerizer.

[0269] (2) Amethodof addingthetransitionmetal compound
{a) and the organcmetallic compound (b) tc the polymerizer in an
arbitrary order.

[0270] (3) A method of adding a catalyst component in
which the transition metal compound (a) has been supported on the
carrier {C}, and the organometallic compound (b) to the polymerizer
in an arbitrary order.

[0271] (4) A method cof adding a catalyst component in
which the organometallic compound (b) has been supportedonthe carrier
{CYy, and the transition metal compound (a) to the polymerizer in an
arbitrary order.

10272] (5) A method of adding a catalyst component in
whichthetransitionmetal compound {a) andtheorgancmetallliccompound
(b} have been supported on the carrier (C) to the polymerizer.

[0273] In the above methods (1) to (5), at least two or
more of the catalyst components may be contacted with each other in
advance.

[(0274] In the methods (4) and (5) wherein the



1¢C

15

20

SE-2099 97

organocmetallic compound (b) has been supported, the organcmetallic
compound (b} that is not supported may be added in an arbitrary order,
when needed. In this case, these organometallic compounds (b} may
be the same as or different from each other.

[0275] On the solid catalyst component in which the
transition metal compound (a) has been supported on the component
(C) and on the solid catalyst component in which the transition metal
compound (a) and the organometallic compound (b} have been supported
o1 the component {(C}, an olefin may have been prepolymerized, and
on the thus prepolymerized solid catalyst components, a catalyst
component may have been further supported.

[0276] Inthepreparationprocessof the present invention,
it is also preferable to use the transition metal compound {al-1)
and the transition metal compound (al-2) in the supported form.

102771 The quantity ratio between the transition metal
compound {al-~1l) and the transition métal compound (al-2Z} used can
be arbitrarily determined from the molecular weight and the melting
point of an olefin polymer to be prepared. Specifically, the molar
ratio (charge molar ratic) of the transition metal compound {al-1)
to the transition metal compound (al-2) is preferably
O.GSé(alwl)/(al—2)$20,_more preferably 0.10$(al-1)/(al-2}320,
particula;ly preferably 0.1£(al-1)/{al-2)=10. The reason why the
molar ratio is preferably in a given range is that themolecular weight

distribution of the clefin polymer is narrowed.
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02781 Preparation of olefin polymer

In the process for polymerizing an olefin according to the
present invention, an olefin is homopolymerized oﬁ copelymerized in
the prasence of such an clefin polymerization catalyst as above to
chtain an olefin polymer.

[0279] In the present invenition, the polymerization can
be carried out by any of liguid phase polymerization such as solution
polymerization or suspension polymerization and gas phase
polymerization. Examples of inert hydrocarbon media (inert
hydrocarbon solvents) used in the liquid phase polymerization include
aliphatic hydrocarbons, such as propane, butane, pentane, hexane,
heptane, octane, decane, dodecane and kerosine; alicyclic

hydrocarbons, such as cyclopentane, cyclohexane and

methyleyclopentane; aromatic hydrocarbons, such as benzene, toluene

and xviene; halogenated hydrocarbons, such as ethylene chloride,
chloropenzene anddichloromethane; andmixtures of these hydrocarbons.
An olefin itself may be used as a solvent.

f0280] When the polymerization of an olefin is carried
out using such an olefin polymerizaticn catalyst as above, the
transitionmetal compound component (A) isused inan amount of usually
107% to 107! mol, preferably 1067 to 1072 mol, based on 1 liter of the
reaction volume.

[0281) The organocaluminum oxy-compound (b~1) is used in

such an amount that the molar ratio [(b-1)/M] of the organocaluminum
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oxy-compound {b-1} to all the transition metal atoms (M) in the
transitionmetal compounds (a) becomesusually (.01 to 5000, prefarably
.05 to 2000. The ionic compound (b-2) is used in such an amount
that the molar ratio [ (b-2)/M] of the ionic compound (b-2) to the
transition metal atoms (M) in the transition metal compounds  (a)
becomesusuallyltoll, preferably 1to5. Theorganoaluminumcompound
(b~3) is used in such an amount that the molar ratio [(b-3)/M] of
the aluminum atom in the organcaluminum compound (b-3) to all the
transition metals (M) in the transition metal compounds {(a) becomes
usually 10 to 5000, preferably 20 to 2000. The above molar ratiocs
are calculated using the number of moles of all the transition metal
atoms (M) in the transition metal compounds {(a), that is, the total
of the numbers of moles of the transition metal atoms (M) contained
in two or mere kinds of the transition metal compounds {a).
[0282] When the organometallic compound component (B)
is the organcaluminum oxy-compound (b-1), the organic compound
coemponent (D) isusedin such an amount that themolar ratio [(D)/ (b-1)]
becomes usually 0.01 to 10, preferably 0.1 to 5. When the
organcmetallic compound component (B} is the ionic compound (b-2),
the organic compound component (D) is used in such an amount that
the molar ratic [(D)/(b-2)] becomes usually 0.01 to 10, preferably
0.1 to 5. When the organometallic compound ceomponent (B) is the
organcaluminum compound (b-3}), the organic compound component (D)

is used in such an amcunt that the molar ratic [(D}/(b-3)}1 becomes
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tsually .01 to Z, preferably 0.005 to 1.

[0283] The temperature of polymerization of an olefin
using such anoclefinpolymerization catalyst is inthe range of usually
-50 to +200°C, preferably 40 to 170°C, more preferably 50 to 170°C,
particularly preferably 60 to 150°C. This particularly preferred
range 1s a temperature range suitable for industrialization.

[0284] The polymerization pressure is in the range of
usually normal pressure to 10 MPa gauge'pressure, preferably normal
pressure to 5 MPa gauge pressure.

[0285] The polymerization reaction can be carried out
byanyof batchprocass, semi-continucusprocess andcontinuousprocess,
It is also possible to carry out polymerization in two or more stages
different in reaction conditions.

[028e6] The molecular weight of the resulting olefin
polymer can be controlled by allowing hydrogen to exist in the
polymerizaticn system or by changing the polymerization temperature.
Moreover, the molecular weight can be controlled by the amount of
the crgancometallic compound component (B) used. When hydrogen is
added, the amount thereof is preferably about 0.0C1 to 100 NL based
on 1 kg of the olefin.

[0287] According to the present inventicn, for example,
a propylene polymer having a high melting point, a high molecular
weight and a narrow molecular weight distribution can be obtained

even under the conditions of a polymerization temperature ¢f not lower
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than 40°C.

[0288] In the present invention, the olefin fed for the
polymerization reaction isone crmoremonomers selected fromethylene
and o~olefins., In other words, at least one monomer selected from
a-colefins of 2 or more carbon atoms (ethylene and w-olefins of 3 or
more carbon atoms) 1s polymerized in the present invention.

[0289] Examples of the a-olefins of 3 or more carbon atoms
include straight—chair1or‘brancheciu~olefiné of 3 to 20 carbon atoms,
preferably 3 tol0carbonatoms, suchaspropylene, 1-butene, Z-butene,
l-pentene, 3-methyl-li-butene, l-hexene, 4-methyl-l-pentene,
3-methyl-~l-pentene, il-octene, l—décene, l-dodecene, l-tetradecene,
l-hexadecene, l-octadecene and l-eicosene.

[0250] In the polymerization process of the present
invention, the o~olefins also include cycloolefins of 2 to 30 carbon
atoms, preferably 3 to 20 carbon atoms, such as cyclopentene,
cycloheptene, norbornene, S-methyi-2-norbornene,
tetracyclododecene and
Z2-methyl-1,4,5,8-dimethano-1,2,3,4,4a, 5,8, 8a-octahydronaphthalen
e; and polar moncmers, e.9., o, f-unsaturated carboxylic acids, such
as acrylic acid, methacrylic acid, fumaric acid, maleic anhydride,
ltaconic acid, itaconic anhydride and
bicycle(2,2,1)-5-heptene-2,3-dicarboxylic anhydride, and metallic
salts thereof, such as sodium salts, potassium salts, lithium salts,

zincsalts, magnesiumsaltsandcalciumsalts thereof; o, P-unsaturated
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carpboxylic acid esters, such as methyl acrylate, n-butyl acrylate,
n-propyl acrylate, isopropyl acrylate, n-butyl acrylate, iscbutyl
acrylate, tert-butyl acrylate, Z2-n-butylhexyl acrylate, methyl
methacrylate, n-butylmethacrylate, n-propylmethacrylate, isopropyl
methacrylate, n-butyl methacrylate and isobutyl methacrylate; vinyl
esters, suchasvinyl acetate, vinyl propionate, vinyl caproate, vinyl
caprate, vinyl laurate, vinyl stearate and vinyl trifluorcacetate;
and unsaturated glycidyls, such as glycidyl acrylate, glycidyl
methacrylate and itaconic acid monoglycidyl ester.

[0291] The polymerization may be promoted by allowing
vinylcyclohexane, diene or polyene; an aromatic vinyl compound, e.qg.,
mono- or polyalkylstyrene, such és styrene, o-methylstyrene,
m-methylstyrene, p-methylstyrene, b,p—dimethylstyrene,
o~n~butylstyrene,nhn—butylstyreneofp—n—butylstyrene;afunctional
group-containing styrene derivative, such as methoxystyrene,
ethoxystyrene, vinylbenzoic acid, methyl vinylbenzoate, vinyl benzyl
acetate, hydroxystyrene, o-chlorostyrene, p-chlorostyrene or
divinylbenzene; 3-phenylpropylene, 4-phenylpropylene,
o-methylstyrene, or the like to coexist in the reaction system.

[0292] Of these, propylene is preferably contained in
the monomers. That is to say, it is preferable that propylene only
is used as the monomer or propylene and at least one monomer selected
from ethylene and co-olefins of 3 or more carbon atoms are used as

themconomers. Asthemonomer (anothero~clefin) which isusedtogether
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with propyiene, more preferable is ethylene, l-butene, 2Z-butene,
l-pentene, 3-methyl-l-butene, l-hexene, 4-methyl-l-pentene,
3-methyl-l-pentene, l-octene, l-decene, 1-dodecene, l-tetradscene,
l-hexadecene, l-octadecene, l-eicosene, cyclepentene, cycloheptene,
norbornene, S5-methyl-Z-norbornene, tetracyclododecene,
2-methyl-1,4,5, 8-dimethano-1,2,3,4,4a,5,8,8a-cctahydreonaphthalen
e or the like, and still more preferably used is ethylene, l-butene,
4-methyl-1-pentene, l-hexene, l-octene or l-decene. It 1is
particularly preferable to use propylene only as the above monomer.

r0ze3] When propylene and another o-olafin are used as
the monomers, it is preferable to use propylene and another a-olefin
in such amcunts that the amount of constituent units derived from
propylene in the resulting o-olefin polymer becomes less than 100%
by mol but not less than 30% by mol, preferably less than 100% by
mol but not less than 40% by mol, more preferably less than 100% by
mol but not less than 51% by mol, and the amount of constituent units
derived from ancther o-clefin becomes more than 0% by mol but not
more than 70% by mol, preferably more than 0% by mol but not more
than 60% by mocl, more preferably more than (0% by mol but not more
than 49% by mol.

(02941 OClefin polymer

Next, the clefinpolymer ocbtained by the polymerizaticnprocess
according to the present invention is described. The olefin polymer

obtained by polymerizing an olefin in the presence of the olefin
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polymerization catalyst of the present invention has the following
twe characteristics.

[6z255] Characteristic 1

Theweight-averagemolecularweight (Mw) and the number-average
molecularwelght (Mn), as determined by gel permeation chromatography
{GPC), satisfy the relationship of 1SMw/Mn<3.

[029¢6] The colefin polymer obtained by polymerizing an
olefininthepresenceoftheaforesaidolefinpolymerizationcatalyst
has arelativelynarrowmolecular weight distribution. InGPC, Mw/Mn
can be arbitrarily determined from the melting point and the molecular
weightoftheolefinpolymertobeprepared,butpreferableislSMw/Mn£3,
more preferable is lﬁMw/MnSZ.é, and particularly preferable is
18Mw/Mn$2.8. When the olefin polymer prepared has a narrowmolecular
weight distribution, there is an advantage that the compatibility
can be made homogeneous.

(0297 Tt is also desirable that tThe molecular weight
distribution (Mw/Mn) of the olefin polymer cbhtained by polymerizing
an olefin in.the presence of the aforesaid olefin polymerization
catalyst is in the range of preferably 2.01 to 3.00, more preferably
2.62 to 2.90, still more preferably 2.03 to 2.80. When the molecular
welght distribution is well-balanced as above, that is, in the case
of 2.03£MW/MnSZ.80, molding processability can be enhanced. The
balance of the molecular weilght distribution can be adjusted to a

more preferred range by using two or more kinds of the transition
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metal compounds (a) represented by the formula [Al]. Moreover, by
using the transition metal compound (a) represented by the formula
[Al~1] and Che transitionmetal compound (a) representedby the formula
[Al-2] in combination, the balance can be adjusted to a still more
preferred range.

102981 The second characteristic of the clefin polymer
is described below.

[0299] Characteristic 2

The olefin pcolymer obtained by polymerizing an olefin at a
polymerization temperature of not lower than 40°C in the presence
of the afcoresaid olefin polymerization catalyst has a melting point
(Tm), as determined by DSC, of Tm2150°C and an intrinsic viscosity
(In]) of [n1{dl/g)=21.50. If the polymerization temperature in the
olefinpolymerizationisraised, ameltingpoint andamolecularweight
of the resulting olefin polymer are generally lowered. According
to the olefin polymerization catalyst, an olefin polymer having a
melting point (Tm) of Tm2150°C and an intrinsic viscosity (in]) of
n] (d1/g)21.50 can be prepared even at a temperature at which
industrialization 1s possible.

[0300] The colefin polymer has a high melting point and
a high molecular weight (namely high intrinsic viscosity). BAs for
the melting point and the molecular welight of the olefin polymer,
Tm2150°C and [n} {dl/g)21.50 are preferable, Tm2151°C and

nl(dl/g)21.51 are more preferable, and Tm2151°C and [n] {dl/g)=21.52
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are particularly preferable. The upper limit of Tmis usually 17C°C,
and the upper limit of [n] is usually 10 dl/g. If the melting point
of the olefin polymer prepared.is high, molding preocessability can
be enhanced. When the melting point of the olefin polymer is not
lower than 150°C, the olefin polymer eghibits favorable molding
processability. Ifth@nwlecularweightishigh,strengthahdnwlding
processability of the olefin polymer can be enhanced. When the
molecular weight is high, that is, in the case of [n](dl/g)21.50,
the olefin polymer exhibits favorable strength and molding
processability.

[0301] The olefin polymer obtained by polymerizing an

olefin at a polymerization temperature of not lower than 40°C in the

presence of the aforesaid olefin polymerization catalyst preferably
further has the following characteristic.

[0302] The number-average molecular weight (Mn} as
determined by gel permeation chromatography (GPC) is in the range
of preferably 50000 to 500000, more preferably 52500 to 500000, and
the weight-averagemolecular weight (Mw) is in the range of preferably
100000 teo 1000000, more preferably 110000 to 1000000. When Mn and
Mw are high, that is, in the case of Mn252500 and Mw2110000, the clefin
polymer exhibits favorable strength andmolding processability. The
value of melt flow rate (MFR) (g/10 min) is in the range of preferably
0.01 to 10, more preferably 0.0l to 7, still more preferably 0.01

to €. When MER is low, that is, in the case of MFRSE, the olefin



10

15

20

SF-2099 107

polymer exhibits favorable strength and molding processability. The
sterecregularity (rrrr) as determined by NMR is in the range of

preferably 80% to 100%, more preferably 85% to 100%. When the

sterecoregularity (rrrr) is high, that is, in £he case of

sterecregularity (rrrr)285%, moiding processability canbe enhanced.

Examples
{03031 The present invention is further described with
reference to the following examples, but it should be construed that

the present invention is in no way limited to those examples.

[C304] Measuring methods

First, methods for measuring properties and characteristics
of polymers obtained by polymerization of an olefin in the presence
of a catalyst containing the aforesaid transition metal compound are
described.

[0305] The compounds described in the synthesis examples
were identified by the use of 270MHz 'H-NMR (JEOL GSH-270) and FD-mass
spectrometry (FD-MS) (JEOL SX-102A).

[0306] Intrinsic viscosity [n]

The intrinsic viscosity is a value measured at 135°C using a
decalin sclvent. That is to say, granulated pellets of about 20 mg
were dissolved in 15 ml of decalin, and a specific viscosity nsp was
measured in an oil bath at 135°C. To this decalin solution was added

5ml of a decalin solvent to dilute the sclution, and then a specific
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viscosity nsp was measured in the same manner as above. Thisdilution
operation was further repeated twice, anda value of nsp/C given when
the concentration {C) was extrapolated to 0 was taken as an intrinsié
viscosity.

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

Weight-average molecular weight (Mw), number-average molecular

weight (Mn), molecular weight distribution (Mg/Mn)

The weight-average molecular weight (Mw), the number-average
molecular welght (Mn) and the molecular weight distribution (Mw/Mn)
were measured in the following manner using a gel permeation
chromatograph Alliance GPC-2000 model manufactured by Waters
Corporation. As separation columns, two of TSKgel GNH6-HT and two
of TSKgel GNHG-HTL were used, and each of them had a column size of
a diameter of 7.5 mm and a length of 300 mm. The column temperature
was 140°C. As a mobile phase, o-dichlorobenzene (Wake Pure Chemical
Incdustries, Ltd.) was used, and as an antioxidant, BHT (Takeda
Pharmaceutical Co., Ltd.) of C.025% by weight was used, and the sample
was moved at 1.0 ml/min. The sample concentration was 15 mg/10 ml,
and the amount of the sample pouredwas 50C0microliters. Asadetector,
adifferential refractometerwasused. Asstandardpolystyrenehaving
a molecular weight of Mw<1000 and standard polystyrene having a
molecular weight of Mw>4x10%, those available from Tosch Corporation
were used, and as standard polystyrene having a molecular weight of

1000<Mws4x10°% polystyrene available from Pressure Chemical Company
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wasused. Themolecularweight distributionandthe averagemolecular
waelght were calculated in terms of polypropylene molecular weight
in accordance with the procedure of general purpose calibration.

[6307] Melting point (Tm), crystallization temperature (Tc),

guantity of heat of fusion {AH({Tm)), guantity of heat of

crystallization {(AH(Tg))

Using DSC Pyrisl or DSCT7 manufactured by Perkin Elmer Inc.,
in an atmosphere of nitrogen (20 ml/min), a sample of about 5 my was
heated up to 200°C, held for 10 minutes and then cooled down to 30°C
at 10°C/min. The sample was maintained at 30°C for 5 minutes and
then heated up to 200°C at 10°C/min. From the peak top of the
crystallization temperature peak in the cooling, a crystallization
temperature (Tc) was determined, and from the integrated value of
the peak, a quantity of heat of crystallization (AH{Tc) (J/qg)) was
calculated. From the peak tcop of the crystal melting peak in the
heating of the second time, a melting point (T,) was determined, and
from the integrated value of the peak, a gquantity of heat of fusion
(AH(Tny (J/g)) was calculated.

[0308] When two peaks were cobserved with regard to the
propylene~-based polymers described in the examples, the peak on the
lower temperature side was taken as Tn, the pesak on the higher
temperature side was taken as Ty, and the Ty was defined as a melting
point (Tn) .

[0309] Steracregularity (rrrr)
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The stereoregularity (rrrr) was calculated from the “C-NMR

spectrum measurement.

[0310] MFR (melt flow rate)

The polymer was heated at 230°C for 6 minutes, and then
measurement of a melt flow rate was carried out under a load of 2.16
kg.

[0211] Solvent

The types of solvents for soluticn polymerization, which were
used in the examples of the present invention and the comparative
examples described later, are as follows.

Cyclohexane

n-Heptane

Solvent A: mixed solvent consisting of n—-hexane {60 to 65% by
volume), ischexane (10 to 1%% by volume), methylcyclopentane (18 to
22% by volume) and other aliphatic hydrocarbon components (0 to 3%
by volume)

(02127 Catalyst

The catalysts (b) to {e) were synthesized by the processes
described in the fellowing patents:

Japanese Patent Laid-Open Publication No. 21215%4/20C0,
Japanese Patent Laid-Open Publicaticon No. 168744/2004, Japanese
Patent Laid-Open Publication No. 189666/2004, Japanese Patent
Laid-Open Publication No. 1619575/2004, Japanese Patent Laid-Open

Publication No. 302854/2007, Japanese Patent Lald-Open Publicaticn
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Ne. 30285372007 and WO01/027124 pamphlet.

;...,l

(0313] Catalyst (a}:
dibenzylmethylene (cyclopentadienyl) [2, 7-di (o-methylphenyl) -3, 6-d
i-tert-butylfluorenyljzirconium dichloride

Catalyst (b}:
dibenzylmethylene (cyclopentadienvyl) (2, 7-di{p-chlcorophenyl) -3, 6-d
i-tert-butylfluorenyl]zirconium dichloride

Catalyst (<C):
di{p=chlorobenzyl)methylene (cyclopentadienyl) [2, 7-diphenyl-3, 6~d
i-tert-butylfluorenyl]zirconium dichloride

Catalyst (d):
dibenzylimethylene (cyclopentadienyl} (2, 7-diphenyl-3, 6-di-tert-but
y1lfluorenyl)zirconium dichloride

Catalyst (e):
dibenzylmethylene {cyclopentadienyl) (3, 6~di-tert-hutylflucrenyl)z
ircenium dichloride

Catalyst (f}:
di({p-chlorobenzylimethylene (cyclopentadienyl) [2, 7-di (o-methylphe
nyl)=3,6-di-tert-butylfluorenyl]zirconium dichloride

Catalvst {(g}:
diphenylmethylene (cyclopentadienyl} (2, 7-diphenyl-3, é-di-tert-but

ylfluorenyl)zirconium dichloride

Synthesis Example 1
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Catalyst (a):
dibenzylmethylene(cyclopentadienyl)[2,7—di(o—m§thylphenyl)—3,6—d
i-tert-butyiflucrenyllzirconium dichloride
(1} Synthesis of Z,7-dibromo~3, 6-di-tert~butylfluorens

In a stream of nitreogen, to 15.22 g (54.7 mmol) of
3,6-di-tert~pbutylfluorene was added 170 ml of propylene carbonate,
and they were stirred. Toc this solution, 20.52 g (115 mmol} of
N-bromosuccinimide was added. The resulting solution was stirred
under heating at 80°C for 5 hours. After the reaction sclution was
naturally allowed to cool, the solution was added te 800 nl of water,
The resulting sclution was stirred at room temperature for 15 minutes
and filtered using a Kiriyama funnel. The resulting white yellow
powder was washed with 10 ml of ethanol five times. To this white
yvellcw powder, a mixed solution of hexane and a small amount of
dichloromethane was added, and they were heated to 60°C to dissolve
all the powder. The resulting scolution was allowed to stand still
at -20°C for one night. The crystals precipitated were washed with
5 ml of hexane three times to cbtain a desired product as a white
yvellow powder.

[0314) Yield: 21.1 g, 76%

[0315] 'H NMR (270 MHz, CDCls): &/ppm 1.60 (18H), 3.75
(2H), 7.73 (2H), 7.81 (2H); MS (FD): M/z 436 (M)
(11} Synthesis of 2,7-di(o-tolyl)-3,6-di-tert-butylilucrene

In a stream of nitrogen, 5.0 g {11.5 mmcl) of
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3,6-di-tert~butyl-2, 7-dibromoflucrene, 135 mg (0.60 mmol) of
palladium(II) acetate, 603 mg (1.72 mmol) of
(2~biphenyl)dicyclohexylphosphine, 14.5 g (68.3 mmol} ¢f potassium
phosphate, 4.7 g {34.6 mmol) of o-tolylboronic acid and 100 ml of
THF were placed in a reaction container, and with stirring them at

room temperature, 25 ml of water was slowly drowise added. After

the dropwise addition, the reaction solution was heated up to 50°C,

and with stirring, the soll.,l.tion was heated for 10 hours. Thereafter,
the reaction sclution was quenched with 1IN hydrochloric acid, and
a soluble matter was extracted with ether. The organic phase was
washed with water, a sodium hydrogencarbonate agqueous solution and
a saturated saline scolution. Thereafter, the thus washed organic
phase was driedusing magnesium sulfate, and the solvent was distilled
off to obtain an unpurified desired product. The conversion ratio
as measured by HPLC was 86%.

[0316)] In a beaker, 200 ml of methancl was placed, and
the resulting unpurified desired product was dropwise added to the
methanol to obtain a precipitate. The resulting precipitate was
filtered through a Kiriyama funnel, and methancl was evapcrated under
recduced pressure to obtain 3.96 g (8.63 nmol, isclation yield: 76%)
of 2,7-di (o-tolyl) -3, 6~di-tert-butylfluorene as an isclated desired
product .

[C317] The results of identification of the desired

product obtained are as follows.
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[0318] 'H NMR (270 MHz, CDCls): 3 1.27 (18KH), 2.07

o

6H} ,

3.79 (2H}, 7.07 (2H), 7:19-7.25 (BE), 8.00 (2H); MS (FD): .m/z 458

r0319] {iii) Synthesis of 6, 6-dibenzylfulvene

In an atmosphere of nitregen, 8,0 g (121.0 mmol) of
cyclopentadiene and 100 ml of dehydrated THF were placed in a 500
ml three-necked flask, and they were stirred. This mixed solution
was cooled in an ice bath, and to the mixed scolution was added 80
ml (125.6 mmol) of a hexane solution of n-butyllithiuvm having a
concentrationof 15.7mel/liter. Thereafter, themixturewas stirred
at room temperature for 3 hours, and the resulting white slurry was
cooled in an ice bath, followed by adding a solution obtained by
dissoliving 25.0 g (118.0 mmol) of 1, 3-diphenyi~Z-propanone in 50 ml
of dehydrated THF. Thereafter, the mixture was stirred at room
temperature for 12 hours, and the resulting yellow sclution was
gquenched with a saturated NH,Cl agueous solution. Then, 100 ml of
hexane was added to extract a soluble matter, and this organic phase
was washed with water and a saturated saline solution, followed by
drying usingmagnesium sulfate. Then, the solvent wasdistilledoff,
and the residue was purified by column chromatography to obtain a
desired product of a yellow solid.

[0320] Yield: 3.7 g, 12%

[0321] 'HNMR (270 MHz, CDCls): &8/ppm 3.69 (4H), 6.60-6.72

(4H)y, 7.13-7.32 (10H)
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(iv) Synthesis of
dibenzylimethylene (cyclopentadienyl) (3, é-di~tert-butyl-2, 7-di-o-t
olyifluorene)

In a stream of nitrcgen, to 0.92 g (2.00 mmel) of
3,6-di~tert-putyl-2,7-di-o-tolylfluorene was added 40 ml of
anhydrous tBuOMe, and they were stirred. This solution was coocled
in an ice bath, and 1.45 ml (2.2C mmol) of a hexane soluticn of
n-butyllithium of 1.52 M was added. The mixture was stirred at room
temperature for 4 hours. The resulting red solution was cooled in
an icebath, andascluticonof 0.58¢qg (2.24mmol) of 6, 6-dibenzylfulvene
in 20 ml of THE was dropwise added over a period of 25 minutes. With
slowly heating the resulting solution up to room temperature, the
solutionwas stirred for 18 hours, followed by refluxing under heating
for 3 hours. The resulting black red solution was naturally allowed
to coel, and then in an ice bath, 1N hydrochloric acid was added to
terminate the reaction. Etherwasaddedtoperformliguidseparation,
then the agueous layer was extracted with diethyl ether twice, and
the resulting extract was mixed with the organic layer previously
obtained. The resulting organic layer was washed with a saturated
scdiumhydrogencarbonate aguecus solutiontwice, thenwithwater twice,
then with a saturated saline solution once and dried using magnesium
sulfate. Thescolventwasdistilledoff, and the residue was separated
bysilicagel chromatography toobtainayellowpowder. Tothisvellow

powder, a mixed solvent of hexane and ethancl was added, and they
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were heated to 60°Ctodissolveall thepowder. The resultingsolution
was allowed to stand still at -20°C for one night. The crystals
precipitated were washed with ethanol to obtain a desired product
as a lighi vellow powder.

[0322] Yield: 0.57 g, 40%

[0323] "M NMR (270 MHz, CDCls): &/ppm 1.21-1.23 (18H),
1.96-2.19 {(6H), 2.66 (1H}, 3.06-3.34 (4H), 4.45 (1H), 5.80~6.48 (4H),
6.75-7.20 {(20H), 7.64-7.79 {2H); MS (FD): M/z 716 (M")

(v) Synthesis of |
dibenzylmethylene (cyclopentadienyl) (3, 6-di-tert-butyl-2, 7-di-o-t
olylfluorenyl}zirconium dichloride

In an atmosphere of nitrogen, 0.36 g (0.50 mmol) of
dibenzylmethylene (cyclopentadienyl) (3, 6-di-tert-butyl-2,7-di-o-t
olylfluorene) and 25 ml of anhydrous diethyl ether were placed in
a50ml Schlenk flask, andtheywerestirred. Thismixedslurrysolution
was cooled inan ice bath, then 0.72ml (1.0%2mmol) of a hexane solution
of n-butyllithium having a concentrationof 1.52 mel/liter was added,
and with slowly heating the resulting solutionup to roomtemperature,
the solution was stirred for 48 hours. This red reaction soclution
was cooled (-78°C) in a dry ice/methanocl bath, and then 0.251 g (1.08
mmol) of zirconium tetrachloride was added. Thereafter, with slowly
heating the mixture to room temperature, the mixture was stirred for
16 hours to obtain a red crange suspension.

{0324 After the scolvent was vacuum dried, the residue
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was dissclved in hexane in a globe box, and the resulting solution
was passed through a fritted glass fugnel,packed,witkgCelite and then
washed with hexane. The corange powder which had not been dissolved
in hexane was extracted with dichloromethane. The solvent of the
dichloromethane solution portion was distilled off, and the residue
was washed with diethyl ether/cold pentane. The resulting substance
was dried to obtain a desired product as a dark pink powder.

[0325] Yield: 167 mg, 38%

[0326] 'HONMR (270 MHz, CDCls): o/ppm 1.28-1.33 (18H),
1.68-2.16 (6H), 3.34-4.30 (4H), 5.73-5.82 (2H), €.45-6.48 (2H),

6.95-7.30 (18H), 7.48 (2H), 8.37-8.41 (2H); MS (FD): M/z 876 (M")

Synthesis Example 2

Catalyst (f):
di {p~chlorobenzyl)methylene (cyclopentadienyl) [2, 7-di (o-methylphe
nyl)-3,6-di-tert-butylfluocrenyllzirconium dichloride
{1) Synthesis of 6,6-di(chlorobenzyl) fulvene

To 1,5 g (20.2 mmol) of lithium cyclopentadiene was added 8¢
ml of dehydrated THF, and they were stirred. This solution was cooled
to —78°C in an ice bath, and a scluticn obtained by dissolving 5.2
g (18.6mmol} ofbls(4-chlorcbenzyl) ketone indehydrated THF was added.
Thereafter, the mixture was stirred at room temperature for 24 hours,
and the resulting yellow solution was quenched with 1IN hydrochloric

acid., Then, hexane was added to sxtract a soluble matter, and this
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organic phase was washed with water and a saturated saline solution,
followedbydryingusingmagnesium sulfate. Thesclventwasdistilled
off, and the residue was purified by column chromategraphy to cbtain
a desired product.

[(0327] Yield: 0.53 g, 80%

[0328] "HNMR (270 MHz, CDCls): 8/ppm3.6G (4H), 6.60 (44),
7.00-7.30 (8H)

{11} Synthesis of
di {p~chlorobenzyl)methylene {cyclopentadienyl) (3, é~di~tert-butyl-
2, 7-di-o-tolylfluorene)

In a stream of nitrogen, to 0.73 g (1.59 mmol) of
3,6-di~tert-butyl-2,7-di-o-tolylflucrene was added 40 ml of
anhydrous THF, and they were stirred. This solution was cocled in
an lice bath, and 1.22 ml (1.92 mmol) of a hexane solution of
n-butyllithium of 1.52 M was added. The mixture was stirred at room
temperature for 4 hours. The resulting solution was cooled in an
ice bath, and a solution of 0.62 g (1.89 mmol) of
6,6-di (p-chlorobenzyl) fulvene in 20 ml of THF was dropwise added over
a period of 25 minutes. With slowly heating the resulting solution
up to room temperature, the solution was stirred for 18 hours. To
the resulting solution was added 1IN hydrochloric acid in an ice bath
to terminate the reaction. Ether was added to perform liguid
separation, then the agueous layer was extracted with diethyl_ether

twice, and the resulting extract was mixed with the organic laver
Y
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previcusly obtained. The resulting organic layer was washed with
a saturated sodium hydrogencarbonate aqueocus solution twice, then
with water twice, thenwith a saturated saline solution once and dried
using magnesium sulfazte. The solvent was distilled off, and the

residue was separated by silica gel chromatography to obtain a desired

product.
[0329] Yield: 0.72 g, 58%
[0330] ‘H NMR (270 MHz, CDCls): &/ppm 1.21-1.23 (18H},

1.96-2.30 (6H), 2.66-3.34 (5H), 4.45 (1H), 5.80-6.48 (4H), 6.75-7.20
(18H), 7.64-7.7% (2H); MS (FD): M/z 784 (M)

(11i) Synthesis of

di{p~chlorokenzyl)methylene (cyclopentadienyl) (3, 6-di-tert-butyl-
2,7~di~o-tolylfluorenyl)zirconium dichloride

To 0.72 g {0.92 mmol) of

di (p~chlorobenzyl)methylene (cyclopentadienyl)~3, 6~di-tert-butyl-
2, 7-di-o-tolylfluorene was added 25 ml of anhydrous diethyl ether,
and they were stirred. This mixed slurry solution was cooled in an
icebath, then1.22ml (1.92mmol) of ahexanesolutionofn-butyllithium
having a concentration of 1.52 mol/liter was added, and with slowly
heating the resulting solution to room temperature, the solution was
stirred for 24 hours. To this reaction solution was added 0.23 g
(0.98 mmol) of zirconium tetrachloride at -78°C. Thereafter, with
slowlyheating themixture toroomtemperature, themixturewas stirred

for 1¢ hours to obtain a red orange suspension.
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[G331] After the solvent was vacuum dried, the residue
was dissoclved in hexane in a globe box, and the resulting solution
was passed through a fritted glass funnel packed with Celite and then
washed with hexane. The orange powder which had not been dissolved
in hexane was extracted with dichloromethane. The solvent of the
dichloromethane solution portion was distilled off, and the residue
was washed with diethyl ether/cold pentane. The resulting substance
was dried to obtain a desired product as a dark pink powder.

[0332] Yield: 0.347 mg, 25%

[0333] ‘M NMR (270 MHz, CDCls): &/ppm 1.28-1.33 (18H},
l.68-2.16 (&H), 3.10-4.30 (4H), 5.73~5.82 (2H), 6.45-6.48 (2H),

6.95-7.48 (18H), 8.20-8.40 (2H); MS (FD): M/z 842 (M"Y

Synthesis Example 3

Catalyst (g):
diphenylmethylene (cyclopentadienyl) (2, 7-diphenyl-3, 6~di~tert-but
ylfluorenyl)zirconium dichloride
(i) Synthesis of
diphenylmethylene(cyclopentadienyl)(2,7mdiphenyl—3,6—di~iert—but
yilfluorene)

In an atmosphere of nitrogen, to 2.01 g {4.67 mmol) of
2, 7-diphenyl-3, 6-di-tert-butylfluorene was added 60 ml of dehydrated
tetrahydrofuran, and they were stirred. This solution was cooled

in an 1ce bath, and 3.10 ml (4£.99 mmcl) of a hexane solution of
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n-butyllithium of 1.61 mol/liter was added. The mixture was stirred
at room temperature for 1 hour. The resulting dark orange solution
was cooled to -78°C in a dry ice-methanol bath, and a solution of
1.26 g (5.47 mmel) of 6, 6~dibenzylfulvene in 40 ml of tetrahydrofuran
was dropwise added over a period of 24 minutes. Thereafter, with
slowly heating the resulting solution up to room temperature, the
solutionwas stirred for 17 hours. Tothe resultingblackredsoluticn
wag added €60 ml of 1IN hydrecchloric acid to terminate the reaction.
Then, 100 ml of hexane was added to perform liguid separation, and
a soluble matter was extracted. This organic laver was washed with
a saturated sodium hydrogencarbonate aquecus sclution twice, then
with water twice, then with a saturated saline solution cnce and dried
using magnesium sulfate. The solvent was distilled off, and the
residue was purified by silica gel chromatography to obtain a desired

product cf a white vellow powder.

[C334] Yield: 1.70 g, 55.4%
[0335] Identification of the desired product was carried

out by 'H-NMR and FD-MS spectrum.

[0336] *H NMR (270 MHz, CDCli, TMS): &/ppm 1.18 (18H),
2.88 (2H),5.35 (1H), 6.10-6.32 (3H), 6.60 (2H), 6.97-7.34 (20K}, 7.63
(2H); MS (FD): M/z 660 (M)
{1i) Synthesis of
diphenylmethylene (cyclopentadienyl) (2, 7-diphenyl-3, 6-di-tert-but

yiiflucrenyl) zirconium dichloride
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In an atmosphere of nitrogen, 0.80 g (1.21 mmel) of
diphenylmethylene {cyclopentadienyl) (2, 7T-diphenyl-3, 6-di-tert~but
ylfluorene) and 60 ml of dehydrated diethyl ether were placed in a
100mi Schlenk flask, andtheywerestirred. Thismixedslurrysolution
was cooled inan ice bath, then 1.50ml (2.42 mrnol) of a hexane solution
of n-butyllithium having a concentration of 1.61 mol/liter was added,
and with slowly heating the resulting solution to room temperature,
the solution was stirred for 18 hours. This red reaction solution
was cocled to -78°C in a dry ice/methanol bath, and then 0.27 g (1.17
mmol) of zirconium tetrachloride was added. Thereafter, with slowly
heating the mixture to room temperature, the mixture was stirred for
20 hours to obtain a red orange suspension. After the solvent was
distilled off under reduced pressure, the residue was dissclved in
n-hexane in an atmosphere of nitrogen, and the resulting solution
was passed through a fritted glass funnel packed with Celite and then
washed with n-hexane. The orange powder which had not been dissclved
in n—.hexane was extracted with dichloromethane. The solvent of the
dichloromethane solution portion was digstilled off, and the residue
waswashedwithdiethyl ether/coldn-pentane. Theresultingsubstance
was dried to obtain a desired product as an orange powder.

[C337] Yield: 0.68 g, 70.9%

[0338] Identification of the desired product was carried
out by 'H-NMR and FD-MS spectrum.

[0339] 'H NMR (270 MHz, CDCls, TMS): &/ppm 1.10 (184},
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5.50 (2H), 6.29 (2H), 6.91-7.27 (22H), 8.28 {(2H); MS (FD): M/z 848

(M)

Example 1

Propylene polymerization

In a glass autoclave having an internal volume of 500 ml and
having been thoroughly purged with nitrogen, 400 ml of heptane was
placed, then propylene was passed through the autoclave at a rate
of 150 1/hr, and the contents in the autoclave were maintained at
50°C for 20 minutes. On the other hand, in a side arm flask having
an internal voiumé of 30 ml and having been thoroughly purged with
nitrogen, a magnetic stirrer was placed, then 5.00 mmol of a toluene
sclution of methylaluminoxane (Al = 1.53 mol/l), a toluene solution
of the catalyst (a) (amount of catalyst (a): 3.2 umol) and a toluene
solution of the catalyst (b) (amount of catalyst (b): 1.8 umol) were
placedintheflask, andtheywerestirred for20minutes. Thissolution
was added to the heptane in the glass autoclave through which propylene
had been passed, to initiate polymerization. Propylene gas was
continuously fed at a feed rate of 150 1/hr, and polymerization was
carried out at 50°C for 15 minutes at normal pressure. Thereafter,
a small amount of methanol was added to terminate the polymerization.
The polymer sclution was added to a large excess of methanol to
precipitate a polymer, and the polymer was vacuum dried at 80°C for

12 hours. As a result, 4.65 g of a polymer was obtained. The



10

15

20

SF-200992 124

polymerizationactivity was 3.72 kg-PP/mmol-Zr-hr, and the resulting
pelymer had [n} of 3.82 dl/g, Mw of 254000, Mw/Mn of 2.33 and Tm of

153.5°C.

[0340] Example 2

Operations were carried out in the same manner as in Example
1, except that the catalysts were changed to a toluene soluticn of
the catalyst (a) (amount of catalyst (a): 4.0 umecl) and a toluene
solution of the catalyst (b) (amount of catalyst (b): 1.0 umol), and
the polymerization time was changed to 30 minutes. As a result, 2.61
g of a polymer was obtained. The polymerization activity was 1.04
kg-PP/mmol~Zr-hr, and the resulting polymer had [n] of 2.22 dl/g,

Mw of 191000, Mw/Mn of 2.23 and Tm of 151.3°C.

103417 Example 3

Operations were carried out in the same manner as in Example
1, except that the catalysts were changed to a toluene sclution of
the catalyst (b) {amount of catalyst (b): 4.0 pmol) and a toluene
solution of the catalyst (f) (amount of catalyst (£): 1.0 umol), and
the polymerization time was changed to 40 minutes. As a result, 9.87
g of a polymer was cbtained. The polymerization activity was 1.48
kg-PP/mmol-Zr-hr, and the resulting polymer had [nl of 1.92 dl/g,

Mw of 142000, Mw/Mn of 2.35 and Tm of 154.6°C.
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034271 Example 4

Operations were carried ocut in the same manner as in Example
1, except that the catalysts were changed to a toluene sclution of
the catalyst (£) (amount of catalyst (£): 2.5 pmol) and a toluene
solution of the catalyst (d) (amount of catalyst (d): 2.5 umol), and
the polymerization time was changed to 22 minutes. As a result, 1.88
g of a polymer was cbtained. The polymerization activity was 1.02
kg-PP/mmol-Zr-hr, and the resulting polymer had [n] of 2.05 dl/g,

Mw of 205000, Mw/Mn of 2.04 and Tm of 152.6°C.

[0343] Example 5

In a glass autoclave having an internal volume of 500 ml and
having been thoroughly purged with nitrogen, 400 ml of heptane was
placed, then preopylene was passed through the autoclave at a rate
of 150 1/hr, and the contents in the autoclave were maintained at
50°C for 20 minutes. On the other hand, in a side arm flask having
an internal volume of 30 ml and having been thoroughly purged with
nitregen, a magnetic stirrer was placed, then 3.00 mmol of a toluene
solutioncﬁfmethylaluminoxane(Al==1.53nwl/l)andeatoluenesolution
of the catalyst (a}) (amount of catalyst {(a): 3.0 umcl) were placed
in the flask, and they were stirred for 20 minutes. Moreover, in
a different side arm flask having an_internal volume of 30 ml and
having been thoroughly purged with nitrogen, a magnetic stirrer was

placed, then 2.00 mmol of a tcluene solution of methylaluminoxane
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(Al = 1.53 mol/l) and a toluene solution of the catalyst (b) (amount
of catalyst (b): 2.0 umel) were placed in the flask, and they were
stirred for 20 minutes. The solution containing the catalyst (a)
was added to the heptane in the glass autoclave through which propylene
had been passed, and subsequently the solutioncontaining the catalyst
(b} was added to initiate polymerization. Propylene gas was
continuously fed at a feed rate of 150 1/hr, and pelymerization was
carried out at 50°C for 30 minutes at normal pressure. Thereafter,
a-small amount of methanol was added to terminate the polymerization.
The polymer solution was added to a largs excess of methancl to
precipitate a polymer, and the polymer was vacuum dried at 80°C for
12 hours. BAs a result, 2.60 g of a polymer was obtained. The
polymerization activitywas 1.04 kg-PP/mmol-Zr-hr, and the resulting
polymer had [n] of 2.01 dl/g, Mw of 201000, Mw/Mn of 2.33 and Tm of

153.6°C.

[0344] Comparative Example 1

Operations were carried out in the same manner as in Example
1, except that the catalysts were changed to a toluene solution of
the catalyst {e) (amcunt of catalyst {(e): 0.25 umol) and a toluene
sclution of the catalyst (d) (amount of catalyst (d): 0.25 umcl),
and the pelymerization time was changed to 30 minutes. As a result,
8.76 g of a polymer was obtained. The polymerization activity was

3.05 kg-PP/mmol-Zr-hr, and the resulting polymer had [n] of 1.45d1/q,
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Mw of 135000, Mw/Mn of 1.99 and Tm of 148.8°C.

[0345] Comparative Example 2

Cperations were carried out in the same manner as in Example
1, except that the catalysts were changed to a toluene solution of
the catalyst (a) (amount of catalyst {a): 0.25 umol) and a toluene
soluticn of the catalyst (e} (amount of catalyst {(e): 0.25 umol},
and the polymerization time was changed to 30 minutes. As a result,
3.38 g of a polymer was obtained. The polymerization activity was
1.35 kg~PPF/mmol-Zr-hr, and the resulting polymer had [n] of 1.65d1l/g,
Mw of 142000, Mw/Mn of 2.01 and Tm of 147.5°C.

[0346) Polymerization conditions, properties of the
resulting polymers, etc. in Examples 1 to 5 and Comparative Examples
1 and 2 are set forth in Tables 1 and 2.

[0347]



SF-2099

128

Table 1 Transition metal compound {&]
Type {1] Type [18] Molar retic Time | Yield Activity
[1] (mnoty| [18] Camol)| Dlomn/lEiamn) | mind | <) | ikefumol-zrhr)
Ex. 1 cetalyst a 3.2 celalyst b 1.8 1.8 15 4.5b 3.12
Ex 2 catalyst a 4.0 cetalyst b 1.0 4.0 30 Z.81 1.04
Ex 3 cetalystb 4.0 catalyst{ 1.0 4.0 40 |9.87 1.48
Ex. 4 catalyst f 2.5 cetalyst d 2.0 1.0 22 1.88 1.02
Ex 5 catatyst a 3.0 catalyst b 2.0 1.5 30 |2.B60 1.04
Comp. B¢ 1 catalyst e 0.25 catalyst d 025 1.0 3] g.78 3.0%
Comp. Ex. 2 catalyst a 0.25 caalyst 0.25 1.0 30 3.38 1.35
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[0348]
Table 2
pomerzato | TmI(°C) | Tm2(°C) | AH(Tm) | Tm2-Tmi(°C) | Te(°C) | AH(Te) | [n] | MFR Mw Mn | Mw/Mn| rrrr
°c c °C md/mg °C C md/mg | d/g | &/10min %
Ex. 1 50 148.3 | 153.5 - 5.2 - - 3.82 - 254000 { 109000 | 2.33 | -
Ex. 2 50 143.9 | 151.3 - 14 ~ - 2.22 ~ 191000 | 85800 | 2.23 | 88.9
Ex 3 50 147.8 | 154.6 - 6.8 - - 1.92 - 142000 | 60400 | 235 | -
Ex. 4 50 144.7 | 152.9 - 8.2 - - 2.05 - 205000 | 100500 | 2.04 | -
Ex 5 50 1476 | 153.6 - 6 - - 2.01 - 201000 | 86200 | 2.33 -
Gome. 50 1425 | 148.8 - 6.3 - - 1.45 - 135000 | 67800 | 1.99 | -
com. 50 139.2 | 1475 - 8.3 - - 165 | - 142000 | 70600 | 201 | -

Ex. 2
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0349 Example 6

In a stainless steel autoclave having an internal volume of
1 liter and having been thoroughly purged with nitrogen, 150 ml of
cyclohexaﬁe and 150 mi of the sclvent A were placed, then propylene
was passed through the autoclave at a rate of 30 l/hr, and the contents
in the autoclave were maintained at 50°C for 20 minutes. On the other
hand, in a side arm flask having an internal volume of 30 ml and having
been thoroughly purged with nitrogen, a magnetic stirrer was placed,
then 0.40 umol of the catalyst (f), 0.10 umol of the catalyst (d}
and 250.0 umol {in terms of aluminum atom: 3.46mol/liter) of a hexane
slurry of TMAO-341 {available from Tosch Finechem Corporation) were
placedin the flask, and subsequently the solvent Awas added, followed
by stirring for 1 hour. This solution was added to the mixed solvent
of cyclohexane and the sclvent A (ratiobyvolume=1:1) inthe stainless
steel autoclave through which propylene had been passed, to initiate
polymerization. Thereafter, only propylene was continuously fed to
maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat 50°Cforlhour. Generationofheatinthepolymerization
was easlly controlled, so that the polymer solution was presumed to
be in a homecgenecus state during the polymerization. After the
polymerization was completed, the pressure was released to normal
pressure while the temperature was still maintained at 50°C.
Thereafter, while the temperature was still maintained at 50°C,

unreacted propylene was purged off. Also by opening a top plate of
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the autoclave and vigsually observing the state of the polymer solution
in the autcclave, it was confirmed that the pelymer sclution was in
a homogeneous state. The resultingpolymer soluticn in a homogeneous
state was introdu’ced‘:;nto a iargé excess of methanol to precipitate
a polymer, and the polymer was vacuum dried at 80°C for 12 hours.
As a result, 10.53 g of a polymer was obtained. The polymerization
activity of polypropylene was 26.3 kg/mmol-Zr-hr, and the resulting
polymer had an intrinsic viscosity [n] of 2.23 dl/g, MFR of 1.00 ¢/10

min and Tm of 158.7°C.

{03507 Example 7

In a stainless steel autoclave having an internal volume of
1 liter and having been thoroughly purged with nitrogen, 150 ml of
cyclohexans and 150 ml of the solvent A were placed, then propylene
was passed through the autoclave at a rate of 30 1/hr, and the contents
in the autoclave were maintained at 60°C for 20 minutes. On the other
hand, in a side arm £flask having an internal volume of 20 ml and having
been thoroughly purged with nitrogen, a magnetic stirrer was placed,
then 0.96 umol of the catalyst (f£), 0.Z4 uymol of the catalyst {d)
and 600.0 umel {in terms of aluminum atom: 3.46mol/liter) of a hexane
slurry of TMAC-341 (available from Tosoh Finechem Corporation) were
placed in the flask, and stbsequently the sclvent Awas added, followed
by stirring for 1 hour. This solution was added to the mixed solvent

of cyclohexane andthe sclvent A (raticobyvelume=1:1) inthe stainless
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steel autoclave through which propylene had been passed, to initiate
polymerization. Thereafter, only propylene was continuously fed to
maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat 60°Cforlhour. Generaticnofheatinthepolymerization
was easily controlled, so that the polymer solution was presumed to
be in a2 homogenecus state during the polymerization. After the
polymerization was compieted, the pressure was released to normal
pressure while the temperature was still maintained at 60°C.
Thereafter, while the temperature was still maintained at 60°C,
unreacted propylene was purged off. Alsc by opening a top plate of
the autoclave and visually chserving the state of The polymer sclution
in the autoclave, it was confirmed that the polymer solution was in
a homogeneous state. The resulting polymer solution in a homogeneous
state was introduced into a large excess of methanol to precipitate
a polymer, and the polymer was vacuum dried at 80°C for 12 hours.
As a result, 17.81 g of & polymer was obtained. The polymerization
activity of polypropylene was 18.6 kg/mmol-Zr-hr, and the resulting
polypropylene had a number~average molecular weight Mn, as measured
by GPC, of 79800, a weight-average molecular weight Mw of 192121,
an intrinsic viscosity [n] of 1.93 dl/g, MFR of 1.65 g/10 min and

™Tm of 156.0°C.

[0351] Example 8

In a stainless steel autoclave having an internal volume of
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1 liter and having been thoroughly purged with nitrogen, 150 ml of
cyclohexane and 150 ml of n-heptane were placed, then propylene was
passed through the autoclave at a rate of 30 1/hr, and the contents
in the autoclave were maintained at 70°C for 20 minutes. Cn the other
hand, in a side arm flask having an internal volume of 30 ml and having
been thoroughly purged with nitrogen, a magnetic stirrer was placed,
then 1.60 umol of the catalyst (f), 0.40 umol of the catalyst (d)
and 1000.0 umol {(in terms of aluminum atom: 3.46mol/liter) of a hexane
siurry of TMAO-341 (available from Tosoh Finechem Corporation) were
placed in the flask, and subsequently the solvent Awas added, followed
by stirring for 1 hour. This solution was added to the mixed solvent
of cyclohexane and n—heptane (ratic by volume = 1:1) in the stainless
steel autoclave through which propylene had been passed, to initiate
polymerization. Thereafter, only propylene was continuously fed to
maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat 70°Cfor lhour. Generationofheatinthepolymerization
was easily controlled, so that the polymer solution was presumed to
be in a homogeneocus state during the polymerization. After the
polymerization was completed, the pressure was released Lo normal
pressure while the temperature was still maintained at 70°C.
Thereafter, while the temperature was still maintained at 70°C,
unreacted propylene was purged off. Also by opening a top plate of
the autoclave and visually observing the state of the polymer solution

in the autoclave, it was confirmed that the polymer sclution was in
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a homogeneous state. The resulting polymer solution in a homogenecus
state was introduced into a large excess of methancl to precipitate
a poclymer, and the polymer was vacuum dried at 80°C for 12 hours.
As a result, 36.91 g of a polymer was obtained. The polymerization
activity of polypropylene was 23.1 kg/mmol-Zr-hr, and the resulting
polymer had an intrinsic viscosity [nl of 1.60 dl/g, MFR of 3.80 g/10

min and Tm of 151°C.

[0352] Example &

In a stainless steel autoclave having an internal volume of
1 liter and having been thoroughly purged with nitrogen, 150 ml of
cyclohexane and 150 ml of the solvent A were placed, then propylene
was passed through the autoclave at a rate of 30 1/hr, and the contents
in the autoclave were maintained at 50°C for 20 minutes. On the other
hand, in a side arm flask having an internal volume of 30 ml and having
veen thoroughly purged with nitrogen, a magnetic stirrer was placed,
then 0.25 pmol of the catalyst (b), 0.25 umol of the catalyst (f)
and 250.0 pymol {in terms of aluminum atom: 3.46 mel/liter) of a hexane
slurry of TMAC-341 (available from Tosch Finechem Corporation) were
vlaced in the flask, and subsequently the solvent Awas added, followed
by stirring for 1 heur. This solution was added to the mixed solvent
of cyclchexane andthe solvent A (ratiobyvolume=1:1) inthe stainless
steel autoclave through which propylene had been passed, to initiate

olymerization. Thereafter, only propylene was continucusly fed to
poiym yp Y
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maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat50°Cforlhour. Generationofheatinthepolymerization
was easily contrelled, so that the polymer solution was presumed to
be in a homogeneous state duxingm the polymerization. After the
polymerization was completed, the pressure was released to normal
pressure while the temperature was still maintained at 50°C.
Thereafter, while the femperature was still maintained at 50°C,
unreacted propylene was purged off. Also by opening a top plate of
the autoclave and visually observing the state of the polymer solution
in the autoclave, it was confirmed that the polymer solution was in
a homogeneous state. The resulting polymer sclution in a homogeneous
state was introduced into a large excess of methanol to precipitate
a polymer, and the polymer was vacuum dried at 80°C for 12 hours.
As a result, 10.25 g of a polymer was obtained. The polymerization
activity of polypropylene was 41.0 kg/mmol-Zr-hr, and the resulting

polymer had an intrinsic viscosity [n] of 2.08 dl/g and Tm of 160°C.

10353 Exampie 10

In a stainless steel autoclave having an internal volume of
1 liter and having been thoroughly purged with nitrogen, 150 ml of
cyclohexane and 150 ml of the solvent A were placed, then propylene
was passed through the autoclave at a rate of 30 1/hr, and the contents
in the autoclave were maintained at 60°C for 20 minutes. On the other

hand, in a side arm flask having an internal volume of 30 ml and having
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been thoroughly purged with nitregen, a magnetic stirrer was placed,
then 0.40 umol of the catalyst (b), 0.40 umol of the catalyst (f}
and 400.0 pmol (in terms of aluminum atom: 3.46 mol/liter) of a hexane
slurry of TMAO-341 {available from Tosoh Finechem Corporation) were
placed in the flask, and subsequently the solvent A was added, followed
by stirring for 1 hour. This solution was added to the mixed solvent
of cyclohexane and the solvent A {ratiobyvolume=1:1) inthe stainless
steel autoclave through which propylene had been passed, to initiate
polymerization. Thereafter, only propylene was continucusly fed to
maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat 60°Cforlhour. Generationofheatinthepolymerization
was easlly controlled, so that the polymer solution was presumed to
be in a homogeneocus state during the polymerization. After the
polymerization was completed, the pressure was released to normal
pressure while the temperature was still maintained at 60°C.
Thereafter, while the temperature was still maintained at 60°C,
unreacted propylene was purged off. Also by opening a top plate of
the autoclave and visually observing the state of the polymer solution
in the autoclave, it was confirmed that the pclymer sclution was in
a homogeneous state. The resultingpolymer solution in a homogeneous
state was introduced into a large excess of methanol teo precipitate
a polymer, and the polymer was vacuum dried at 80°C for 12 heours.
As a result, 8.42 g of a polymer was obtained. The polymerization

activity of polypropylene was 21.0 kg/mmel-Zr-hr, and the resulting
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polymer had an intrinsic viscosity [n] of 1.77 dl/g, MFR of 2.9 g/10

min and Tm of 157.2°C.

[0354] _ Example 11

In a stainless steel autoclave having an internal volume of
1 liter and having been thoroughly purged with nitrogen, 150 ml of
cyclohexane and 150 ml of n-heptane were placed, then propylene was
passed through the autoclave at a rate of 30 1/hr, and the contents
in the autoclave were maintained at 70°C for 20 minutes. On the cother
hand, in a side arm flask having an internal volume of 30 ml and having
been thoroughly purged with nitrogen, a magnetic stirrer was placed,
then 1.00 pmol of the catalyst (b), 1.00 pmol of the catalyst (f)
and 1000.0 pymol {in terms of aluminumatom: 3.46mol/liter) of a hexane
slurry of TMAO-341 (available from Tosoh Finechem Corporation) were
placed inthe flask, and subseguently the solvent Awas added, followad
by stirring for 1 hour. This solution was added to the mixed solvent
of cyclohexane and n-heptane (ratioc by volume = 1:1) in the stainless
steel autoclave through which propylene had been passed, to initiate
polymerization. Thereafter, only propylene was continuously fed to
maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat70°Cforlhour. Generationofheatinthepolymerization
was easily controlled, sc that the polymer solution was presumed to
be in a homogeneous state during the polymerization. After the

polymerization was completed, the pressure was released to normal
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pressure while the temperature was still maintained at 70°C.
Thereafter, while the temperature was still maintained at 70°C,

unreacted propylene was purged off. Also by opening a top plate of

the autoclave and visually observing the state of the polymer sclution

in .the autoélave, it was confirmed that the pelymer solution was in
a homogeneous state. The resulting polymer solution in a homogeneous
state was introduced into a large excess of methanol to precipitate
a polymer, and the polymer was vacuum dried at 80°C for 12 hours.
As a result, 28.66 g of a poiymer was obtained. The polymerization
activity of polypropylene was 28.7 kg/mmol-Zr-hr, and the resulting
polymer had an intrinsic viscosity [n] of 1.53 dl/g, MFR of 4.9 g/10
min and Tm of 153.0°C.
[0355] Polymerization conditions, properties of the

resulting polymers, etc. in Examples 6 to 11 are set forth in Tables
3 and 4.

(0356}
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Tabie 3 ransiion meta compound . Pgérgg{[;zti?gn POISMZAON | vigis | Polymerizalion activity
Amount in terms of Zr atom Molar ratic
1] pumel | [1B] | pmol |[11(me1)/[1B}(nol)} °C rwin g kg/mmol-Zrhr
Ex. & catalyst f 040 | caaystd | 0.10 4.0 50 ‘ &0 10563 263
fx. 7 catalyst f 0.86 |caaysta | .24 4.0 80 60 17.81 186
Ex. 8 catalyst f 1.60 | cataystd | .40 4.0 10 60 36 61 231
Fx 9 catalyst b 0.25 | caayss | 0.25 1.0 50 60 1025 410
Ex. 10 cetalyst b 0.40 | cataystt | 0.40 1.0 60 60 8.42 210
B 11 catalyst b 1.00 | caaystt | 1,00 1.0 10 60 28.66 287
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[0357]
Table 4

F’f;‘r’n";’jjfjj‘;” Tm1(°C) | Tm2(°C) | AH(TM) | Tm2-Tmi(°CY | Te(°C) | AH(Te) | [#7] MFR Mw Mn Mw/Mn | rrer

Ex. 6 50 1545 | 158.7 - 4.2 107 - 2.23 1 228270 | 91300 | 250 | 915

Ex. 7 60 1509 | 156.0 - 5.1 106 - 1.93 1.65 192121 | 79800 { 241 | 915

Ex. 8 70 1504 | 1510 - 0.6 94 ~ 1.6 38 153000 | 70800 | 2.16 | 898

unable )
Ex. 9 50 153.0 | 1600 - 7 109 - 2.08 ;o be ) 211523 | 85300 | 2.48 | 93.4
puiverize
Ex. 10 60 152.1 157.2 - 51 106 - 1.77 2.9 166668 | 71000 | 235 | 924
Ex. 11 70 1445 | 153.0 - 8.5 96 — 1.53 4.9 138612 | 58200 | 2.38 90
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[0358] Examples 12 to 17

Reaction was carried out in the same manner as in Example 11,
except thet the catalysts, the polymerization temperature and the
polymerization time were adopted as shown in Table 5.

10359] Polymerization conditions, properties of the
resulting polymers, etc. in Examples 12 to 17 are set forth in Tables
5 and 6.

[0360]
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Table b Transition metal compound
Polymerization | Polymerization . Polymerization
tesr/nperature ’ time Yleld ictivity
Amount in terms of Zr atom Molar ratio
° i kg/ I=Zr-h
[1] mmol | [1B] | mmol [1](mol)/[1B](mol) C min g g/mmol-Zr-hr
Ex. 12 catalyst f| (.30 [{catalyst d{ 0,20 1.5 50 30 3148 104.9
Ex. 13 catalyst f| 0.50 {ecatalystdi (.30 1.7 60 60 13.16 43.9
Ex. 14 catalystb| (.47 |catalystfi 0.23 2.0 50 60 22.78 75.9
Ex. 15 catalystb| (.80 |catalystf| (.40 2.0 60 60 13.83 46.1
Ex. 16 catalyst b| (.53 | catalystf| Q.18 2.9 50 60 229 76.33
Ex. 17 catalystb| (.90 |catalystf| (.30 3.0 60 60 36.89 122.97
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[0361]

Table 6 _
Pfii";iiijfjli" TmICC) | Tm2(°C) | AH(TM) | Tm2-Tm1(°C) | Te(°C) | AH(Te) | [n] MFR Mw Mn Mw/Mn | rrrr

Ex. 12 50 153.1 159 4 — 6.3 100.0 — 1.71 3.30 150000 | 72100 2.08 -

Ex 13 60 1511 155.7 — 4.6 103.0 - 1.50 6.00 131000 64000 2.05 -

Ex. 14 50 156.3 160.3 - 4 108.0 - 1.97 1.60 - - - -

Ex. 15 60 153.0 157.8 - 4.8 105.5 - 1.72 3.20 - - - -

Ex. 16 50 156.3 159.7 - 3.4 119.8 - 1.87 210 - - - -

Ex. 17 60 152.4 157.8 - 54 114.7 — 1.60 410 - - - -
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[0362] Example 18

InﬂaSUSautoclavehavingaHzinternalvolumeofiuimlandkmving
been thoroughly purged with nitrogen, 3.9 ml of a mixed solvent of
cyclohexane and the solvent A in a mixing ratio of 9:1 was placed,
followed by stirring at 600 rpm. The solution was heated to 30°C,
and subsequently the autoclave was pressurized with propylene until
the total pressure became 7 bar. In an atmosphere of nitrogen, 3.6
mg {(molecular weight: 917.98 g/mol) of the catalyst (¢} was placed
in a Schlenk flask and dissolved in 16 ml of dehydrated toluene to
prepare a metallocene sclution of 0.00025 M. Then, (.48 ml of a
suspension of modified methyvlalumoxane (n-hexane solvent, in terms
of aluminum atom: 4.08 M, 1.%26 mmol} was added, and the mixture was
stirred at rcoom temperature for 15 minutes to prepare a catalyst
seolution A. In a different Schlenk flask, 3.0 mg (mclecular weight:
877.15 g/mol} of the catalyst (a) was placed and dissolved in 20 ml
of dehydrated toluene to prepare a metallccene solution B of 0.00017
M. Then, 0.42mlof a2 suspensionofmodifiedmethylalumoxane (n—-hexane
sclvent, in terms of aluminum atom: 4.08 M, 1.71 mmol) was added,
and the mixture was stirred at room temperature for 15 minutes to
prepare a catalyst solution B. In the autoclave, 0.2 ml (0.05 M,
10 umol) of triiscbutvlaluminum, 0.14 ml (0.00025 M, 0.035 umel) of
the catalystsolutiond, 0.0%ml (0.00017M, 0.01%umol) of the catalyst
solution B and 0.7 ml of a mixed sclvent of cyclochexane and the solvent

A in a mixing ratio of 9:1 were placed to initiate polymerization.
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After the polymerization was carried out at 50°C for 10 minutes, a
small amount of isobutyl alcohol was added to terminate the
polymerization. To the resulting polymer, 50 ml of methanol and a
small amount of a hydrochloric aéid_aqueous solution were added, and
they were stirred at roocm temperature for 1 hour. The polymer was
filtered and vacuum dried to obtain 0.5587 g of syndiotactic
polypropylene. The resulting polymer had a welght-average molecular
weight (Mw) of 214000 and a molecular weight distributicn (Mw/Mn)

of 2.49, and had an intrinsic viscosity [n] of 1.82 dl/g and a melting

peint (Tm}, as measured by DSC, of 156.1°C.

[03€e3] Example 19

In a SUS autoclave having an internal velume of 15 ml and having
been thoroughly purged with nitrogen, 3.9 ml of a mixed sclvent of
cyclohexane and the solvent A in a mixing ratio of 9:1 was placed,
followed by stirring at 600 rpm. The solution was heated to 50°C,
and subsequently the autoclave was pressurized with propylene until
the total pressure became 7 bar. In an atmosphere of nitrogen, 2.9
mg (melecular weight: 817.98 g/mol} of the catalyst (b} was placed
in a Schlenk flask and dissolved in 13 ml of dehydrated toluene to
prepare a metallocene solution of 0.00024 M. Then, 0.39 ml of a
suspension of medified methylalumoxane (n-hexane solvent, in terms
of aluminum aftom: 4.08 M, 1.59 mmol) was added, and the mixture was

stirred at room temperature for 15 minutes to prepare a catalyst
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soluticn A. 1In a different Schlenk flask, 3.0 mg (molecular weight:
877.15 g/mol) of the catalyst (a) was placed and dissolved in 20 ml
of dehydrated toluene to prepare a metallocene solution B of 0.00017
M. Then, 0.42mlofasuspensionofmodifiedmethylalumoxane (n—-hexane
solvent, in terms of aluminum atom: 4.08 M, 1.71 mmol) was added,
and the mixture was stlirred at room temperature for 15 minutes to
prepare a catalyst soluticn B. In the autoclave, 0.2 ml {0.05 ¥,
10 pmel) of triisobutylaluminum, 0.12 ml (0.00025 M, 0.035 pmol} of
thecatalyst solutionA, 0.12ml {C.00017M, 0.015umol) of the catalyst
solution B and 0.7 ml of a mixed sclvent of cyclohexane and the solvent
A din a mixing ratio of 9:1 were placed to initiate polymerization.
After the polymerization was carried out at 50°C for 10 minutes, a
small amcunt of iscbutyl alcohol was added te terminate the

polymerization. To the resulting polymer, 50 ml of methanol and a
small amount of a hydrochloric acid aguecus solution were added, and
they were stirred at room temperature for 1 hour. The polymer was
filtered and vacuum dried to obtain 0.35491 g of syndiotactic

polypropylene. The resultingpolymer hadawelght-average molecular
welght {(Mw) of 236000 and a mcolecular weight distribution (Mw/Mn)
of 2.44, and had an intrinsic viscosity [n] of 1.80dl/g and a melting

point (Tm), as measured by DSC, of 155.6°C.

[0364] Example 20

In a SUS autoclave having an internal volume of 15 ml and having
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been thoroughly purged with nitrogen, 3.8 ml of a mixed solvent of
cyclohexane and the solvent A in a mixing ratio of 9:1 was placed,
followed by stirring at 600 rpm. 7The solution was hesated to 50°C,
and subsequently the autoclave was pressurized with pr.opylene until
the total pressure became 7 bar. In an atmosphere of nitrogen, 3.0
mg {molecular weight: 917.98 g/mol) of the catalyst (c¢) was placed
in a Schilenk flask and dissclved in 15 ml of dehydrated toluene to
prepare a metallocene soluticon of 0.00022 M. Then, 0.40 ml of a
suspension of modified methylalumoxane (n-hexane solvent, in terms
of aluminum atom: 4.08 M, 1.63 mmol) was added, and the mixture was
stirred at room temperature for 15 minutes to prepare a catalyst
solution A. In a different Schlenk flask, 1.0 mg {mclecular weight:

821.04 g/mol) of the catalyst (g) was placed and dissolved in 20 ml

" of dehydrated toluene to prepare a metallocene solution B of 0.00006

M. Then, 0.15mlof asuspensionofmodifiedmethylalumoxane (n-hexane
solvent, in terms of aluminum atom: 4.08 M, 0.€1 mmol) was added,
and the mixture was stirred at room temperature for 15 minutes to
prepare a catalyst soluticn B. In the autoclave, 0.2 ml (0.05 M,
10 umel) of triiscbutylaluminum, 0.20 ml (0.00022 M, 0.044 umocl) of
the catalyst solutionA, 0.10ml (0.00006M, 0.006umol} of the catalyst
solution Band 0.7 ml of a mixed solvent of cyclohexane and the solvent
A in a mixing ratioc of 9:1 were placed teo initiate polymerization.
After the polymerization was carried out at 5C°C for 10 minutes, a

small amount of iscbutyl alcochol was added to terminate the
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polymerization. To the resulting polymer, 50 ml of methanol and a

‘small amount of a2 hydrochloric acid agueous sclution were added, and

they were stirred at room temperature for 1 hour. The polymer was
filtered and vacuum dried to obtain 0.1714 g of syndiotactic

polypropylene. The resulting polymer had a welight-average molecular
welght (Mw) of 240000 and a molecular weight distribution (Mw/Mn) -
of 2.70, and had an intrinsic viscosity [n] of 2.292 dl/g and a melting

point {Tm), as measured by DSC, of 158.4°C.

{03e5] Example 21

Ina SUS autoclave having an internal volume of 15 ml and having
been thoroughly purged with nitrogen, 3.8 ml of a mixed solvent of
cyciochexane and the solvent A in a mixing ratic of 9:1 was placed,
followed by stirring at 600 rpm. The solution was heated to 50°C,
and subseqguently the autoclave was pressurized with propylene until
the total pressure became 7 bar. In an atmosphere of nitrogen, 2.6
mg {molecular weight: 917.98 g/mol) of the catalyst (b) was placed
in a Schlenk flask and dissclved in 16 ml of dehydrated toluene to
prepare a metallocene solution of 0.00018 M. Then, 0.35 ml of =z
suspension of modified methylalumoxane (n-hexane sclvent, in terms
of aluminum atom: 4.08 M, 1.43 mmol) was added, and the mixture was
stirred at room temperature for 15 minutes to prepare a catalyst
solution A. In a different Schlenk flask, 1.0 mg {(molecular weight:

821.04 g/mol) of the catalyst (g) was placed and dissolved in 20 ml
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of dehydrated toluene to prepare a metallocene solution B of 0.00006
M. Then, 0.15mlofasuspensionofmodifiedmethylalumoxane (n-hexane
solvent, in fterms of aluminum ztom: 4.08 M, 0.6]1 mmol) was added,
and the mixture was stirred at rcom temperature for 15 minutes to
prepare a catalyst solution B. In the autoclave, 0.2 ml (0.05 M,
10 pymol} of triiscbutylaluminum, 0.25 ml {0.C0C18 M, 0.045 umol) of
thecatalyst solutionA, 0.08ml (0.00006M, 0.005umcl) of the catalyst
solution Band 0.7 ml of a mixed solvent of cyclohexane and the solvent
A in a mixing ratio of 9:1 were placed to initiate polymerization.
After thé polymerization was carried out at 30°C for 10 minutes, a
small amount of isobutyl alcohol was added to terminate the
polymerization. To the resuliing polymer, 50 ml of methanol and a
small amount of a hydrochloric acid aguecus sclution were added, and
they were stirred at room tTemperature for 1 hour. The polymer was
filtered and vacuum dried to obtain 0.1770 g of syndiotactic
polypropyiene. The resultingpolymer had a weight-average molecular
weight (Mw) of 222000 and a molecular weight distribution (Mw/Mn)
of 2.76, and had an intrinsic viscosity [n] of 2.13 dl/g and a melting
point (Tm), as measured by DSC, of 158.5°C.

[0366] Polymerization conditions, properties of the
resulting polymers, etc. in Examples 18 to 21 are set forth in Table
7.

103e7]
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Table 7

pfjif;if:fj;:” TmiC) | Tm2(°C) | AHTm) | Tm2-Tm1(°C) | To(C) | AH(Te) | In] MFR Mw Mn Mw,/Mn
Fx. 18 50 150.3 156.1 599 58 104.9 55.8 1.82 - 214000 | 88000 2.49
Ex. 19 50 150.1 | 155.6 | 55.8 5.5 1023 | 518 | 1.80 ~ 236000 | 96700 | 2.44
Ex. 20 50 1537 | 1584 | 61.6 47 108.2 | 544 | 2.29 . 240000 | 88800 | 2.70
Ex. 21 50 1541 | 1585 | 66.3 4.4 109.7 | 593 | 2.13 - 222000 | 80300 | 2.76
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(03681 Comparative Example 3

In a SUS autoclave having an internal velume of 15ml and having
been thoroughly purged with nitrogen, 3.9 ml of a mixzed solvent of
cyclohexane and the solvent A in a mixing ratio of 9:1 was placed,
followed by stirring at 600 rpm. The scolution was heated to 50°C,
and subseguently the autoclave was pressurized with p;opylene until
the total pressure became 7 bar. In an atmosphere of nitrogen, 3.3
ng (molecular weight: 696.90 g/mol) of the catalyst (e) was placed
in a Schlenk flask and dissclved in 10 ml of dehydrated toluene to
prepare a metallocene solution of 0.00047 M. Then, 0.35 ml of a
suspension of modified methylalumoxane (n-hexane solvent, in terms
of aluminum atom: 4.08 M, 2.24 mmol) was added, and the mixture was
stirred at room temperature for 15 minutes to prepare a catalyst
solution A. In adifferent Schlenk flask, 3.0 mg (molecular weight:
917.98 g/mol} of the catalyst (¢) was placed and dissolved in 10 ml
of dehydrated toluene to prepare a metallocene solution B of 0.00033
M. Then, 0.38mlofasuspensionofmodifiedmethylalumoxane {n-hexane
solvent, in terms of aluminum atom: 4.08 M, 1.55 mmol) was added,
and the mixture was stirred at room temperature for 15 minutes to
prepare a catalyst solution B. In the autoclave, 0.2 ml (0.05 M,
10 uymol) of triisobutylaluminum, 0.25 ml (0.00047 M, 0.012 umcl) of
the catalyst soluticnd, 0.24ml (0.00033M, 0.008 umel) of the catalyst
solution B and 0.7 ml of a mixed solvent of cyclohexane and the solvent

A in a mixing ratio of 9:1 were placed to initiate polymerization.
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After the polymerization was carried out at 50°C for 10 minutes, a
small amount of iscbutyl alcochol was added to terminate the
polyvmerization. To the resulting polymer, 50 ml of methancol and a
small amount of a hydrochloric acid aqueocus solution were added, and
they were stirred at room temperature for 1 hour. Thé polymer was
filtered and vacuum dried to obtain 1.8637 g of syndiotactic
polypropylene. The resulting polymer hada weight-averagemolecular
weight (Mw) of 79800 and a molecular weight distribution (Mw/Mn} of
2.01, and had an intrinsic viscosity [nl of 1.05 di/g and a meltiné

point (Tm), as measured by DSC, of 145.6°C.

[0369] Comparative Example 4

The same operations.as in Comparative Example 3 were carried
out, except that the solvent Awas replacedwithn-hexane. Asaresult,
1.7962 ¢ of syndioctactic polypropylene was cbtained. The resulting
polymer had an intrinsic viscosity [n] of 1.05 dl/g and a melting

point {Tm), as measured by DSC, of 145.4°C.

[0370] Comparative Example 5

In a 8US autoclave having an internal volume of 15 ml and having
been thoroughly purged with nitrogen, 3.9 ml of a mixed solvent of
cyclohexane and the solvent A in a mixing ratio of 9:1 was placed,
followed by stirring at 600 rpm. The solution was heated to 60°C,

and subsequently the autoclave was pressurized with preopylene until
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the total pressure became 7 bar. In an atmosphere of nitrogen, 2.7
mg (molecular weight: 917.98 g/mol) of the catalyst (b) was placed
in a Schlenk flask and dissclved in 12 ml of dehydrated toluene to
prepare a metallccene solution of 0.00025 M. Then, 0.36 ml of a
suspension of modified_methylalumoxane (n-hexane solvent, 1n terms
of aluminum atom: 4.08 M, 1.47 mmol) was added, and the mixture was
stirred at room temperature for 15 minutes to prepare a catalyst
sclution A. In an autoclave, 0.2 ml (0.05 M, 10 umol} of
trilscbutylaluminum, 0.20 ml (0.00025 M, 0.05 umcl) of the catalyst
soluticn A and 0.7 ml of amixed solvent of cyclohexane and the solvent
A in a mixing ratioc of 9:1 were placed to initiate polymerization.
After the polymerization was carried ocut at 60°C for 10 minutes, a
small amount of isobutyl alcohol was added to terminate the
polymerization. To the resulting polymer, 50 ml of methanol and a
small amount of a hydrochloric acid aquecus solution were added, and
they were stirred at room temperature for 1 hour. The polymer was
filtered and vacuum dried to obtain 0.1510 g of syndiotactic
polypropylene. The resulting polymer had an intrinsicviscosity [n]

of 1.41 dl/g and a melting point (Tm), as measured by DSC, of 158.8°C.

[G371] Comparative Example 6

The same operations as in Comparative Example 5 were carried
out, except that the polymerization temperature was changed to 65°C.

As a result, 0.0990 g of syndiotactic polypropylene was obtained.
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The resulting polymer had an intrinsic viscosity [n] of 1.18 dl/g

and a melting point {Tm), as measured by DSC, of 158.4°C,

[0372] Comparative Example 7

The same operatiéns as in Comparative Example 5 were carried
cut, except that the catalyst (b) was replaced with the catalyst (g)
and the polymerization temperature was changed to 50°C. As a result,
1.0740 g of syndiotactic pelyprepylene was obtained. The resulting
polymer had a weight-average molecular weight (Mw) of 356000 and a
molecular weight distribution (Mw/Mn) of 2.39%, and had amelting point

(Tm), as measured by DSC, of 132.7°C.

[0373] Comparative Example 8

The same operations as in Comparative Example 5 were carried
cut, except that the catalyst (b} was replaced with the catalyst (d).
As a result, 0.6465 g of syndiotactic polypropylene was cbtained.
The resulting polymer had a weight-average molecular weight (Mw) of
102000 and a melecular weight distribution (Mw/Mn) of 1.84, and had
an intrinsic viscosity [n] of 1.22 dl/g and & melting point (Tm),
as measured by DSC, of 156.0°C.

[6374] Polymerizaticn conditions, properties of the
resulting pelymers, etc. in Comparative Examples 3 to 8 are set forth
in Table §.

[0375]
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Foymerzaton Tm1(°C) | Tm2(°C) | AHTm) | Tm2-Tm1(°C) | To(°C) | AHTe) | [n] | MFR Mw Mn | Mw/Mn
Comp 50 1326 | 1456 | 52.3 13 94.3 494 | 1.05 - 79800 | 39700 | 2.01
Come. 50 132.9 | 1454 | 463 12.5 97.0 | 396 | 1.05 - - - -
el 60 1541 | 1588 | 652 47 1004 | 61 |[141 ] - - - _
o 65 1530 | 158.4 62 5.4 109.6 | 634 | 1.18 - - ~ -
Gomr1 50 1302 | 139.7 | 363 9.5 88.7 | 31.9 |4 | - | 356000 | 149000 | 2.39
comp. 60 1494 | 1560 | 56.3 6.6 1046 | 578 | 1.22 - 102000 | 55400 | 1.84
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Industrial Applicability

[037¢6] Polymers having narrow melecular weight
distribution, highmelting point and high molecular weight give great
merits to the clefin polymerization industry. For example, when
propylene is used as a monomer in the present invention, the resulting
propylene polymer has a narrow molecular weight distribution, a high
melting point and a high molecular weight. When an olefin
polymerization catalyst comprising the aforesaid crosslinked
metallocene compound is used, polypropylene having a high melting
point and a high molecular weight can be prepared under the
polymerization conditions of high temperatures. Also when a monomer
other than propylene is used, a polymer having a mélting point and
a molecular weight eguivalent to or higher than those of a polymer
obtained by the use of a publicly known metallocene compound can be

prepared.
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CLAIMS

1. A process for preparing an olefin polymer, comprising polymerizing at least one monomaer
selected from g-olefins of 2 or more carbon atoms, wherein the polymerization is carried out at a
temperature of not lower than 40° C. in the presence of a catalyst comprising:

a transition metal compound component {(A) comprising two or more kinds of transition metal
compounds {a) represented by the following formula [A1], and

an organometallic compound component {B) comprising one or more kinds of organometallic
compounds (b} selected from the following compeunds {b-1}, (b-2) and {b-3):

(b-1) an organocaluminum oxy-compound,

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

(b-3) an organcaluminum compound,

propylene is contained in the monomer, and

the olefin polymer is an olefin polymer whose weight-average molecular weight (Mw) and
number-average molecular weight (Mn), as determined by gel permeation chromatography
(GPC), satisfy the relationship of 1Z{(Mw/Mn)E3, and which has a melting point (Tm), as
determined by DSC, of not lower than 150° C. and an intrinsic viscosity (In]) of not less than 1.5
difg, '

wherein R' to R' are each independently a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogen-containing hydrocarbon group, a nitrogen-containing group, an oxygen-
containing group or a silicon-containing group, two adjacent groups of R'to R*and R®to R may
be bonded to form a ring, R™ and R™ are each independently a hydrogen atom, a hydrocarbon

group of 1 to 40 carbon atoms or a silicon-containing group of 1 to 40 carbon atoms and may be
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bonded to each other to form a ring, M is Ti, Zr or Hf, Y is a silicon atom or a carbon atom, Qis a
halogen atom, a hydrocarbon group, an anionic figand or a neutral ligand capable of being
coordinated by a lone pair, | is an integer of 1 to 4, and when plural Q are present, they may be

the same as or different from each other,
wherein at least one of the transition metal compounds (&) of the transition metal compound

componeni (A} is represented by the following formula [A1-2]:

[A1-2]

R?b R [

wherein R™ to R'™ are each independently a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogen-containing hydrocarbon group, a nitrogen-containing group, an oxygsen-
containing group or a silicon-containing group, two adjacent groups of R to R® and R¥ to R'*
may be bonded to form a ring with the proviso that R™, R®, R® and R' are each a hydrogen
atom, R™ and R' are each independently an organic group represented by the following
formula [A1-2-1], M is Ti, Zr or Hf, Y is a silicon atom or a carbon atom, Q is a halogen atom, a
hydrocarbon group, an anionic ligand or a neutral ligand capable of being coordinated by a lone
pair, j is an integer of 1 to 4, and when plural Q are present, they may be the same as or different

from each other,
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[A1-2-1]
RISb Rlﬁ-‘b

R17% (CHyn

Rlﬁb R]fib

wherein R to R' are each independently a hydrogen atom, a halogen atom, a hydroxyl group,
a hydrocarbon group of 1 to 14 carbon atoms, a halogen-containing hydrocarbon group of 1 to
14 carbon atoms, a suifur-containing group, an oxygen-containing group or a silicon-containing

group, two adjacent groups of R'® 1o R™ may be bonded to form a fing, andnis 0 or 1.

2. The process for preparing an olefin polymer as claimed in claim 1, wherein at least one of the

transition metal compounds (a} of the fransition metal compound component (A) is represented
by the following formula [A1-1];

[Al.1]

wherein R™ to R'* are each independently a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogen-containing hydrocarbon group, a nitrogen-containing group, an oxygen-
containing group or a silicon-containing group, two adjacent groups of R'to R* and R¥ {0 R™®
may be bonded to form a ring with the proviso that R", R® R®* and R'* are each independently
selected from a hydrogen atom, a hydrocarbon group and a silicon-containing group and at least
one of R™, R*®, R®and R'#is selected from a hydrocarbon group and a silicon-containing group,
R and R** are each independently an organic group represented by the following formula [A1-

1-1], M is Ti, Zr or Hf, Y is a silicon atom or a carbon atom, Q is a halogen atom, a hydrocarbon
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group, an anionic ligand or a neutral ligand capable of being coordinated by a lone palr, j is an

integer of 1 to 4, and when plural Q are present, they may be the same as or different from each
other,

[A1-1-1]
Rl@a R19a

Ri7a (CH,n

Riéa Rlﬁa

wherein R™® to R'® are each independently a hydrogen atom, a halogen atom, a hydroxyl group,
a hydrocarbon group of 1 to 14 carbon atoms, a halogen-containing hydrocarboﬁ group of 1 fo
14 carbon atoms, a sulfur-containing group, an oxygen-containing group or a silicon-containing
group, two adjacent groups of R™to R" may be bonded to form a ring, and nis 0 or 1.

3. The process for preparing an olefin polymer as claimed in claim 2, wherein in the formula [A1-
1}, R"™and R™ are each a hydrocarbon group of 1 to 40 carbon atoms or a silicon-containing

group of 1 to 40 carbon atoms, and R*™ and R®™ are each a hydrogen atom.

4. The process for preparing an olefin polymer as claimed in claim 1, wherein the fransition metal
compound (a) is a transition metal compound in which at least one of R* and R'® in the formula
[A1-2} is selected from a halogen atom and a halogen-containing hydrocarbon group, or a
transition metal compound in which at least one of R*" to R™" in the formula [A1-2-1] is selected

from a halogen atom and a halogen-containing hydrocarbon group of 1 to 14 carbon atoms.

5. The process for preparing an olefin polymer as claimed in claim 1, wherein the polymerization

is carried out at a gauge pressure of 0.5 MPa to 10 MPa,

8. The process for preparing an olefin polymer as claimed in claim 1, wherein the polymerization

is carried out using an inert hydrocarbon solvent.

7. A mixed catalyst comprising two or more kinds of transition metal compounds (a) represented
by the following formula [A1]:
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[A1]

wherein R' to R™ are each independently a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogen-containing hydrocarbon group, a nitrogen-containing group, an oxygen-
containing group or a sificon-containing group, two adjacent groups of R' to R® and R®to R may
be bonded to form a ring, R"™ and R" are each independently a hydrogen atom, a hydrocarbon
group of 1 t0 40 carbon atoms or a silicon-containing group of 1 to 40 carbon atoms and may be
bonded to each other to form a ring, M is Ti, Zr or Hi, Y is a silicon atom or a carbon atom, Q is a
halogen atom, a hydrocarbon group, an anionic ligend or a neutral ligand capable of being
coordinated by a lone pair, j is an integer of 1 fo 4, and when plural Q are present, they may be
the same as or different from each other,

wherein at least one of the transition metal compounds (a) is represented by the following
formuia [A1-2]:

[A1-2]




10

15

20

162

wherein R"™ to R™ are each independently a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogen-containing hydrocarbon group, a nitrogen-containing group, an oxygen-
containing group or a silicon-containing group, two adjacent groups of R™ to R®™ and R® fo R
may be bonded to form a ring with the proviso that R, R, R® and R'® are each a hydrogen
atom, R™ and R' are each independently an organic group represented by the following
formula [A1-2-1], M is Ti, Zr or Hf, Y is a silicon atom or a carbon atom, Q is g halogen atom, a
hydrocarbon group, an anionic ligand or a neutral ligand capable of being coordinated by a fone
pair, }is an integer of 1 to 4, and when plural Q are present, they may be tha same as or different

from each other,

RI&IJ R 1%k
Rz?b‘Q‘ Q\CHJ))—

R]ﬁb Rle

wherein R** to R™ are each independently a hydrogen atom, a halogen atom, a hydroxyl group,
a hydrocarbon group of 1 to 14 carbon atoms, a halogen-containing hydrocarbon group of 1 to
14 carbon atoms, a sulfur-containing group, an oxygen-containing group or a silicon-containing
group, two adjacent groups of R* to R'® may be bonded to form a ring, and nis 0 or 1.

8. The mixed cataiyst as claimed in claim 7, wherein at least one of the transition metal

compounds (a) is represented by the following formula [A1-1]:
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[A1-1]

wherein R™ to R are each independently a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogen-containing hydrocarbon group, a nitrogen-containing group, an oxygen-
containing group or a silicon-containing group, two adjacent groups of R™ to R* and R% to R*#
may be bonded to form a ring with the proviso that R'®, R*, R* and R' are each independently
selected from a hydrogen atom, a hydrocarbon group and a silicon-containing group and at least
one of R™, R®, R*and R'*is selected from a hydrocarbon group and a silicon-containing group,
R™ and R™ are each independently an organic group represented by the following formula [A1-
1-1], Mis Ti, Zr or Hf, Y is a silicon atom or a carbon atom, Q is a haiogen atom, a hydrocarbon
group, an anionic figand or a neutral ligand capable of being coordinated by a lone pair, | is an

integer of 1 to 4, and when plural Q are present, they may be the same as or different from each
other,

18z R19a
Rwa*‘ (CH-;);?}

R 16a R15a

[A1-1-1]

wherein R"*to R™ are each independently a hydrogen atom, a halogen atom, a hydroxyl group,
a hydrocarbon group of 1 to 14 carbon atoms, a halogen-containing hydrocarbon group of 1 to
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14 carbon atoms, a suifur-containing group, an oxygen-containing group or a silicon-containing

group, two adjacent groups of R™ to R"* may be bonded to form a ring, and nis 0 or 1.

9. The mixed catalyst as claimed in claim 8, wherein in the formula [A1-1], R"and R'® are each
a hydrocarbon group of 1 to 40 carbon atoms or a silicon-containing group of 1 to 40 carbon

atoms, and R*®and R* are each a hydrogen atom.

10. The mixed catalyst as claimed in claim 7, wherein the transition metal compound (a) is a
transition metal compound in which at least one of R® and R'" in the formula [A1-2] is selected
from a halogen atom and a halogen-containing hydrocarbon group, or a transition metal
compound in which at feast one of R"" to R™" in the formula [A1-2-1] is selected from a halogen

atom and a halogen-containing hydrocarbon group of 1 to 14 carbon atoms.



