1 DESCRIPTION PROCESS FOR PREPARING OLEFIN POLYMER USING MIXED CATALYST
Technical Field [0001]The present invention relates to a process for preparing an olefin polymer.
Background Art 10[0002]Olefin polymers are applied to various uses as thermoplastic resin materials
or modifiers of thermoplastic resins. As a polymeriﬁation catalyst used in the preparation of olefin
polymers, a titanium catalyst or a metallocene catalyst is known. In the case of using the titanium
catalyst, however, there is a problem that the 15.compegition of olefin types of an olefin polymer that
can be prepared is restricted or a problem that the compatibility is not homogeneous because of a
wide molecular weight distribution. In the case of using the metallocene catalyst, copolymerizability of
a-olefins is excellent and a-olefins can be polymerized with a wide range of 20 composition, but when
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polymerization activity is sometimes low, and this is an obstacle to low cost. Recently, it has
been disclosed by J.A. Ewen, et al. that when a catalyst comprising a transitionmetal catalyst having,

'5  Technical Field

(00017 The present invention relates to a process for

preparing an olefin polymer.

Background Art

10 (06023 Olefin polymers are applied to various uses as
thermoplastic resin materials or modifiers of thermoplastic resins.
Asapolymerizationcatalystusedinthepreparationofolefinpolymers,
a titanium catalyst or a metallocéne catalyst is known. In the case
of using the titanium catalyst, however, there is a problem that the

15 composition of olefin types of an olefin polymer that can be prepared
is restricted or a problem that the compatibility is not homogeneous
because of a widemolecular weight distribution. Inthe case of using
the metallocene catalyst, copolymerizability of o-clefins is
excellent and o—clefins can be polymerized with a wide range of

20 composition, but whenhigh-temperaturepolymerizationiscarriedout,
the molecular weight is not increased or the pelymerization activity
is scometimes low, and this is an cbstacle to low cost.

roo03s Recently, it has been disclesed by J.A. Ewen, et

al. thatwhenacatalyst comprisingatransitionmetal catalysthaving,



2 as a ligand, isopropylidene (cyclopentadienyl)(9-fluorene) wherein cyclopentadiene and fluorene are
crosslinked by isopropylidene and aluminoxane is used, polypropylene of high tacticity having a
syndiotactic pentad fraction of more than 0.7 is obtained (non patent 5literature 1). [0004]Moreover, it
has been reported that by the use of a catalyst hav#'ng a structure analogous to that of the above
transition metal catalyst showing a syndiotactic polypropylene activity, a propylene/ethylene copolymer

having a high molecular 10 weight is obtained (patent literature )} this transition metal catalyst,
however,at‘?iéﬂrt[:-T %%?é}ér%olrﬁ%f ?%%%olvge%]eenf iF po ?/%%?i%%ﬁéﬁn e%r o!r[%n;%lnc%ogte i%i deempgratures and

partic:uIaEI%(Iir?L gnole%léalér. Weiggllj[1 ép%&egt literatures 2 and %)i][lq(%%S]oB the wa angghoéj faor

polymeriZi fj an S-o1efint e_L%eby MixXing Bitférent metafiocéne compo ndS 6r t purpose Sf g]lowing the

resulting polymer to exhipit specific praperties instead of widening a molecular weight distribution of
the polyrﬁ%?%ﬁ§%éﬂealég propose ﬂ%‘é’rpgffrﬁ = %%c\)%l 55§ fotcr’%?gﬁé:rjiﬁg ?)%Wplr%%yl%ne by using a
crosslinkedmonocyclopentadienyl hetero atom-containing c qund 20 and uncrosglinked
biscyclopefitadithFédmamg @yoﬁﬁ foimd ?\%fﬁté%ﬁeré:&?ﬁe%?gét%rﬂqﬁgfa?& r(zg)t}%o?go%lr? there isa

literature_in which use of a hafnium metallocene type catalyst compound of a crosslinked bulky ligand
and - ziréonitht hetllddene type catalyst compound is discussed (patent literature 5). Furthermore, a
process 3 for preparing a propylene polymer using at least two different zirconium metallocene type
catalyst compourid®R4ving a cré&SHRREE bulky~1 ifahPREE bedr disERse e ot StBritafy firm
zirconocenes used herein has, as a bulky ligand, an indenyl ligand having a 5 substituent on a

six-memBéredl ¢ fdateht Fsratse)s SHI RS MorE. ePsibTess 6P repiing FolfBriiSlene using

two different zirconium metallocene type catalyst compounds having a crosslinked bulky ligand has
been dis¢lbsed {paent NtsraturesFRlyst showing a syndiotactic polypropylene

activity, a propylene/ethylene copolymer having a high molecular
10 weight is obtained (patent literature 1). In this transition mefal
ca.talyst, however, there is yet room for improx?@ment inpcolymerization
performance at high temperatures andparticularly inmolecular weight
(patent. literatur_es 2 and 3).
[0005] By the way, a method for polymerizing an a—olefin
15  Dbymixing different metallocene comﬁaounds for the purpose of allowing
the resulting polymer to exhibit specific properties instead of
widening a melecular weight distributicon of the polymer has been also
proposed. Forexample, aprocess for preparingpolypropylenebyusing
a crosslinked monocyclopentadienyl hetero atom-containing compound
20 and an uncrosslinked biscyclopentadienyl-containing compound has
been reported (patent literature d4). Moreover, there isa literature
in which use of a hafnium metallocene type catalyst compound of a
crossiinked bulky ligand and a zirconium metallocene type catalyst

compound is discussed {(patent literature 5). Furthermore, a process



[0006]The present applicant has already reported that 10 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 15 Patent Literature [0007]Patent literature 1:
Japanese Patent Laid-Open Publication No. 2747@3/1990 Patent literature 2: Japanese Patent
Laid-Open Publication No. 161957/2004 20 Patent literature 3: W001/027124 pamphlet Patent

literatures, preparing a propylene polymer using at least two different
zirconium metallocene type catalyst compounds having a crosslinked
bulky ligandhas been disclosed. One of sterically firmzirconocenes
used herein has, as a bulky ligand, an indenyl ligand having a
5 substituent on a six-membered ring (patent literature 6). Still
furthermore, aprocess forpreparing polypropyleneusingtwodifferent
zirconiuﬂlmetalloﬁene type catalyst compounds having a crosslinked
bulky ligand has been disclosed (patent literature 7).:
[0006] The present applicant has already reported that
10 a polypropylene polymer having a relatively high melting point and
a high mélecuiar weight can be prepared by the use of a specific

transition metal catalyst (patent literature £).

Citation List
15 Patent Literature
[0007] Patent literature 1: Japanese Patent Laid-Open
Publication No. 274703/1990
Patent literature 2: Japanese Patent Laid-Cpen Publication No.
161957/2004
20 Patent literature 3: WO01/027124 pamphlet
Patent literature 4: U.S5. Patent No. 5,516,848
Patent literature 5: EP 0310734B
Patent literature 6: U.S. Patent No. 5,6%6,045

Patent literature 7: EP 51601EB



4: U.S.Patent No. 5,516,848 Patent literature 5: EP 0310734B Patent literature 6: U.S.Patent No.
5,696,045

4
PatentliteratureS:JapanesePateﬁtl@idquenPublicationNo;
302854/2007
Non Patent Literature
[0008] Non patent literature 1: J. Am. Chem. Soc. 1988,

5 110, 6255-6256-

Summary of Invention
Technical Problem
[0009] In order to make industrialization possible,
10 however, it has been desired that the preparation can be carried out
at ahigh temperature exceeding ordinary temperature, but any catalyst
satisfyiﬁg such requirement soﬁndly has not.beeﬁ reported so far.
[0C10O7] Accordingly, it is an object of the present
invention to provide an olefin polymerization process to efficiently
15 obtain an o-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).

20 Seolution to Proklem
[0011] Under such circumstances, the present inventors
have earnestly studied. As a result, they have found that in the
case where an og—olefin such as propylene is polymerized, an a-oclefin

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



Patent literature 7: EP 5160188 4 Patent literature 8: Japanese Patent Laid-Open Publication
No.. 302854/2007 Non Patent Literature [0008]Non patent literature 1: J. Am. Chem, Soc. 1988, 5110,
6255-6256 Summary of Invention Technical Problem [0009]In order to make industrialization possible,
10 however, it has been desired that the preparatign can be carried out at a high temperature
exceeding ordinary temperature, but any catalyst satisfying such requirement soundly has not been

reported 52 fgg'tained even in the polymerization at a high temperature at which

industrialization is possible, by using twe or more kinds of speci.fic
metallocene compounds different in ligand structure, and they have
also found that the resulting clefin polymer has a narrow molecular

5 - weight distributicn. Thus, the present invention has been
accomplished.

(00121 That is to say, the process forpreparinganolefin
polymer according to the present invention is a process for preparing
an olefin polymer, comprising polymerizing monomers containing

10 propylene and if necessary an o~olefin of 2 or more carbon atoms other
than propylene, wherein the polymerization is carried out at a
température of not lower than 40°C in the presence of a catalyst
comprising a transitionmetal compound component (A) which comprises
two or more kinds of t.ransition metal compounds {a) represented by

15 the following formula [A1l] and an organometallic compound component
(B} which comprises one or more kinds of organometallic compounds
(b} selected from the following compounds (b-1}), (b-2) and (b-3}:

(b-1) an organoaluminum oxy-compound, |
(b-2}) a compound which reactswith the transitionmetal compound
20 {a) to form an ion pair,
{b-3) an organcaluminum compcund, and
the olefin polymer is an colefin polymer whose weight-average
molecular weight (Mw) and number-average molecular weight (Mn), as

determined by égel permeation chromatography (GPC), satisfy the



[0010]Accordingly, it is an object of the present invention to provide an olefin polymerization process to
efficiently 15 obtain an a-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). 20 Solution to Problem [0011]Under
such circumstances, the present inventors have earnestly studied. As a result, they have found that in
e e SeTe AN SiRlEn SUsh 00 RigRUS) e R PoTariesl Do einpalme havng apan
melting point and a high molecular weight can be obtained even in the polymerization at a high
temperatyre at which.industrialization is passible, b ing-two or.mare kinds of specific allocene
compoung sec &ﬁgrlenn??nkﬁ?/gggéa’st?uc{ﬁ%,]a%héie%!e%ﬁ%{v%gggg olrtljén)(iI that t relgegsh tﬁ% Sogfé)f?rglg lymer has
a narrow molecular 5 weight distribution. Thys, the present invention has been accomplished.
[OOlZ]ThgrrE I'%}etsc:) s%,?ﬁée |c£)ir§(§esséC %’oarnprgpgriﬁg% olefin polymer according to the present invention is a
process ?56){%@aring an olefin polymer, comprising polymerizing monomers containing 10 propylene
and if necessary an a-olefin of 2 or more carbon atoms other than propylene, wherein the
polymerization is carried out at a temperature of not lower than 40C in the presence of a catalyst
comprising a transition metal compound xQhient (A) which comprises two or more kinds of
transition metal compounds (a) represent

5 . . ‘[Al]

[0014] 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-sllicon-containing group, two adjacent groups of R to R® and R®
10 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 bonded
to each other to form & ring, M is Ti, Zr or Hf, Y 1s a silicon atom
or & carbon atom, Q is a halogen atom, a hydrocarbon group, an anionic

15 ligand or a neutral ligand capable of besing coordinated by a lone



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-1) , (b-2) and

(b-3) : (b-1) an organoaluminum oxy-compound, (b-2) a compound which reacts
with the transition metal compound 20(a) to form an ion pair, (b-3) an organoaluminum.
compound, 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
(GPO), sBfidfy the 6 réfatighshiEs of L MwrRIn ngn% Vﬂﬁ'&h RalE meltngSHBHE T a5 Yetermined
by DSC, of not lower than 150C and an intrinsic viscosity ([n]gbof not less than 1.5 dl/g, [0013] [Al]
[0014]wHBF&InBAto" R 28P8'2aRR iRdeperdéith/a hiirSy&itafori "4 Halogen atom, a hydrocarbon

group, a halogen-containing hydrocarbon

Advantageous Effects of Invention
5 [0015] The process for preparing an olefin polymer
according to the present invention i1s 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
10 polymerization catalyst comprising a crosslinked metallocene
compound according to the present invention is used, preparation of
"pelypropylense having a narrow molecular weight aistribution becomes
ﬁossibleevenjrlthepolymerizationateahightemperature. Moreover,
whentheaboveolefinpolymerizaticoncatalystcomprisingacrosslinked
15 metallocene compound is used, a polymer exhibiting amolecular weight
distribution equivalent to or narrower than that in the case of using
publicly known technicue and having a high melting point and a high
molecular weight is obtained even if a monomer other than propylene
is used,.
20
Description of Embodiments
[00186] With regard teo the component (A) and the component
{B} relevant to the present invention, the olefin peolymerization

catalyst containing these components, andtheprocess forpolymerizing



group, a nitrogen-containing group, an oxygen-containing group or a silicon-containing group, two
adjacent groups of R1 to R5 and R2 10 to R12 may be bonded to forma ring, R15 and R14 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 bonded,to each other to form a ring, 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 15 ligand or a

neutral ligand capahle of being coordinated by a lone %}82&{%? azpaigg\e er of 1.to 4, and when plural

ir
i i % 19—1 — S
Q are present, they may %éj fhesgélr%eé gs or dif erentlf?o ch other. vantagegusL Effects of

Invention 5[Q015]The process for preparing, an olefin polymer according lo the present. invention is
excellentin poﬁymeriza |or¥a€tﬁ/i?y. or examp?e, when propyPene iS'used as a monomer, the resulting

propyler\llsé)olyme%has a narrow molecular weight and has a high melting point and a high molecular

weight. &n thé Yee'ficn'

[G017] The process for preparing an olefin polymer
5 accordingtothe present invention isa process. for preparingan olefin
polymer, comprising polymerizing at least one meonomer selected from
e-olefinsof two ormore carbon atoms. Intheabovemonomer, propylene
iscontained. Theabovepolymerizationiscarriedoutatatemperature
of not lower than 40°C iﬁ the presence of a catalyst comprising a
19 transition metal compound component (A} which comprises two or ﬁbre
kinds of specific transition metal compounds (a}) and a specific '
ofganometali.ié.compoﬁnd.component {(B). Intheolefinpolymerobtained
by this polymerization, the Qeight—average molécular weight (Mw) and
the number-average molecular weight (Mn), as determined by gel
15  permeation chromatography (GPC), satisfy the felationship of
1€ (Mw/Mn) <3, the melting peint (Tm), as determined by DSC, is not
lower than 150°C, and the intrinsic viscosity ([n]) is not less than
1.5 dl/g. In the present invention, by using the transition metal
compound component (A) comprising two or mere kinds of specific
20 transition metal compounds (a), an o—olefin can be efficiently
polymerized with 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

havinganarrowmolecularwelghtdistributionandhavingahighmelting



10 polymerization catalyst comprising a crosslinked metallocene compound according to the present
invention is used, preparation of polypropylene having a narrow molecular weight distribution becomes
possible even in the polymerization at a high temperature. Moreover, when the above olefin
polymerization catalyst comprising a crosslinked 1@ metallocene compound is used, apolymer
exhibiting amolecular weight distribution equivalent to or narrower than that in the case of using
publicly ﬁg%nctegggiaau% gg Wi@gﬂghm%@g point and a| fgg glecular weight is obtained
even if a monomer other than propylene is used. 20 Description of Embodiments [0016]With regard to
the comp%]@%gA) and t@rggrsnjp rétnijc‘l% ti gggg P Q/{rgerization
catalystcontainingthesecompone g—8ote epresence of the
olefin polymeriza%%% cg%gll)@t, tb.est 892& fgr cagxing out the preg,e{}g;nvention are d,g%%riggd in order

53

hereinafter. [001 e processjfgpp eparing an Glefin 5&?%%??accordiﬁ§ 6 the present invention is a

process for preparing an olefin polymer, comprising polymerizing at least one monpomer._selected from
beolefins BP0 bF St arbbh A6 T thE Abbve BRBMT, HFopylchd RoSoamed Tha above
polymerization is carried out at a temperature of not lower than 40C in the presence of a catalyst
Comprising A 10 BASIGATHOR! CompoLd SoRTBSHEH: (25 WHTAR SomBTRES o6y mbre kinds of
specific transition metal] compounds (a) and a specific organometallic compound component (B). In the
olefinpoIﬁﬁ@?ﬁ%ﬁdﬁ@?bﬁﬁ%}ﬁ&%{é‘?iz%\%ﬁ?ﬂ%jweiéﬁgﬁ\?er%l%% %5@&1&9\%@%%&% and the
number-average molecular weight (Mn), as determined by gel 15 permeation chromatography (GPO),
satisfy theTBRGASHRY B2 Eiv/ M) & TRRThERM & HBIMT TN Sk teterinéd by BEES 1S Hot lower
than 150C, and the intrinsic viscosity ([q]) is not less than 1.5 dl/g. In the present Invention, by using
the transfiBhae EPEBRIPETN Al éompdinetit PAFESMpRRThg five Br tTE IS BF Spedific 1 9n

polymerization activity even at a temperature of not lower than rocom

Bt
—

10 temperéture, particularly not lower than 40°C. Moreover, the
resulting o-olefin polymer can be improved in the molecular weight
distribution and in the melting pdint and the intrinsic viscosity

with a good balance..

(0019}

5 o R* ST



20 transition metal compounds (a), an a-olefin can be efficiently polymerized with a high
polymerization activity even at a temperature of not lower than room temperature (usually 20C),
particularly not lower than 40C, as described above. Moreover, an a-olefin polymer having a narrow
molecular weight distribution and having a high m%ing 9 point and a high molecular weight can be
obtained. [0018]Transitionmetal compound component (A) (mixed catalyst) The transition metal

compound compopgnt(A) comprses,weermose inds pf rarstionraetah cemegHAdS (@) kepresented
by the 5 following formula [Al]. The transition metal compound (a) is a crosslinked metallocene

comp_ou%d.h?agg&% transifion, metal compguind compapent {A)GomRyisgswa,or more kinds of the
€

transition metal compounds (a), an a-olefin can be polymerized with a high polymerization activity

even al 3 teypetalis Lot lowet anoam A Qemperature padianlarbyeatlones handoc.
Moreover, the Tesulting a-olefin palymer can be improved in the molecular weight distribution and in
the melting point and e Ntnsic visgosity with 2 aood; halance,, (0012115 JAll,10
5 (00213 The halogen atoms include a flucrine atom, a
chilorine atom, a bromine atom and an icdine atom.

(00221 The number of carbon atoms of the hydrocarbon group
is not specifically restricted. Examples of the hydrocarbon groups
includestraightuchainhydrocarbongroups,Suchasmethylgroup,ethyl

10  group, n-propyl group, ailyl group, n-butyl group, n-pentyl group,
nfhe2yl group, n-heptyl group, n-octyl group, n-nonyl group and
nmdecanylgfdup;bfanchedhydrocarbongroups,suchasisopropylgroup,
t-butyl group, amyl group, 3-methylpentyl group, 1,l-diethylpropyl
group, 1,i-dimethylbutyl group, 1-methyl-l-propylbutyl group,

15 1,1~propylbutyl group, 1,l~dimethyl-2-methylpropyl group and
l-methyl-~l~isopropyl-2-methylpropyl group; cyclic saturated
hydrocarbon groups, such as cyclopentyl gfoup, cyclohexyl group,
cycloheptyl group, cycleooctyl group, norbornyl group and adamantyl
group; andcyclicunsaturatedhydrocarbongroups, suchasphenyl group,

20  naphthyl 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
nydrocarbon groups is replaced with an alkyl group).

[0023] The halogen-containing hydrocarbon group is



[0020]In the formula [Al], RI- to R12 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. 5[0021]The halogen atoms include a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom. [0022]The number of carbon atoms of the
hydrocarbon group is not specifically restricted. Examples of the hydrocarbon groups include

TR Lystace b on iouse. b A5 el ML o, S 310 NPLOPY STk, ) orouP

n-butyl group, n-pentyl group, h-hexyl group, n-heptyl group, n-o oup, n-nonyl group and

n-decanyl group; branchedhydrocarbon groups, such as isopropyl group, t-butyl group, amyl group,
3-methyl8§é®fbr§&& f,}iélg}é ey?propflrégﬁ;%ur?,ﬁ??—%r%efhylféjﬁ ?}F%F?ﬁy E 1@-?:noelf yl-I-propylbutyl group,

15 1,1-pr, utyl group, 1,1-dimethyl-2-methylpropyl group and 1-methyl-1-isopropyl-2-methylpropyl
group; cy%ﬁ%/%s)la érragfreng hy%l%o%ra?ﬁgh )éffoluc% %ﬁ%ﬁ%s ctopettyIRFEup, ccfgﬁggﬂ@&fp?@cloheptyl
group, C)ﬁci%(ictxl r u$, |§glc[ajrborn | group gpd adamantyl group; andcyolic unsaturatedhydrocarbon
groups , SUChASpIenyIgroup? 20 Raphth§lgrot; Bisheny? 5rod, phétamtiR gréup &hddhthracenyl
grousfp, andnucleu aIk&l-substitutedgroupsthereof (groups wherein a hydrogen atom on the aromatic
ring Tn the abd aﬁfﬁ R IRted RydrSCatBoRTgrdupS FiReplacEd FREPAR ANy GFAUB): [0023]The

halogen-containing hydrocarbon group is 11 -
2—iodophernyl group, Z-chlorophenyl group, 3-chlorophenyl group,

4-chlorophenyl group, 2-bromophenyl group, 3-bromophenyl group,
4-bromophenyl group, Z-fluorcphenyl group, 3-fluorophenyl group,
4~fluorophenyl group, fluoronaphthyl group, chloronaphthyl group,

10 broﬁonaphthylgroup,iodonaphthylgroup,pentafluorophenylgroupand
tri-perfluorophenylmethyl group.

[0024] The number of carbon atoms of the
haiogenwcontaininghydrocarbongroupisn@repreferablyltxn10,still
more preferably 1 to 6. As the halogen-containing hydrocarbon group,

15 more preferably used is fluoromethyl group, trifluorcmethyl group,
trichloromethyl group, pentafluocroethyl group, 1-fluorophenyl group,
l—chlorﬁphenyl group, l-bromcphenyl group, l-iodophenyl group,
Z2-fluorophenyl group, Z-bromophenyl group, Z2-iodophenyl group,
2-chlorophenyl group, 3~chlorophenyl group, 4-chlorophenyl group,

20  Z-bromophenyl group, 3-bromophenyl group, 4-bromophenyl group,
Z-fluorophenyl group, 3-flucrophenyl group, 4-fluorophenyl group,

- pentafluorophenyl group or the like.
[0025] The nitrogen-containing group is preferably a

nitrogen-containing hydrocarbon group of 1 to 20 carbon atoms, and



preferably a halogen-containing hydrocarbon group of 1 to 20 carbon atoms, and examples thereof
include fluoromethyl group, trifluoromethylgroup,trichloromethylgroup,pentafluoroethylgroup,
1-fluorophenyl group, 1-chlorophenyl group, 1-bromophenyl group, 5 1-iodophenyl group,
2-fluorophenyl group, 2-bromophenyl group, 2-iod?ghenyl group, 2-chlorophenyl group, 3-chlorophenyl
group, 4-chlorophenyl group, 2-bromophenyl group, 3-bromophenyl group, 4-bromopheny! group,

2-fluorop ro -fluarophe oup,.45flL | group, fluar hyl.gro loronaphfthyl
groﬂp, 1§ %%{#1%ni&iﬁ%@fu%%%%%%p%ﬁélgg %%?%%%a%;%%%ﬁhéﬁyl gr uéqgrﬁg{ 890%' ’

nydrocaen SrotR o Brbierab L 1 10, Sl Eos preabhr L 15 5 AC T Hilegen bomtaining
hydrocarbgn rou }3 mnare rrg&erab% qug? ii flugr%meth%ln%%l% trifLIuoroorHethyI group,
trichlorometh dr %,per}faﬂ oroet‘-fhylgroup, -ﬁuo%p%e%ylgroup, -c oro%lﬁen%l group, 1-bromophenyl

group, 1-iadophenyl group, 2-fluorophenyl graup..2-bromophenyl graup, 2-iodophenyl group,
2-chIorop%%%%y%b%@%ﬂrb%ﬁgeFf)glfloé}%u%?%-5%18%%%%&'5%4[?&@0 g-lb%ﬁw‘ophenyl group,
3-bromophenyl g , 4-bromophenyl group, 2-fluorophenyl group, 3-flugrophenyl group,
4-f|u%rophenyl grg%llé)% gintaﬂuorgﬁﬁeﬁgir&k?é)ﬁpo tﬁ@%E@?[O@gﬁ‘%’f hé& Fit%’g%n-containing group is
preferably a nitrogen-containing hydrocarbon group of 1 to 20 carbon atoms, and 12 examples thereof
include ditEfRASHIS Grous iSRS GRotTh, HiGE8 1 amiRe GroBp EhSTrBitdiMy fgroup: Piperidiny!

group, pyrrolyl group, pyridyl group, quinolyl group, imidazolyl group, dimethylaminophenyl group and
piperid_inﬁbhiﬁ%@?&@?@f@é@éﬂ#ﬁé%ﬁber oF CdiBoh-Afis of fips taining hydrocarbon

group, morepreferablyusedisdimethylaminogroup, diethylamino group,
.pyrrolidinylgroup,piperidinylgroup,pyrrolylgroup,pyridylgfoup,
10 imidazolyl group or the like.

{0027}. | The oxygen-containing group 1s preferably an
oxygen~containing hydrocarbon group of 1 to 20 carbon atoms, and
examples thereof includemethoxy group, ethoxy group, n-propoxy group,
isopropoxy group, n-butoxy group, sec-butoxy group, iscbutoxy group,

15 tert-butoxygroup, i-decyloxygroup, l-icosyloxygroup, phenoxy group,
l-naphthoxy group, Z-naphthoxy group, Z-methoxyphenyl group,
3-methoxyphenyl group, 4-methoxyphenyl group and 4-phenoxyphenyl
group.

[0028] The number of carbonatoms of the oxygen~containing

20  hydrccarbon group is more preferabliy 1 to 10, still more preferably
1to 6. As the oxygen-containing hydrocarbon group, more preferably
used ismethoxygroup, ethoxygroup, n—propoxy group, 1sopropoxy group,
n-butoxy group, sec-butoxy group, iscbutoxygroup, tert-butoxygroup,

rhenoxy group or the like.



nitrogen-containing hydrocarbon group is more preferably 1 to 10, still more preferably Ito 6. As the
nitrogen-containing hydrocarbon group, more preferablyused is dimethylamino group, diethylamino
group, pyrrolidinyl group, piperidinyl group, pyrrolyl group, pyridyl group, 10 imidazolyl group or the
like. [0027]The oxygen-containing group is preferably an oxygen-containing hydrocarbon group of 1 to
20 carbon atoms, and examples thereof includeméthoxygroup, ethoxy group, n-propoxy group,
ISOPropoxy group, n=hytoxygroup, ec-q toXy group, isqbytoxy group, 15 tert-butoxy group, 1-decyloxy
group, 1-i(:osyloxxg%?%%a , phenox%%ro%‘équﬁgpﬁt%&?lg%ﬁﬁ haphthioxy’ ﬁﬁ}iﬁ)}:% tfoxyphenyl
group, 3-methoxyphenyl group, 4-methoxyphenyl group and 4-phenoxyphenyl group. [0026]The
CHBoH BOTS G ShETH 58Py FBCarBE YISt i§ e Brétetabiyel to 10,

number of carbon atoms olf?ﬁél%}%)’ 126
still more rgfekabl 1 to 6. As the oxygen-containing hydrocarbon group, more preferably used is
methoxy FSUp- SthERY GFolib, -ptaiexy Groti S isopropbkyGtin: HRbatdd G up Qe ioky group,
isobutoxy group, tert-butoxy group, phenoxy group or the like. 13 [0029]The silicon-containing group
is preferably BRHEGEGMARNG hfarocaroT §rotup=and tHeertimBEPBT Eatbehl&tons St the number

of silicon atoms of the silicon-containing hydrocarbon _
2 is, forexample, 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 RY? may
be .bonded to form a ring.

10 10031) ’" and R™ are each independently a hydrogen atom,
a hydrocarbon group (f)‘ 0of 1tc 40 carbon atoms orla silicon~containing
group of 1 to 40 carbon atoms.

[CC32] The hydrocarbon group (f) of 1 to 40 carbon atoms
is preferably a group (fl} selected from an alkyl group (fi-1) of

15 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,
and an aryl group and a nucleus substituted aryl group {group wherein
& hydrogen atomon the aromatic ring in the above aryl group is replaced
with a substituent) {(£f1-3) of 6 to 40 carbon atoms, preferably 6 to

20 20 carbon atoms.

10033 | Examples of the alkyl groups (fl-1) include
- straight-chain hydrocarbon groups, such as methyl group, ethyl group,
n-propyl group, allyl group, n-butyl group, n-pentyl group, n-hexyl

group, n-heptyl group, n-octyl group, n-nonyl group and n-decanyl



group are not specifically restricted. The silicon-containing group 5 is, for example, an alkylsilyl group
or an arylsilyl group. Examples of such groups include trimethylsilyl group, triethylsilyl group and
triphenylsilyi group. [0030]Two adjacent groups of Rl to R5 and R8 to R12 may be bonded to form a
ring. 10[0031]R13 and R14 are each independently,a hydrogen atom, a hydrocarbon group (f) of 1 to
40 carbon atoms or a silicon-containing group of 1 to 40 carbon atoms. [0032]The hydrocarbon group

(o 11940 satbap atomeda prelorativa ioup (L) selectedtdrom an Al group(leT0t49 1 10 40

carbon atoms, preferably 1 to"20 carbon atoms, ‘an aralkyl group ( carbon atoms,

preferab Ig%?/%)?gg g%?%%()) ﬁ] r%@gs,f_qge@gﬁge%@y% and,a nucleys éﬁgﬁ%tyﬁgéﬂ}ﬂrﬁ?e&grpw

wherein n‘the aromatic ring in the"above aryl group is replaced with a substituent)

(f1-3) of 6 to 40.carbon.atoms, preferably.6 to 20 20 carb toms. [Q0 j3:|§§§1mples of the alkyl groups
(f1-1) inc?dc?‘e _éi%%?@%%ﬁ\%@d?orc%%én ]grroﬂg gslg,ysluc gé) %S{%I%%u p% ethyl ‘group, n-propyl group,

allyL group, n-butyl group, n-pentyl groupy nhexyl,aroup. [NERYGIOUD: NAEYLaTaYR. n-nony group
and n-decényp
5 l-methyli-l-isopropyl-2-methylpropyl group; and cyclic saturated
hydrocarbon groups, such as cyclopentyl group, cyclohexyl group,
cycloheptyl group, cyclooctyl group, norbornyl group and adamantyl
group.

[0034] ‘Examples of the aralkyl groups (f1-2) include

10  benzyl groﬁp, a-phenethyl group, P-phenethyl group, diphenylmethyl
group, naphthylmethyl group and néophyl 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 groups, such as o-tolyl group,

15 m-telylgroup, p-tolyl group, ethylphenyl group, n~propylphenyl group,
i-propylphenyl group, n-butylphenyl group, s-butylphenyl group,
t~-butylphenyl group and xylyl group; chlorecaryl groups, such as
o-chlorophenyl group, m—~chlorophenyl group, p—chlorophenyl group and
chloronaphthyl group; bromoaryl groups, such as o-bromophenyl greoup,

20  m-bromophenyl group, p~bromophenyl group and bromonaphthyl group;
bromoalkylaryl groups, such as bromome%hylphenyl group and
dibromomethylphenyl group; iocdecaryl groups, such as o-iodophenyl
group, m-iodophenyl group, p-icdophenyl group and lodenaphthyl group;

and iodoalkylaryl groups, such as iodomethylphenyl group and



14 group; branched hydrocarbon groups, such as isopropy! group, t-butyl group, amyl group,
3-methylpentyl group, 1,1-diethylpropyl group, 1,1-dimethylbutyl group, 1-methyl-1-propylbutyl group,
1,1-propylbutyl group, 1,1-dimethy1-2-methylpropyl group and 1-methyl-1-isopropyl-2-methylpropyl
group; and cyclic saturated hydrocarbon groups, sych as cyclopentyl group, cyclohexyl group,
cycloheptyl group, cyclooctyl group, norbornyl group and adamantyl group. [0034]Examples of the

aralkyl g@ﬂpﬁé&n—gﬁqu%ggnl benzyl group, a-phenethyl group, P-phenethyl group, diphenylmethyl
group, naphthylmethyf group and heophyl group. [0035]Examples of the aryl groups and the nucleus

substituted aryl gy f1-3) inclyude aryl groups, such.as phenyl grou naphthyl group; alkylaryl
groups, such as (g-gtlg%/?éroup, 1 m?to“?y g%rgocuopr%gtgﬁ/fgar%)ﬁﬁ%eqh Iﬁﬁéﬁy%foréjpFn?p?(?;yﬁgh%n%}group,

proBY PRENALOTOUD B SUBIBREIV roup. bubdatichy aioup. Lbulfphetylaroup and Xyt group
chloroaryl groups, such as o-chtorophenylgroup,m-chiorophenylgroup, p-chlorop enﬁgrou and

chloronaphthyl group;_bromoaryl groups, such as o-bromophenyl.group, 20 m-br phenyl group,
p-bromogﬁ{%}x %?gu%faﬁld%r ’}/8%36%}%‘%%8% %&%o%@%r@%rgﬁr%%ugﬁJa%gngo%nsoln?g ylphenyl

group and dibromomethylphenyl group; iodoaryl groups, such as o-iodophenyl group, m-iodophenyl
group, p-BdSphertoro %?&d%falp'ﬁlfhﬁrdjrﬁ%p and iodoalkylaryl groups, such as iodomethylphenyl

roup and 15 diiodomethylphenyl group.
group [G037] yip %\19 ance R* are each more preferably an alkyl group

(f1-1) of 1 to 20 carbon atoms, an aralkyl group (f1-2) of 1 to 20
carbon atoms, or an aryl group and a nucleus substituted aryl group
{£1-3) of 6 to 20 carbon atoms. Specifically, the later-described
10 organic group represented by the formula [Al-1-1] or [Al-2-1] is
.preferably used. More specifically, n-butyl group, phenyl group,
chlorophenyl group, benzyl group, chlorcbhenzyl group; methylbenzyl
group or tolyl group 1ls preferably used.
[0038] r* and rY may be bonded to form a ring.
15 [0o391 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.
00417 Oisahalogenatom, a hydrocarbon group, ananionic
20 ligand or a neutrai iigand capable of being coordinated by a lone
pair.
[0042] The halogen étoms include a fluorine atom, a
chlorine atom, & bromine atom and an iodine atom.

[0043] Examples of thehydrocarbon groups includemethyl,



[0036]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 5 group and
triphenylsilyl group. [0037]R'3 and R14 areeach more preferably an alkyl group (f1-1) of 1 to 20 carbon
atoms, an aralkyl group (f1-2) of 1 to 20 carbon atoms, or an aryl group and a nucleus substituted aryl
group (f1-3) of 6 to 20 carbon atoms. Specifically, the later-described 10 organic group represented by

the formula,[A1-1-1] or [A1-2-1].is preferably Lsed. More specifically,,n-butyl .gro henyl group,
chloroph%kﬁi}[lyg%bu%, Béng%%rousp?%ﬁ%?fé)éngyfngergl\élﬁi me ﬁ%één;yllgr(gﬁxb}éﬁ%ﬁéﬁggggpq is preferably

used. [0 Rfl.and R14 ma bonded, to form a ring. 15[0039]M is Ti, Zr or Hf. M is preferably Zr or
it more ot 2 ORI I & Sican i & SEilbon atarty ¥ L BEI R b !

iicon a rbon atom: s“preFer n atom.

[0041]Q is a halogen atom, a hydrocarbon group, an anionic 20 ligand or a neutral ligand capable of
being coo?(;ﬁgté -chegrfgﬁlg b%?r?ﬁﬁ%ﬁj‘?hesheeﬁo élr?gfdmgefﬁdﬁ qété%luorine atom, a chlorine atom, a

bromine ?tomc?nd an iodine atom. )
s 1-dimethylibutyl, 1,1,3-trimethylbutyl, neopentyl,

5 c¢yclchexylmethyl, cyclichexyl and l-methyl-l-cyclohexyl. Examples
of neutral, conjugated or non-conjugated dienes of 10 or less carbon
atoms include s~cis- or g-trans-n4d-1,3-butadiene, s-cis- or
s-trans-n4-1, 4-diphenyl-1, 3-butadiene, s-cis- or
s-trans-nd-3-methyl-1, 3-pentadiene, s-cis- or

10 s—trans;n4—1,4—dibenzyl—l,3—butadiene, s~cis- or

s-trans-n4-2, 4—hexadiene, s-cis~ or s-trans-nd-1,3-pentadiene,
s—cis- or s-trans-nd4-1,4-ditolyl-1l,3~butadiene and s-cis- or
s—trans—n4—1,4~bis(tfimethylsilyl)"1,3mbutadiene.

[0044] Examples of the anionic ligands include alkoxy

15  greups, such asmethoxy, tert-butony and phenoxy; carboxylate groups,

such as acetate and benzoate; and sulfonate groups, such as mesylate
and tosylate.

[0045] Examples of the neutral ligands capable of being
coordinatedknfalonepairincludeorganicphosphoruscompounds,such

20  as trimethylphosphine, triethylphosphine, triphenylphosphine and

diphenylmethylphosphine; and ethers, such as tetrahydrofuran,
diethyl ether, dioxane and 1,2Z2-~dimethoxyethane.

f0046] A preferred embodiment of Q is a halogen atom or

an alkyl group of 1 to 5 carbeon atoms among the above atoms and groups.



[0043]Examplesofthehydrocarbongroupsincludemethyl, 16 ethyl, -propyl, isopropyl, 2-methylpropyl,
1,1-dimethylpropyl, 2,2-dimethylpropyl, 1,1-diethylpropyl, 1-ethyl-1-methylpropyl,
1,1,2,2-tetramethylpropyl, sec-butyl, tert-butyl, 1,1-dimethylbutyl, 1,1,3-trimethylbutyl, neopentyl,
cyclohexylmethyl, cyclohexyl and 1-methy|-1-cyc|olhfexyl. Examples of neutral, conjugated or
non-conjugated dienes of 10 or less carbon atoms include s-cis- or s-trans-n4-1,3-butadiene, s-cis- or
s-trans-g4-1,4-dip eOn -1,3-butadiene, s-cis- or s-trans-n4-3-methyl-1,3-pentadiene, s-cis- or
10s-trans-b4-1,4- e% 1-1,3-butatlfers! s-iECBFE-tFansnA2 4-hexadiBnBL &3GS G Y 2
s-trans-n4-1,3-pe ﬁ%igne, s-cis- gr s-trans-n4-1,4-ditoly1-1,3-butadiene and s-cis- or
s-trans-n4-1,4-bisE thylsily1) A8 hutadierd! (6044 amples bPthe anforie igandSikditide alkoxy
15 groups, such as methoxy, tert-butoxy and phenoxy; carboxylate groups, such as acetate and

" benzoatd; Bhd Eiiforkté HrouBsTaicRas HesTARtE didl thsylate: {0651 EXSMTeS bf Bid*Réutral
ligands capable of being coordinated by a lone pair include organic phosphorus compounds, such 20
as trimethylphospHifé ZtriethylphS<pHine TR REAAPIFISNTHE BN HipHeny Ry ipospRFe: and
ethers, such as tetrahydrofuran, diethyl ether, dioxane and 1,2-dimethoxyethane. [0046]A preferred
emb%dim%?ﬁl}af)@% é%hlé@eﬁ dibpisition metal compeund (al-1l) or a transition

metal compound (z2l-2) described below.
00507 The transition metal compound (al-1) is
represented by the following formula [AlI-17.

- [6051]

10 ' &\1‘1}
[00527 In the formula [A1-1], R*® to R are each
independently a hydrogen atom, a halogen atom, a hydrocarbon group,
a halogen-containing hydrocarbon group, anitrogen-containing group,
an oxygen-containing greup or a silicon-centaining group.
15 [0053] Examples andpreferredrangesof the halogenatoms,

the hydrocarbon groups, the halogen-containing hydrocarbon groups,



an alkyl group of 1to 5 carbon atoms among the above atoms and groups. 17 [0047]j is an integer of 1
to 4. j is preferably 2. [0048]When j is an integer of 2 to 4 Sand plural Q are present, plural Q may be
the same as or different from each other. [0049]Amore preferred embodiment of the transitionmetal 5
compound (@) is a transition metal compound (al-1) or a transition metal compound (al-2) described
below. [0050]The transition metal compound (al-1)is represented by the following formula [A1-1].

[0051] R@n% %Qtrogen—containing groups, the oxygen-containing groups and the

si;icon—containing groups are the same és those described for tho
R* in the formula [R1].
[0054] Two adjacent groups of R™ to R™® and R* to R**® may
5 be bonded to form a ring.

[0055) in the formula [Al-1]}, however, R, R, R% and
R** are each independently selected from a hydrogen atom, the
above-mentioned hydroca:bon group and the above-mentioned
silicon-containing group, and at least one of R, R%QVR% and r®®

10  is selected from the above-mentioned h?drécazbon 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.

15 00571 In the formula [Al-1], it is preferable that R
and R*® are each a hydrocarbon group (f) of 1 to 40 carbon atoms or
a2 silicon-containing group of 1 to 40 carbon atoms and R and R%
are each a hydrogen atom. By virtue of this, an a-olefin polymer
having a high meclecular weight and & high intrinsic viscosity can
20 be prepared.

[0058] 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 atoms, an aralkyl

group (£1-2) of 1 to 40 carbon atoms, preferably 1 to 20 carbon atoms,



[0052]In the formula [Al-1], Rla to R12a 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. 15[0053]Examples andpreferred ranges of the

halogen atoms , the hydrocarbon groups, the halo

n-containing hydrocarbon groups, 18 the

nitrogen-containing groups, the oxygen-containing groups and the silicon-containing groups are the

t ' for R1 to in th la_[All. [0054]T ' t f to R5 d
o o R I3y & 56 BorEd 18 o & g 100BS1 1 L TA 11 hoREu e, K o5, Rea and

R8a to R12amay 5

Ri2a are.each independgnily, selecled o 2 fygrogen alom, the aboye: meptioned fiydiocgroon
group and the above-mentioned silicon-containinggroup, an al feast orie O?Eifé,

orm a ring. [005 ormu

e (0] Saa an

12a10is

selected from.the aboye-mentioned hydrocatbon. groyp and the above-mentioped silicon-containing
group. [0855]&/\/ e%usgﬁ]lg%reg}%)mg# m%étgl %?n%p%%nggai%ffﬁnu%gpgﬁ dofe igﬁrﬁ%lgz%eé ﬁgying a high
moleculaﬁy)\leé%r}tbaonnd gtrg%g intrinsic viscosity can be prepared. ' :

-
2

10

20

[0059] Examples of the alkyl groups (flwl} include
straight-chain hydrocarbongroups, such asmethyl group, ethyl group,
n-propyi 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 g:oup,:t—butyl

group, amyl group, 3—methylpentyl group, 1,1—diethylpxopyl group,‘

1, I-dimethylbutyl group, l-methyl-l-propylbutyl group,

1, l1-propylbutyl group, 1,l-dimethyli-2-methylpropyl group and
1—methylwl—isopropyl—2—methylpropyl group; and cyclic saturated
hydrocarboh groups, such.as cyélopentyl.group, cyclcohexyl group,
cycloheptyl group, cyclooctyl group, norbornyl group and adamantyl
group.

[0060] Examples of the aralkyl groups {£f1-2) include
benzyl group, o-phenethyl group, P-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 c-tolyl group,
m~tolyl group, p~tolyl group, ethylphenyl group, n-propylphenyl group,

i-propylphenyl group, n-butylphenyl group, s-butylphenyl group,



15[0057]In the formula [Al- I], it is preferable that Ria and R123 are each a hydrocarbon group (f) of 1
to 40 carbon atoms or a silicon-containing group of 1 to 40 carbon atoms and R5a and Rea are each a
hydrogen atom. By virtue of this, an a-olefin polymer having a high molecular weight and a high
intrinsic viscosity can 20 be prepared. [0058]The r%drocarbon group (f) of 1 to 40 carbon atoms is
preferably a group (f1) selected from an alkyl group (f1-1) of 1 to 40 carbon atoms, preferably 1 to 20

carbon a@-@ﬁt%"ﬂ &g%g(ghg%)ugugl-%} Cp_fxl Eg,g?ﬁ%&%n a@mgrggegﬁa%é &uégsz’o carbonatoms, 19

and an aryl group and a nutleus substitute oup (group wherein a hydrogen atom on the

aromatic ri_gg&')g'nath%% %%%V?La%l? S%%l[ng_lg é@élxaggﬁ @vlyli%}f%]%ggétit%g@l {f %L%Lﬁ;}? 69§%b£lqdatoms,

preferablfl bon a JExamples yl‘groups include straight-chain
pen ! S RET bt KNGS SFel, Pt oL sty b AR e Camy o,
branched h grocaeron? oups, such as iSO rol?%#lé;,r‘iou ) Lbu%%{% grou agﬁ%lgguigrg-m?thylpentyl
group, 1,1 éeﬂmﬁ Py ér 5 F 1-Einethy ity T group, ?L-rﬁe yl- -propﬁ%u yl'group, 1ﬁ}9propylbutyl
T el Ryl S o] Loty sampp S melmgnt group, = ol
cyclooctyl group, norboryi group and adamanty| group. [00S0JExamples o the arpliyl groyps (1-2)
group,m—iqdophenylgroup,p;iodophenylgroupandiodonaphthylgroup;
and ilodoalkylaryl groups, such as iodomethylphenyl group and
_diiodbméthyipheﬂyl g;dup. |
10 0062} Thé 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
gfoup and triphenylsilyl_group.
[0063] R'? and R**® are eachmore preferably amethyl group,
15 an ethyl group, an isopropyl group or a t-butyl group because they
are substituents capable of preparing an o-olefin polymer having a
nigh 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.
20 (0064} It is preferable thaﬁcRﬁaam-dRTE’1 are each selected
from a hydrogen atom, an alkyl group (£l1-1) of 1 to 40 carben atoms
and a silicon-containing group of 1 to 40 carbon atoms, and it 1s

more preferable that they are each an alkyl group (f1-1) of 1 to 20.

carbon atoms and are the same groups as each cther. By virtue of



benzyl group, u-phenethyl group, P-phenethyl group, diphenylmethyl group, naphthylmethyl group and
neophyl group. 20[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-tolylgroup,p-tonIgroup,ethylphenylgroup,n-propﬂphenylgroup, i-propylphenyl group, n-butylphenyl
group, s-butylphenyl group, 20 t-butylphenyl group and xylyl group; chloroaryl groups, such as
o-chlorophany! grgup. m-chloraphenyl graup,sp-ghiorophenyl geeup 2nd,ehiorenaphthyligreup;

bromoaryl groups, such as o-bromophenyl group, m-bromophenyl group, p-bromoohenyl group and

bromonapiiy QIoup; > RIomIaAkyYLA QUps. sueh as Brampemethyphay! 99y adoups
dibromomethylphenyl group; iodoaryl groups, such as o-iodophenyl group, m-iodophenylgroup,
P'iOdoph?I“%@{TU#%&%%C’SOa”H?%%%“% S indoalkyla yigroups.:such-as odomethylphenyl group

and diiodo éthylphenyl grotip. 10[0 The silicon-containing group of 1 to 40 carbon atoms is, for

example, an alkylsilyl p or an_arylsilyl group. Examples_of sy in¢lude, trimethyisilyl group,
triethylsi |§ﬁ§ Foég‘ p a%)écgr%’ﬁeanﬁsi?yﬁ\ %1%/0% p}){1 e[%}(}é’é] gﬁfghrg R f&aga%r%g}eia%i?rﬁ%grépreferabggmgé)t/hyl group,
15 an ethyl group, an isopropyl.group or a t-butyl gr because they are substitue able of .
pre?)g;rin Jé?%‘é)oi)elfinap&%ueer aving dhigh m(%)I%%qu a%r%véaﬁte and %uﬁ%haﬁ%tr?r%% vf%%%%s R R12a are.
preferably the same atoms or the same.groups as eaeh other from the viewpoint of preparation of a
ligand. 20[0064]It[%0§r%ferable tHat RB ah§ R7 a’r:Reac nsltlff%cteadr friom a ﬁyé%agﬁ%gr%%gﬁ alkyl
group (f1-1) of 1 to 40 carbon atoms and a silicon-containing group of 1 to 40 carbon atoms, and it is
more pre‘?ez%:fé WAL A S 8ERH R ﬁ&ﬁ@?@ﬁgfﬁﬂ?gﬁﬁg %ﬁ%ﬁ%ﬁ 5&30%%3 an eacfgﬁp Esame
groups as each other. By virtue of = | , _ . ,
weight and & high intrinsic viscosity can be prepared.

[0066] ' R@aaﬁdRméafé@édhindependentkyanCIganiégroup
10 represented by the following formula [Al-1-1].

[0067]

e« = [A1-1-1]

[0068) In the formula [Al-1-1}, R™ to R'™ are each
independently a hydrogen atom, a halogen atom, a hydroxyl group, a

15 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.



21 this, an a-olefin polymer having a high molecular weight and a high intrinsic viscosity can be
prepared. Examples of the alkyl groups (f1-1) are the same as those described for Rla and R12a. It is
preferable that R62' and R7aare each a methyl group, an ethyl group, an isopropyl 5 group or a t-butyl
group and are the same groups as each other. [0065] R2a R3a R4a R9a RIDaand Rila are each
more preferably a hydrogen atom because an -olefin polymer having a high molecular weight and a

high intrinsic visc&fétg%cr;ht;efgﬁ%%reg ﬁ%%%@@@&%nqggﬁa{geae%ﬁQWgng@&gy an organic

group 10 represen owing form a [AI-1-1].T0067] - [A1-1-1] T0068]in the formula
e B o D e

15 hydrocarbon group of 1 to on atoms, a halogen-containing rocarbon group of Ito 14
carbon atorps, a sulfur-containing groun, an gxygen-containing group,er.g Silcon-¢ontpIning group.
preferably a fluorine atom and a chlerine atom.

5 [o07¢C]) Examplesofthehydrocarbongroupsofltol4carbon
atomsincludemethylgroup,ethylgroup,1—propylgr§up,i—butylgroup,
l—hexyl.group,‘vinyl group, allyi group, l-pentenyl group, l-hexenyl
group, l-octenyl group, i-decenyl gréup, lI-tetradecanyl group,
isdpropy1 §r0up, ﬁért—butylggxoup, 3;m§thylpentylg£bupf

10 1,1;diethylpropyl group, cyciopentyl group, cyclohéxyl group,
cycloheptyl group, cyclooctyl group, 4-cyclohexyl-tert-butyl group,
norbornylgroup,adamantylgroup,?h@nylgroup;2—methylphenylgroup,
3~methylphenylgroup,4—methylphenylgroup,2,4—dimethylphenylgroup,
2, 6~dimethylphenyl group, naphthylmethyl group and naphthyl group.

15 (007171 Tﬁenumberofcarbonatomsofthehydrocarbongroup
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,
i-butyl group, sec-butyl group, iscbutyl group, tert-butyl group,

20 l-hexyl group, cyclopentyl group, cyclohexyl group, phenyl group,
naphthyl group, biphenyl éroup or the like.

[0G072] Examples of the halogen-containing hydrocarbon
groups of 1 to 14 carbon atoms include fluoromethyl group,

trifluoromethyl group, trichloromethyl group, pentafluoroethyl group,



22 [0069]The halogen atoms include a fluorine atom, a chlorine atom, a bromine atom and an iodine
atom, and are preferably a fluorine atom, a chlorine atom and a bromine atom, particularly preferably a
fluorine atom and a chlorine atom. 5[0070]Examples of the hydrocarbon groups of 1 to 14 carbon
atoms inclugemethyl group, ethyl group, 1-propyl group, 1-butyl group, 1-hexyl group, vinyl group, allyl
group, 1-pentenyl group, 1-hexenyl group, 1-octenyl group, 1-decenyl group, 1-tetradecanyl group,

isopropyl.group, tert-butyl: group, 3-methylpentyl group, 10 1,1-diethylpropyl group, cyclopentyl group,
Cﬁclohexé:l g%‘;%%?%ig%?%%)tﬁ “@c%zﬁp n%%%iiif:ﬁ %nu\él ﬁ&cqgﬁﬁ%;iﬁﬁj%?%ﬂoﬁ Pdrbornyl group,
a amant)éu%rgﬁg,rg engy%roug), -methylp egyngroupJ -methylphenylgroup . :
4-methylShenyIgrotE 5 A didettfohenyigraty: ,@Wﬁ&ﬁﬁbﬁenfﬁrﬁ%ﬁﬁ%%}b?ﬁﬁyin?e?ﬁypgroup and
naphthyl group. 15 [0071] The number of carbon atoms of the hydrocarbon group is preferably 1 to
12, more%?%Fgﬂﬁgﬁf%]logﬁﬁﬁ%or%ﬁ%?mrf% & AUl 4Ty praTerasly Y6 6 OB the

hydrocarbon group, more preferably used is methyl group, ethyl group, 1-propyl group, 1-butyl group,
sec-butyl‘Grotp  iSEBEIRGroupR B EBUNA GrYEp, ﬁBC/Y E%éﬁ%%?@ﬁ]@,%@ﬁgﬁi?@r(ﬁj@@clohexyl
group, phenyl group, naphthyl group, biphenyl group or the like. [0072]Examples of the ‘
halogen-go Aming HyERBESTBOR Grovipe of I f 14 Sakss BlshE in@udeRluoromethyl group,
trifluoromethyl group, trichloromethyl group, pentafluoroethyl group, 23 2-fluorophenyl group,
2-bromop3ne5n”>ﬂ?b?éﬂfﬁ,r2’98@@pﬁerﬁﬁ QJroup FRrRCTopREARNGIaYp, SréhiBrophenyi group,
4-chlorophenyl group, 2-bromophenyl group, 3-bromophenyl group, 4-bromophenyl group,
A-trifluorométtiApHeIgréup cadriftiysrokpspoxypeesyirgrobproronaphthyl group and

chloronaphthyl gréup.
(00733 | The ﬁumbér'of‘éarbon atoms_@f the
10 halogen-containing hydrocarbon group is preferably 1 to 12, more
preferably 1 to 10, stiil more preferably 1 to 8, particularly
preferablyiLto6. JASthehalOQen—containinghydrocarbongroup,nmre
preferably used is flucromethyl group, trifluoromethyl group,
trichloromethyl group, pentaflucroethyl group, 2-flucrophenyl group,
15 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, 6~diflucorophenyl group,
3,5-dichlorophenyl group, 3,5-difluocrophenyl group,
pentafluorophenyl group, fluorcnaphthyl group, chloronaphthyl group
20  or the like.
100747 The sulfur-containing group is preferably a
sulfur-containing hydrocarbon group of 1 to 14 carbeon atoms, and
examples thereof include thicmethyl group, thiocethyl group,

thiocyclohexyl group, thiophenyl group, thionaphthyl group,



5 2,6-difluorophenyl group, 3,5-dichlorophenyl group, 3,5-difluorophenyl group, pentafluorophenyl
group, 2,6-difluoro-4-tert-butylphenyl group, fluoronaphthyl group and chloronaphthyl group. [0073]The
number of Carbon atoms of the 10 halogen-containing hydrocarbon group is preferably 1 to 12, more
preferably 1 to 10, still more preferably 1 to 8, part%iularly preferably 1 to 6. As the halogen-containing
hydrocarbon group, more preferably used is fluoroMethyl group, trifluoromethyl group,

trichloromet ; fluqroethylgroup,2-fluorophenylgroup, 15 2-bromophenyl group,
2-iodopgﬁﬁ%%ggegiﬁg}%ﬁﬁ%n%ﬁé%&odp%%ﬁi%?ggﬁz%ﬁ%%gﬁg}l 4-%%?&‘%bhenyl group, '

2-bromophe .3-b%omo henylgroup, 4-bromophenyl group, 2,6-difluorophenyl group,
3,5-dich|or§gﬁéﬁgﬁ§?&%ﬁ) %—%ﬁllﬁb%‘p?ﬁéngl gt%h%?ﬁgngarf%%grbpl%peﬁy lg(?%ﬁ%, ﬁ£8|%3na?%§1yl group,
chloronaphchyl.group 200r the like..[0074]The sulfur-containing group is preferably a sulfur-containing
hydrocar on %’t;'cr)ga’p 6%1%611043%53%% ggo%l‘?,'and examples thereof include thiomethyl group, thioethyl

group, thiocyclohexyl.group, thiophenyl group, thionaphthyl group, 24 2-methylthiopheny| group,
3-methylthiophen§?ér7(%;j:), 4-met%§1ﬁ1€éﬁ%?eer§?él%% %ﬁ?‘[ﬁi PP Grotp SR HiSHY GFotiptand- 19
5-m%thyl-2-$1iopher%/l Zgﬁ;roup. 0075]Thenumberofcarbonatomsofthesulfur-containing 5 hydrocarbon
group is PrefErRAB 136 1 e frateratiy 20716, Sl rore BraferBbR £ 1681 Bakicifarky preferably
1t06. As th,esuIfur-containinggroup,morepreferablyusedisthiomethgégéou , thioethyl group,

bp;

thipcyclofiexyl gr8ap StHioEHERA YrEu - tHiBnAph#RF R, 2 ihieRy! B¥thieriy? goup’st the like.

10[0076]The oxx%en-containing‘group is preferably an
the sulTur-containinggroup, morepreferablyusedisthiomethyl group,

thiocethyl group, théocyclohexyi gﬁoup, thiophenyl_group,

-thipnaphﬁﬁyl éroup, 2-thienyl gﬁoup, B—thienyl group or tﬁe iike,
10 - [0076] The oxygen-containing group.is preferably an

orxygen-ceontaining hydrocarbon group of 1 to 14 carbon atoms, and

examplesthereofincludemethoxygroup,ethoxygroup,l—propoxygroup,

isopropoxy group, l-butexy group, sec-butoxy group, iscbutoxy group,

tert-butoxy group, l-tetradecoxy group, phenoxy group, naphtﬁoxy
15 group, biphenyloxy group and benzyloxy group.

[GOT77] The number of carbon atoms of the oxygen~containing
hydrocarbon group is preferably 1 to 12, more preferably I to 10,
still more preferably 1 to 8, particularly preferably 1 to 6. As
the oxygen-containing hydrocarbon group, more preferably used is

20  methoxy group, ethoxy group, l-propoxy group, isppropoxy group,
l-butoxy group, sec-butoxy group, isobutoxy group, tert-butoxy group,
phenoxy group, naphthoxy group, biphenyloxy group or the like.

[0078] The silicon-containing group is preferably a

silicon-containing hydrocarbon group or 1 to 14 carbon atoms, and



oxygen-containing hydrocarbon group of 1 to 14 carbon atoms, and
examplesthereofincludemethoxygroup,ethoxygroup,l-propoxygroup, isopropoxy group, 1-butoxygroup,
sec-butoxygroup, isobutoxy group, tert-butoxy group, 1-tetradecoxy group, phenoxy group, nhaphthoxy
15 group, biphenyloxy group and benzyloxy group,
[0077]Thenumberofcarbonatomsoftheoxygen-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
e e et ko B ol Ttk e Al sl e L

isopropoxy group, 1-hutoxygroup, sec-butoxygroup,isoputo oup,tert-butoxygroup, phenoxy group,
naphthoxgzg%blﬁp, k%if)ﬁje“ﬁ?/é%( é&)%lp or th%rllgégeg?" te[ﬁgl?%}%% gi i%(E)%[:hc\ébjr:lj a{%' 0 r%%%% preferably a
silicon-containing hydrocarbaon group or 1 to 14 carbon atoms, and. 25 examples thereof include
ety 5 AT b R R oSt ploS ST G0 L TR ARty My PG,
4-trimethylsilylphenyl group, 4-(tert-butyldimethylsiloxy)phenyl group, dimethylphenylsilyl group,
dimethylr%’b%%lsﬁﬁ%&ﬁﬁ%ﬁ&ﬁl%yﬂb‘%ﬁﬁgﬁw F&?&%é?@?ﬁ@ﬁ&% of Earbdh 3ltéms of the
silicon-containing hydrocarbon group is preferably 1 to 12, more preferably 1 to 10, still more

preferabl 345’8, Partictiary préterabfF 248 6. As the silicon-containing hydrocarbon group, more 10

preferably used is trimethylsilylmethyl group, triethylsilyl group, tert-butyldimethylsilyl group,
dimethylphenylsilyPgrotip or the IIKES [G0BUftis Prefefabiethat affea3t ohB%f Rna to Rna

silicon-containing hydrocarbon group is preferably 1 to 12, more
preferably 1 To lO', s_tiil'mo;:e“ preferably 1 to B, particg-la_rly
preferably 1to 6. As the silicoﬁ*—containing hydroéarbon group, more
10 preferably used is trimethylsilylmethyl group, triethylsilyl group,
tert—butyldiméthylsilyl group, dimethylphenylsilyl group or the
like.
[0080] It is preferable that at least one of R™® to R*
is 2 halogen atom or a halogen-containing hydrocarbon group of 1 to

15 14 carbon atoms, and it is more preferable that R

is a halogen atom
and R, R, R*™2 and R are each a hydrogen atom. By virtue of
this, an a-olefin polymer having a high molecular weight and a high
intrinsic viscesity can be prepared. It is also preferable that R™®
to R are each a hydrogen atom.
20 (0081} Two adjacent groups of R™® to R™ may be bonded
to form a ring.
[0082] n is C or 1.

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

formula [Al-1~1]1 are =ach more specifically a phenvl group, a



is a halogen atom or a halogen-containing hydrocarbon group of 1 to 15 14 carbon atoms, and it is
more preferable that Rfle is a halogen atom and RTha, R16a, R18a and R19' are each a hydrogen
atom. By virtue of this, an a-olefin polymer having a high molecular weight and a high intrinsic viscosity
can be prepared. It is also preferable that R15a 19a.toare each a hydrogen atom. 20[0081]Two
adjacent groups of R15' to Rise may be bonded to form a ring. [0082]n is 0 or 1. [0083]R13a and R14a

which are.each represented by the_ above 26 chloropheny y “achlorobenzyl
o 3 O e i SRIRRNENEABYB B REPTYL I, &

methylbenzyl group or a tolyl group.

[C084] Tt is preferable that RY® and R'® are each

represented by the above formula [Al-1-1] and are the same corganic

(@)

groups as each other.

[0085] Mis Ti, Zr ¢r Hf, Y is a silicon atom cor a carbon
atom, Q is a ha;ogen atom, a hydrocarbon group, an aniocnic ligand
or a neutrél ligand capable of.being'coordinatedﬁby'a lone pair, ;nd
j is an integer of 1 to 4. Examples éﬁd preferred ranges ¢f M, Y,
10 Q‘and,j are the same as those of M, Y; Q and J in the formula [Al].

[008¢] When j is an integer of 2 to 4 and plural Q are
present, plural @ may the same as or different from each other.

[0087] The transition metal compound (al-2) is
represented by the following formula [Al1-2].

i5 [oogsl




[0084]lt is preferable that R-a and RHa are each represented by the above formula [Al-1-1] and are
the same organic groups as each other. [0085]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, and j is an integer of 140 4. Examples and preferred ranges of M, Y, 10 Q
and j are the same as those of M, Y, Q and J in the formula [Al]. [0086]When j is an integer of 2 to

AR ot R i T AL o
independently a hydrogen atom, & haiogen atom, a hydrocarbon group,
a halogen—-containing hydrocarbon group, anitrogen-containing group,
an oxygen-containing group or a éiliconmcontaining group.
5 [00901] Examples andpreferredrangesof thehalogenatoms,
the hydrocarbon groups, the halogen~containing hydrocarbon groups,
the nitrogen—contain_ing groups, the oxygen—co.r;'talining groups and the
silicon-containing groups are the same as those described for R* o
RY¥ in the formﬁla [R1].
10 100911 Two adjacent groups of R*™ to R™ and R® to R nay
be bonded to form a ring. |
[0082] In the formula [Al-2], however, Rm, R%, R® angd
R*® are each a hydrogen atom.
[0093] When such a transition metal compound (al-2) is
15  used, ano-olefin polymer having & highmelting point can be prepared.
100947 In the formula [Al-2], it is preferable that at

least one of R¥® and rR™™®

is selected from a halogen atom and the
above-mentiocned halogen-containing hydrocarben group, and it is more
preferable that R™ and R*®™ are each selected from a halogen atom and

20  the above-mentioned halogen-containing hydrocarben group. It is
stiil more preferable that R*® and R are each a halogen atom such
as chlorine atom or a triflucromethyl group and are the same groups

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

melting point can be prepared.



[0089]In the formula [Al-2], Rib to R12b 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. 5 [0090] Examples and pre ferred ranges of
the halogen atoms, the hydrocarbon groups, the h%o_gen-containing hydrocarbon groups, the
nitrogen-containing groups, the oxygen-containing groups and the silicon-containing groups are the

same as those dlg?;rgq%ﬁd for R3-f§>j RIZ in etQS J_fg{j@gl%% [gg}%l{-ryvor%d%aé:ﬁts%@ggéeo Rib to
b may be bon -Z],

R5b and Feb to ed t5 form a ring. n the formula [A owever, Rib, R5b,

Reb and Ri2b are each a hydrogen atom. [0093]When h a transition metal compound (al-2) is 15

used, an a-0fefin pg W&%%ﬁ%%ma h?iﬁgrh af‘%e Ying ot cgr% %E%reop%rie} o ‘f&&?ﬁ’m nﬁ%&f%rmula

- [Al-2], it is preferable that at least one of R3b and I;ii};s i% se}i%cted from a Qalogen %t m andsthe
above-ménfioried hatSy8h-CoRtaTing 1y DO groul, and it Midte préterabié that R3B and

R1(3b are each selected from a halogen atom and 20 the aboyve-mentioned halogen-containing
hydrocarB6ii §rBbp~ RIERHR Mo prateraBieizi BB5 At Kibtafe 83€h-(zf a gé%e GI}OE’IOS%LSY] as

chlorine atom or a trifluoromethyl group and are the same groups as each other. By virtue of this, an

a-olefin p%ﬂﬁﬁ@?k%@ﬁﬁ@saaﬁia@ﬁ%lﬁﬁﬁ ﬁ@ﬂ?cgﬁ%ﬁbﬁr@ﬁa?&fnz%ther' Examples of the

alkyl groups (f1-1) are the same as those described for R'® andg R,
It is preferable that R® and R are each a methyl group, an eﬁhyl
group,. an isopropyl group or a t.—butyl group-and are ﬁhe same groups -
as each other. |

10 [0086] -R®, r*®, R® and R* are each more preferably a
hydrogen atom because an o—clefin polymer having a highmelting point
can bé.prepared. |

[G097] R*¥® and R*® are each independently an organic group

represented by the following formﬁla [A]l-2-17.

15 [0098]

« =« [A1-2-1]

(00991 In the formula [A1-2-1], R*™® to R™ are each



[0095]It is preferable that Rsb and R7b are each selected from a hydrogen atom, . an alkyl group (f1-1)
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 (f1-1) of 1 to 20 5 carbon atoms and are the same groups
as each other. Examples of the alkyl groups (f1-1)-are the same as those described for Rla and R12a
It is preferable that R.6b and R7b are each a methyl group, an ethyl group, an isopropyl group or a

t-butyl group: an% re ;He Saarkrfe Aroups -a@[t:soeacgl %h I 10[00t96rlR2b,hRé(1jb, R9b and Reach more
preferably a %E/)%rogen atorh because ana-olefin po@/m&enna\ﬂna d hlagh Hweﬁﬁﬁig po?rﬁoc%’ bé prepared.

| Q09TIR 3h.and R4t v each independery an oigane gioup spresenied by he fallowing formula

hydrocarbon group of 113314 carbon atoms, a sulfur-containing group,
an .Oxygen*containiﬂg.group or & silicon-contalning group.

5 [0100] Examples andpreferredranges of the halogen atoms,
thehydrocarbongroupsof];tol4carbonatoms,thehalogen-containing
hydrocarbon groups of 1 to 14 carbon atoms, the sulfur-containing
groups, the.oxygen;cﬁntaining groupélaﬁd the.silipon—contaipihg
gréups are the éame as those of thé halogen atoms, the hydrocarbon

10  groups of 1 to 14 carbon atoms, the halogen-containing hydrocarbon
grbups of 1 to 14 carbon atoms, the sulfur-containing groups, the
oxygen-containing groups and the siiiconwcontaining groups in the
formula [Al-1-1] previocusly desdxibed.

[0101] It is preferable that at least one of R to R*™®

15 1is a halogen atom or a halogen-containing hydrocarbon group of 1 to
14 carbon atoms, and it is more preferabie that R*® is a halogen atom
and R™, R, RY™ and R'™ are each a hydrogen atom. By virtue of
this, ano-clefin polymer having a highmelting point can be prepared.
It is also preferable that R*™ to R'™ are each a hydrogen atom.

29 [0102] Two adjacent groups of R™ to R'™ may be bonded
to form a ring.

f0103] n is ¢ or 1.
[0104] R and R** which are each represented by the above

formuia [Al-2-1] are each more specifically a phenyl group, a



[0099]In the formula [A1-2-1], R1513 to R19b are each 29 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. 5 [0100] Examples anda%referred ranges of the halogen atoms, the
hydrocarbon groups of 1 to 14 carbon atoms, the halogen-containing hydrocarbon groups of 1 to 14

carbon atams the sulfu -containingagg)urpggihe ox%%en-contaligin roups and the silicon-containing

groups are %rsofr%gna& those of the haﬁog n a?orrcﬁs, fheah)(/: rocarbon 1 gr%ﬁ%‘é%’f °to 14 carbon

atoms, the h: Iog n-coniainin%hydrocgrgo%gio%%soof 1 to 14 carbon atoms, the sulfur-containing

groups, the i(‘)X}//ger(?-%z ai |rhog aréjurps and tHe's |coﬁpcbntaining groups in the formula [A1-1-1]

previously.descriq@i.o[g 01]lt is preferable théat at least %ne of Rim' to R19h is a haloggn atom or a
y

halogen-containin ocarbon 5?0&;35 oP 16 EArboh gtgn% and'i isRmorgrpere?ear le that Rim is a

halogen atom r,16bR18h-19b and R15b,,and 1Kare each a hydrogen atom. By virtue of this, an
a-olefin pofMESRAVIRG &hidh ERRY poiRt Tin be Prepared. A1 als preferafitiat ®ish to R191)

are each a hydrogen atom.
5 groups as each other.

(01061 Mis Ti, Zr or Hf, Y is é silicon atom or a carbon
atom, ¢ is a halogen atom, a hydrocérbon group, an,anionic.Ligand
or a neutral iigand cépable of’being coérdinated by a.lone'pair, and
7 is an integer of 1 to 4. Examples and preferred ranges of M, Y,

10 @ and 7 are the same as those of M, ¥, O and,J'in the formula [AL.

{0107}_ When ] is an integex‘of 2 to 4 and plural Q.are
present, plural ©Q may the same as or different from each other.

[0108] Exampleséfthecrosslinkednetallocenecompounds
represénted by the formula [Al-1] are given below, Eut the scope cf

15 the present invention is not restricted by those examples.

(0109] There éan ke mentioned
dimethylmethylene (cyclopentadienyl) (2, 7-di~o-tolyl-3, 6-di-tert-b
utylfluorenyl)zirconium dichloride,
diethylmethylene (cyclopentadienyl) (2, 7-di~o-tolyl-~3, 6-di~-tert-bu

20 tylfluorenyl) zirconium dichloride,
di-n-propylmethylene (cyclepentadienyl} (2, 7-di-o-tolyl-3, 6-di-ter
t-butylfluorenyl)zirconium dichloride, |
diisopropylmethylene (cyclopentadienyl) (2, 7-di~o=~tolyl~3, 6~di-ter

t-butylfluorenyl)zirconium dichloride,



20[0102]Two adjacent groups of R25b to R19b may be bonded to form a ring. [0103]n is O or 1.
[0104]R13b and R14b which are each represented by the above formula [A1-2-1] are each more
specifically a phenyl group, a 30 chlorophenyl group, a benzyl group, a chlorobenzyl group, a
methylbenzyl group or a tolyl group. [0105]It is prefﬁrable that Rim and R14b are each  represented
by the above formula [A1-2-1] and are the same organic 5 groups as each other. [0106]M is Ti, Zr or
Hf, Y is a silicon atom or.a carbon atom, Q is a_halogen a a hydrocarbon group, an anionic ligand
ora neutﬁ?ﬂ Iféa%‘é%gap%ebqe ? réilen(gc (()%P w%%% lyea g eg%rja?r, %ﬁd?iég 8%3%&%&“ 0 JZLr:[%eitoExamples
and preferr%(% ranges of M, Y. log and 1jrrar t elg%rygea}s those of M, Y, Q and J in the formula [All].

[0'107]Wh_ebn ] 5 an }ln?é:ﬁélyo]f)’zz 6 4 and p ural Q aré

diiscobutylmethylene (cyclopentadienyl) (2, 7-di~o-tolyl-3, 6-di-tert
'~butylfluorenyl)zirconium dichloride,

di—seé—butylmethylehe(cyclopemtadienyl)(2,7~di—o—tolyl—3,6—di—te

o

'rtwbutylfluorenyl}zirconium dichloride,
di~tert—butylmeﬁhylene(cyclopentadienyl)(2,7—di—o—tolyl—3,6—di—t
'ert~butylfluorenyi)zirconium dichioridé,
di~n-octylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl=3, 6~di~tert
10 -butylfluorenyl)zirconium diéhlorider
di—n~triacontylmethylene(cyclopentadienyl)(2,7—di—o—t§lyl—3,6—di
~tert-butylflucrenyl) zirconium dichloride,
phenylmethylene (cyclopentadienyl) (2, 7-di-o~-tolyl-3, 6~di-tert-but
ylfluorenyl)zirconium dichloride,
15 diphenylmethylene (cyclopentadienyl) (2, 7-di~-o-tolyl-3, 6~di-tert-b
utylflucrenyl)zirconium dichloride,
di-p-tolylmethylene (cyclopentadienyl) {2, 7-di-o-tolyl-3, 6-di-tert
-butylflucrenyl)zirconium dichloride,
di{p-chlorophenyl)methylene {cyclopentadienyl) (2, 7-di-o-tclyl-3,6
20 ~di-tert-butylfluorenyl) zirconium dichloride,
di{p-trifluoromethylphenyl)methylene (cyclepentadienyl) (2, 7~di-o~
tolyl-3, 6-di-tert-butylfluorenyl)zirconium dichloride,
di(2~néphthyl)methylene(cyclopentadienyl)(2,7—di~o—tolyl—3,6—di—

tert-butylfluorenyl)zircenium dichloride,



present, plural Q may the same as or different from each other. [0108]Examples of the
crosslinked metallocene compounds represented by the formula [A1-1] are given below, but the scope
of 15 the present invention is not restricted by those examples. [0109]There can be mentioned
dimethylmethylene(cyclopentadienyl) (2,7-di-o-toly,L-3,6-di-tert-b utylfluorenyl)zirconium dichloride,
diethylmethylene(cyclopentadienyl)(2,7-di-o-toly1-3;6-di-tert-bu 20tylfluorenyl)zirconium dichloride,

di-ﬂ-Df°D&%@%%%%%@%yg‘p@%@%% S L8 ol 3 Ordider bubyiuareryd aitaoniumylichioride,

diisopropylm ne(cyclopentadienyl) (2,7-di-o-toly1-3,6-di-ter t-butyltluorenyl)zirconium dichloride,

31 di-n-butylmethylen clope ienyl)(2,71di-q9-4aly1-3,6-di-tert -butylfluorenyl)zirconium dichloride,
diisobutylfr%}gg%g%é:(%yg/g%)p%r%é%%%{%ﬁz,7-(§z|-o-toly1-?3,6-di-tert -butylfluorenyl)zirconium dichloride, 5

di-sec-bu %I@i%té?{!fgfé%%% ir;tﬁ&i;%%(%%—%ﬁ;iﬁ%}i{%%%gée@rﬁ-)b@gyIﬂugge"r}y_l)gggggi_ugq gichloride,

di-tert-bu ylenée(cyclopentadien 0 “butylfluorenyl)zirconium dichloride,

di-n-octyl_rg?_t_h%/elge%e_‘(g}/&lé)é%% tuaézlrierl%)gl(ﬁ %%é)%)%%%%ﬁ?%ég -butylfluorenyl)zirconium dichloride,

di-n-triacontylmethylene opéntadieny o-to “tert-butylfiuorenylL) zirconium
dchitde, ey imetylene(cycopertadeny 27919 3 ¢ et AU QB )zcanum

—di-tert-butylfluorenyl)zirconium dichloride,
cyclohexyl(cyclopentadienyl)(2,7wdi—o—tolyl—3,6wdi—tert—bu?ylflu
orenyl)zirconium diéhloride,
dibenzylmethylene(cyclopentadienyl)(2,7mdiwo—tolyl—fluorenyl)zir

10 éonium dichloride,
.dibenzyimethylene(cyclopentadienyl)(2[7—difo~tolyl—3,6—ditrimeth
ylsilylfluorenyi)zircoﬁium dichloride,
dibenzylmethylene(cyclopantadienyl)(2,7—di~0mtoiyl—3,6—dicumylf1
uorenyl)zirconium dichloride,

i5 dibenzylmethylene(cyclopentadienyl){2,7—di~0mtolyl—3,6—adamantyl
fluorenyl) zirconium dichloride, |
dibenzylmethylene (cyclopentadienyl) [2, 7-di~{c—-ethylphenyl)} -3, 6-d
iwtert—bﬁtylfluorenyl]zirconium dichloricde,
dibenzylmethylene(cyclopentadienyl)[2,7wdi~Eo—{n—propyl)phenyl]—

20 3, 6~di-tert-butylflucrenyl]zirconium dichloride,
dibenzylmethylene (cyclopentadienyl) [2,7-di-[o~ (isopropyl)phenyl]
-3, 6-di~tert-butylfluorenyl]zirconium dichléride,
dibenzylmethylene(cyclopentadienyl){2,7—di—£o~(nwbutyl)phenyl]—B

,6-di~-tert-butylfluorenyllzirconium dichloride,



15 diphenylmethylene(cyclopentadienyl)(2,7-di-o-toly1-3,6-di-tert-b utylfluorenyl)zirconium dichloride,
di-p-tolylmethylene(cyclopentadienyl) (2,7-di-o-toly1-3,6-di-tert -butylfluorenyl)zirconium dichloride,
di(p-chlorophenyl)methylene(cyclopentadienyl) (2,7-di-o-toly1-3,6 20-di-tert-butylfluorenyl)zirconium
dichloride, di(p-trifluoromethylphenyI)methylene(cysgolopentadienyl)(Z,7-di-oto|y1—3,6-d
-tern-butylfluorenyl)zirconium dichloride,

di(2-naphthylmethylen clopentadienyl)(2,7-di-o-tol 1-3,6-ditert-butylflyorenyl)zirconiym dichloride,
32 dibenéy é%?ﬁ%%ng&%%c%pneafgﬁﬁn%%ﬁ %ﬁi&?&yﬁﬁé—'gﬂté&:}f-bfchtyLI{f usoéigﬁ)%/ %2 oﬁne;'f} . ichloride,

di(p-chlorpbenzyl)methylene(cyclopentadienyl)(2,7-di-o-toly1-3,6 -di-tert-butylfluorenyl)zirconium
e o b S s s b e G

-di-tert-butylfluorenyl)zirconium dichloride . e
et vk i B ST R IR L R e
dibenzylmethylene(cyclopentadienyl)(2,7-dj-o-tolyl-flupreny|)zir 10 conium dichloride,
dibenzylméthyle “&%H&éﬁﬁﬁd&%}w@) @:‘gi&i-z&- &Q@H@dilt i éiﬂr)?lgi?ylﬂuorenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7-di-o-toly1-3,6-dicumylfl uorenyl)zircon um dichloride, 15
Doy TEE B O AU R 2T SR 473 6L A Aanty L Cr By eV SommURT Mo ce,
dibenzylmethylene(cyclopentadienY1)[2,7-di-(o-ethYlpheny1)-3,6-d i-tert-butylfluorenyl]zirconium

dichloride b&rAERRTERBL ClopBiaBIEny T 2SR B rn oty 1) |
203,6-di-tert-butylfluorenylizirconium dichloride, dibenzylmeth .Ie'ne(cyclopentadienxl) )
[2,7-di-[0i<OPREHVIRFTEMARESE St RRR YRt O FEHYH i Eeﬂmﬁf’rai@\“rdﬁ’dé,cosyl) phenyl]-
dibenzylmethylene(cyclopentadienY1)[2,7-di-[o-(n-butyl)pheny1]-3 ,6-di-tert-butylfluorenyl zirconium
mcmondé%E&fhrtert—butylfluorenyl}21rcon1um dichloride,

dibenzylmethylene (cyclopentadienyl) {2, 7T-di- (o~cyclohexylphenyl) -

10 3, b~di~tert~putylfluorenyl]}zircoenium dichloride,
dibenzylmethylene(cyclopentadienyl}[2,7mdim(biphenylm2wyl)—3;6wd
i—tert—butylfluorenyl]zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)[2,7~dim[0v(2mnaphthyl)phenyl
1-3, 6-di-tert-butyiflucrenyl]zirconium dichloride,

15 dibenzylmethylene (cyclopentadienyl) (2, 7-di~[o~{2-phenanthryl)phe
nyl]-3, 6-di-tert-butylflucrenyl]zirconium dichloride,
dibenzylﬁethyien@(cyclopentadienyl)[2,T—di—(Q—trimethylsilylphen
y1)=3,6-di-tert-butylflucrenyl]zirconium dichloride,
dibenzylmethylene (cyclopentadienyl) [2, 7-di-{ (o-triphenylsilylphe

20 nyl) -3, 6-di-tert-butylflucrenyllzirconium dichloride, etc.

[0110] Compounds wherein “zilrconium” 1s replaced with
“hafnium” or “titanium” in the above compounds and compounds wherein
“dichloride” isreplacedwith “dimethyl” or “methylethyl” in the above

compounds are alsc preferably used.



33 dibenzylmethylene(cyclopentadienyl1)[2,7-d -[0-(isobutyl)pheny1]- _
3,6-di-tert-butylfluorenyl]zirconium dichloride, dibenzylmethylene(cyclopentadienyl)[2,7-di-[o-
sec-butyl)phenyl] -3,6-di-tert-butylfluorenyl]zirconium dichloride, 5
dibenzylmethylene(cyclopentadienyl)[2,7-di-[o-(test;butyl)phenyl 1-3,6-di-tert-butylfluorenyl]zirconium
dichloride, dibenzylmethylene(cyclopentadienyl)[2,7-di-[o-(n-icosyl)pheny1]-
3_’6'd|'tert'bUty|ﬂlf@?elny#]zwcomgﬁlig Iicgédgf the crosslinkedmetallocene compounds
dibenzylmethylene(cyclopentadienyl1)[2,7-di-(o-cyclohexylphenyl)- 10

3,6-di-ter-eb%t Ifluorenyilzircqonium. dj h% ridg,, _» - be hut th £
dibenzylr}ne %}%éﬁg cenglltﬂ)) e%%}dig%gﬁ\f %-C(Ei%%bip%eﬁﬁ- Vi -%,6? %?ért-b%tylflu%rgﬁy?l Zirconium
dichloride, dibenzylmethylene(cyclopentadi nylé [-dizlo«(2:naphthylphenyl .

5 6. G DU STy bR drchibrine, g ¢ o P RADYP AT .

- dibenzylmethyle pentadieny1)[2,7-di-[0-(2-phenanthryl)phe

nyl]-3,6-di-tert-bﬁy%#g renyllzirc?o?h?ﬁ)r% ﬁ%ﬁlor%erf%n%wmdy

dibenzylmethylene(cyclopentadien %,7-&- -trimethylsi I_ré%wen e _ '
R bR R e AR D,
(o-triohenzy%igiiylphe ZOnPyl)-3,6-dj-tert-b,ut Ifluorenyl]zirconium dichloride, etc. [0110] Compounds
wherein YZATCORI 15 TepIAEEq- WA HeFAuRT6F titanium" in the above compounds and compounds

wherein "d,ig:hIoride"isreplacedwith"dimethyl"or'fmethylethyll;"

r intheabove comepou,nds are also preferably
used_34hxenzylmethylen@(cyclopentaclenyl)(2, ~diphenyl-3, *dlmtertwbut . ]

ylflﬁoréﬁyl) zirconiu d-ichloﬁide,
dimethylmethylene{cyclopentadienyl) (2, 7-di~p-chlcrophenyl-3, 6-di

10 ~tert-butylfluorenyl)zirconium dichloride,
diethylmethyiene(cyclopentadienyl)(2,T—di—p—chlorophenylmB,6mdiw
tert—butylfluorenyl)zirconium dichleride,
di-n-propylmethylene {(cyclopentadienyl) (2, 7-di-p~chlorophenyl-3,6
~-di~tert-butylfluorenyl)zirconium dichloride,

15 diisopropylm@thyiene(cyclopenfadienyl}(2,V—di—p—chlorophenylm3,6

| —di—tert—butylfluorenyl)zirconium,dichloride,

di-n-butylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3, 6-
di—tert—butylfluorenyl)zirconium dichloride,
diisobutylmeth?lene(cyclopentadienyl)(2,7wdiwp~chlorophenyl—3,6—

20 di-tert-butylfluorenyl)zirconium dichloride,
di-sec-butylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3,
.G—di—tert-butylfluorenyl)zixconium,dichloride,
di-tert-butylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3

; 6-di-tert-butylflucrenyl)zirconium dichloride,



[0111]Examples of the crosslinked metallocene compounds represented by the formula [11-2] are
given below, but the scope of the present invention is not restricted by those examples.

[0112]There can be mentioned diphenylmethylene(cyclopentadienyl)(2,7-diphenyl1-3,6-di-tert-but
ylfluorenyl)zirconium dichloride, d|benzylmethyleng%cyclopentadlenyl)(Z ,7-dipheny1-3,6-di-tert-but
ylfluorenyl)zirconium dichloride, dimethylmethylené(cyclopentadienyl)(2,7-di-p-chloropheny1-3,6-di 10

-tert-butylfluoren I2| dichlori

dlethylmeétfﬁyfén%% 5Iopenm%jlegny g%la g%% HZJ% (ﬁlteprt% ﬁﬁ) r:ré%n %lrcdnlum
dichloride, di- -N-pIro Iene cyc pentadlen 7-di-p-ch orophenyl -3,6

-di-tert-b diylfluo%n Z conlum IYMQ (_;L%m}/n2 (éiChiB ée’

dusopropglmethglene c%%lo}r_)en% ?%%(fa&enyﬁ%gllgro 1enh¥f pHeny r; %L":¥l| Ig%% 2|r onium

dichloridé. di-h- utly‘?m lene(c open
di-tert- butyéfl ny zirco

loride
dusobutylmét ene %%Io%luma%#? Or)l“(%nﬁd% %léﬁSFHﬁﬁrén%C@% ﬁbdﬁ’ te -butylfluorenyl)zirconium

dichloride, di-sec-butylmethylene(cyclopentadienyl)(2,7- d| chlorophenyl1-3,
o-d-tor- BSTALOFE M O AORIORGE LorL ) (2, 15 ol E By -3, 6-ci-t

di-tert- butylmethylene&cyclopentad|enyl)(2 7-di-p-chloropheny1-3 ,6-di-tert- butylfluorenyl)zwcon um
mcmondgr' butylflucrenyl) zirtonium dichloride,

diphenylmethylene(cyclopentadienyl)(2,7—di—p—chlorophenyi-3,6-di
wtert—butylfluorenyl)zirconiﬁm dichleoride,
di-p-tolylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl~3, €~

10 di—ﬁert—butylfluorenyl)zirconium dichloride,
di(p;chlorophenyl)methYlene(cyclopentadienyl)(2,7~di—p—chlorophé
nyl-3, é~di~tert-butylflucrenyl)zirconium dichloride,
di(p—trifluoromethylphenyl)methylene(cyclopentadiehyl)(2,7—di—p—
chlorophenylw3,6wdimtertwbutylfiuorenyl)zirconium dichloride,

15  di(Z-naphthyl)methylene (cyclopentadienyl} (2, 7-di-p-chlorophenyli-
3, 6-di=-tert-butylfluorenyl)zirconium dichloride,
dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3, 6~di
~tert-butylfluorenyl)zirconium dichloride,
di{p-chlorobenzyl)methylene{cyclopentadienyl) (2, 7~di~p~chlorophe

20 ﬁyl*3,6—di~tert—butylfluorenyl)zirconium dichloride,
di {p-methylbenzyl)methylene (cyclopentadienyl) (2, 7-di~p~chlorophe
nyl-3, é~di~tert~butylfluorenyl)zirconium dichlcoride,
cyclohexyl (cyclopentadienyl} (2, 7T-di-p-chlorophenyl-3, 6~di~tert-b

utyvlfluorenyl)zirconium dichloride,



35 di-n-octylmethylene(cyclopentadienyl) (2,7-di-p-chloropheny1-3,6- di-tert-butylfluorenyl)zirconium
dichloride, di-n-triacontylmethylene(cyclopentadienyl)(2,7-di-p-chlorophenyl
-3,6-di-tert-butylfluorenyl)zirconium dichloride, phenylmethylene(cyclopentadienyl)
(2,7-di-p-chloropheny1-3,6-di-t ert- butylfluorenyl)zggonlum dichloride,
dlphenylmethylene(cyclopentad|enyl)(2 7-di-p-chloropheny 3,6-di -tert-butylfluorenyl)zirconium
d'Chlonde l#ep tzowme*tp neécycl fﬂ%”tgr?{e'}}&)é%ﬁ?' B cylo({ophen%} opgienyl fluore

di-tert- butyjf uore yl)zirc n|um

di(p- chloro 1)meth Ien%gc opentadienyl)(2,7-di-p-chlorophe
ny1-3,6- d3 yl?luo)réen z?)r%%nlun(%td’chlorlde

di(p-triflugy. eth p ethylene(c cIo tadlenyl) 2,7-di-pchloropheny1-3,6-di-tert- butylfluorenyl)
itoniune Ao Q@{” e Et el AT O Sh Lo

3,6-di- ter;cbunylflxhgf g/lg nlum dlcplorld

dlbenzylmefhy?e (c§ téb‘f&ﬁ%ﬂ? ?H%O%IB%M%W' tert-butylfluorenyl)zirconium
dICh| ride dng chIorobenzyl)methylene(cyclopentad|en)él)(§ ,7-di- i-p- chlorophe 20

ny1-3.6-FABRTE AR OPSr A EoR hARFEBA Ry L p-chlorophenyl-3,6-di
di(p-methylbenz I)methylene(cyclopentadlen 31(2 , 7-di-p- chlorophe ny1-3,6-di-tert-butyl uorenyl)

~ zirconiuntdith IS0 e%&?(%%ibb@n?é&)é 9Pf(12d?4d| p chloropheny1-3,6-di-tert-b
-utylfluorenyl)zirconium dichloride,

dibenzylrétfAee@FERpERTS éﬁﬂ}@%ﬁﬁéﬁm@dh@wﬁ fidéré nghzivesmansdichforfdead
dlbenzylmethylene(%yclopentad|enyl)(2I7 -di-p-chloropheny1-3,6-di trimethylsilyifluorenyl)dichloride,
dibenzyIrABEHYRE( V@Ié%@ﬁ@dcﬁéﬁﬂ?@%%i%léﬁlé%ﬁﬁ@\yl-&&di cumylfluorenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7 'i-p-chlorophenyl1-3,6-ad a antylfluorenyl)zirconium
dichloridélidiBeazyifRithylepBecletspemaniaryi iR 71di{g-trifubromethybheprtie thy Lphen
y1-3,6-di-tert-butylfluorenyl)zirconium dichloride,
diettiméthyleneteyictéperidiend {2 edrpstiifl adroraathyip Fehyhl-3:6.-df-tert-butylfluorenyl)zirconium
dichloride, di-n-propylmethylene(cyclopentadienyl) (2,7-di-p-trifluoromethylp
heny1-3,6iditeitnayiinoremlzicbonandicilende) 18, 7-di-p-trifluoromethylpheny
diisopropylmethylene(cyclopentadienyl)(2,7-di-p-t ifluoromethylp heny1-3,6-di-tert-butylfluo
enyl)zircanignfdighidride; diw-pdtyimettsiene @y clopentadiengh(2; 74digp-trifluoromethylph
enyl-3,6-di-tert-butylfluorenyl)zirconium dichloride, diisobutylmethylene(cyclopentadienyl)(2,7-di-p
rifluorométhyipty 20renyl=8 6/ ditertt butylftuerenyt) Zkcoriuddienttrige; tri f luoromethylp
di-sec-butylmethylene(cyclopentadienyl) (2,7-di-p-trifluoromethyl
phenyl-3i6dirfertbatydfiuorenybimcoritin:diokioride; i rconium dichloride,
di-tert-butylmethylene(cyclopentadienyl)(2,7-di-p-trifluoromethy
Iphehy1-8j6-distertbytytiuctrehyhzilcorilinpdichiatide; y37 (2, 7-di-p-trifluoromethylp

hegyl—3,G—di—tertwbutylflqorenyl)zirconium dichloride,
di-n-butylmethylene (cyclopentadienyl) (2, 7-di-p-triflucromethylph
enyl-3, 6-di-tert-butyifluorenyl)zirconium dichloride,
diisobutylm&thylene(cyclopentadienyl)(2,?—di—p—trifluorometﬁylph
20 enyl-3, 6-di-tert-butylfluorenyl) zirconium dichloride,
di-sec-butylmethylene (cyclopentadienyl) (2, 7-di-p-trifluorcmethyl
phenyl-3, 6-di-tert-butylfluorenyl)zirconium dichleride,
di-tert-butylmethylene{cyclopentadienyl) (2, 7-di~p-trifluoromethy

iphenyl-3, 6-di~tert-butylfluorenyl)zirconium dichloride,



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
hylpheny1-3,6-di-tert-butylfluorenyl)zirconium dichloride, 5
phenylmethylene(cyclopentadienyl)(2,7-di-p-trifluoromethylphenyl -3,6-di-tert-butylfluorenyl)zirconium

dich'oﬂd%ﬂggsgﬁ'@%@ %ﬁ%ﬁ&'@g}@g@ﬂga ggzﬂéeﬁgkpztﬂﬂv%mgmEegaommethylph

y1-3,6-di-tert-buty orenz}l zirconiu oride,

@%E ch%errﬁgg{?‘%y D %%nglé%gg;el‘&ofg%%gﬁl% hd]i%hlori,de '

di-p-tolylmethylen
enyl.-3,6?(§‘i¥[%rt35§y uorenyl)zirconium dich

di(p-chlorophenyl)methylene(cyclopentadienyl)(2,7-di-p-trifluoro 1 e e v
O B S T R BT 202, 7-di-p-tri fluorome

methylpheny i dichloride;
di(p-triflupromethylphenyl)methylene(cyclopentadienyl)(2,7-di-p- . . :
triquoron@fi@%ﬁg 1- ,é-— ﬁé‘r%ﬁ&ty(ﬁ%%}zeffg z??f:%ﬁ'uirﬁif’sr aéﬁo%ecflcmqude'

di(2-naphthyl)methylene(cyclopentadienyl)(2,7-di-p-trifluorqgmeth, . .

Voo 125 B ER ST A A G SR R, | S t=4 £ Luoromethylphenyl
dibenzylmethylene(cyclopentadienyl)(2,7-di-p-trifluoromethY¥lphen

V13,6 diter A MBI ot Mol s 367 ot Gx-ehLOride,
di(p-chlorobenzyl)methylene(cyclopentadienyl)(2,7-di-p-trifluoro .
methy|pr%h9@@3}61&fﬁté}ﬁ%&f§/ﬁ|%¥€&% frdichIGrige 1 p-trifluoromethy lphen
di(p-methylbenzyl)methylene(cyclopentadienyl)(2,7-di-p-trLfluoro _ -
methylphbhyiigﬁ%’ﬁéﬁlﬁu‘t%mgﬁ%%?é" FidiCRIbHR, ByAbhakytS/clopentadienyl)

(2,7-di-p-trifluoromethylpheny1-3,6- ‘ , ,
di-p-tolylmethylene (cyclopentadienyl} (2, 7-di-p-triflucromethylph

.10 enyl-3, 6-di-tert-butylfluorenyl) zirconium dichloride,
di (p~chlercophenyl)methylene {(cyclopentadienyl) (2, 7-di-p-trifluoro
methylphenyl-3, 6-di-tert-butylflucorenyl)zirconium dichloride,
di(p—trifluoromethylphenyl)methylene(cyclopentadienyl}(2,7~diwpﬁ
trifluoromethylphenyl—j,6wdi—tert—butylfluorenyl)zirconium

15  dichloride,
di{2—naphthy1)methylene(cyclopentadienyl}(2,7~diwp—trifluorometh
ylphenyl-3, 6-di-tert-butylfluorenyl)zirconium dichloride,
dibenzylméthylene(cyclopentadienyl}(2,7~di—p-trifluoromethylphen
'ylw3,6—di—text—butylfluorenyl)zirconium dichleride,

20 di(p—chlorobenzyl)methylene(cyclopentadienyl)(2,7mdi—p—trifluoro
methylphenyl-3, 6—di-tert-butylfluorenyl)zirconium dichloride,
di (p—methylbenzyl)methylene (cyclopentadienyl) (2, 7-di-p-trifluorc
methylphenyi-3, 6~di-tert-butylfluorenyl)zirconium dichloride,

cyclohexyl (cyclopentadienyl) (2, 7-di-p-triflucromethylphenyl-3, 6-



38 di-tert-butylfluorenyl)zircon um dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7-di-p-trifluoromethylphen yl-fluorenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7-di-p-trifluoromethylphen
5y1-3,6-ditrimethylsilylfluorenyl)zirconium dichlori
dibenzylmethylene(cyclopentadienyl)(2,7-di-p-triflucromethylphen y1-3,6-dicumylfluorenyl)zirconium

dichloride, dibepzyimethylene(cyclopentadienyl)2, 7:disprtifiyaromethylphen

y1-3,6-adamantylfluorenyl)zirconium dichloride, 10

dibenzyl tadi )(2,1-di- henyl-3,6-dit rimethylsilyifluar. dichloride,
dibenzyl cei}/gc oggritgg%{%g@% 2@@%%%%8%2%}%%@69%&Slfnyetr%ls%ﬁ/ltﬁé?rg ér%él?%;&r?ﬁ%y dgi%ﬁoride etc.
[OllB]CognLg%linds wherein. "zirconium'.is %ePJ) G ewith 15 "hafnium" or "titanium” in the above

n
compour}] s and %gﬁnnp}%funzdls‘ wherein '%'iLc%forl €IS replaced with "dimethyl" or "methylethyl" in the

above compounds are also preferanly, used. 0143 he fransition mefal.compoyad (gh &4y the

| 5 - yl~3,6wditrime£hylsilylfluor@nyl)zifcdnium dichloride, |
dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-triflucromethylphen
yl—3,6—dicumylfluorenyl)zirconigm dichloride,

| dibenzylmethylene(cyclopentadienyl}(2,7—di—p~trifluoromethylphen
y1-3, 6-adamantylfluorenyl)zirconium dichloride,

10. dibenzylmethyiene{cyclOpentadienyl)(2,7—di—p~bromophenylw3,6wdit
rimethylsilylfluorenyl) zirconium dichloride, dibenzyl
{cyclopentadienyl) (2, 7T-di-p~iodogphenyl-3, 6~ditrimethylsilylfluor
enyl)zirconium dichloride, etc.

{01131 Compounds wherein “zirconium” is replaced with

15  “hafnium” or “titanium” in the above compounds and compounds wherein
“dichloride” is replacedwith “dimethyl” or “methylethyl” inthe above
compoﬁndé are also pr@ferably used.

[G114] The transition metal compound {a), e.g., the
transition metal compound (al-1) and the transition metal compound

20 (al-2), canbepreparedbyapublicly knownprocess, and thepreparation
process is not specifically restricted. Examples of the publicly
known preparation processes include preparation processes described

in W02001/27124 pamphlet and W02004/087775 pamphlet by the present

applicant.



transition metal compound (al-1) and the transition metal compound 20 (al-2), canbepreparedby a
publicly known process , and the preparation process is not specifically restricted. Examples of the
publicly known preparation processes include preparation processes described in W02001/27124
pamphlet and W02004/087775 pamphlet by the prﬁent applicant. 39 [0115]Now, an example of a
process for preparing a fluorene derivative that is uSed for preparing the transition metal compound (a)

is described. [01 process for preparing a fluoroepe derivative 5 is a process for preparing a
specific quorene]&%JIE;\?agdve by allgp\?v‘fﬁg ggsp%%ﬁllncp L?orgﬁeac rﬁﬁé&n% (ngjtg lr:é%g&“v:'\ilt agspecific

D compung (PRLI e iesence ol 8 036 (60) and s piacierised DY A QuINe e
reaction in"a water-containing solvén EF ?usmg a spetific phosphorus compoun and a specific
palladium com EE) as cata%séa. [0117]The fluorene compound (AA), the boron compound

gound 1%( 1S cate
(BB), the Hase (551) {ﬁ thospﬁorus compound (DD), the palladium compound (EE) and the

water-containing solvent (FE') are described below in detail. 15[0118]Fluorene compound (AA)
The fluorene comi)gcﬁl}h%f(AA) for USE i%ﬁ%%%r%si%% iRvEhton 1&at }é?féog&%pdo%%ﬁaetp}é?ented by

the fg)llowjng formula [11] or the following formulaéZZ). EOllQA , , ,
is"a process for preparing a specific fluoréne derivative by allowing

a specific fluo:ene compound (AA) to react with a specific boron
-compound (BB} in the presence cf a base {(CCy, an& is charaéterized
bycarryingoutthereactionjflawater—COﬁtainingsolvent(FF)using
aspecificphosphoruscompound{DD)zﬂxiaspecificpalladiwncompound
10 (EE}) as catalysts.

(0111 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 detazii.

15 [0118; Flucrene compound {(AR)

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

[0119]



[0120] [0121]In the formula [11] and the formula [22] , R11 to 5 R110 are each 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 (NN) of 1 to 20 carbon atoms, a silicon-contgé'ning hydrocarbon group (SSI) of 1 to 20 carbon
atoms, a halogen-containing 10 hydrocarbon group (HH) of 1 to 20 carbon atoms or a sulfur-containing
41 hydrocarbon group (SS) of 1 to 20 carbon atoms, and they may be the same as or different from
one another. In one or more comgbjiiatangy i%jacent groups, the adjacent groups maybe bonded to
each other to form apfifi At least bge of R'101 to R1H K}lﬁlogen atom (XX) or a sulfur-containing
hydrocarbon group (S : [0122] R11 to R18 which are atoms or groups
other than a halogen at
R1 to R12 in the formulg{All..

R'&.ﬁ

{OlZOj

RIS R4 22

[0121] In the formula [11] and the formula [22], R to

5 RY are each 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 (NN) of 1 to 20 carbon atoms, a silicon-containing
hydrocarbon group (SSI) of 1 to 20 carbon atoms, a halcogen-containing

10  hydrocarbon group (HH) of 1 to 20 carbon atoms or a sulfur-containing



[0123]In the process for preparing a fluorene derivative, 10 the halogen atom (XX) and/or the
sulfur-containing hydrocarbon group (SS) of the substituents of the fluorene compound (AA) is
converted into a substituent R113 of the later-described boron compound (BB) to obtain a fluorene
derivative. [0124]It is preferable that arbitrary two of Riu, RIn, 15 Rw6 and R107 are each a halogen
atom (XX), and the residual two are each a hydrocarbon group (GO) of 1 to 20 carbon atoms, an
oxygen-containing hydrocarbon p (é)alz f 110 20 carbon atoms, ascon-containing hydrocarbon
i (S B o ot oA, & halbgSn ontat e g A B o o (1A 7T 1 30 carbor
atoms 20 or a sulfur-c?t%min% h+ydirocarbon grou £S§) of% to 20 carbon atoms. If su%h apfluori‘ene
compoun%a@eA)alsé USed as a Teaction ?gwor%%tgﬁgl, erer of Heor%%u?tlrnéﬂ filoréne -derivave is lowered
in the conventipnal preparation process. However, when the reaction is carried out in a solvent
containing WAIIURIRG (HE 1R S5 BEd 42 hoSBORS SBHhpSUREIOD) it BARACI M Tompound
(EE) as catalysts, the reaction é)roceeds rapidly and.the fluorepe derivative is obtained in a good yield

even if such 49i8réné& Pofpotind (@ isUked s & reattioR rawmatenar $J612517HR HadGen atom

(XX)_is, for example a fluorine atom, a chlorine atom, a bromine atom or an iodine atom. Of such
atorms, a XhIBriE-&tohT 2 Bréiind atoHior GATEAR S AU iEbrefetabie® £ brothiAs FSm or an
iodine atom is particularly preferahle. [0126]Examples of the hydrocarbon groups (GG) of 1 to 10 20
carbon atoms inclitieémethyl grolip, etyIgroupi 15 opyFg ot alIgF gEdtREbafyt gFolpeL-penty!
group, 1-hexyl group, 1-heptyl group, 1-octyl group, 1-nonyl group, 1-decanyl group, 1-eicosanyl

group, isGpFopyP GFdup {ER-Bityl Grotp? FmethyIpeRtyt gtoup I AvaeasaprsEy| gFeup, (S5)
1,1-dimethylbutyl group, ' -
may be the same as R' to R* in the formula [Al].

[0123] Intheprocess forpreparinga fluorenederivative,
10  the halogen atom {XX) and/or the sulfur-coentaining hydrocarbon group
(S8} of the substituents of the fluorene compound (AA) is converted

R113

into a substituent cf the later-described boron compound (BB)

to obtain a flﬁorene derivative.
(01243 It is preferable that arbitrary two of R'®, R!%,

15 RY® ang RV aie 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 (CQ) of 1 to 20 carbon atoms,
a silicon-containing hydrocarbon group (SSI.) of 1 te 20 carbon atoms,
a halegen-containing hydrocarben greup (HH) of 1 to 20 carbon atoms

20 or a sulfur-containing hydrocarbon group (S5} 0of 1 to 20 carben atoms.
If such a fluorene compound (AA) is used as a reaction raw material,
yield of the resulting fluorene derivative 1s lowered in the

conventional preparation process. However, when the reaction is

carried out in a solvent containing water using the later-described



15 1-methyl-I-propylbutyl group, 1,1-dipropylbutyl group, 1,1-dimethy1-2-methylpropyl group,
1-methyl-1-isopropyl-2-methylpropyl group, 1, I-dimethyl-2, 2-dimethyl-3, 3-dimethyl-4,
4-dimethylpentyl group, cyclopentyl group, cyclohexyl group, cycloheptyl group, cyclooctyl 20 group,
4-cyclohexyl-tert-butyl group, norbornyl group, ad I:pantyl group, phenyl group, 2-methylphenyl group,
3-methylphenyl group 4-methylphenyl group, 2,4-dimethylphenyl group, 2,6- dlmethylphenyl group,
mesityl gr enzylgrou neth Igroup di /imeth hth Imet oup cumyl
croup, néjgbcf%ﬁ) ﬁgﬁ%ﬁl\ﬁ‘i uﬁrﬁ&ﬁae%t% Foup, Cb%ﬁg Hfﬁ%/l b%upgﬁh%ﬁ Si5group,’
anthracenyl group and fluorenyl group. [0127]The number of carbon atoms of the hydrocarbon group
(GG) is p‘féf‘éra?ﬁﬁ 118“116:‘-’%&%‘%%%%3%1 106 EXamples T SGaT s HdtSEat ot grotpsiGa)
include straight-chain hydrocarbon groups, suchasmethylgroup, ethyl [-propylgroup, allyl group,
1-butyl grdug’ ﬁ?)%ﬂt)ﬂ]é%ﬁpeé’r?dnll‘rfeﬁﬁﬁ%ﬁp@ﬂs‘dﬁ%ﬁﬁ grotp et ufﬁ%mﬁﬁ %Sr%@trﬁﬂp@ntyl group,
1,1-dimethylbutyl group, 1,1-dimethy1-2-methylpropyl group, cyclopentyl group, cyclohexyl 10 group
and aryl 5%{6’?2%]@&&%&%%%%% oxygen-containing hydrocarbon groups (00) of 1 to 20 carbon
atoms include methoxy group, ethoxy group, n- propoxy group, isopropo IYEE;\;Lroup, n-butoxy group,

sec-butoxy group, iséButgxy grodp:aerebatssy grstp, Ftedyioxy C@j’rdi?ba E-icsloxy fg‘r%%p,
phenoxy graup, 1-naphthoxy group, 2-naphthoxy

group,2- rﬁé%xy@@h%@?b‘@@ @-ﬁi@thoﬁy&@ﬁﬂ@ﬁa@@@n%@@ph@ﬁ%@rm@nd Aphenskyphenyl
group.

atoms,acmlorlneatom, kmomlneatqmoranlodlneatmnlspreferable,
and a bromine atom or an iodine atom is partiéularly preferable.
[0126] Examples of the hydrocarbon groups (GG) of 1 to

10 “ 20 carbon atoms include methyl group, ethyl group, l-propyl group,
allyl group, 1-butyl group, l-pentyl group, l-hexyl group, l-heptyl
group; l-octyl group, l-nonyl group, l-decanyl group, l=-eicosanyl
group, isopropyl group, tert-butyl group, 3-methylpentyl group,
1,1-diethylpropyl group, 1,l-dimethylbutyl group,

15 l—methyl—l—propylbutyi group, 1,l-dipropylbutyl group,
1,1—dimethyIMZ-methylpropyl group,
l-methyl-l-isopropyl-2-methylpropyl greoup,
1,1-dimethyl=-2, 2~dimethyl~3, 3~dimethyl~4, 4{~dimethylpentyl group,
cyclopentyl group, cyclchexyl group, cycloﬁeptyl,group, cyclooctyl

20 group, 4-cyclohexyl-tert~butyl group, norbornyl group, adamantyl
greup, phenyl group, Z-methylphenyl group, 3-methvlphenyl group,
4-methylphenyl group, 2, 4-dimethylphenyl group, Z,6~dimethylphenyl
group, mesityl group, benzyl group, a-phenethyl group, diphenylmethyl

group, naphthylmethyl group, cumyl group, neophyl group, naphthyl



[0129]The number of carbon atoms of the oxygen-containing hydrocarbon group (00) is preferably 1 to
10, more preferably 1 to 20 6. Examples of such oxygen-containinghydrocarbongroups (00) include
methoxy group, ethoxy group, n-propoxy group, iSOPropoxy group, n-butoxy group, sec-butoxy group,
isobutoxy group, ert-butoxy group and phenoxy grouip. [0130]Examples of the nitrogen-containing
hydrocarbon 44 groups (NN) of 1 to 20 carbon atoms include dimethylamino group, diethylamino

group, didecylamino group,. pyrrolidinyl. group, piperidinyl group, pyrrolyi group, pyridyl group, quinolyl
group, im?dé;zéﬁ)’/l g%rl p?%%r%e%ﬁéﬁ%fnop %arﬁ/?ll%r%i{p %ﬁy pe%&iﬁ{}%ﬁﬁ%ﬁ% gq)ggﬁp [0131]The number
of carbon ag%ms of thelnitro en-cogtajﬂin hg/dr carbon group (NN) is preferably 1 to 10, more

preferablf}ri o6, )Iggmpﬁ{ers oFsGdT ni ro%e%—%nta%ﬁ@%ydrocarbon groups (NN) include

dimethylamino gr jethylamino 10 group,pyrrolidinylgroup,piperidinylgroup,pyrrolylgroup,pyridyl
group and imidaz@#)}?zgﬂ)up. (013> x‘%\%ﬁ% 8%t?\%%?l‘?ébﬁ%’i‘ﬁé?ﬁiﬁB%%)/éfﬂ)%%?%ﬁ‘@?cﬁFﬁ%U(%Sl) of 1 to

20 carbon atoms include trimethylsilyl group, triethylsilyl group, triisopropylsilyl group,
&M% preferably Y3y lgO, Tore pryefeyragnlypi to 6. pgxar%{pges B such

-5  hydrocarbon groups.{GG) include straight—chain hydrocarbon groups,
suchasmethylgroup,ethylgroup,1~pr§pylgrpup,allylgroup,l—butyl
gfoup, l-pentyl group and 1-hexyl groﬁp;,isopropy&.group,'tert—buﬁyl
group, S—methylpentyl group, 1,l-dimethylbutyl group,
1,1-dimethyl-2~methylpropyl group, cyclopentyl greup, cyclohexyl

10  group and aryl group.

101283 Examples of the coxygen-containing hydrocarbon
grdups {O0) of 1 te 20 carbon atoﬁs include m@thoxy group, ethoxy
group;n—propoxygroup,isopropoxygroup,rrkmtoxygroup,sec—butoxy
-gxoup,‘isobutégy group, tert-butoxy group, l-decyloxy group,

15 i-iceosyloxy group, phenogf group, l-naphthoxy group, 2Z2-naphthoxy _
group, 2-methoxyphenyl group, 3-methoxyphenyl group, 4-methoxyphenyl
group and 4-phenoxyphenyl group.

[0129] Thenumber of carbonatoms of the oxygen—-containing
hydrocarbon group {(00) is preferably 1 to 10, more preferably 1 to

20 6. Examplescf suchoxygen-containinghydrocarbongroups (00) include
methoxy group, ethoxy group, n-propoxy group, lsopropoxy group,
n-butoxry group, sec-butoxy group, ischutoxy group, tert-butoxy group
and phencxy group.

[0130] Examples of the nitrogen-containing hydrocarbon



15 tertiloutyldimethylsilyl group, hexyl-di-lI-heptylsilyl group, 4-trimethylsilylphenyl group and
triphenylsilyl group. [0133]The number of carbon atoms of the silicon-containing hydrocarbon
group (SSI) is preferably 1 to 10, more preferably 1 to 6. Examples of such silicon-containing 20
hydrocarbon groups (SSI) incIudetrimethylsilylgroqg, triethylsilyl group and tert-butyldimethylsilyl
group. [0134]Examples of the halogen-containing hydrocarbon groups (HH) of 1 to 20 carbon atoms

include fluoromethyl group, trifluoramethyluroup,trichloromethylgro tafluoroethylgroup, 45
1-f|uoropﬁéﬁﬁpgsro&/%,gg-cﬁ%oﬁop%%ny g?%&ofb%rﬁ%ﬂﬁh%ﬁﬁ%%%%p(,y%}%%% aeﬁ;}ﬁé}ro%g?ﬁﬁiuorophenyl
group, 2-hro enyl group, 2-iodgphenyi.group, 2-chlorophenyl group, 3-chlorophenyl group,

A chioro R T OB e B S et iy Gra s S e GHRy orou,
2-fluorophenyl graup, 3-fluorophenyl group, 4-fluorophenyl group, fluoronaphthyl group, chloronaphthyl
roup, brBNBHEBI! gt GHATHN gfoLp bentahusrSphEngt Brout ag 1Y J2o0p:
tri-perfluorophenylmethyl group. [0135]The number of carbon atoms of the 10 halogen-containing
hydrocarﬁaﬁﬁ?&?&ml—@ﬁ@b‘&eéﬂ’iﬁ HGTMBRP BrStEralsly 140 6 ExBRIES Ot SR ey L

halogen-containing hydrocarbon groups (NH) include fluoromethyl group, t ifluoromethyl group,
trichforon¥éthykgroup, pentafluoroethylgroup,|-fluorophenylgroup, 1-chlorophenyl group, 1-bromophenyl

group,lJogophe?%H%qﬁgm The number'Qf carbon atoms of the
nitrogen-containing hydrocarbon group (NN} is preferably 1 to 10,
more preferably 1 to 6. Examples of such nitrogen-containing
hydrocarbon groups (NN} include dimethylamino group, diethylamino

10 group,pyxrolidinylgroup,piperidinylgroup,pyrrolylgroup,pyridyi
group and imidazelyl group.

[0132] Examples of the silicon-containing hydrocarbon
groups (S35I) of 1 teo 20 carbqn aﬁoms include frimethylsilyl group,
triethylsiliyl group, triisd?ropylsilYl group,

15 tertfbutyldimethyisiiyi group, hexyl-di-l-heptylsilyl group,
4-trimethylsilylphenyl group and-triphenylsilyl group.

[0133] The number of carbon atoms of the
silicon=-containing hydrocarbon group (S38I) is preferably 1 to 10,
more preferably 1 to 6. Examples of such silicon-containing

20 hydrocarbon groups (88I) include trimethylsilyl group, triethylsilyl
group and tert-butyldimethylsilyl group.

[0134] Examples of the halogen-containing hydrocarbon

groups {(HH) of 1 to 20 carbon atoms incliude fluorcmethyl group,

triflucromethyl group, trichloromethyl group, pentafluoroethyl group,



15 2-fluorophenyl group, 2-bromophenyl group, 2-iodophenyl group, 2-chlorophenyl group,
‘3-chlorophenyl group, 4-chlorophenyl group, 2-bromophenyl group, 3-bromophenyl group,
4-bromophenyl group, 2-fluorophenylgroup, 3-fluorophenylgroup, 4-fluorophenyl group and
pentafluorophenyl group. 20[0136]Examples of thagulfur-containing hydrocarbon groups (SS) of 1 to
20 carbon atoms include methanesulfonato group, €thanesulfonato group, trifluoromethanesulfonato
group, 2,2,2-tr fluoro thanfsulfonato royp, benzenesulfonato group, o-toluenesulfonato group,
m-toluendSUIHAS GRS, 46 SABILehESUNSRAES rbup, Biathyibeh=aneLaHbITAs bR S
p-tert-butylbenzenesulfonato group [01j137]The number of carbon atoms of the s_,lulfur-containing
hydrocarbon Grotp (5% isgﬁlpé‘fgrat%? 1R G preferabily 1405 gmophenyl group,
Examplesofsuchsulfur-containinghydrocarbongroups(SS)include methanesulfonato group,
ethanesuffonafSgrotpY TrifdGidmethanesarFoR: OUBT 22 trAflGE o Frleon g Roup,
benzenesulfonato group, p-toluenesulfonato group, p-ethylbenzenesulfonato group and
p-tert-but§IBenzBREEMFNAtoSH grours. TOISBFEuoremet8mpdind YRRY IS Pr i cifa Ppreferably a

fluorene compound represented by the following formula [77]: :
5 4-bromophenyl group, 2Z2-fluorcphenyl group, 3-flucrophenyl group,

4-fluorophenyl group, fluorénaphthyl group, chioronaphthyl group,
bromonaphthyl group, iodonaphthyl group, pentafluorophenyl group and
tri-perfluorophenylmethyl group.

[0135] The number of carbon atpms of the

106 halogen-containing hydrocarbon group (HH) is preferably 1l to 10, more
preferably 1 to 6. Examples of such halogen-containing hydrocarbon
groups (HH} include fluoromethyl group, trifluorcmethyl group,
trichloromethyl group, pentafliucroethyl group, 1-fluorophenyl group,
l-chlorophenyl group, l-bromophenyl group, l-iodophenyl group,

15 Z2-fluorophenyl group, Z-bromcphenyl group, Z2-icdophenyl group,
2-chlorophenyl group, 3-chlorophenyl group, 4wchlorophenyl'group,
Z-bromophenyl group, 3wbromo§henyl'group, 4-bromophenyl group,
2—-fluorophenyl group, 3-flucrophenyl group, 4-fluorcphenyl group and
pentafluorophenyl group.

20 [0136] Examples of the sulfur-containing hydrocarbon
groups (33) of 1 to 20 carbon atoms include methanesulfonato group,
ethanesulfonato group, trifluoromethanesulfonato group,
2,2,2-triflucroethanesulfonato group, benzenesulfonato group,

o-toluenesulfonato group, m-tolusnesulfonato group,



[0139] [0140]In the formula [77], each X is independently a chlorine atom, a bromine atom, an iodine
atom or a fluorine atom, and R13 and R106 are each independently a hydrocarbon group of 1 to 47
20 carbon atoms. [0141]In the formula [77], it is more preferable that each X is independently a
chlorine atom, a bromine atom or an iodine atom apnd Rin and R"6 are each independently a
hydrocarbon group of 1 to 15 carbon atoms. [0142]Examples of the hydrocarbon groups of 1 to 15

carbon atom%incl e% I\rl’riregthlg{a\gro %& %thyl rog&%l%ggge%ro&p,  allyl %rgu ) |E))ui'é(lllgroup, 1-pentyl

group, 1Ilj1exyl group, 1-heptylgroup 156ct | group, 1-nonyl group, 1- deca yI group, 1-pentadecanyl
group, p-tert-butylbenzenesulfcnatso group.

[G137] Thenumberof carbonatoms of the sulfur-containing
hydrocarbon group {(8S8) is preferably 1 to 10, more preferably 1 to
5 5. Examplesofsuchsulfurwcontaininghydrocarbongrou@s(SS)include
methanesulfonato group, ethanesulfonato group,
trifluoromethanesul fonato group, Z,2,2-triflucroethanesulfonato
group, benzenesulfonato group, p-toluenesulfonatc group,
p—ethylbenzenesulfonato group and p-tert-butylbenzenesulfonato
10 group.
[0138] . The fluorene compcund (AA) is particularly
preferably a fluorene compound represented by the following formula

[771.

[CG138]

[77]

LG140] In the formuia [77], each ¥X is independently a

15

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

and R*™ and »'“® are each independently a hydrocarbon group of 1 to



10 isopropyl group, tert-butyl group, 3-methylpentyl group, 1,1-diethylpropyl group, 1,1-dime hylbutyl
group, 1-methyl-1-propylbutyl group, 1,1-LdipropY2butyl group, 1,1-dimethy1-2-methylpropyl group,
1-methyl-1-isopropyl-2-methylpropyl group, cyclopentyl group, 15 cyclohexyl group, cycloheptyl group,
cyclooctyl group, 4-cyclohexyl-tert-butyl group, norg)rnyl group, adamantyl group, phenyl group,
o-methylphenyl group, m-methylphenyl group, p-methylphenyl group, 2,4-dimethylphenyl group,
2,6-dime§yl%g%@ylrgrg%gmrgesityl group, benzyl group, a-phenethylgroup,naphthylmethyl 20 group,
cumyl group, neopﬂwyl group, 1-naphthyl group and 2-naphthyl group. [0143]In the formula [77], it is still
more preferable £ h X'is independe tI%na Ehloﬁg& atom or a bromine a me aneRjC and RI6 are
Any ST

each independen drocarbof g‘f%ﬁp T0 J:arﬁgnlasfoxrrﬁ%?(foﬁ x%mples ofthe
Fropyl roup, allyl

hydrocarbon groups of 1 to 10 carhon atoms include methyl group, ethyl group, 1-

groun, LI ot RS E e YoBpr BT R A R AR SRS grou,
o-methylphenyl group,,m-methylphenyl group, p ethylphenyl group, 2,4-dimethylphenyl group,
2,6-dimeﬁﬁﬁ6h8ﬂ§? g"?glﬁnp??ﬁeg{tlg}i &%ﬁp‘?%%%z&ﬂilgﬁﬁﬁ%?@ﬁﬁﬁr?ﬁhﬁ JHEtD A2 AphtAY IRy Btp. [0145]In
the formula_[??]i: it is also preferable that 10 RI3 and R106 are each selected from a hydrogen-atom,

~ an atkyl grotp (FE-153F3%0 46-¢%fbon atoms and a silicon-containing group of 1 to 40 carbon atoms,
and it is more preferable that they are each an alkyl group (f1-1) of 1 to 20 carbon atoms and are the
same groups as e4¢f diher, as BeBFOEREE AYG R R HisissaRiformule £5 2%21] or R6b
and R7b in the aforesaid formula [A1-2]. It is still more preferable that R103 and R16 are each a '

methyl oLl B R S et iSistepy 19Tt BF AHRbutyTRFSEY Astr arP the'Sa&Igritps as each

other.
i-butyl group, l-pentyl group, 1-hexyl group, 1-heptyl group, 1-octyl

group, l-nonyl group, l-decanyl group, l-pentadecanyl group,

10 isopropyl group, tert-butyl greoup, 3-methylpentyl group,
1,1-diethylpropyl group, 1,i-dimethylbutyl group,
‘I-methyl-l-propylbutyl group, 1,l-dipropylbutyl group,

1, 1-dimethyl-2-methylpropyl group, |
l-methyl-l-isopropyl-2-methylpropyl group, cyclopentyl group,

15 cyclohexyl group, cycloheptyl group, cyclooctyl group,
4-cyclohexyl-tert-butyl group, norbornyl group, adamantyl group,
phenyl group, o-methylphenyl group, m-methyiphenyl group, |
p-methylphenyl group, Z2,4-dimethylphenyl group, 2, 6~dimethylphenyl
group, mesityl group, benzyl group, a-phenethyl group, naphthylmethyl

20 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 RY™® are each independently a hydrocarbon group of 1 to 10



[0146]If the fluorene compound (AA) represented by the 20 formula [77] is used as a reaction raw
material, yield of the resulting fluorene derivative is lowered in the convent onal preparation process .
However, when the reaction is carried out in a solvent containing water using the
later-describedphosphorus compound (DD) and Pg adium compound (EE) as catalysts, the reaction
proceeds rapidly and the 49 fluorene derivative is Obtained in a. good yield even if such a fluorene
compound EAA; IS LJCsed as a reaction raw material. [0147]Boron compound (BB) The boron

C . aroms. . .
compoun isa Boron compound represented by the following formula [33] , the following formula

[44] or the following formula [55] ; [0138] R11L, RinaB RIS10143] 10,13 531144 L4H,0150]
atoms include methyl group, ethyl group, l-propyl group, allyl group,
1-butyl group, 1l-decyl group, isopropyl group, tert-butyl group,

5 4—cyclohexyi.—tert—butyi group, o-methylphenyl group, m-methylphenyl
groﬁp, p-methylphenyl group, Z2,4-dimethyiphenyl group,
2, 6-dimethyliphenyl group, mesityl group, benzyl group, l-naphthyl
group and Z-naphthyl group.
[0145] In the formula [77}, it is alsc preferable that
10 R!® and R'™® are each selected from a hydrogeﬁ atom, an alkyl group
(£1-1) of 1 to 40 carbon atoms and a silicen-containing group of 1
to 40 carbqn atoms, and it is more pref_erable that they are each an
alkyl group (f1-1)} of 1 to 20 carbon atoms and are the same groups
as each other, as degcribed for % and R’ in the.aforesaid formula
15  [Al-1} or R® and R™ in the aforesaid formula [Al-2]. It is still

1% 3re each a methyl group, an ethyl

more preferable that R and R
group, an isopropyl group or a t-butyl group and are the same groups

as each cther.
[014¢] Tf the fluorene compound (RA) represented by the
20 formula [77] is used as a reaction rawmaterial, yield of the resulting
fluorenederivativeis lowered inthe conventional preparationprocess.
However, when the reaction is carried out in a solvent containing

waterusingthe later-describedphosphorus compound (DD} andpailadium

compound (EE) as catalysts, the reaction proceeds rapidly and the



50 Rui30 R113 [5c] [0151]in the formula [33], the formula [44] and the formula [55] , Rm, Rn2 and
Rn3 are each a hydroxyl group, a hydrocarbon group (GG2) of 1 to 20 carbon atoms, an
oxygen-containing hydrocarbon 4fotip (002) of 1 to 20 carbon atoms, a ni ogen-containing
hydrocarbon group (NN2) of 1 to 20 carbon atoms, a silicon-containing hydrocarbon group (SSI2) of 1
to 20 carbon atoms, a halogen-containing hydrocarbon group (HH2) of 1 to 20 carbon atoms or a

sulfur-copigniog fydroearhion group (352) 014 1o, 20 carban atoms, a0 fney may b, e same as or
nded t

10 different from one another_ and R112 may be bo each offier o form a ring. M is a lithium

atom, a gy lam @63 Potassium giom. (01520 sych 4 bqron compound (BB) is used as a reaction

[0147] Boron compound {(BB)

The boron compound (BE) is a boron compound represented by the
5 following formula [33), the following formula [44] or the féllowing
formula [55].

(01487




raw material, yield of the resulting fluorene derivative is lowered 15 in the conventional preparation
process. However, when the reaction is carried out in a solvent containing water using the
later-described phosphorus compound (DD) and palladium compound (EE) as catalysts, 51 the
reaction proceeds rapidly and the fluorene derivatig/ 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 group, ethyl group, 1-propyl group, 1-hexyl group, 1-heptyl
group, 1-decanyl group, vinyisg r@“ﬁﬁallyl’ group, 1-pentenyl group, 1-hexenyl group, 1-octenyl group,
1-decenyl group, 1-icosyloxy group, isopropyl group, tert-butyl group, 3-methylpentyl group,
1,1-diethylpropyl group, 1,1-dimethylbutyl 10 group, 1-methyl-1-propylbutyl group, 1,1-dipropylbutyl
group, 1,1-d ethy1-2-methylpfopyl group, 1-methyl-1-isopropyl-2-methylpropyl group, cyclopentyl
group, cyclohexyl group, c ptyl group, cyclooctyl group, 4-cyclohexyl-tert-butyl group, norbor yl
group, adamantyl grayp#15 Z-cyc ylvinyl group, phenyl group, 2-phenylvinyl group,
2-(4-biphenyl)vinyl p, 2-methylphefyl group, 3-methylphenyl
group,4-methylpheny§group,2-ethylph nylgroup,2,4-dimethylphenyl group, 2,6-dimethylphenyl group,
~mesityl group, benzyligroup, a-phenegylgroup,diphenylmethylgroup,naphthylmethylgroup, cumyl

RS B"“Qf" B“Rfm

+ - [55]

[0151) In the formuia [33], the formula [44] and the-
formula [55], R, R”2andi¥13areeach51hydroxylgroup,aahydrocarbon
group {GGZ) of 1 to 20 carboen atoms, an cxygen-containing hydrocarbon

5 group (C02) of 1 to 20 carbon atoms, anitrogen-containing hydrocarbon
group (NN2} of 1 to 20 carbon atoms, a silicbn—comtaining'hydrocarboﬁ
group (5812) cf1to 20 carbonatoms, a halogen-containing hydrocarbon
group (HHZ) of 1 to 20 carbon atoms or a sulfur-containing hydrocarbon
group (8352) of 1 to 20 carbon atoms, and they may be the same as or

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

{01527 If such a boron compound (BB) is used as a reacticn
raw material, yleld of the resulting fluorene derivative is lowered

15 in the conventional preparation process. However, when the reaction
iscarriedout in a solvent containingwater using the later-described

phosphorus compound (DD) and palladium compound (EE) as catalysts,



20 group,neophylgroup,naphthylgroup,biphenylgroup,binaphthylgroup, phenanthryl group, anthracenyl
group and fluorenyl group. [01541 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, 52 1-propyl group, 1-h Tylgroup, 1-heptylgroup, 1-decanylc(roup, vinyl
group,allylgroup, 1-pentenylgroup, 1-hexenylgroup, 1-octenylgroup, 1-decenyl group, isopropyl group,
tert-butyl group, 3-methylpentyl group, 1,1-diethylpro roup, 1,1-dimethylbutyl group, 5
e L A R S AR R o
1-methy1-1-isopropyl-2-methylpropyl group, cyclopentyl group, cyclohexyl group, cycloheptyl group,
cyclooctyt'grodp® -é@tﬁéﬁ&?ﬁb?‘t’-ﬁﬁﬂﬁ% gﬁ?ﬁ@r&?ﬂﬁﬂ’ ﬁ?&ﬁggadrﬁa%ﬁpg Sup FEG S Syibhexylvinyl
group, phenyl group,,2-£henylvinyl group, 2-methylphenyl group, 3-methylphenyl group,
4-methylpRENJIEFBGPE 2:ethylphenyl group, 2,4-dimethylphenyl group, 2,6-dimethylphenyl! group,
mesityl group, benzyl group, a-phenethyl group, diphenylmethyl group, naphthylmethyl group, cumyl
group, neophyl gr[&i;?gdaphthyl 5§ énﬂ%iﬁﬁ@n@l’ F&%T@T@S}Eﬁﬁ%ﬂﬁlé@%ﬂh@L =
oxygen-containing hydrocarbon groups (002) of 1 to 20 carbon atoms include methoxy group, ethoxy .

group, 1-profExP grods s HAGr oS MLb SR Gro G Y buEa grou S6BUtXGBED,
tert-butoxy group, 1-decyloxy group, 20 1-icosyloxy group, phenoxy group, benzyloxy group,

1-naphthéx{ gFetpIZmtphthoRg RFodpIZaaethexyIFETY §réis B mEtHoky phepyPgréup, Y1
4-methoxyphenyi group, 4-ethoxyphenyl group, 4-isopropoxyphenyl group, 4-phenoxyphenyi group,

4-formylshenyigréup - bsdroxgpheny| §rowy iung greip, B=Rafegrol grsemzotur§EGoUpL 53

group, l-icosyloxy group, isopropyl group, tert-butyl group,
3-methylpentyl group, 1,1l-diethylipropyl group, 1,l-dimethylbutyl
10 group, l-methyl-l-propylbutyl group, 1,1l-dipropylbutyl group,
1,1-dimethyl-2-methylpropyl group,
l-methyl-l-isopropyl-2-methylpropyl group, cyclopentyl group,
cyclohexyl group, cycloheptyl group, cyclooctyl group,
4-cyclohexyl-tert-butyl group, norborhyl group,.adamantyl group,
15 2-cyclohexylivinyl group, phenyl group, 2-phenylvinyl group,
2= (4-biphenyl)vinyl group, Z-methylphenyl group, 3-methylphenyl
group, 4-methyliphenyl group, 2-ethylphenyl group, 2, 4-dimethylphenyl
group, 2,6-dimethylphenyl group, mesityl group, benzyl group,
o-phenethyl group, diphenylmethyl group, naphthylmethyl group, cumyl
20 group, neophyl group, naphthyl group, biphenyl group, binaphthyl group,
phenanthryl group, anthracenyl group and fluorenyl group.
[0154] The number of carbon atoms of the hydrocarbon group
(GG2)y 1s preferably 1 to 16, more preferably 1 to 12. Examples of

such hydrocarbon groups (GGZ) include methyl group, ethyl group,



4-carboxyphenyl group and 4-benzoylphenyl group. Moreover, there can be also mentioned pinacol
ester, catechol ester, 1,3-propanediol ester, neopenty! glycol ester, etc. where in Ril and R12 are
bonded to each other. [0156]The number of carbon atoms of the oxygen-containing hydrocarbon
group (002) is preferably 1 to 16, more preferably 1.to 12. Examples of such oxygen-containing
hydrocarbon groups (002) includemethoxy group, %hoxy group, 1-propoxy group, iISOpropoxy group,

1-butoxy group, s-butoxy group, isobutoxy group, tert-butoxy group, 10 1-decyloxy group, phenoxy
Group, DAY BB e TR B B0, o SEROR SOt AT pHEA St
3-methoxyphenyl group, 4-methoxyphenyl group, 4-ethoxyphenyl group, 4-isopropoxyphenyl group,
4-phenoWﬁwF&%ﬂggﬁgBﬁﬁﬁlﬁﬂgﬂ§F&§bSF@-‘F‘E/d%’)@%ﬁ@W grotip2-fui %?(E.Y . 3 ‘group,
benzofuryl group and 15 4-carboxyphenylgroup. Moreover, therecanbealsomentionedpinacol ester,
catechol EStEC 1. brepAHEdiol EEEL RED BERLA glyCoT estéf-&lc WABRIN RTEL RAPRES Ate bonded
to each other. [0157]Examples of the nitrogen-containing hydrocarbon groups (NN2) of 1 to 20 carbon
atoms inGGEBRIimetRyIgHftS GHBGRP26 didthyRmino Grotp araetidmiho%grodp; 2-aminophenyl
group, 3-aminophenyl group, 4-aminophenyl group, 3-nitrophenyl group, 4-cyanophenyl group,

3-a tan?id@ﬁﬁgﬁ%‘g?m@’p“?@%éé%éﬁﬁdﬁﬁﬁé}@l.&o&ﬁ,@%ﬂﬁmkj}?@&p,%%%dinyl group, 3-quinolinyl

group, 8-quinolinyl group, 4-isoquinolinyl group, 4-pyrazole group, 54 1-methyl-4-pyrazole group and
3,5-dimethyi=g4ipyeaPo1é groupt Y 1 HOTB8IT HE-RRber of carbon atoms of the nitrogen-containing
hydrocarbon group (NN2) is preferably 1 to 10, more preferably 1 to 6. Examples of such
nitrogen-Eomtihing Hydiscatbeargrotpes(NN2rireRide dihsathy|arrinbcgioupy dicthgiafino group,
2-aminophenyl group, 3-aminophenyl! group, 4-aminophenyl group, 3-pyridinyl group, 4-pyridinyl
group, 4-pyrdzdlegrougroup, cycloheptyl group, cyclooctyl group,
4-cyclohexyl-tert-butyl group, norbornyl group, adamantyl group,

10 2-cyclohexylvinyl group, -phenyl group, Z-phenylvinyl group,
2-methylphenyl group, 3-methylphenyl group, 4-methylphenyl group,
2-ethylphenyl group, 2,4-dimethylphenyl group, 2, 6-dimethylphenyl
group, mesityl group, benzyl group, c-phenethyl group, diphenylmethyl
group, naphthylmethyl group, cumyl group, neophyl group, naphthyl

15 group and biphenyl group.

[0155] Examples of the oxygen-containing hydrocarbon
groups (C02) of 1 to 20 carbon atoms include methoxy group, ethoxy
group, l-propoxy group, isSopropoxy group, l-butoxy group, s-butoxy
group, isobutoxy group, tert-butoxy group, l-decyloxy group,

20 l-icosyloxy group, phenoxy group, benzyloxygreup, 1-naphthoxy group,
2-naphthoxy group, <-methoxyphenyl group, 3—methoxyphényl group,
4-methoxyphenyl group, 4-ethoxyphenyl group, 4-isopropoxyphenyl

group, 4-phenoxyphenyl group, 4-formylphenyl group, 4-hydroxyphenyl

group, Z2-furyl group, 3-furvyl group, benzofuryl group,



1-methyl-4-pyrazole group and 3,5-dimethy1-4-pyrazole group. [0159]Examples of the
silicon-containing hydrocarbon 10 groups (SSI2) of 1 to 20 carbon atoms include trimethylsilyl group,
triethylsilyl group, triisopropylsilyl group, tert-butyldimethylsilyl group, 2-triphenylsilylethyl group,
4-trimethylsilylphenyl group, 4-(tert-butyldimethylsié%xy)phenyl group and hexyl-di-I-heptylsilyl group.
15[0160]The number of carbon atoms of the silicon-containing hydrocarbon group (SSI2) is preferably
1to 10, more refera

include trlmgﬁ%?s?fwg rltﬁ% ;:Yt r%ﬁ%;}%rlr;/ %?oggﬁg?l%]z’glitig)u _‘?(/:i%‘?ma;‘?ri%r; s%lf gﬁ%aﬁrgg gfﬁg[%g%%?éfgsrfp)les of

grou, (GG S G oGy oy S B ERUBETY T oED: 2N IOIGH TS aHoLD,

- chlono e GroU 65 S Gy E o Rer ok v Bph i choupt SbriEieny

group, 4-bromoph nyl group, 4-fluorophenyl group, 4-trifluoromethylphenyl group,

4-trif|goro§ﬁeﬁ%§gpf¥§ group, 2,6-difluorophenyl group, 3,5-dichlorophenyl group, 5

arber of erbon SR of the hAISQHEOHEANI e GELrbaN ot B S GABIETABAFS o 10
hydrocarbon group (062) is preferably 1 to 16, more preferably 1 to |

- 12. Examples of such oxygen-containing hydrocarbon groups (002}
includemethoxy group, ethoxygroup, 1-propoxy group, 1S0propoxy group,
l-butoxy group, s~butoxy group, isobutoxy group, tert-butoxy group,

10 l-decyloxy group, phenoxy group, benzyloxy group, l-naphthoxy group,
Z-naphthoxy group, 2~methoxyphenylrgroup, 3-methoxyphenyl grouwp,
4-methoxyphenyl group, 4-ethoxyphenyl group, 4-iscpropoxyphenyl
group, 4-phenoxyphenyl group, 4-formylphenyl group, 4-hydroxyphenyl
group, 2Z2-furyl group, 3~furyl group, benzofuryl group and

15 4-carboxyphenyl group. Moreover, there canbe alsomenticnedpinaccl

ester, catechol ester, 1, 3-propanedicl ester, neopentyl glycol ester,

Rlll R.le

etc. wherein and are bonded to each other.
[0157] Examples of the nitrogen-containing hydrocarbon
groups (NN2) of 1 to 20 carbon atoms include dimethylamino group,
20 diethylamino group, didecylamino group, 2Z2-aminophenyl group,
3-aminophenyl group, 4-aminophenyl group, 3-nitrophenyl group,
4-cyanophenyl group, 3-acetamidophenyl group, 4-acetamidophenyl

group, 3-pyridinyl group, 4-pyridinyl group, 3-quinolinyl group,

B-guinolinyl group, 4-isoquinolinyl group, 4-pyrazole group,



more preferably 1 to 7. Examples of such halogen-containing 10 hydrocarbon groups (HH2)
includefluoromethylgroup,trifluoromethyl
group,trichloromethylgroup,pentafluoroethylgroup,2-fluorophenyl group, 2-bromophenylgroup,
2-iodophenyl group, 2-chlorophenylgroup, 3-ch|or%Qhenngroup,
4-chlorophenylgroup,2-methy1-4-chlorophenyl group, 2-bromophenyl group, 3-bromopheny! group,

4-bromophenyl greup, 15 Asfuerophenyl.group, A-tiflygrametiyiphenyl groun, 2,6sdiluorophenyl
group, 3,5-dichlorophenyl group, 3,5-difluorophenyl group and pentatluorophenyl! group.

[0163]Examples %g@eﬂ;uIfur-copitgjgi%gllggggoqggbggj_gﬁggk{p%@ﬁg) gt 1.10 20 carbon atoms include
thiophenyl group, 20 2-methylthiophenyl group, 3-methylthiophenyl group, 4-methylthiophenyl group,

2-hieny! groun. hiegykgroun, S meibi2blaphen gron 2 nenantydalenyl oroug 1

3-thianaphthalenyl group an group. [0164|Thenumberofca tomsofthesulfur-containind

56 hydrogarbon guR (597 i rsferably a0, mate prelerably 14a 8 Examplesof such

sulfur-containing hydrocarbon groups (3 lophenyl group,™2-thienyl group and 3-thienyl
group. (9308 5.8 sedum atam, q iiu stom ok ApoRSSiN & plom, and i prelerapl g potassium
atom. [0 iﬁ% iS hore prgfseré y a group representéed by frie %Iﬁ)wmg‘formu a f%
group, Z~aminophenyl group, 3-aminophenyl group, 4-aminophenyl group,
3-pyridinyl group, 4-pyridinyl group, 4-pyrazole group,
I-methyl—-4-pyrazole group and 3, 5-dimethyl-4é-pyrazole group.
[0159] Examples of the silicon=-containing hydrocarbon

10 groups (S85I2) of 1 to 20 carbon atoms include trimethylsilyl group,
triethylsilyl group, triisopropylsilyl group,
tert-butyldimethylsilyl group, 2-triphenylsilylethyl group,
4~trimethylsilyiphenyl group, 4- (tert-butyldimethylsiloxy)phenyl
gréup and hexyl-di-l-heptylsilyl group.

i5 01e0] The number of carbon atoms of the
silicon—containing hydrocarbon group (35SI2) is preferably 1 to 10,
more preferably 1 to 6. Examples of such silicon-containing
hydrocarbon groups (SSI2) include trimethylsilyl group,
triethylsilyl group and tert-butyldimethyisilyl group.

20 [Glel] Examples of the halogen-containing hydrccarbon
groups (HHZ) of 1 to 20 carbon atoms include fluoromethyl group,
trifluoromethyl group, trichloromethyl group, pentafluorcethyl group,
2-flucrophenyl group, Z2-bromophenyl group, Z-iodophenvi group,

2-chlorophenyl group, 3-chliorophenyl group, 4-chlorophenyl group,



[0167] R121 10[0168]Iin the formula [88], R125 to R129 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 to 14 carbon atoms, a halogen-ggntaining hydrocarbon group 15(HH3) of 1 to 14
carbon atoms or a sulfur-containing hydrocarbon group 57 (3S3) of 1 to 14 carbon atoms, and the

substituent: e th iff rom ( mort inations of
adjacentflgr?()lI%T})E?,S}'[I?F]e%eu%gg‘g%(t%3 ggr%ﬁgfim%%ggﬁon@dg%%ﬁ ggﬁ%}/&r& t%g%'gér'n g r?)n%ggilﬁé%%?g& circle (0)

represen&g:gd%kagg@%ﬁ(\t&gb%g or%z&%)[n, 4@%@&%}@@ wbﬁgggngirbon atoms of R125 to R129 is
14 or less. [0169]The halogen atom {XX3) is, for example, a fluorine
4—triflﬁoromethylphenyl group, 4-trifluoromethoxyphenyl group,
2, 6~difluorophenyl group, 3,5-dichlorophenyl group,
5 3,5—difluor0phenyl group, pentafluoﬁophenyl group and
tri~perflucrophenylmethyl éroup.
f0l62] The number of carbon atoms of the
halogen—containing hydrocarbon group (HH2) is preferably 1 to 1C,
more preferably 1 to 7. Examples of such halogen-containing

10 hydrocarbongroups(HHQ)includefluoromethylgroup,trifluoromethyl
group, trichloromethyl group, pentafluorcethyl group, 2~fluorophenyl
group, 2-bromophenyl group, 2-iodophenyl group, Z~chlorophenyl group,
B—Chlorophenylgroup,4—chlorophenylgroup,2"methylw4mchlor0phenyl'
group, Z2-bromophenyl group, 3-bromophenyl group, 4~bromophenyl group,

15 4-flucrophenyl group, 4-triflucromethylphenyl group,
Z2,6~difluorophenyl group, 3,5~dichlcrophenyl group,
3,5-difluocrcphenyl group and pentafluorophenyl group.

[0163] Examples of the sulfur-ceontaining hydrocarbon
groups (852} of 1 to 20 carbon atoms include thiophenyl group,

20 2~ﬁethylthiopheny1 group, 3~methylthiophenyl group,
4-methylthiophenyl group, 2-thienyl group, 3-thienyl group,
S-methyl-2-thiophenyl group, Z-thianaphthalenyl group,
3-thianaphthalenyl group and thiotrityl group.

[G164] Thenumber of carbonatoms of the sulfur-containing



atom, a chlorine atom, a bromine atom or an iodine atom. Of such atoms, a fluorine atom, a chlorine
atom or a bromine atom is preferable, 10 and a fluorine 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, 1-propyl group, 1-butyl group, 1-hexyl group, vinyl group, allyl group,
1-pentenyl group, 1-hexenyl group, 1-octenyl group, 1-decenyl group, 15 1-tetradecanyl group,
isopropytgaup. terkbHY,roup, SsmethylnsniyLaraup, 1y Liciethylorop group. cxglopentyl group.
cyclohexyl’ group, cycloheptyl group, cyclooctyl group, 4-cyclohexyl-tert-butyl group, norbornyl group,
adamantyl gr | group, 2-methylphenyl group, 3-methylphenyl group, 20 4- Iphenyl
group, Zﬁ-'dir%gt) nPp Qe%y%?osﬁlg%%u %%ih?%lﬁ%ﬁ)l/ 5%%%%%%%% r%%%hﬂ%%ﬁ;s) ar(r:%r%{phthyl group.
[0171]The number of carbon atoms of the hydrocarbon group (003) is preferably 1 to 12, more
preferable L 1D, Sl Aok S ATerSo T (65 BAeN ot Sereray 116 & Eambiee & such. 58
hydrocarbon groups 3) include methyl group, ethyl group,, 1-propyl group, 1-butyl group, sec-butyl
group, isobutyl glrt)%})%%jt-butyl glrﬂo;h%,al%%%(ﬁlwgﬁg&ﬁ%dyc%%%E%?Uﬁo%%%%y%f:oﬁe%ﬁ%ar%ﬁf)L, phenyl
group, naphthyl group and biphenyl group. %g%?%xamples of the oxygen-containing hydrocarbon
groﬁ%s (@Bﬁ"ﬁf %fbgl&%a%(%%f%%g%au}a &fHo%y Grotp. ethoxy group, 1-propoxy group,
isopropoxy group, 1-butoxy group, sec-butoxy group, isobutoxy group, tert-butoxy group,
1-tetradecoxy grof@p}, Phenoxygrdtp, HapRtHEXY ﬁ?o%p‘f%?&ﬂeﬁﬁ&ﬁpaﬁﬁﬁ%%%%l% Ghéup. 10
[0173] The number of carbon atoms of the oxygen-containing hydrocarbon group (003) is preferably 1
to 12, mdre prerEraBlyiP15'462 stiff frlore preferably 1 to 8, particularly preferably 1 to 6. Examples of
such oxygen-containing hydrocarbon groups (003) include methoxy group, erhoxy group, 1-propoxy
group, is ﬁrjo‘%ky group,

R’ N

é'ﬁff

C . 88]

10 [0168] In the formula {88], R™ to R*® are each a hydrogen

atom, a hydroxyl group, a halogen atom (¥¥3), a hydrocarbon group
(GG3) of 1 teo 14 carbon atoms, an oxygen~containing hydrocarbon group
(003) of 1 to 14 carbon atoms, a siliceon~containing hydrocarbon group
{8813) of 1 to l4 carbon atoms, a halogen-containing hydrocarbon group

15 (HH3) of 1 to 14 carbon atoms or a sulfur-containing hydrocarbon group



15 1-butoxygroup,sec-butoxygroup,isobutoxygroup,tert-butoxygroup, phenoxy group, naphthoxy group
and biphenyloxy group. [0174]Examples of the silicon-containing hydrocarbon groups (SSI3) of 1 to 14
carbon atoms include trimethylsilyl group, triethylsilyl group, triisopropylsilyl group, 20
tert-butyldimethylsilyl group, 4-trimethylsilylphenyleglroup, 4-(te t-butyldimethylsiloxy)phenyl group,
dimethylphenyisilyi group, dimethylnaphthylsilyl group andhexyl-di-I-butylsilyl group. [0175]The
number of cagbop atprs of ing.Jlicar-cogkalning, Ydiararen GloUB{ESIRL S Bletarbly o 12, 59

more preferably 1 to 10, still more preferably 1 to 8, particularly preferably 1 to 6. Examples of such

erthuyimeth %5?-‘?;%3@3{?2% i ohomIa grotn. & S?%f%%%ﬁp%f% R HScontaining

hydrocarb rou HHsa of %to 14 c%rclpeontatoms include quorom thé/l h othe
trlfluorom group fichtoréme up pentgﬁuor%etﬁlalﬁroup 2Huc uorop group, fbromophenyl
group, Zgr)]dmpherpllgroup 2- chlg Lp(]henylg{oug chlorogheng groyp, chlorogh let%roup 10

fy o

2-bromop enyI group; 23 bromop group romophenyl group, 4- trifiioro phenylagroup,

4-trifluor mgg&x %henyl %??c%‘;ez%dlﬂ uorop Q?teig% f?%abs dlchlorc%pnegyll\]ggo P, %égdgluorophenyl

group, eny]ilgrou uoronaph yI grou and 15
chlorona hthyl grou
PL g g esps
[0169] The halogen atom (¥X3) is, for example, a fluorine

atom, a chlorine atom, a bromine atom or an iodine atom. OCFf such
atoms, a fluorine atom, achlorine atomor a bromine atom is preferable,

10 and a fluorine atom or a2 chlorine atom is particularly preferable.

[G170] Examples of the hydrocarbon groups {GG3) of 1 to
14 carbon atoms include methyl group, ethyl group, l-propyl group,
i-butyl group, l-hexyl group, vinyl group, allyl group, l-pentenyl
group, l-hegenyl group, l-octenyl group, l-decenyl group,

15  l-tetradecanyl group, isopropyl group, tert-butyl group,
3-methylpentyl group, 1,l-diethylpropyl group,.cyclopentyl group,
cyclohexyl group, cycloheptyl group, cyclooctyl group,
4~cyclohexyl-tert-butyl group, norbornyl group, adamantyl group,
phenyl group, 2-methylphenyl group, 3-methylphenyl group,

20 4-methylphenyl group, 2,4-dimethylphenyl group, 2, 6—dimethylphenyl
group, naphthylmethyl group and naphthyl group.

[6r71] The number of carbon atoms of the hydrocarbon group
(GG3) is preferably 1 to 12, more preferably 1 to 10, still more

preferably 1 to 8, particularly preferably 1 to 6. Examples of such



[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 20 groups (HH3) include fluoromethyl group, trifluoromethyl
group, trichloromethylgroup,pentafluoroethylgroup5§-fluorophenylgroup, 2-bromophenyl group,
2-iodophenyl group, 2-chlorophenyi group, 3-chlorophenyl group, 4-chlorophenyl group,

2-bromophenyl group, 3-bromophenyl group, 4-bromophenylgroup -diflugrophenyl group, 60
3,5-dichI%%%%%%F%%u%}rgﬁéifﬁ%%%)hlenncyg%érgu%?%%%%aﬁgﬁﬁ%hgr@%?o%gp,If%’o%néﬁ%ﬁ%@ group and

chloronaphthyl grqup. [0178]Examples of the sylfur-containing hydrocarbon groups.(SS3) of 1 to 14
carbon a rrﬁsg?ﬁc%d%%%gn t?l?/\lﬁfousp%%h%%% ﬁ}}I &r%%%?thi%é’%aghgc}ylggrr%lﬂé tﬁgﬁ esr?ﬁ% (:Jg)up,
thionaphthyl group, 2-methylthiophenyl group, 3-methylthiophenyl group, 4-methylthiophenyl group,
oo 55 S TRERSY 8 BRe SIS TP ERSRbrote AT o] P Heton &7 Barbon
atoms of the1sulfur-containing hyd'rocarbé)r}éﬁrqéjﬁ}pjgs‘?g 5 greferably 1 to 12, more preferably 1 to 10,
still moreJ5rRtetabi L 16'8, partiCUtRry Breféra fo T EX&mples of such sulfur-containing

hydrocarbon groups gSSB) include thiomethyl group, thioethyl group, thiocyclohexyl group, thiophenyl
15 group, thionaphthyFgroup, Z-ﬁ@iﬁ}?b?&uﬁgnukﬁtrﬂéwleéﬁﬁﬁ@Lamfdl%d]mlfﬁ’&ma [88], it is
preferable that one substit ent is a halogen atom (XX3), a hydrocarbon group (GG3) of 1 to 14 carbon
atoms, aA BXygEn E5hthifihghydtotrbGi gréup (68S) 6??18%91 BaberatomS R silitbREbhtaining

hydrocarbon grouF-( SSI3) '
group, 1-propoxXy group, isopropoxy group, l-butoxy group, sec-butoxy

group, isobutoxy group, tert-butoxy group, l-tetradecoxy group,
phenoxygroup,naphthoxygroup,biphenYloxygroupandbenzyloxygroup.

10 (01731 The number of carbonatoms of theoxygen-containing
hydrocafbon.group'(OOS) is preferably 1 to 12, mcre 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, 1sopropoxy group,

15 lmbutoxygroﬁp,seCFbutoxygroup,isobutoxygroup,tertwbutoxygroup,
‘phenoxy group, naphthoxy group and biphenyloxy group!

[0174] Examples of the silicon-containing hydrocarbon
groups (8SI3) of 1 to 14 carbon atoms include trimethylsilyl group,
triethylsilyl group, triisopropylsilyl group,

20 tert-butyldimethylsilyl group, 4-trimethylsilylphenyl group,
4-(tert-butyldimethylsiloxy)phenyl group, dimethylphenylsilyl
group, dimethylnaphthylsilyl group and hexyl~di~l~butylsilyl group.

[C175] The number of carben atoms of the

silicon-containing hydrocarbon group (3SI3) is preferably 1 to 12,



20 of 1 to 14 carbon atoms, a halogen-containing hydrocarbon group (HH3) of 1 to 14 carbon atoms or
a sulfur-containinghydrocarbongroup (553) of 1 to 14 carbon atoms, the residual four substituents are
each a hydrogen atom, and the total number of carbon atoms of R125 to R'29 61 R129 in the formula
[88] is a hydrocarbon group (GG3) of 1 to 14 carbgg atoms. It is more preferable that R125 is a
hydrocarbon group (GG3) of 1 to 14 carbon atoms and R126 to Rue are each a hydrogen atom. More

specifically, in thefoppuiz [88] (It is prefarable M@é@%%@?éyﬁoﬁa{@@ group.qf1 1 19 carbon

atoms, such as methyl group, ethyl group, propyl grotp, 1-propyl‘group, 1-butyl group, sec-butyl

group, is terf-butyl g 1- , A rQup.,. Gy tyl , ohexyl _
group, 4%%%%%%%% erfk;t'u%%l Qroé%%%ﬁ%r%%%%o%&%—n%&%%l% r%%%ptg %%%%ﬁﬁ%g%r%%ﬁgﬁd R129 to

R129 10 h . [01811In.the f | 8]. itis.al le,that R127 i
alogen B T T e ahe

2 2 h.ah .[0182 | f carb fR12 291
15 14 or KA. prAISTaY 12 O A or om0 o R al s LT B or loss, |

€ss, or ore prefe
particularly prefergaobi or less. 0183] If ron cqm ou’gdégB represented by the formula [88]
is us%d as areac ion¥r§\]/v materia%,X )?IGP; of th%gé?s%ﬁi%ga%ﬁgr%%ec éqr‘lg'\;/gaj-tﬁlgerﬁg I?)d\)(/%eﬁ:f-J R OE
conventional preparation process. 20 However, when the, reactign is.carried out in a solvent containing
wator USRE 1B cbed fishhorSE LA D AP S BT AP o
catalysts, the reaction proceeds rapidly and the fluorene derivative is obtained in a good yield even if

such a filorene LEMPGT TAAP I uset 55 A TEdRHOR YaR TR riE 62 uoTosthyl group,
2-fluorcphenyl greocup, Z2-bromophenyl group, Z-iodophenyl group,

2-chlorophenyl group, 3-chlorophenyl group, 4~chlorophenyl group,
10 Z-bromeophenyl group, 3-bromophenvyl group, 4-bromophenyl group,

4~triflucromethylphenyl group, 4-triflucromethoxyphenyl group,

2}64difluorophenyl group, 3,5-dichlorophenyl group, |

3,5-diflucrophenyl group, pentafluorophenyl group,

2,6-difluorc-4-tert-butylphenyl group, fluoronaphthyl group and
15 chlorenaphthyl group.

30177] | The number of carbon atoms of the
halogen—-containing hydrocarbon group (HH3) is preferably 1 to 12,
more preferably 1 to 10, still meore preferably 1 to 8, particularly
preferably 1 to 6. Examples of such halogen-containing hydrocarbon

20  groups (HH3) include fluoromethyl group, trifluoromethyl group,
trichlorcmethyl group, pentafluorcethyl group, 2-flucrophenyl group,
Z—bromophenyl group, 2-iodophenyl group, 2-chlorophenyl group,
3-chlorophenyl group, 4-chlorophenyl grocup, Z-bromophenyl group,

3-bromophenyl group, 4-bromophenyl group, 2, é~difluorophenyl group,



[0184]In the process for preparing a fluorene derivative, the amount of the boron compound (BB) used
is in the range of preferably 0.01 to 5 mol, more preferably 0.1 to 5 mol, particularly preferably 0.5 to 5
mol, based on 1 mol of the halogen atom (XX) and the 5 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 (Cg)ﬁngygg@@%%%sgli%u%y’chﬁ,% ag{ithium, hydroxi e,ggp(g%rp hydroxide, potassium
hydroxide, barium hydroxide, potassium phosphate, sodium carbonate, potassium carbonate, sodium
nvdrogensarbanaic, PAIRSSINT Budigosneathanale ol camanale, cesln. samanag sodium
fluoride, potassium fluoride, Tesium fluoride, sodium methoxide, sodium ethoxide and 15
potassiu?%r&- utoxide;andaminebases,suchasammonia,methylamine,

ethylamine, propylamine,isopropylamine,butylamine,isobutylamine, tert-butylamine, ethylenediamine,
benzylamine, he lenediamine, 1,2-cyc nediamine, dimethylamine, diethylamine,
‘dipropylamine, di utyglgHmyine,_ trim%ﬁﬁ%]ﬁﬁe? 0%?%%5%%%‘, %ﬁ?ggr%%?éh%%dr%%%%ﬁé}ne,

- 2-methylpyridine, 3:methylpyriding, 4-meth ridine, pyrrolidine, N-methylpyrrolidine, piperidine,
et b e e R S s S
2-methylpiperazing, 3-methylpiperazine, 4-m Ipiperazine, 63 quipucl dine

-imet RO S TR0, RE iy o ORE e G G e o
hexamethylenedialmine, henethylamine, diphenylamine, anid@ge,

1,8-diazabiCy oS 4 BItiEey erfe BE5- dial bicy isr S 07FON-5-8RE ™ 4-diazabicyclo[2.2.2]octane,
aniline, N-meth%laniline and N,N-dimethylaniline, [0186]The baseB(C%) IS prleferably a base which is

liquid d-methylthiophenyl group, Z-thienyl “group, 3-thienyl group and
5-methyl-2-thiophenyl grcup.
10 [0179] The number of carbonatomsof the sulfur-containing

hydrocarbon group (353) is-préferably'l to 12, more preferably 1 to
10, still ﬁore preferably 1 to 8, particularly prefefably 1 to 6.
Examples ¢f such sulfurmcﬁntaining'hydrocarbon,groups (883} include
thiémethyl group, thioethyl group, thiocycliohexyl group, thiophenyl

15 gfoup, thionaphthyl group, 2-thienyl group and 3-thienyl group.
101801 In the formula [88], it is preferable that one
substituent is a halogen atom (XX3), a hydrocarbon group [(GG3)} of
1 to 14 carbon atoms, an cxygen-containing hydrocarbon group (503)
of 1 to 14 carbonatoms, a silicon-containing hydrocarbon group (SSI3)
20 o©f 1tol4 carbon atoms, a halogen-containing hydrocarbon group {EH3)
0of 1 to 14 carbon atoms or a sulfur-containing hydrocarbon group {(SS$3)
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™Z

is 14 or less. It is also preferable that at least one of R*® and



or solid at ordinary temperature from the viewpoint of handling, and examples of such bases include
lithium hydroxide, sodium hydroxide, 10 potassium hydroxide, barium hydroxide, potassium
phosphate, sodium carbonate, potassium carbonate, sodium hydrogencarbonate, potassium
hydrogencarbonate, calcium carbonate, cesium c c;ponate, sodium fluoride, potassium fluoride,
cesium fluoride, sodium methoxide, sodium ethoxide, potassium tert-butoxide, ethylenediamine, 15

1,3-diamjnepropane, pro /lamipg, benzylamine, hexamethylene ieggne £1to 14 b
1,2-cyclo ex&“nrgd%?nm%%ﬁgﬂ%%%izﬁ%ﬁ%%% aﬁ%g?)a?p%}é?}flgn%ne, (%Iit()buty am?ne, Farhen

trimethylamine,triethylamine,diisoprqopylethylamin ridine, 2-methylpyridine, 3-meth idine,
4-methyl5§ﬁ)crﬂﬁé, p%}fl’/rojﬁsdiﬁng,r RI-Pn% %?é@%%?d}ﬁqéa%pi%‘éri w?e,a I\P%eﬁ%ﬁ%%p%?%iﬁ%%% rr?cé)?%)/ 50Iine,
N-methylmorpholine, piprazine, uinl%cglvtéi_inggﬁ-di ethylaminopyridine, imidazale, N-methylimidazole,
tetramettiiethyferedianiing” Hexdhie e%edi&%iqr%e, %%%gtﬁyar%ihéj%ﬁgﬁﬁiﬁg? LS
1,8-diazabicyclo[5.4.0 undec-77ene,£l,5-diaza icyclo[4.3.Q]non-5-ene, 1.4-diazabicyglo[2.2.2]octane,
64 anilin€=Nm ﬁ%r]ﬁWme Jarhotﬁﬁ\lftﬂﬁf%‘ﬂﬁﬁa?ﬁﬁ;%i.’ Of theSeFiiore %érgfle?a% yaitsg aré fithium

hydroxide, sodium hydroxide, potassium hydroxide, barium h{vldroxide, p tais%m%msphatf, sodium

carbonatBY PERERi R e ShoHRRE solRim h§ardy8héaBbiate (ﬁk&t%%?}y arbond e, calcium

carbonate, cesium carbonate, sodium flueride, potassium fluoride, cesium fluoride, sodium methoxide,
sodium IFGHBe RFPPBIaSERIR tetBIBERdeI FOYE?] i procESS fitprapanng & ruBFeie derivative,

the amount of the base (CC) used is in the range of preferably 0.0001 10 to 100 mol, more preferably

0.01 to SOFABL PakiCTRGHP préfFabkyU: 18 (630 o, based on 1506 of tHefiGoren& @hpound (AA).

When the amount of the base (CC) used is in the above range, the reaction proceeds in a good yield.

[0188]PhegphorR ¢omh EEmtP (DD 1S TREBhaspHEruS TONPEUTIIDDY t5bas-y t&ERPis a

phosphorus 16 .
phenyl group, l=-naphthyl group or 2-naphthyl group, and R to R

10 are each a hydrogen atom.
.{01831 In the formula [88}, it is also preferable that
R’ is a halecgen atom and R, RY7® R and R™ ére each a hydrogen
atom. It isalsopreferable that R to R’ are each a hydrogen atom.
[0182] The total number of carbon atoms of R to R™ is
15 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
(881 is used as a reactionrawmaterial, yieldof the resulting fluorene
derivative is lowered in the conventional preparation process.
20 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
fluorene derivative is obtained in a good yield even if such a flucrene

compound (AA) is used as a reaction raw material.



compound represented by the following formula [66]. [0189] 65 121 [0190]in the formula [66],
R114 to R124 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 20 carbon atoms, a 5 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 carbon atoms or a sulfur-containing

hydrocarbon grou]:'Blog 43 to 20 ca?nophaet%@% gng %@%{Y rpggabrg theasgﬂ}% asor géfg%rgglctrgm one

another. In one or more 10 combinations o adgjacen ro ps,‘tﬁg adjacent groups may béBonded
the amount of the boron compound (BBE) used is in the range of preferably
0.01 to 5 mol, more preferably 0.1 te 5mel, particularly preferably
0.5 to 5 mol, based on 1 mol of the halcgen atom (XX) and the

5 sulfur—containing hydrccarbon group (33) which are bonded to the
fluorene compound (AA). When the amount of thé boron.compouna (BB}
used is in the above range, the reaction procesds in a good yield.
[c185] Baée (CC}
Examples of the bases (CC} include alkali metal salts, such

10 as lithium hydroxide, scodium hydroxide, potgssiunahydroxide, barium
hydroxide, potassium phosphate, sodium carbonaté, potassium
carbonate, s@dium hydrogencarbonate, potassium hydrogencarbonate,
calcium carbonate, cesium carbonate, sodium fluoride, potassium
fluoride, cesium fluoride, sodium methoxide, sodium ethoxide and

15 potassiumtert-butoxide; andamine bases, suchasammonia, methylamine,
ethylamine,prdpylamine,isopropylamine,butylamine,isobutylamine,
tert-butylamine, ethylenediamine, benzylamine,
hexamethylenediamine, 1,Z-cyclohexanediamine, dimethylamine,
diethylamine, dipropylamine, dibutylamine, trimethylamine,

20 triethylamine, diisopropylethylamine, pyridine, Z-methylpyridine,
3-methylpyridine, 4-methylpyridine, pyrrolidine,
N-methylpyrrolidine, piperidine, N-methylpiperidine, morpholine,
N-methylmorpholine, piprazine, l-methylpiperazine,

Z-methylpiperazine, 3-methylpiperazine, 4-methylpiperazine,



66 to each other to 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-containing hydrocarbon groups of 1 to 20 carbon atoms, the silicon-containing hydrocarbon
groups of 1 to 20 carbon atoms, the halogen-cont @ing hydrocarbon groups of 1 to 20 carbon atoms
and the sulfur-containing hydrocarbon groups of 1to 20 carbon atoms are the same as those of the
halogen atoms (XX3), the hydrocarbon_groups (GG) of 1 to 20 carbon atoms, 10 the B
oxyg%n-c%ﬂfémf(l’ﬁgl%}%ta%&%a?&w&% T0-56 2 rboratsg e nitrogen-containing
hydrocarbon groups (NN) of 1 to 20 carbon atoms, the silicon-containing hydrocarbon groups (SSI) of
1 to 20 cgﬂﬂﬁtg%iﬁéqjtﬂé%@eﬁ-%%ﬁ?é?ﬁﬁ@’ﬁ?&nl&ém%mmm of 1 to 20 carbon atoms and
the sulfur-containing hydrocarbon groups (S53) 15 of 1 to 20 carbon atoms previously described.
[0192] ThBSHEEpHOY S LB MpUieFD B @ﬁ@&%%re@émﬁw%ﬁbvﬁﬂé%%ﬁ%[99]. [0193]

67 R116 _ .
: - 1,8-diazabicyclol5.4.0]undec-7-ene,

5 l,5—dia;abicyclo{4.3._0}non;5—ene, 1,4-diazabicyclo(2.2.2]lcctane,
aniline, N-methylaniline and N,N-dimethylaniline.

[C18¢€] The base (CC) is preferably a base which is liquid
or sclid at crdinary temperature from the viewpoint of handiing, and
examples of such bases include lithium hydroxide, sodium hydroxide,

10 potassium h'ydroxide, barium hydroxide, pqtassium phosphate, sodium
carbonate, potassium carbonate, sodiumhydrogencarbonate, potassium
hydrogencarbohate, calcium carbonate, cesium carbonate, scdium
fluoride, potassium fluoride, cesium flucride, sodium methoxide,
sodium ethoxide, potassium tert-butoxide, ethylenediamine,

15 1, 3-diaminopropane, propylamine, benzylamine, hexamethylenediamine,
1, 2-cyclchexanediamine, dimethylamine, diethylamine, dipropylamine,
dibutylamine, trimethylamine, triethylamine, diisopropylethylamine,
pyridine, 2-methylpyridine, 3-methylpyridine, 4-methylpyridine,
pyrrolidine, N-methylpyrrolidine, piperidine, N-methylpiperidine,

20  morpholine, N-methylmorphcoline, piprazine, quinuclidine,
4-dimethylaminopyridine, imidezole, N-methylimidazole,
tetramethylethylenediamineg, hexamethylenediamine, phenethylamine,
guanidine, 1,8-diazabicyclo[5.4.0]jundec-7-ene,

1,5-diazabicyclo[4.3.0lnon~5~ene, 1,4-diazabicyclol[Z2.2.2]cctane,



[0194]In the formula [99],B114 Rm., R118, R123 and R124 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 5
20 carbon atoms, a nitrogen-containing hydrocarbon group of 1 to 20 carbon atoms, a
silicon-containing hydrocarbon group of 1 to 20 carhon atoms, a halogen-containing hydrocarbon
group of 1 to 20 carbon atoms or a sulfur-containing hydrocarbon group of 1 to 20 carbon atoms, and

they mayhe;the samg ﬁse%ﬁ«dé[f%e'iti‘}ﬂ%ma%ﬁe Iﬂf}\?ﬂl&%&@nﬂgﬁ 10.9f the,palgger atoms, the
hydrocar%on groups of 1 t6 20 carbon atoms, the oxygen-cgntalnmgrhydrocarbon groups of 1 to 20
carbon atoms, the, nitrogen:containing hydrocarbon groups of 110 20621000 20MS o 55 um
hydroxide, barium hydroxide, petassium phosphate, sedium carbonate,
potassium carbonate, sodium hydrogencarbonate, potassium
5  hydrogencarbonate, caicium carbonate, cesium carbonate, sodium
fluoride, potassium fluoride, 'cesiurﬁ fluorlide, sodium methoxide,
- sodium ethoxide and potassium tert-butoxide.
' [0187] Intheprocess forpreparingafluorenederivative,
the amount of the base [(CC) used i.s in the range of preferably 0.0001
10 f£o 100 mol, more.preferably 0.01 to 50 mol, particularly preferably
0.10 to 30 mol, bésed on 1 mol of the fluorene compound (AA). When
the amount of the base {CC) used is in the above range, the reacticn

proceeds in a good yield.

[0188] Phosphorus compound (DD}

15 The phosphorus compound (DD) used as a catalyst is a phosphorus
compound represented by the following formula [66].

(0189}



68 the silicon-containing 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 halogen atoms (XX3), the hydrocarbon 5 groups (GG) of
Ito 20 carbon atoms, the oxygen-containing hydro%grbon groups (00) of 1 to 20 carbon atoms, the
nitrogen-containing hydrocarbon groups (NN) of 110 20 carbon atoms, the silicon-containing
hydrocarbon groups (SSI) of “Qii% carbon atoms, the halogen-containing hydrocarbon groups (HH)
of 1 to 20 carbon atoms 10 thetsulfur-containing hydrocarbon groups (3S3) of 1 to 20 carbon

atoms previously described. [Q195]In the formula [99], it is more preferable that R114, R116, Ran,
Ra23 and R124 are each inde

ipendently a hydrocarbon group of 1 to 6 carbon atoms, such as methyl
group, ethyl g:% , 1-propyl 1% group, isopropyl r%:?ﬁbutylgroup,tert-butylgroup, 1-hexylgroup,
cyclopenti or cyclohgxy -con

atoms, such‘as nfethoxyroup,*

| aining hydrocarbon group of 1 to 6 carbon
sifraxy gedUp, 1-propoxy group, isopropoxy group, 1-butoxy group or

tert-butoxy group, or & pitrogen-cont&ifing hydrocarbon group of 1 20 to 6 carbon atoms, such as
amino group, methyl fino group, dim@thylamino group, diethylamino group or dipropylamino group, -
and it is particularly ptd ;

= R‘%ﬁ‘i

P
™~ 93:2593

Ri22

B & " Eﬁﬁ]

[0190] In the formula [66], R™ to R are each a hydrogen

atom, a halcgen atom, a hydrocarbon group of 1 to 20 carbon atoms,

an oxygen-containing hydrocarbon group of 1 to 20 carbon atoms, a

5 nitrogen-containing hydrocarbon group of 1 to 20 carbon atoms, a
silicon-containing hydrocarbon group of 1 to 20 carben atoms, a

halogen-containing hydrocarbon group of 1 to 20 carbon atoms or a

sulfur-containing hydrocarbon group of 1 to 20 carbon atoms, and they

may be the same as or different from cone ancother. In one or more

10 combinations of adjacent groups, the adjacent groups may be bonded



[0196]In the process for preparing a fluorene derivative by allowing the fluorene compound (AA) to
react with the boron compound (BB) in the presence of the base (CC), the fluorene derivative can be
obtained in a high yield by carrying out the reaction in a 5 water-containing solvent (FF) using the
phosphorus compound (DD) and the later-describ % palladium compound (EE) as catalysts.

[0197] In the process forpreparing a fluorene derivative, the amount of the phosphorus compound
(DD) used is_in the range of preferably 0.00001 to 100 mol, more preferably 0.0001 to 50 mol, 10
particula?lcfl p?r%‘t%lra%ﬁ/ngﬁo O?ogé’&%&y, %érs1 d on 1 mol of the fluorene compound (AA). When the
amount of the p rus compound (DD) u is in the above range, the reacti eeds rapidly.
[0198]Palladiumr®§%%0ckund (EE XIf)?[g)rr]li:%ﬁlsesoo%fe %Q%gh%hg?ﬁ%%oﬁgg%ﬁdst %E?Ké%%gaés%cc%%lysts 15
include divalent palladium compounds, such as bjs(acetonitrile)dichloropalladiumll '
pisthenzot AR ToropaTat e d R it B PAa A ey beazbon
trans-dichIorobis(t%ohen%l%ﬂosphl}?e palladiumﬂ ,ZOchhIoro E-dichﬁlor.oo,cta— ,S&diene alladium(ll),
(bicycle[gﬁ? fﬁlﬁe& ég [ e%’iﬁ [ ﬁ}%%fﬂfm( ,%i%ﬁlbrrto)%f -c%%?oo%%&di%ﬁi)‘ﬁaﬁé}&ﬁm ﬁ)rf
(2,2'-bipyridine)dichloropalladium(ll), palladium(l%cetate, . ]
palladiu{ifcRRrite, palidditimtifybromiae Pafiadiith(Tiodide? 7o pafadiahiiy ganid: >om
palladium(ll)acetylacetonate palladium(l-lz: hexafluoroacetylacetonate, palladium(ll) nitrate,
1,4-bis(cFpeRApRosphirtbPutRERfENBIEPRIadiiiif L9 en-containing hydfocarbon
[1,2-bis(diphenylphosphino)ethane]dichloropalladium(ll), o '
5(1,3-bi{apHeRAphbsphind) propTe balEaidmdIy &RIGHdé nr —containing hydrocarbon

groups of 1 to 20 carbon atoms are the same as those of the halogen
atoms (XX3), the hydrocarbon groups (GG) of 1 to 20 carbon atoms,
10 theoxygen—containinghydrocarbongroups(OO}of]_to2Dcmibonatoms,
the niﬁrogen—containing nydrocarbon groups (NN} of 1 to 20 carbon
atoms, 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 {8S83)
15 of 1 to 20 carbon atoms previously described.
(01921 The phosphorus compound (DD} is preferably
represented by the following formula [99].

(01931



[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(ll),
activatedcarbonpalladiumandbis(triphenylphosphine)palladium(ll) chidride; and zero-valent palladium
compounds, such as tris(dibenzylideneacetone)dipalladium(0), 10
tetrakis(triphenylphosphine)palladium(0), bis[1,2- b@(d|phenylphosph|no)ethane]palladlum(O) and
bis(3,5,3',5'-dimethoxybenzylideneacetone)palladium(0). The valence of palladium of the palladium
compound (EE) is preferabl Zglﬁlence of 2, and palladium(ll) acetate or

15bis(acetonitrile)dichloroﬁ m(Is) is more preferably used. [0199] In the process for
preparing a fluorene derivafive by allowing the fluorene compound (AA) to react with the boron
compound (BB) in the presnce of the base (CC), the fluorene derivative can be obtained in a high
yield by ca |ng out the er-containing solvent (FF) using the phosphorus
compound -and thepaltediun coatpounid (EE) as catalysts. [0200]In theprocess for preparing a
fluorene derlvatlve e palladlum compound (EE) used is in the range of preferably
0.00001 to 50 mol, i £0.0001 to 25 mol, 71 particularlypreferably0.001to 15 mol, based
on 1 mol of the fluothe compound AA). When the amount of the palladium compound (EE) used is in
the above range, t g’ aedieds rapidly. [0201]Water-containing solvent (FE') 5The

water- contauﬁn St (FEXTE ot Shey |f|caiL¥ ziestrlcted as long as it is a solvent containing water as

-+ - [99]

[0124] In the formula [99], R, RY™¢, R, R™ and r™
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

wn

20 carben atoms, a nitregen-containing hydrecarbon 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 carbon atoms
or a sulfur-containing hydrocarbon group of 1 to 20 carbon atoms,
and they may be the same as or different from cne another. Examples
10 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-containing hydrocarben groups of 1 to 20 carbon atoms,



[0202]Examples of solvents other than water include aliphatic hydrocarbons, such as pentane,
hexane, heptane, octane, 10 decane and dodecane; alicyclic hydrocarbons, such as cyclopentane,
cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and xylene;
halogenated hydrocarbons, such as ethylene chlofgde, chlorobenzene and dichloromethane; polar
solvents, such as acetone, methyl acetate, ethyl acetate, dimethylformamide, 15
1,3-dimethgl-z-jmidazolidinone_ and dimethyl sulfoxide; polar solvents, such as methanol, ethanol,

HsBpropaial batdnot dtl R rt Ut At et basEd soivénts” stehdE dRt§ether,

propanol,
tert-butyl methyl ether, tetrahydrofuran, dioxane and cyclopentyl methyl ether. EZbr(zj[?(T)qZOS]The
Water-coriftké%iﬁﬁ%%ﬂfé%"f??%ﬁs%?é‘f%r%’l@%?%ﬁﬁﬁ@d TFUHREr Ghd’ar BrgAnic¥aifodi@Edntaining
an oxygen atom. [0204]Examples of the organic compounds containing an oxygen atom include
acetone, Mty 8catatEs BRyITcetale] 972 Aty Amitis 31 2tdimeétny1-2armdazalidiene,
dimethyl sulfoxide, methanol, ethanol, propanol, isopropanol, butanol, tert-butanol,tetrahydrofuran,

~ dioxane &fdcycdpetitirnéthyt BERS. F02051T heddohesht 18 Fdie pretérably kesAVEsORRARACS does not
undergo decomposition during the reaction. Specifically, there can be mentioned acetone,
dimethylfefRaRidesd) 2dirmethy-samieazahemdnd HrAstHyE SufexiEe  HetAdhotrémanbrpropanol,

isopropanol, butanol, tert-butanol, tetrahydrofuran and cyclopentyl methyl ether. Particularly
groups {(00) cf 1 to 20 carbon atoms, the nitrogen-containing

hydrocarbengroups (NN) 0f1to 20 carbonatoms, thesilicon-containing
hydrecarbon groups (S8I) of 1 to 20 carbon atoms, the
halogen—ceontaining hydrocarben groups (HH) of 1 to 20 carbon atoms
10 and the sulfur~containing hydrocarbon groups (853) of 1 to 20 carbon
atoms previously described.
101957 In the formula [99], it is more preferable that
R™#, RM®, RM™E, R*? and R** are each independently a hydrocarbon group
of 1 to & carbon atoms, such as methyl group, ethyl group, l-propyl
15 gxoup,isopropylgroup,1wbutylgroup,tert—butylgféup,1—he£ylgroup,
cyclopentyl group or cyclohexyl group, an oxygen-containing
hydrocarbon group of 1 tc 6 carbon atoms, such as methoxy group, ethoxy
group, l-propoxy group, 1sopropoxy group, l-butoxy group or
tert-butoxy group, or a nitrogen-containing hydrocarbon group of 1
20 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.



10 preferable are diethyl ether, tert-butyl methyl ether, tetrahydrofuran, dioxane and cyclopentyl methyl
ether. [0206]The content of water (water/solvent other than water, in terms of volume) in the
water-containing solvent (FE') is preferably not less than 0.01, more preferably not less than 0.02, 15
particularly preferably not less than 0.05. [0207]Th§9ratio of water to the palladium compound ()
(water/palladium compound (EE), in terms of mol) is preferably not less than 50 times, more preferably
not less than 100 tg@ ?q still mori I;l)rel_fl%rabIc)flcnotsle§(§, rth% ZQO itimesfg%rcgicgllqarlg Ir‘ef‘,gaar%tilézenot 20less
than 400 times. [6 g] t'is particu arFy prgfcera%Fe that the content of Waterlfwaefer solvent other than
water, in terms.of volume) in.the water-containing, sglvent (FF) | no% than 0.05 and the ratio of
wator to T BB SO GO (LS (TR Sty Commoni /ot (B S mhah is not
less than 4% times. The upper limit of the content éwaterjn t%iwater-co taining solvent (FF) is not
specificalfyB stﬁ@tet&ebtﬁli%g%ﬁﬁt%rf) ontaini 8 Sé%lvgn(f )(FFSI?ﬁu ﬁ%%%%ecor?t}é?‘nv Soliertother than
water because the reaction proceeds 5.in the solvent. Therefore, the upper limit of the content of water

(water/soNert BtRer fifanwater irf ferftSGAvENinte 18 hP ExaHipl& Fotimore Hhah 20, 2

75  water-containing solvent (FT) using'the'phosphoxus compound (DD) and
the later—deécribed palladium compound (EE} as catalysts.

[0187] Intheprocess forpreparingaflucorenederivative,
the amount of the phospheorus compound (DD} used is in the range of
preferably 0.00001 to 100 mol, more preferably 0.0001 to 50 mol,

10 particularlypréferably0.00lto30Hml,basedoniﬂmolofthefluorene
| compound (AA). When the amount ¢f the phosphorus compound (DD) used
is in the above range, the reaction proceeds rapidly.

[0198] Palladium compound (EE)

Examples of the palladium compounds (EE) used as catalysts
15 include divalent palladium compounds, such as
bis(acetonitrile)dichloropalladium{II),
bis (benzonitrile)dicloropalladium(II),
di-p-chlorobis[(p-allyl)palladium(II)],
trans-dichlorobis {triphenylphosphine)palliadium(IiI},
20 dichloro(p-dichloroocta-1, 5~diene}palladium(II),
(bicycle[2.2.1)hepta-2, 5-diene)dichlopalladium(II),
dichlcro{l, 5~cycleooctadiene)palladium(II),
(2,27 -bipyridine)dichlorcepaliadium(II}, palladium(II) acetate,

-

palladium(II} chloride, palladium{II} bromide, palladium({II} iodide,



[0209]By allowing the fluorene compound (AA) to react with the boron compound (BB) in such a
water-containing solvent (FE') 10 in the presence of the base (CC) using the phosphorus compound
(DD) and the palladium compound (EE) as catalysts, the fluorene derivative can be obtained in a high
- yield. [0210]Process for preparing fluorene derivatiye The process for preparing a fluorene derivative
is a process 15 comprising allowing the fluorene compound (AA) to react with the boron compound

(BB) in the presence of the base (CC) to prepare, a fluorene derivative wherein a halogen atom and/or
o A T o T o o P A S R B e ban
converte%I into ﬁ?e substitgeq;%ng of the borori compound_(BB), 20 and is characterized by carrying
out the réXEfdNIRAhE TS teY-ConTaRHY Solvent tBE18ing The Phosphdrus compound (DD) and the
palladium compound (EE) as catalysts. [0211]The temperature of the reaction of the fluorene
compound (A& rith tREBLFOR E3TRboRY BEEF RERthe rafgast preferabiyt 74770 to 150C, more
preferably -40 to 100C, particularly preferably -20 to 70C. The reaction temperature is preferably a
tem peratﬁ?e at Whididirstaltionis Hossianthe FeadPprdsstifd 18 in the range of preferably
0.01 to 10 MPa, more preferably 0.02 to 5 5 MPa, patrticularly preferably 0.05 to 2 MPa. The reaction
pressure is prafetanly @ PrESEHrE T WHIER I FrstARf &tohid Possidié T Feacidiy time is in the range

of preferably 0.1 to 300 hours, more preferably 0.1 to 100 hours, particularly preferably 0.1 to 72
hours. THe réactiorstimeis referapra iinte foriasierisdestaalizamm L ladium (I11) ,

activated carbonpalladiumandbis (triphenylphosphine)palladium (II)
chloride; and zero—valent palladium compounds, such as
tris{dibenzylideneacetone)dipalladium(0),

10 tetrakis(triphenylphosphine)palladium{0),
bis[i,Z“bis{diphenylphosphino)ethane]palladium(@) and
bis({3,5,37,5 -dimethoxybenzylideneacetcne)palladiumi{0}. The
valence of palladium of the palladium.compound (EE) is preferably
a valence of 2, and palladium{II} acegate or

15 bis{acetonitrile)dichloropalladium(II} is more preferably used.

[0199)] Intheprocess for preparinga flucrene derivative
byallowingthefluorenecompound(AA)toreactwiththeboroncompound
(BB} in the presence of the base (CC}, the fluorene derivative can
be obtained in a high yield by carrying out the reaction in a

20  water-containing sclvent (FF} using the phosphorus compound {DD) and
the palladium compound (EE) as catalysts.

t02G0] Intheprocess forpreparingafluocrenederivative,
the amount of the palladium compound {EE) used is in the range of

preferably 0.00001 to 50 mol, more preferably 0.0001 to 2% mol,



10is possible. [0212]When the reaction is carried out, the order of addition of the components (AA) to
(FE) to the reaction container is arbitrarily determined, but it is preferable to add the components in, for
example, the following order. 15(i) The components (AA) to (EE) are added, then a solvent other than
water is added, and finally water is added. (ii);A solvent other than water is added, then the
components (AA) to (EE) are added, and finally water is added. (iif) The component (AA), the
component (BB), the component 20(CC), the component (DD), the component (EE) and the
compondi(EE 18 SIS AL HEBIGER 00T Y o SorBRSh (LT Ie AEIEE e FER e
components (AA) to fEE) are added, (v) The components (AA) to (EE) are added, and then the
componerPS{EE) iShtded™ e (U RS ComMBENERE (RAY, (A8 COMPBHRRETIEC) Eite E5Ponent
(DO), the component (SE) and a solvent other than water are added, then water is added, and finally
theConuﬁﬁmﬁﬁ(EEﬁi@gﬁadeange’ the reaction proceeds rapidly.

[02011 - Water—-containing solvent (FF)

5 The water-containing solvent (FF) is not specifically
restricted as long as it is a sclvent containing water as an essential
compohent,

(02021 Examples of sclvents other than water include
aliphatic hydrocarbons, such as pentane, hexane, heptane, octane,

10  decane and dodecane; alicyclic hydrocarbons, such as cyclopentane,
cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as
benzene, toluene and xylene; halogenated hydrocarbons, such as
ethylene chloride, chlorobenzene anddichloromethane; polar solvents,
such és acetone; methyl acetate, ethyl acetate, dimethylformamide,

15 1,3~dimethyl~2—imidaéolidinone and dimethyl sulfoxide; polar
solvents, such as methanol, ethanol, propanol, isopropancl, butancl
and tert-butanol; and ether-based solvents, such as diethyl ether,
tert-butyl methyl ether, tetrahydrcfuran, dioxane and cyclopentyl
methyl ether.

20 [0203] The water-containing solvent (FF) i1s preferably
constituted of water and an organic compound contalning an oxygen
atom.

[0204] Examples of the crganic compounds containing an

oxygen atom include acetone, methyl acetate, ethyl acetate,



(vii) The component (BB), the component (CC), the component (DD), the component (EE) and a
solvent other than water are added, then water is added, and finally the component (AA) is added.
(viii) The component (CC) towhichwater has been added in advance, the component (AA), the
component (BB), the component (DD), the 10 co nent (EE) and a solvent other than water are
added. - (ix) The component (AA), the component (BB), the component (DO), the component (FE)

and a solyent other than water ar ded, and then the companent (CC) to which water has been

added in%%%ﬁ% E%I 85%15.‘%21 r??m%“é‘?e{;% ingvejh |0§?fﬁ)g‘ﬁl%éa%%gde$§?v@ehf Is obtained by

allowing the f%uore e com%géund (AAé tg reag[ with the boron compound %%B) 'JQ tjgg Wz_aLter-containing
e Bas ) a

solvent (EE% iy the predenceof &(C USiie neopﬁoslpsno rﬁgpc%%pdun B? ahd the
palladium compound (EE) as catalg/ ts, as described above. That s to sa 1theéc u\g{eegl&%g:rivative is a
fluorene G&RVATREHEEiIT 826 H %g%%uﬁﬁfﬁﬁ SnAROF RSttt esmEng hydiocarbon gtotp of the
substituents of the fluorene compound (AA) has been converted into the substjtuent RI3 of the boron
compound (BB). [(24%]Examples BEtHPfIGTeh e FerRidth e B Shtaaa By the*2b8TE prébaration
process are given below. 76 [02151Thatistosay,examplesofthefluorenederivatives obtained by the
above préfsatisipRRESSIRAFREBPREIbHOTy £°3, 67di-tereblififfidrene, Specitically,
2,7-di(p-chloropheny1)-3,6-di-tert-butylfluorene, 5 2,,7-diphen¥1-3,6-d.i-tert-butylfluorene,
2,7-di(p-flistEphemL 3, aranietRBafIfiGefiRs, dimethyliormamide,
2,7-di(p-trifluoromethylpheny1)-3,6-di-tert-butylfluorene, .
2,7-di(p-rhethoidpheny1)-2:6 8L tertplibyifiaerehe, 21Tefidvath§lpheryiys, 6 TftéaMutylfluorene, 10
2,7-di(bipheny1-4-y1)-3,6-di-tert-butylfluorene, 2,7-bis(2,4-dimethylphenyl)-3,6-di-tert-butylfluorene,

ethanol, propanol, isopropanol, butanol, tert-butancl,

tetrahydrofuran and cyclopentyl methyl ether. Particularly

10 preferable are diethyl ether, tert-butyl methyl ether,

tetrahydrofuran, dioxane and cyclopentyl methyl ether.

[C206] The content of water (water/solveht cther than
water, in terms of volume) in the water-containing solvent (FF) is
preferably not less than 0.01, more preferably not less than 0.02,

15 particularly preferably not less than 0.05.

i0207] The ratio of water to the paliadium compound (EE)
(water/palladium compound (EE), in terms of mcl) 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

20 less than 400 times.

[02068] It is particularly preferable that the content

of water (water/solvent other than water, in terms of volume) in the

water-containing solvent (FF) is not less than 0.05 and the ratio

of water to the palladium compound (EE) (water/palladium compound



2,7-bis(4-chloro-2-methylpheny1)-3,6-di-tert-butylfluorene, 2,7-di(o-toly1)-fluorene,
2,7-di(p-fluorophenyl)-fluorene, 2,7-di(p-trifLuoromethylphenyl)-fluorene, 15
2,7-di(p-methoxyphenyl)-fluorene,2,7-di(o-ethylphenyl)-fluorene, 2,7-di(biphenyl-4-y1)-fluorene,
2,7-bis(2,4-dimethylpheny1)-fluorene, 2,7-bis(4-chjgro-2-methylphenyl)-fluorene, 2-(o-toly1)-3,6-di-te
-butylfluorene, 20 2-(p-fluorophenyl)-3,6-di-tert-butylfluorene,

2-(p-triflupromethylpheny1)-3,6-di-tert-butylfluorene, 2-(p- oxypheny1)-3,6-di-tert-butylfluorene,
(o ety iy TS B b HuOrnE - (oY A0 B8 L BRI 7
2-(2,4-dimeth Iphenyl)-3,6-q:i-tert-butylfluorene, 2-(4-chloro-2-methylp enyl)-3,6-%i-tert-butylfluorene,
2-(o-toly DyEfTubren 25{pAtb Sy 1iibbrRmE S thidronethyfifhetyay-fiidrene® 2ot
52-(p-methoxyphenyl)-fluorene, 2-(o-ethylphenyl)-fluorene, 2-(biphenyl-4-y1)-fluorene,
2-(2,4-dinetiy s Y-fARidrEnE "2 K4-EMbrolE Hatyphery ) itiorne? 1Y (G Holy Tj-f1librene,
2-(p-fluorophenyl)-fluorene,3-(p-trifluoromethylphenyl)-fluorene, 4-(p-methoxyphenyl)-fluorene,
1-(o-ethﬁp{;‘r@d§/ﬁ):-ﬂ86?éﬁé? £6 S(be%ﬁ?f-ﬂ?}l%@mé@%?%?(az%ﬁ-%%ﬁﬁ%ﬁ%h?@%&&%ﬁﬁ? -
4-(4-chloro-2-methylphenyl)-fluorene, 2,7-di(o-toly1)-3,6-di-tert-butylfluorenone,
2’7_&@_%%@%\;@}@@i_@gggmgoréﬁ@népper iimit of the content of water
2,7-di(p-trifluoromethylpheny1)-3,6-di-tert-butylfluorenone, 15 '
2,7-di(p-rrietieaphehye)-3 Grdctert bty fiioténone, 2 7udi (e fettiApHeny 158, 6odi-tariBRAfluorenone,
2,7-di(bipheny1-4-y1)-3,6-di-tert-butylfluorenone,
2,7-bis(2ra:#irfiethy | gHety 1303, 6-di-tert-butylfluorenone,
2,7-bis(4-chloro-2-methylpheny1)-3,6-di-tert-butylfluorenone,

{6209] By allowing the fluorens compound (AA} to react

with the boron compound (BB} in such a water-containing sclvent (FFE)

10 in the presence of the base (CC) using the phosphorus compound (DD)'
and the palladium compound (EE) as catalysts, the fluorene derivative
can be obtained in a high yield.

[0210] Process for preparing fluorene derivative

The process for preparing a fluorene derivative is a process
15 comprising allowing the fluorene compound (AA) teo react with the boron
compound (BB) in the presence of the base (CC) to prepare a fluorene
derivative wherein a halogen atom and/or a sulfur-containing
hydrocarbon group of the substituents of the fluocrene compound (AA)
has been converted into the substituent R of the boron compound (BB},
20 and is characterized by carrying ocut the reaction in the
water-containing solvent (FF) using the phosphorus compound (DD) and
the palladium compound (EE) as catalysts.
02117 The temperature of the xeaction- of the fliuorene

compound {(AA) with the boron compound (BB) is inthe range of preferably



202,7-di(o-tolyl)-fluorenone, 2,7-di(p-fluorophenyl)-fluorenone,
2,7-di(p-trifluoromethylphenyl)-fluorenone, 2,7-di(p-methoxypheny1)-fluorenone, 2,7-d
(o-ethylphenyl)-fluorenone, 2,7-di(biphenyl1-4-y1)-fluorenone, 78
2,7-bis(2,4-dimethylphenyl)-fluorenone, 2,7-bis(4-chloro-2-methylphenyl)-fluorenone,
2-(o-toly1)-3,6-di-tert-buty1fluorenone, 2-(p-fluorophenyl)-3,6-di-tert-butylfluorenone,

2-(p-trifluoramethylpheny1)-3,6-di-tert-butylfluorenone o m . .
(et e 5 s s s otaona. 2Lt SRR T R RS2 e,
2-(bipheny1-4-y1)-3,6-di-tert-butylfluorenone, 2-(2,4-dimethylphepyl)-3,6-di-tert-butylfluorenone, 10
2-(4-chIoF()Z}%-r%get)?\éIp%“en)?%%,%&ﬂgﬂ%}u%ﬁﬁl or%ﬁg'ﬁgéz}%-ﬁ)ﬁfﬁgﬁé&le oar\e%,@mpfi%algure
2-(p-fluorophenyl)-fluorenone, -gp-trifl,uoromethgl helg 1)-f1 orenone,_ . .

2~ (p-metFiox BHeAy LEfRTeReRe, 2.15-StRy pheRy L fibfenond =2 (BBHe S48 SIS andre,
2-(2,4-dimethylphenyl)-flugrenone, 15 2-(4-chloro-2-methylphenyl)-fluorenone

(o toly DGO NEHE2- (5B ROHEH AL fcrenbRes 3-(E ATt math ol HER 11-iohénd e,
4-(p-methoxyphenyl)-fluorenone, 1-(o-ethylphenyl)-fluorenone, 2-(biphenyl-4-y1)-fluorenone,
3-(2?4-dirﬁéﬂﬁ§1pmﬁﬁwé&éf TR SRARA- A leHiord-2 by L pHetty HRPtior SRORES T8 The
fluorene derivative (ligand) for use in the preparation of the transition metal compound (al-1) and the
transmonﬂﬁétérésm%hh& RSP AR PSP aTe dPYRE ISR i Rt it erfeP@ifipBuAd représented by

the formula [77] and the boron compound having a
reaction time is in the range of preferably 0.1 to 300 hours, more

preferably 0.1 to 100 hours, particularlgrpreferablgr0.1.to 72 hours.
The reaction time is preferably a time for which industrialization
10 is possible.

[0z212] When the reaction is carried out, the order of
addition of the components (AA) to (FF} to the reaction container
is arbitrarily determined, but it is preferable to add the components
in, for example, the following order.

i5 (1)} The components {RA) to (EE) are added, then a solvent other
than water is added, and finally water 1s added.

(ii) A solvent other than water is addgd, then the components
(RA) to (EE) are added, and finally water 1s added.

{iii) The component (AA), the compenent (BB), the component

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

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

(v) The components (AA) to (EE) are added, and then the component



79 substituent represented by the formula [88]. Here, R103 and R16 in the formula [77] correspond to
R6a and R7a in the formula [A1-1] or R6b and R7b in the formula [A172], and the substituent
represented by the formula [88] 'corresponds to a phenyl group having Rla to Rsa 5 and a phenyl
group having Rea toR12' in the formula [A1-1], or a-phenyl group. having Rib to R5b and a phenyl
group having Bab to R1213 in the formula [A1-2]. [0217]By the use of the olefin polymerization catalyst
. comprising the component (A) satisfying the aforesaid conditions and 10 the later-described
componef%%é),ltﬁe%%%c of the present invention can be achieved. [0218]In other words, the transition
metal compound component (A) (mixed catalyst) comprises two or more kinds of the transition metal
compounds (a) refresented BYRBTOrmaGR (Al T5-RRESRITY to-SUch & f &YSIRER Fhtal*-mpound
component (A), an a-olefin can be polymerized with a high polymerization activity even at a
temperatthé of ABPRWEFthaRtboih Temperat(fe tpartictiark ot et than 4GERdre b the
resulting polymer can be improved in the molecular weight distribution and in the melting point and 20
the intrin¥ié Vidcosity 3t a-g ot baihreel 1 hie Exsie8Eionhigh polymeériZatiifactivity” 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/mimbdk-éat-Rp. [EEPOMEE parBEllarly reterabra aist inGReé - S0 FafsHIBIPRiRstal
compound component (A) (mixed catalyst) , at least one kind (one or more kinds) of the transition
metal cornpoundsi(@) FoERPaRHion Féta edmMpsand tat- 1 Tepresantedisy tie faitnaiddad-1] or in the

transition metal compound component (A) (mixed catalyst) ,
then water is added, and finally the component (RA) is added.

(viil) The component {CC) towhichwaterhasbesn added inadvance,
the component (AA), the component (BB), the component (DD), the
10 component (EE) and a sclvent other than watér are added.

(1x) The compenent (AR), the component (BB}, the component (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 is added.

[0213] In the present invention, the fluorene derivative

15 is obtained by allowing the fluorene compound (RA) 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
ralladium compound (EE) as catalysts, as described above. That is
to say, the fluorene derivative is a fluorene derivative wherein a

20  halogen atom and/or a sulfur-containing hydrocarbon group of the
substituents of the fluorene compound (AA) has been converted into
the substituent R* of the boron compound (BB).

102141 Examples of the flucrene derivatives obtained by

the above preparation process are given below.



5 at least one kind (one or more kinds) of the transition metal compounds (a) is a transition metal
compound (al-2) represented by the formula [A1-2] . When the transition metal compound ( al-1) is
used, an a-olefin polymer having a high molecular weight and a high intrinsic viscosity can be
prepared, and when the transition metal compoungl al-2) is 10 used, an a-olefin polymer having a
high melting point can be prepared. In this case, if the transition metal compound (al-2) is a transition

metal compound wherein at least one of R3b and Ri'm in the formula [A1-2] is selected from a halogen
atom and a halog[e#-%gr%taining h@%?&éa%&nsaﬁﬁuﬁ%%p?%ﬁ&ﬁ&?ﬁn&gﬂ% S(S%?{d1 WherdiRt least
one of R15b and 15 R19b in the formula [A1-2-1] is selected from a_halogen atom and a
halogen-B8htatmAg MHArGCEbBRGroup” Bnca-dlefrp &Iyt Having atigher melting point can be
prepared. [0220]Moreover, it is desirable that the transition metal compound component (A) (mixed .

catalyst) Contand %ffé%\%i’%h‘éq(iﬁa%“f(Sﬁé?ﬁ?‘iﬁéfrTeflgiH%FBﬁhe transition metal compound (al-1)

represented by the formula [Al-1] and at least one kind (one or more kinds) of the transitionmetal
compount (F122) Rspredentdiby the formbrd fat-2F Faktbithd ¥ $6ER a transition metal compound
component (A) (mixed catalyst) , the molecular weight distribution can be adjusted to a 81 more
preferredtrafitiel JOErbtefirt pelyntérizatioi dafalysPT e Next, a preferred embodiment of use of
the transition metal compound component (A) for the olefin polymerization catalyst in the 5 present

inventionds tederiBed L oPeepaien thelelossinkedictalioreAe woripsund is used for the olefin

polymerization catalyst, the catalyst comprises the transitionmetal compound component (A) and an
organomeétalligiédimpouhdl voromethylphenyl) -3, 6-di~tert-butylflucrene,

2,7-di (p-methoxyphenyl} -3, 6-di-tert-butylfluorene,
2,7-di (o—ethylphenyl) -3, 6~di-tert~butylfluorene,

10 2,7-di(biphenyl-4-yl)-3, 6-di-tert-butylfluorene,
2,7-bis(2,4~dimethylphenyl) -3, 6~di-tert-butylfluocrens,
2.7=pis(4~chloro-2-methylphenyl) -3, 6~di-tert-butyiflucrene,
2,7-di{o~tolyl)~fluorene, 2,7-di (p~-fluorophenyl)-fluorene,
2,7-di{p~trifivoromethylphenyl)-£fluorene,

15 2, 7-di (p-methoxyphenyl)-flucrene, 2, 7-di {o-ethylphenyl)-fluorene,
2,7~di {biphenyl~d4-yl)~fluorene,
2,7-bis (2, 4-dimethylphenyl) -fluorene,

2, 7-bis({4~chloro=-2~methylphenyl}-£fluorene,
2-({o-tolyl) -3, 6-di~-tert-butylfluocrene,

20 2*(p~fluoropheﬁyl)~3,6mdi—tert—butylfluorene,
2-(p=trifluoromethyliphenyl)~3, é~di-tert-butylfluorene,
Z={p=methoxyphenyl)~3, 6—di-tert-butylfluorene,
2—(o—ethylphenyl)~3,6mdi—tert—butyiflﬁorene,

2-{biphenyl-4-vyl)-3, 6-di-tert-butylfluorene,



component (B). The organometallic compound component (B) comprises 10 one or more kinds of
organometallic compounds (b) selected from the following compounds (b-1), (b-2) and (b-3):
[0223](b-1) an organoaluminum oxy-compound, (b-2) a compound which reacts with the transit
onmetal compound (@) to foixti an ion pair, 15(b'3)7 n organoaluminum compound. The
compounds (b-1), (b-2) and (b-3) maybe respectively used singly, or may be respectively used in

combina 'or] réyf Mgﬂ&ﬁﬁgﬁ%& I )heBOIgﬁgip_gcl)ére%%[j}zaj\tég%rl ;g@olyéset further comprises a particulate

carrier (C) and an-organi nd_cdmponent needed’ The components are
describe bAowi detai%_OZ 4]0rganoaluminym oxy-compeu dﬁ =1 As the organoaluminum-
oxy-comg&z9 d TB or sLé‘elﬁ %’?Iégélﬁ #wfénh |orc1§?lhi @el}r?o %ﬁ%ﬁc 39111%%%1\:/\‘/%111 &luminoxane can be used

e tis. Sperifcally,fre can be mentioned 3 comoound tspresepieg by the following formula 2}

2—(p—trifluoromethylphenyl}ffluorehe,

5 . 2-{p-methoxyphenyl)-fluorene, 2-{o-ethylphenyl)-fiucrene,
2-(biphenyl-4-yl)-flucrene, 2-(2,4-dimethylphenyl)-flucrene,
2-{4-chloro-2-methylphenyl}-fluorene, 1-{o-tolyl)-flucrene,
2;(p-fluorophenyl)—fluorene,3m(pwtrifluoromethylphenyl)—fluorene,
4- (p-methoxyphenyl)-fluorene, 1-(co-ethylphenyl)-fluorene,

10 2~ (biphenyl-4-yl)-£fluorene, 3-(2,4-dimethylphenyl)-fluorene,
4—(4~chloro~2—metﬁylphenyl)—fluoren@,
2,7-di{o~tolyl) -3, 6-di~tert-butylfluorenone,
2,7-di{p~fluorcphenyl) -3, 6—di-tert-butylfluorenone,
2,7~di(pmtrifluoromethylphenyl)—3,6—di“tert—butylfluorenone,

15 2,7~di(pmmethoxyphenyl)w3,6—di—tert~butylfluorenone,

2,7-di (c~ethylphenyl) -3, 6~di-tert-butylflucrencne,

2,7~di (biphenyl-4-yl)-3,6-di-tert-butylfluorencne,
2,7—bis(2,4wdimethylphenyl)—3,6—di—tert~butylfluorenone,
2,7-bis{4-chloro-2~methylphenyl) -2, 6~di-tert-butylflucrencne,

20 2,7-di(o-tolyl)~-fluorencne, 2,7-di(p-fluorophenyl}-fluorenone,
2,7-di (p-triflucromethylphenyl) -fluorencne,

2, 7-di (p-methoxyphenyl) -fluorenone,
2,7-di(o—ethylphenyl)-flucrencne,

2,7-di (biphenyl~4-yl)-fluorencone,



OAIR2 [2] [0226]and/or the following formula [3]: 5[0227] [0228]in the foLulas [2] and [3], Ris 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 is a methyl

78
2,7mbis(2,4~dimethylphenyl)—fluoﬁenone,
2,7-bis{4d-chloro-2-methylphenyl) ~fluorenone,
2={o-tolyl)-3,6-di-tert-butylflucrenone,
2-(p—-fluorophenyl) -3, 6-di-tert-butylfluorenone,

5 2-(p-trifluoromethylphenyl)-3,6~-di-tert-butylfluorenone,
2~ (p-methoxyphenyl) -3, 6~di-tert-butylfluorenone,
2-(o-ethylphenyl) -3, 6~di~tert-butylfluorenone,
2~ (biphenyl-4-yl}-3, 6-di-tert-butylfluorenone,
2-(2,4-dimethylphenyl) -3, 6-di~tert-butylfluorencne,
10 2—(4»chloro—2—methylphenyl)—3,6—di—tert~butylfluorenone,
| 2—(o-tolyl)—fluo:enone,‘2~(p—fluorophenyl)wfluorenone,
2-{p-trifluoromethylphenyl}-fluorenone,
2—(p—methoxyphenyl)~fluorenone, 2- (o—ethylphenyl}-flucrenone,
2-{biphenyl-4-yl)-flucrenone, 2-(2,4-dimethylphenyl}-fluorenone,
15  2-{(4-chloro-2-methylphenyl)-fluorenone, 1-(o~tolyl)-fluorenone,
2~ (p~flucrophenyl)-flucrenone,
3- (p-triflucromethylphenyl)-fluorenone,
4- {p-methoxyphenyl)-fluorenone, 1-{o~ethylphenyl)-fluorenone,
2—-(biphenyl-4-yl)~-fluorencne, 3-(2,4~-dimethylphenyl)-fluocrencne
20 and 4m(4~chl§ro—2—methylphenyl)—fluorenone.
[0216] The fluorene derivative (ligand) for use in the
preparationof the transitionmetal compound (al-1) andthe transition
metal compound {(al-2) canbepreparedbytheuseof the fluorene compound

represented by the formula [77] and the koron compound having a



10 group and n is 3 or more, preferably 10 or more, is preferably used. In such aluminoxanes, some
guantity of an organoaluminum compound may be contained. A characteristic property of the
high-temperature solution polymerization of the present invention is that such a benzene-insoluble
organoaluminum oxy-compound as given as an example 15 in Japanese Patent Laid-Open Publication
No. 78687/1990 is also 83 applicable. Moreover, an organoaluminurn oxy-compound described in

Japanese Patent Laid-Open Publication No. 167305/1990, aluminoxane having two or,more kinds of

alkyl grodi® SHHiEH $8 B e5BRBEE TR IaPaRéseBafePt Taid Ol PubfigafionNo. 22470%/1996 and
Japanese Patent 5 Laid-Open Publication No. 103407/1991, etc. are also preferably employable. The
"benzene-liBofuBieverydndaluRfiRaRTERLonTpundiised in the FigR-termperdurd dolbtion ™
polymerizaﬁgon of thg: present invent ionmeans an organoaluminumoxy-compound in which an Al
componet thitds Boluble irerffeimaap608lisContaned ik ansamdhnt BEISUAMP IO TR ridte than
10%, preferably not more than 5%, particularlypreferably not more than 2%, in terms of Al atom and
which is ingoltibte Bp Stightly Solublecinissasiits [0229) A% GieydrghroiufinumoXy-cépdund for use
in the present invention, there can be alﬁso meggioned, for example, such 15 modified
metlylalumihexaherasirepeseited bycthe folowing foriiutafarno28dR . {0231 pwheelieRYs a
hydrocarbon group of 1 to 10 carbon atoms,

group having R¥® to R*® and a phenyl group having R™ to R'™® in the

formula [Al-21.

[0217] By the use of the clefin polymerization catalyst
comprising the component (A) satisfying the aforesaid conditions and

10 the later-described component (B), theeffect of thepresent invention
can be achieved.

[0218] In other words, the transition metal compound
component (A} (mixed catalyst) comprises two or mere kinds of the
transition metal compounds {(a) represented by the formula [Al].

15 According to such a transition metal compound component (A), an
o—clefin can be polymerized with a high polymerization activity even
at a temperature of not lower than room temperature, particularly
not lower than 40°C. Mcreover, the resulting polymer can be improved
in the molecular weight distribution and in the melting point and

20 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).

(02191 It is particularly preferable that in the



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. 84 Such a
compound of the formula [4 ] is generally called MMAO. Such MMAO can be prepared by processes
described in U. S . Patent No . 4,960,878 and U.S,Patent No. 5,041,584. Compounds of the above
formula prepared by the use of trimethylaluminarn-and triisobutylaluminum and having an isobutyl
group as R are commercially produced by Tosoh Finechem Corporation under the names-of MMAO
and TMAEF SSUchMMIATS isalFATRXARS FETIRGeN iMiproVedmcssiabaity i varidtis sdidnts and
storage stability, and is specifically a compound which is soluble in aliphatic hydrocarbons and alicyclic
hydrocarb&is diffste iy drorh ErAPOLHE3SL0 Whith aré TAsSatabiecer SIRjHy selBRSerizéne, such
as the compound of the formula [2] or [3] . [0232]As the organoalurninum oxy-compound for use in the
present idvehticit théfd eampbadstomshtighdd Bnlorganssiemiinamiukicohvpouncecbhtaihing boron,

which is represented by the following 15formula [5] : [0233] RdRc \Rd AlO 6-0 Ai/ Rd - a [5]
or in the transition metal compound component (A) (mixed catalyst),

5 at least one kind (oné ormore kinds) of the transition metal compounds
(a) is a transit.ion metal compound (al-2) represented by the formula
[A1l—-21. Whenthetransitionmetal compcund {al-1l) isused, anw-olefin
polymer having a high molecular weight and a high intrinsic viscosity
can be prepared, and when the transition metal compound (al-2) is

10  used, an a-olefin polymer having a highmelting point can be prepared.
In this case, 1f the transitionmetal compound (al-2} is a transition
metfal compound wherein at least one of R¥* and R*® in the formﬁla [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

15 R**® in the formula [Al~2~1] is selected from a halogen atom and a
halogen-containing hydrocarbon group, an o~olefin polymer having a
higher melting point can be prepared.

[0220) Moreover, it isdesirablethat thetransitionmetal
compound component (A) {mixed catalyst) contains at least one kind

20 (one ormore kinds) of thetransitionmetal compound (al-1) represented
by the formula [Al-1] and at least one kind {cone or more kinds) of
thetransitionmetal compound (al-2) representedbythe formula [A1-2].
According to such a transition metal compound component (A) {(mixed

catalyst!, the molecular weight distribution can ke adjusted to a



[0234]wherein Rc is a hydrocarbon group of 1 to 10 carbon atoms, and each Rd may be the same or
different and is a hydrogen atom, a 20 halogen atom or a hydrocarbon group of 1 to 10 carbon atoms.
Such organoaluminum oxy-compounds (b-1) as above may be used 85 singly, or may be used as a
mixture of two or more kinds. [0235]Compound (bz2) which reacts with transition metal compound (a)
to form ion pair Examples of the compounds (b-2) which react with the transition 5 metal compound
(a) to form an ion pair (sometimes referred to as "ionic compounds" hereinafter) include Lewis acid, an
ionic confBthd SeB6rarcSiyind and a carborane compound which are described in Japanese
Patent Laid- O[ien Publication No. 501950/1989 Japanese Patent Laid-Open Publication No.
502036/198% Jhpanese RHiEATL Bt ETPRR 14 e NB247900511991, Japanese Patent
Laid-Open Publication No. 179006/1991 Japanese Patent Laid-Open Publication No. 207703/1991,
Japanese Patent&%@@éeﬁ%ﬁkﬁ%n@@o%?%ﬁﬂ%lhﬁéﬁsoﬁd%é‘*ﬁt N2 BSI2E PD616HE Moreover, |
a heteropoly compound and an isopoly compound are also included. 15[0236]In the present invention,

an ionic CEMPEURE prefably addbtetts aRDApBhAd RpegEREaI . te follfowitg Tormiase] . [0237]

5 present invention is described.

[cz22] When the crosslinked metallocen.e compound is used
for the olefin polymerization catalyst, the catalyst comprises the
transitionmetal compound component (A) and anorgancometallic compound
component (B). The crganometallic compound component (B) comprises

10 one or more kinds of organcmetallic compounds (b) selected frorﬁ the
following compounds (b-1), (b-2) and {b-3):

[0223] {b-1} an organocaluminum oxy-compound,

(b-2) a compoundwhich reactswiththe transition metal compound
{a) to form an lon pair,

15 (b-3) an organcailuminum compound.

The compounds (b-1), (b-2) and (b-3) may be respectively used
singly, or may pe respectively used in combination ¢f two or more
kinds. The olefin polymerization catalyst further comprises a
particulate carrier {C) and an organic compound component (D), when

20 needed. The components are described below in detail.

[0224} Organoaluminum oxy-compound (b-1)

As the organcaluminum oxy~-compound (b=-1} for use in the present
invention, hitherto publicly known aluminoxane can be used as 1t 1s.

Specifically, thers can be menticned a compound represented by the



86 [0238]In the above formula, Re-kis H+, carbenium cation, oxonium cation, ammonium cation,
phosphonium cation, cycloheotyltrienyl cation, ferrocenium cation having transition metal, or the like. R
o Rl may be the same as or different from one another and are each an organic group, preferably an
aryl group. [0239]Examples of the carbeniumggations include tri-substituted carbenium cations,
such as triphenylcarbenium cation, tris(methylphenyl)carbenium cation and
tris(dimethylphenyl)carbenium cation. 10[0240]Examples of the ammonium cations include
trialkylanirféniitd 2atibAssdéh &3 timethylammonium cation, triethylammoniam cation r
(n-propyl)ammonium cation, triisopropylammonium cation, tri(n-butyl)Jammonium cation and
triisobutylgdmohium cation; N,N-dialkylanilinium cations, such as 15 N,N-dimethylanilinium cation,
N,N-diethylanilinium cation and N,N-2,4,6-pentamethylaniliniumcation;anddialkylammoniumcations,
such as diisppropyfammgniuim catio ddicyclohgxylamgmonium cation. [0241]Examples of the
phosphocrj\ﬁ - E}ﬁ %ch as triphenylphosphonium cation, 20
tris(methylphenyl)phospHonium cation an6 tfg(dimethylphéfiy)phosphonium cation. [0242]Of the
above cations, carbeniurh cation, ammonium :

-] & * {2}

R

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

5 [0227]

R

[0228] In the formulas [2] and {3], R is a hydrocarbon

.. .[3]

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 is a methyl
10 group and n is 3 or more, preferably 10 or more, is preferably used.
In such aluminoxanes, some guantity of an organocaluminum compound
may be contained. A characteristic property of the high-temperature
solution polymerization of the present invention is that such a
benzene-insoluble organcaluminum oxy-compound as given as an example

15 in Japanese Patent Laid-Open Publication No. 78687/1990 is also



cationorthelikeispreferableasRe+, and triphenylcarbenium cation, N,N-dimethylanilinium cation or
N,N-diethylani inium cation is 87 Pa icularly preferable. [0243]Examples of carbenium salts include
triphenylcarbenium tetraphenylborate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium tetrakis(3,5-ditrifluoromethylphenyl)borate, tris(4-methylphenyl)carbenium
tetrakis(pentafluorophenyl)borate and tris(3,5-diméethylphenyl)carbenium
tetrakis(pentafluorophenyl)borate. [0244]As ammonium salts, trialkyl-substituted ammonium 10 salts,
N,N-dialkgtaniliriam.salts MdinkgranmeniimEaiss et canh @ Mmoot [0 24siedEmple siof the -
trialkyl-substituted ammo um salts include triethylammoniumtetraphenylborate, tripropylamonium
tetraphenidiserats arita-brityl)amimofiven tetapheaylborate; 15 friméthl@¥moniminoxane
tetrakis(p-tolyl)borate, trimethylammnoium tetrakis(o-tolyl)borate, tri(n-butyl)ammonium
tetrakis(peatdfiuptephenyliher ate; tietiyddiayiopiumpetrakis(pentaflesrophienyJbofateane se
tripropylammonium tetrakis(pentafluorophenyl)borate, tripropylammonium
20tetrakig(2i4dimathidptieryl) dorate) ¢8m-botyammonillv 16t akis(3] SJdinzethykpheayhbdrate,
tri(n-butyl)ammonium tetrakis(4-trifluoromethylphenyl)borate, tri(n-butyl)ammonium
tetrakis(3zditriflueronrethyiphenyhbarate, tri{ A 4autyl @b noretim. t%n&d;(&(bstﬁl)@)mlfaheably

dioctadecylmethylammonium
employvable. The “benzeneminsoluble” organcaluminum oxy-compound
used in the high-temperature solution p-olymeriza'tion of the present
inventionmeans anorganoaluminumoxy-compound inwhichanAl component
that is soluble in benzene at 60°C is contained in an amount of usually
10  not more than 10%, preferablynot more than 5%, particulariypreferably
not more than 2%, in terms of A1 atom and which is inscluble or slightly
soluble in benzene.
[02239] As the organcaluminum cxy=-compound for use in the
presént' invention, there can be also méntioned, for example, such
15 modified methylaluminoxane as represented by the following formula
[41:

[0230]

A0

e
O

Il

Me R | e - [4)

[0231] wherein R is a hydrocarbon group of 1 to 10 carkbon atoms,
20 and m and n are each an integer cf 2 or more.
This modified methylaluminoxane is prepared by the use of

trimethylaluminum and alkylaluminum other than trimethylaluminum.



88 tetraphenylborate, dioctadecylmethylammonium tetrakis(p-tolyl)borate,
dioctadecylmethylammonium tetrakis(o-tolyl)borate, dioctadecylmethylammonium
tetrakis(pentafluorophenyl)borate, dioctadecylmethylammonium 5 tetrakis(2,4-dimethylphenyl)borate,
dioctadecylmethylammonium tetrakis(3,5-dimethylggenyl)borate, dioctadecylmethylammonium
tetrakis(4-trifluoromethylphenyl)borate, dioctadecyimethylammonium
tetrakis(3,5-ditrifluoromethylphenyl)borate and 10 dioctadecylmethyla onium. [0246]Examples of the
N, N-dialkyaaiinurmcsatsinglude NiN-divetdylanidiniurs eeaphehyiboratd, =N, Nididethydanitinium
tetrakis(pentafluorophenyl)borate, N,N-dimethylaniliniumtetrakis(3,5-ditrifluoromethylphenyl)borate, 15
N, N-diethiffahilinamptetraphengtbbrate oNdd-thietbplaniiiniad tetiakis(fentafiudmpheydihdiate,
N,N-diethylanilinium tetrakis(3,5-dit ifluoromethylphenyl)borate, N,N-2,4,6-pentamethylanilinium
tetraphengiboiaté afd N N12; 4 56 pentamethylamiprumtetrakis@pehtafiudropheny bersde =d
20[0247]Examples of the dialkylammonium salts include di(1-propyl)ammonium

tetrakis(pentafiuvorophenyl)boiaterand dicyelohexydammeniusvieitaphanyiiorate {02483k addition,
ionic compounds disclosed by the present applicant (Japanese Patent Laid-Open Publication No.
5 an isobutyl group as R are commercially produced by Tosoh Finechem
Corporationunder the names of MMAC and TMAO. Sucﬁ MMAD is aluminoxzane
having been improved in solubility in various solvents and storage
stability, and is specificallyacompoundwhichissolubleinaliphatic
hydrocarbons and alicyclic hydrocarbons differently from compounds
10 whichareinsolubleorslightlysoluble inbenzene, suchas the compound
of the formula {2] or [3].

[0232] As the crgancaluminum oxy=compound for use in the
present invention, there can be also mentioned an organoaluminum
oxy-compound containing boron,. which is represented by the following

i5 formula [5]:
[0233]
d R°
R |

ﬁi%OMSmOmN

Rd
s

R® \‘Rd - - - 5]

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

20 halogen atom or a hydrocarben group of 1 to 10 carbon atoms.

Such organcaluminum oxy-~compounds (b-1) as above may be used



89 51676/2004) can be also 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 organoaluminum compound (b-3) for forming the olefin polymerization
catalyst is, for example, an organoaluminum com%%und represented by the following formula [7] or an
alkylated complex compound of a group 1 metal and aluminum, which is represented by the following
formula [8]. 10An organoaluminum compound represented by the foluula [7]: RarnAl(ORb)nHpXq[7]
wherein |8 8rRb maytiytHeesamehser differehtfremedadivether aidrard@ads a hydrocarbon group
of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms, X is a halogen atom, and m, n, p and g are
numbers 182SHtisfying th€ copditiohs Gi-kdm¥&3:0n£820px 3w Dk 3andnedidprgagtal
[0251]Examples of such compounds include tri-n-alkylaiuminums, such as tnimethylaluminum,
triethylalumimoaend  (a) to form ion pair

ExampleSOfﬁhecompounds(b—Z)whichreactwithth@transition
5 metalcompound(a)Txnfomnanionpair(sometimesreferredtKDas“ionic
compounds”hereihafter)includeLewisacid,anioniccompound,aborane
compeund and a carborane compound which are described in Japanese
Patent Laid-Open Publication No. 501950/1989, Japanese Patent
‘Lald-Open Publication No. 502036/1989, Japanese Patent Laid-Open
10  Publication No. 179005%/1991, Japanese Patent Laidfopen Publication
No. 179006/19%1, Japanese Patent Laid-Cpen Publication No.
207703/1991, Japanese Patenthaid—OpenfPublicati@nka 207704/1991,
U.3. Patent No. 5,321,106, etc. Moreover, a heteropoly compound and
‘an iscpoly compound are also included.
15 [0236] In the present invention, an ionic compound
preferably adopted is a compound represented by the following formula
[6].

[0237]

e o« [8]



tri-n-butylaluminum, trihexylaluminum and trioctylaiuminum; branched chain trialkylaluminums, such as
triisopropylaluminum, 20 triisobutylaluminum, tri-sec-butylaluminum, tri-tert-butylaluminum,
tri-2-methylbutylaluminum, tri-3-methylhexylaluminum and tri-2-ethylhexylaluminum;
tricycloalkylaluminums, such as tricyclohexylalumi um and tricyclooctylaluminum; triarylaluminums,
such as triphenylaluminum 90 and tritolylaluminum; dialkylaluminum hydrides, such as
diisopropylaluminum hydride and diisobutylaluminum hydride; alkenylaluminums such as
isoprenylaluminun® 2Z&sresented By:thegorivirs (EOXHO}AlY (ESHEON (Witerefnk ¥ aiveb 2 @e each a
positive number, 5 and z2x) or the like; alkylaiuminum alkoxides, such as isobutylaluminum methoxide
and isobutytataminuwa ethoxidemdialikylal urainuen alkoxides; suthrascdipiethylaluminum methoxide,
diethylaluminumethoxideanddibutylaluminumbutoxide;alkylaluminum sesquialkoxides, such as
ethylalumipoirsesquiethoiade and=10. botyldaminger sesy uibitoxite; partialy- akkogyfated
alkylaluminums having an average composition represented by the formula Ra2.5A1(0RDb)0.5 or the
like; alkylaturainum aryloxides; suctRasdieftiymiuminain phepaxileandr different from
diethylaluminum(2,6-di-t-buty1-4-methylphenoxide); 15 dialkylaluminum halides, such as
diméthylalumisnnt ebloride; diethglattiminumelhloride gdibubylatumiteinalehjorde; digthytaduminum brom
deanddiisobutylaluminumchlor e;alkylaluminumsesquihalides, such as ethylaluminumsesquichloride,
butylaluminumsesqa®hloride ang etmdakumingnt sesguibremitien pastialynalogenated 20
alkylaluminums, e.g., alkylaluminumdihalides such as ethylaluminum dichloride; dialkylaluminum

hydrides tsuch:as giethyladsninup: Ry dridesand giutylalu minum bydride ~athespartiatlyhysiiogenated
alkylaluminums, e.g., alkylaluminum dihydrides, such as ethylaluminum dihydride and propylaluminum

dihydride; and partially (9% alkoxylated angmhalegenatedhalkylaluminums, such as ethylaluminum
ethoxychloride, butylaluminum butoxychloride and ethylaluminum ethoxybromide. An alkylated

complex eompoungkeha Deriodic table- geeuR:A metal Sand aluminum, which is represented by the

formula [8]:
10 {0240 Examples of the ammonium cations include

trialkylammonium cations, such as trimethylammonium cation,
triethylammonium cation, tri{n-propyl)ammonium catidn,
triisopropylammonium cation, tri(n~butyl)ammonium cation and
triisobutylammonium catidn; N,N"dialkylanilinium cations, such as
15 N,N-dimethylanilinium cation, N,N-diethylanilinium cation and
N,N-2,4, 6-pentamethylaniliiniumcation; anddialkylammoniumcations,
such as diisopropylammonium cation and dicyclohexylammonium cation.
[0241] Examples of the phosphonium cations include
triarylphosphonium cations, such as triphenylphosphonium cation,
20  tris(methylphenyl)phosphonium cation and
tris{dimethylpheny)phosphonium cation.
[(0242] Of the above cations, carbenium cation, ammonium
cation or the like is preferable as R*, and triphenylcarbeniumcation,

N,N-dimethylanilinium cation or N,N-diethylanilinium cation is



M2A1Ra4[8] wherein M2 is Li, Na or K, and Ra is a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms. [0252]Such a compound is, for example, LiIAI(C2H5)4 or
10LIA1(C7H15)4. [0253]Moreover, a compound analogous to the compound represented by the
formula [8] is also employable, and for example, a§7organoaluminum compound wherein two or more
aluminum compounds are bonded through a nitrogen atom is employable. An example of such 15a
compound is (C2H5)2A1N(C2H5)AI(C21-15)2- [0254]As the organoaluminum compound (b-3),
trimethylSRriaGH-GrikisFoYRIEANITM is preferably used from the viewpoint of ease of obtaining.
[0255]Such organoaluminum compounds (b-3) as above may 20 be used singly, or may be used as a
mixture of two or HA8rE3kinds.  EX@RB&EThesletmpoiimErizatioricatalyst fsteuse in the present
invention may contain a carrier (C) when needed, in addition to the transition metal compound
component {Ahans the drganometatic Torspouid eofrporeht BNy Lcarbenium
tetrakis{pentafluorophenyl)borate, triphenylcarbenium
5  tetrakis(3,5-ditrifluorcomethylphenyl)borate,
tris(4~methylphenyl)carbenium tetrakis (pentaflucrophenyl)borate
and tris{3,5-dimethylphenyl)carbenium
tetrakis (pentafluorophenyl)borate.
102441 As ammonium salts, trialkyl-substituted ammonium
10  salts, N,N-dialkylanilinium salts, dialkylammonium salts, etc. can
be mentioned.
10245] Examples of the trialkyl-substituted ammonium
salts include triethylammonium tetraphenylborate, tripropylamonium
tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate,
15 trimethylammonium tetrakis(p-tolyl)borate, trimethylammnoium
tetrakis{o~tolyl)borate, tri(n-butyl)ammonium
tetrakis (pentaflucrophenyl)borate, triethylammonium
tetrakis (pentaflucrophenyliborate, tripropylammonium
tetrakis (pentaflucrophenyl)borate, tripropylammonium
20 tetrakis(2,4-dimethylphenyl)borate, tri(n-butyl)ammenium
tetrakis (3, 5-dimethylphenyl)borate, tri(n-butyl)ammonium
tetrakis (4-trifluoromethylphenyl)borate, tri{n-butyl)ammonium

tetrakis(3,5-ditriflucromethylphenyl)borate, tri(n-butyl)ammonium

tetrakis {o-tolyl)borate, dicctadecylmethylammonium



92 [0257]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 inorganic compound, porous oxide,
inorganic chloride, clay, clay mineral or an ion-exchange layered compound is preferable.

As the porous oxide, Si02, Al203, MgO, ZrO, TiO2
employable. A composite or a mixture containing tﬁese oxides is also employable. For example,

E?203, CaO, Zn0O, Ba0, ThO02 or the like is

natural or synthetic zeolite, Si02-MgO,Si02-Al202,Si02-Ti02,Si02-V205, 10
Si02-Cr20:3 SRR My, 2te, afd eRipic\Rbie nof tielsepprdus oxide containing Si02 and/or Al203
as amain component is preferable. Such porous oxides differ from one another in their properties
according-®tthe4jpe mndcthe pfepsraton proctsys slawerrhiherarier that is preferably used in the
present invention desirably has a particle 15 diameter of 10 to 300 pm, preferably 20 to 200 pm, a
specific stiface atea of 501ty 1000 g, preferabie to0nrte 7OOLmRfgprdntha pore volume of 0.3 to 3.0
cma3/g. Such a carrier is used after it is calcined at a temperature of 100 to 1000C, preferably 150 to
700C, wheatneeded { j6259]Asthecinorgarit lchioride, MgOI2; MgBrZ, i ilG12r2@MnBr2 or the like is
used. The inorganic chloride maybe used as it is, or may be used after it is pulverizedby a ball mill or
an oscillatieg mailiAlsD, empioyaiile ipassubsiancainghedbrmicidme/partictes ebtainediny dissolving
the inorganic chloride in a solvent such as an alcohol and then precipitating fine particles from the
solution 92:usingia PEeCipitant: {0200 e dlapdoruse indthe-present invertipharsuallyeomprises clay
mineral that is a main component. The ion-exchange :

10

15

20

tetrakis (4d-trifluoromethylphenyl)borate,
dioctadecylmethylammonium
tetrakis(3,5~ditrifluoromethylphenyl)borate and
éioctadecylmethylammonium.

10246] Examples of the N,N-diaikylanilinium salts
include N,N-dimethylanilinium tetraphenylborate,
N, N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
N,N—dimethylaniliniumtetrakis(3,5—ditrifluoromethylphenyl)borate,
N,N*diethyla;ilinium tetraphenylborate, N,N-diethylanilinium
tetrakis(pentafluorophenyl)borafe, N,N-diethylanilinium
tetrakis(3,5~ditrifluorcomethylphenylborate,
N,N-2, 4, 6-pentamethylanilinium tetraphenylborate and
N,N-2, 4, 6-pentamethylaniliniumtetrakis (pentafluocrophenyl)borate.

[0247] Examples of the dialkylammonium salts include

- di{l-propyl}ammenium tetrakis (pentafluorcophenyl)borate and

dicyclchexylammonium tetraphenylborate.
[0248] In addition, lonic compcounds disclosed by the

present applicant (Japanese Patent Laid-0pen Publicaticn No.

[0258]



layered compound for use in the present invention is a compound having 5 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 ions contained are exchangeable. Most of clay minerals are ion-exchange layered
compounds. These clay, clay mineral and ion-excl% nge layered compound are not limited to natural

~ones, and 10 artificial synthetic ones are also employable. As the clay, the clay mineral or the
ion-exchange layered compound clay, clay mineral or an ionic crystalllne compound having a layered
crystal stPuétd FE)/ a§ﬁ%x5@oﬁalsao§§%‘acﬁi’n@’@% SRHMORS HpECEFE12 type or 0d12 type, can
be mentioned. Examples of such clays and clay minerals 15 include kaolin, bentonite, Kibushi clay,
gairome clay, allopHete, hisingeﬁt@%ﬁ@ﬁﬁﬂllf@weaﬁﬁuﬁ)Dn‘?dntﬁﬁ)l‘?ﬁ?fﬁ‘i’t% @l@ﬁﬁj%e‘fﬁﬁéjullte
chlorite group, palygorskite, kaolinite, nacrite, dickite and halloysite. Examples of the ion-exchange
layered cormgauhdsCiAcliade é‘@/slt«élﬁﬁ{e %l&Sﬁi@BPﬁ@leleW%&%lép%&h KesSa-gr(HAs04)2.H20,
a-zr(Hpo4)2, a-zr(Kp04)2.3H20, a T|(11204)2 a- TI(HASO4)2K20 a-Sn(HPO4)2.1-120, y-Zr(HE04)2,
y-Ti(HPO&2Zridl y-Ti (NHAED) ‘ R & ubject the clay and the clay mineral for
use in the present invention to chemical treatment 94 adhering to the surface, treatment having '
influénce on the Blystad startareoiiclay, crmedikeccaPbéused Exaripes Sschicetical
treatments include acid treatment, alkali treatment, salts treatment and organic substance treatment.
[0261]Theddpmexchanyedayesse tpaiposndFor usesinthe prrsemdaventicompmytheca iy erdd
compound which is in such a state that spaces between layers are enlarged by exchanging
exchangeahledenrs betiveen tayersdoi differgntflarge: balkyibns wtizinglion exXctangerroperties. Such
a bulky ion plays a pillar-like role to 10 support the layer structure, and is usually called a pillar.
Introductiorgf-anether substange intothe $pace betwaéndayerghisabferred t@assansredlation”.
Examples of guest compounds to be intercalated include cationic inorganic compounds, such as
TiC14 anghérGlA, metalic akexides, sachas Ti (OR) 4, Zr(OR)4, PO(OR)3 and B(OR)3

16  An organoaluminum compound represented by the formula [7]:
R%A1L (OR”) pHpXg [7]
wherein R* and R® may be the same as or different from each other and
are each a hydrocarbon group of 1 to 15 carbon atoms, preferably‘i
to 4 carbon atoms, X is a halogen atom, and m, n, p and q are numbers
15 satisfyingthe conditions of 0<ms3, 0Sn<3, 0Sp<3, 0£g<3 and m+n+p+g=3.
[0251] Examples of such compounds include
tri-n-alkylaluminums, such as trimethylaluminum, triethylaluninum,
tri-n-butylaluminum, trihexylaluminum and trioctylaluminum;
branched,chain.trialkylaluminums, such as triiscpropylaluminum,
20  triisobutylaluminum, tri-sec-butylaluminum,
tri-tert-butylaluminum, tri-Z-methylbutylaluminum,
tri-3-methylhexylaluminum and tri-Z-ethylhexylaluminum;
tricycloalkylaluminums, such as tricyclohexylaluminum and

tricyclooctylaluminum; triarylaluminums, such as triphenylaluminum



15(R is a hydrocarbon group or the like), and metallic hydroxide ions, such as [A11304(01-)24]7+,
[2r4(01-)14]2+ and [Fe30(000CHS3)6]+. These compounds are used singly or in combination of two or
more kinds. When such a compound is intercalated, apolymerizationproduct obtained by hydrolyzing
metallic alkoxide, such as Si(OR)4, Al (OR) or Ge(faR)4 20 (R is a hydrocarbon group or the like) , or
a colloidal inorganic compound, such as SiO2, maybe allowed to coexist. The pillar is, for example, an
oxide formedby carrying out thermal dehydration after intercalation of the metallic hydroxide ions

between d&yerst OFHe iRBRyarfid ompeuntie prirerabte e elafs GRd3iay minerals, and
particularly 95 e erable are montmorillonite, vermiculite, pectolite, taeniolite and synthetic mica.
[0262]Asthe SraERARYdGrHFBLURETa graRuRE Gihely paRfafate SO ifaing ¥particle diameter of 10
to 300 pm can be mentioned. Examples of such solids include (co)polymers formed by using, as
amain comMPEReRE AR DI e A 4SCarbBRYAB MEL SR ASRIRFRRBSPropyeRé o Tmula
1-buteneor4-methyl-.,--pentene, (co)polymers formed by using, as a main component,
vinylcycldhiekate) oR sty and Witrlifiddtion prodactszhefeofeaolnZ6 RSt ica i S as above
may be used singly, or may be used as a mixture of two or more kinds. [0264]The olefin :
polymerizatibreE&talystfor ise Il ¥ prddentdavavitiomnii/ksonitdirean diganiescompound component
(D), in addition to the transition metal compound component (A), the 15 organometallic compound
componertgByantthercarrer (€)thet isaseddvhiewpetréd luninun ethoxide;
dialkyleluminum alkoxides, such as dimethylaluminum methoxide,
diethylaluminumethoxideanddibutylaluminumbutoxide; alkylaluminum
sesquialkoxides, such as ethylaluminum sesquiethoxide and

10  butylaluminum sesguibutoxide; partially alkoxylated alkylaluminums
having an average composition represented by the formula
Ra?.5A1(CREI0.5 or the ;ike; alkylaluminum aryloxides, such as
diethylaluminum phencxide and
diethylaluminum{2, 6—di-t~butyl-4-methylphenoxide});

15 dialkylaluminum halides, such as dimethylaluminum chloride,
diethylaluminumchloride, dibutylaluminumchloride, diethylaluminum
bromideanddiisobutylaluminumchloride;alkylaluminumsesquihalides,
such as ethylaluminum sesquichleride, butylaluminum sesquichlcoride
and ethylaluminum sesqguibromide; partially halogenated

20 alkylaluminums, e.g., alkylaluminum dihalides such as ethylaluminum
dichloride; dialkylaluminum hydrides, such as diethylaluminum
hydride and dibutylaluminum hydride; other partially hydrogenated

alkylaluminums, e.g., alkylaluminum dihydrides, such as

ethylaluminmndihydrideandpropylaluminmndihydride;andgﬁrtially



[0265]0rganic compound component (D) In the present invention, the organic compound
component (D) is used when needed, for the purpose of improving polymerization 20 performance and
properties of the resulting polymer. Examples of such organic compounds include alcohols, phenolic
compounds, carboxylic acids, phosphoric acids angd sulfonic acid salts, but the organic compounds
employable are not limited to these compounds. [0266]Such organic compound components (D) as
above may 96 be used singly, or may be used as a mixture of two or. more kinds. - [0267] In the
polymeriZatiGi¥ tha &eay of sﬁ%ﬁ@ﬁ?@e%&ﬁﬁ&fﬂﬁwabﬁ%%cﬁﬁpgﬁgﬁﬁsa&l% itFarily
selected, and such methods as below can be mentioned. 5[0268](1) Amethodof adding the transi

onmetal BSRPHYAILRY Hishe R THE BORNMEHZERT0788(3) Kiheto FBf abbing e tFartifibnmetal

compound (a) and the organometallic compound (b) to the polymerizer in an arbitrary order.
10[0270]E3)y & s 6fadding a catalyst component in which the transition metal compound (a) has

been supported on the carrier (C), and the organometallic compound (byo the polymerizer in an
arbitrary order. An alkylated complex compound of a periodic table group 1 metal

5 and aluminum, which is represented by the formula [8]:

MPA1RY, (8]
wherein M° is 1Li, 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, L1AL(CyHs)4 or

10 LiA1(CqHis)a-

[0253] Moreover, & compound analogous to the compound
represented by the formula [8] is alsc employable, and for example,
an organocaluminum compound whersin two or more aluminum compounds
are bonded throﬁgh anitrogen atom is employable. An example of such

i5 a compound 1s (CZH5)2A1N(C2H5)A1(C2H5)2.

102547 As the organoaluminum compound (b-3),
trimethylaluminumor triiscbutylaluminum is preferably used from .the
viewpolnt of ease of obtaining.'

[0Z255] Such organocaluminum compounds (b-3) as above may

20 be used singly, or may be used as a mixture of two or more kinds.

[0256] The olefin polymerization catalyst for use in the
present invention may contain a carrier {C) when needed, in addition
to the transitionmetal compound component (A) and the ocrganometallic

compound component (B) .



[0271](4) A method of adding a catalyst component in 15 which the organometallic compound (b) has
been supported on the carrier (C), and the transition metal compound (a) to the polymerizer in an
arbitrary order. [0272](5) A method of adding a catalyst component in
Whichthetransitionmetalcompound(a)andtheorganﬁyetall|ccompound 20(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 maybe contacted with each other in advance. [0274]In the methods (4) and
(5) wher€if4Re 197 orgardhétaiic ddmpound (b) has been supported, the organometallic compound
(b) that is not supported may be added in an arbitrary order, when needed. In this case, these
organometallic cOmpeaTds &) Mray e tHésaméag BE BRRPEN T ‘Seth BT 56X B51® the solid
-catalyst component in which the transition metal compound (a) has been supported on the component
(C) and orrtier 6l CatsysesiAponent in wiIERNE FarRTich Rfetdl BakTpotittR(ed difer

organometallic compound (b) have been supported on the component (C), an olefin may have been
prepolynisgizet arthb1Q ohithecthusprepolpnefizedsslidcoatalyst sofioRréARr adtalysE¥omponent
may have been further supported. [0276]In the prepa ationprocess of the-present invention, it is also
preférable te wseithertednsition metah corpuime(alalrand themansiibnimearaladormpdurid (al-2) in the
~supported form. '
[0258] As the porous oxide, 8i0;, AlpCi, MgO, Zr0, TiOy,

By03, Cal, Zn0, BaO, ThO; or the iike is emplcyable. A composi‘;e or

a mixture containing these oxides is alsc employable. For example,
natural or synthetic zeolite, Si0;—Mg0, $310,-A1l;0s, S10;-T1i0;, S1i0,-V0s,

10 5i0,-Cry03, Si0,-Ti0,~MgQ, etc. are employable. Of these, porous oxide
containing 810, and/or Al,0:; as a main component is preferable. Such
po:coue cxides 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

15 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 mz/g, and a pore volume

of 0.3 to 3.0 em’/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.
[0259] As the inorganic chloride, MgCl;, MgBr,, MnCl,,

20 MnBr, or the like is used. The inorganic chloride may be used as it
is, ormaybeusedafter it ispulverizedbyaballmillocranoscillating
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 sclution



15 [0277] The quantity ratio between the transition metal compound (al-1) and the transition metal
compound (al-2) 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 ratio) of the transition
metal compound (al-1) 20 to the transition metal ggmpound (al-2) is preferably 0.05(al-1)/(al-2)20,
more preferably 0.10(al-1)/(al-2)20, particularly preferably 0.1(al-1)/(al-2)10. The reason why the
molar ratio is preferably in a given range is that the molecular weight distribution of the olefin polymer
is narrowedt- 9B fo27EPrEpardtion of olefin polymer In the process for polymerizing an olefin
according to the present invention, an olefin is homopolymerized or copolymerized in the presence of

such an olefin polythéRzation cafEiisCas Ebove 55 dBt&iRaR St polyItier 162791 thelpresent
invention, the polymerization can be carried out by any of liquid phase polymerization such as solution
polymeriZ&iBtr dE65s peAsich-pelymerZationtdnd Jeslphasepelfhérzation. EXanfles o ffert
hydrocarbon media (inert 10 hydrocarbon solvents ) used in the liquid phase polymerization include
aliphatic hydeadoerepeuct s propand butanes pentahtvRekdrie! hEpaFElRiase 8eate,
dodecane and kerosine; alicyclic hydrocarbons, such as cyclopentane, cyclohexane and
metl¥ylcyslopareane; atomatictsydroearbons; steh asderzene télodrents andXylere; hbksgenated
hydrocarbons, such as ethylene chloride, chlorobenzene and dichloromethane ; andmixtures of these
hydrocarborslAndlefia itselfi mayp becused axasbMenty {0286]Wheh thenpdlyenérzation @fdn olefin is
carried out using such an olefin polymerization catalyst as above, the 20 transition metal compound
componentfA) iscused irrdnamouantdlusisally1E0-9 Wi mdl, pieferabily<ht:9 2@<2mol, based on 1
liter of the reaction volume.
ion~exchange layered compounds. These clay, clay mineral and
ion-exchange layered compound are not limited to natural cnes, and
1¢ artificial synthetic ones are also employable. As the clay, the clay
mineral or the ion-exchange layered compound, clay, clay mineral or
an ionic crystalline compound having a layered crystal s.tructure,
such as hexagonal close packing type, antimony type, CdClZ type or
Cdi2 type, can bementioned. Examples of such clays andclayminerals
15 include kaolin, bentonite, Kibushi clay, gairome clay, allephane,
hisingerite, pyrophyllite, mica group, montmorillonite group,
vermiculite, chlorite group, palygorskite, kaclinite, nacrite,
dickite and halloysite. Examples cof the ion-exchange layered
compounds include crystalline acid salts of polyvalent metals, such
20 as o-7%r (HASO4), * HoO, o-Zr(HPOu)2, o-Zr (KPO)y* 3H0, o-Ti (HPOy),,
o—-T1 (HASOg) 2 ° Hgo, x—3Sn (HPO:;) 2 ¢ HZO, \[—Zr (HPO.@} X \{““Tl {HPOq) o and
v—-T1 (NH;POy), - H:0. Tt is also preferable to subject the clay and the

clay mineral for use in the present invention to chemical treatment.

Rs the chemical treatment, surface treatment to remove impurities



[0281]The organoaluminumoxy-compound (b-1) is used in such an amount that the molar ratio [(b-1)
IM] of the organoaluminum 99 oxy-compound (b-1) to all the transition metal atoms (M) in the
transitionmetalcompounds(a)becomesusually0.01to5000,preferably 0.05 to 2000. The ionic compound
(b-2) is used in such an amount that the molar ratig [(b-2)/M] of the ionic compound (b-2) to the 5
transition metal atoms (M) in the transition metal compounds (a) becomesusuallylto10, preferably 1 to
5 . The organoaluminum compound (b-BL%%s used in such an amount that the molar ratio [(b-3)/M] of
the alumiPEhi &tdH ihhe GrgENEERARM R COMBBinATB3) 2o Af theef ARs N rfetalsY®)h the
transition metal compounds (a) becomes 10 usually 10 to 5000, preferably 20 to 2000. The above
molar rat¥sraretcHleuRitéd a¥inG Mehfurioet 6RMERISEEN thetrarsifenThetar2GRET VMR the
transition metal compounds (a), that is, the total of the numbers of moles of the transition metal atoms
(M) contdifi€d W &G D rorekmas of theepanstibn metaldomisountR (a). I5[0282] PR he
organometallic compound component (B) is the organoaluminum oxy-compound (b-1), the organic
compoundrcbrapeasa(Dristisuen suckraRamiount that the molar ratio [ (0)/ (b-1)] becomes usually
0.01 to 10, preferably 0.1 to 5. When the o ganometallic compound component (B) is the ionic
compound (b-2), 202hélorganic ddmpbdandscormpoent (Y)Es ebetbiresusif afcamutmtithatilse molar
ratio [(D)/(b-2)] becomes usually 0.01 to 10, preferably 0.1 to 5. When the organometallic compound
component ¢B pistthengrgenoatuminune corhpyand ¢b<8)inhe niganicctoirhound compotieat €D) is used
in such an amount that the molar ratio [(D)/(b-3)] becomes 100 usually 0.01 to 2, preferably 0.005 to
1. that spaces between layers are enlarged by exchanging exchangeable

icns between layers for different large bulky ions utilizing ion
exchange properties. Such a bulky iocn plays a pillar-—like‘ role to
10 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 compcunds to be
intercalated include cationic inorganic compounds, such as TiCl4 and

ZrCl4, metallic alkoxides, suchas Ti(OR)4, Zr {OR) 4, PO(OR)3and B{(OR) 3

[}
8]

(R is a hydrocarbon group or the like), and metallic hydroxide icns,

+

such as [Al1304{0H)24]1™, [2z,(0H)14]°" and [FesO0{OCOCH;)s]”. These
compounds are used singly or in combination Qf two or more kinds.
When such a compound is intercalated, apolymerizationproduct cbtained
by hydrolyzing metallic alkoxide, such as Si(OR)4, AL(OR)3 or Ge (OR)q4

20 (Risahydrocarbongrouporthe like), oracolloidal inorganic compound,
such as 8i0,, may be allowed to coexist. The pillar is, for example,.
anoxide formedbycarryingout thermaldehydration after intercalation

of themetallichydroxide ions between layers. Of the above inorganic

compoeunds, preferable are clays and clay minerals, and particularly



[0283]The temperature of polymerization of an olefin using such an olefin polymerization catalyst is in
the range of usually -50 to +200C, preferably 40 to 170C, more preferably 50 to 170C, 5particularly
preferably 60 to 150C. This particularly preferred range is a temperature range suitable for
industrialization. [0284] The polymerization Ryessure is in the range of usually normal pressure to
10 MPa gauge pressure, preferably normal pressure to 5 MPa gauge pressure. 10[0285]The
polymerization reaction can be carried out byanyofbatchprocess,

semi-corRRIDEERRIG S MEBHEIROUSTTBCESS. it R0 PossTuled R sty it peivmenizaticn in two or

more stages different in reaction conditions. [0286]The molecular weight of the resulting olefin 15
polymer &&f beYeomtroted By aftowing hydrogen to exist in the polymerization system or by changing
the polymerization temperature. Moreover, the molecular weight can be controlled by the amount of

the organometalliCésApound cobfodhent (B aised. WHEPHYdrogerPis®adtéd. (RE am&artthereof is
preferably about 0.001 to 100 NL based 20on 1 kg of the olefin. [0287]According to the present
inventiony #arcéamples prosyIBAE BElymERRAVIRd & RiblIRERING poirt, Eohigh mBleE@ariFeight and a
narrow molecular weight distribution can be obtained even under the conditions of a polymerization
temperatoes oL poEdweExamples of such solids include {co)polymers formed by
using, as a main component, an a~olefin of 2 to 14 carbon atoms, such
as ethylene, propylene, 1-buteneor 4-methyl-l-pentene, (co)polymers
formed by using, as a main component, vinylcyclochexane or styrene,
and modification products therecf.
10 [0263] Such carriers (C) as above may be used singly,
or may be used as a nmixture of two or more kKinds.

[0284] The olefin polymerization catalyst for use in the
present invention may contain an organic compound component (D), in
addition to the transition metal compound component (A), the

15 organocmetallic compound component (B) and the carrier (C) that is used

when needed.

[0Zz65] Organic compound component (D)

In the present invention, the organic compound component (D)

is used when needed, for the purpcse of improving polymerization

20 performance and properties of the resulting polymer. Examples of
such organic compounds include alcohols, phenolic compounds,

carboxylic acids, phosphoric acids and sulfonic acid salts, but the

organic compounds employable are not limited tc these compounds.

[0266] Such organic compound components (D) as above may



101 than 40C. [0288]In the present invention, the olefin fed for the polymerization reaction is one or
more monomers selected from ethylene and a-olefins. In other words, at least one monomer selected
from 5 a-olefins of 2 or more carbon atoms (ethylene and a-olefins of 3 or more carbon atoms) is
polymerized in the present invention. '[02891 Examples of the a-olefins of 3 or more carbon atoms
include straight-chain or branched a-olefins of 3 to"20 carbon atoms, preferably 3 to 10 carbon atoms,
such as propylene, 1-butene, 2-butene, 101-pentene, 3-methyl-1-butene, 1-hexene,
4-methylPEpBffEheS Bty PEp BRGNS 196688 51 2dterb i2d0de &t LB aGederiEs -
1-hexadecene, 1-octadecene and 1-eicosene. [0290]In the polymerization process of the present
invention, the a-oléf#f’dlso includie EDEIGGIEHAE bl 336 TP eatb6r'es StomsS freferaby51620 carbon
atoms, such as cyclopentene, cycloheptene, norbornene, 5-methyl-2-norbornene, tetracyclododecene
‘and 2-méthy 3494 BiQRimbthaso a2 4 SIS 8 8416 EtahiRIre R aphtFatén &; R4S mdders, e.g.,
a43-unsaturated carboxylic acids, such 20 as acrylic acid, methacrylic acid, fumaric acid, maleic
anhydridé tigdcaric- Befds itaeonfel ahydridégngent ioned.

5 [0268) (l)Amethodofaddingthetransitibnmetalcompound
(a} alone to the polymerizer.
[0269)] (2) Amethodofaddingthetransitionmetal compound
(a) and the organometallic compound (b) to the polymerizer in an
arbitrary order.

10 [0270] (3) A method of adding a catalyst componént in
which the transition metal compcund {(a) has been supported on the
carrier (C), and the organcmetallic compound.(b) to the pelymerizer
in an arbitrary order.

(02717 (4) A method of adding a catalyst component in

15 _whichthecmganometalliccompound(b)hasbe@nsupportedonthecarxier
(C), and the transition metal cémpound {a} to the polymerizer in an
arbitrary order.

(02721 (5) A method of adding a catalyst componsnt in
whichthetransitionmetal compound {a} andtheorganometalliccompound

20 (b) have been supported on the carrier {(C) to the polymerizer.

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

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



bicycle (2,2,1) -5-heptene-2, 3-dicarboxylic anhydride, and metallic salts thereof, such as sodium salts,
potassium salts, lithium salts, zinc salts, magnesium salts and calcium salts thereof; a, 13-unsaturated
102 carboxylic acid esters, such as methyl acrylate, n-butyl acrylate, n-propyl acrylate, isopropyl
acrylate, n-butyl acrylate, isobutyl acrylate, tert-bugyl acrylate, 2-n-butylhexyl acrylate, methyl
methacrylate, n-butylmethacrylate, n-propylmethacrylate, isopropyl 5 methacrylate, n-butyl
methacrylate and isobuty| methacrgfélrl

ate; vinyl esters, such as vinyl acetate, vinyl ' , vinyl
caproate, SRS et Wiy FRTPS ’g‘}ir{%l) Xlast?eén;s\xﬁﬁ%ot\;{hé'a cetate, vinyl proplonate, viny

stéarate an ifltofoacetate”and unsaturated

glycidyls, such as glyc dyl acrylate, glycidyl methacrylate and jtaconic acid. mon idy] ester.
10[0291] AT pBRAfeRAtO Ay 88%%?‘??8%%83‘? é%o%%jneg %ﬁ%\jﬁcyﬁoﬁgx%%%%g |egrig gDr%qoﬁye’ne; an
aromatic vinyl compound, e g mono- or polyalkylstyrene, such %tiﬁtyrene o-me@ylﬁg ene

rene - H-BityIStyrene or

m-methyl¥&Feng cFIREthyISTrEReS o= HEGimethyiSy rars SRS Ry lstyrena. Ai-h-
p-n-butylstyrene; a functional 15 group-containing styrene derivative, such as methoxystyrene,
ethoxystyRshe hinyiBBRAzER é&d,%%gpﬁﬁﬁﬁﬁylgéﬁ%ft@?gin%%ﬁzw acetate, hydroxystyrene,
o-chlorostyrene, p-chlorostyrene or divinylbenzene; 3-phenylpropylene, 4-phen Ijl_or pylene,
a-méthylstyrene, [Rihellike to coBxistif tRe tédctich-Systeén. $8°5626510 fhé@i% opyiEne is
preferably contained in the monomers. That is to say, it is preferable that propylene only is used as the
monomet LrpFopyleneETd: at M@E’%%%bﬁbﬁ@r%é?@%ﬁ@ﬁpéﬁﬁl@er@aﬁﬁ%ﬁﬁ?ﬁ%%ﬁ% or more

carbon atoms are used as the monomers . As the monomer (another a-olefin) which is used together
(C) and on the solid catalyst component in which the transition metal

compound (a) and the organcmetallic compound (b) have been supported
on the component (C), an olefin may have been_prepolymerized, and

10 on the thus prepolymerized solid catalyst components, a catalyst
component may have been further supported.

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

15 [0277} ' The guantity ratio between_the transition metal
compoﬁnd (al-1) and the transition metal compound (al-2) used can
be arbitrarily determined from the molecular weight and the melting
point of an clefin polymer to be prepared. Specifically, the molar
ratio (charge molar ratio) of the transition metal compound (al-1)

20 to the transition metal compound (al-2) is preferably
0.05<(al-1)/(al-2)<20, more preferably 0.10<(a1-1)/(al-2)220,
particularly preferably 0.1<{al-1)/{al-2y£10. The reason why the
molarratioispreferablyjj1agivenrangeisthatthen@lecularweight

distribution of the olefin polymer is narrowed.



103 with propylene, more preferable is ethylene, 1-butene, 2-butene, 1-pentene, 3-methyl-1-butene,
1-hexene, 4-methyl-1-pentene, 3-methyl-l-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene,
1-hexadecene,l-octadecene, 1-eicosene, cyclopentene, cycloheptene, 5 norbornene,
5-methyl-2-norbornene, tetracyclododecene, g

2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a- octa%ydronaphthalen e or the like, and still more
preferably used is ethylene, 1- butene 4 methyl-I- pentene 1- hexene 1-octene or 1-decene. Itis
parUcuIaerBré?f rable to LSEptEpye sty ‘asShelabdvelfBaomer. 10 [0293] When propylene and
another a-olefin are used as the monomers, |t is preferable to use propylene and another a-olefin in
such amounts thafthe EmBGREEFERARUBALIFRE HaH0Ed Hon® pEopyleAE T ¥RE PEs NG BSolefin
polymer becomes less than 100% by mol but not less than 30% by mol, preferably less than 100% by
15 mol birtifstdass thaA™Mo% by fiblo hforelpicferapiyHessisa 260% by At biteot fexd than 51% by
mol, and the amount of constituent units derived from another a-olefin becomes more than 0% by mol
but not moké tRAR OV D\ cslefaralslyFhore Hiaky0%6 by aicldutasdtrhped thidn 095 Byumol, more
preferably more than 0% by mol but not more 20 than 49% by mol. [0294]Olefin polymer Next, the
olefift polyivier obtainedmfthe polymrerization process according to the present invention is described.
The olefin polymer obtained by polymerizing an olefin in the presence of the olefin 104 polymerization
catalyst of the prdgBiitdivention Has the foltewing: twowharacteristics. f0295&Chardactenisticd

The weight-average molecular weight (Mw) and the number-average 5 molecular weight (Mn), as
determinée e gelipermeation shyoofatograpbyofGRE p satisfy the xelationship afsls<Nhwad M. -3.

polymerization or suspension pclymerization and gas phase
polymerization. Examples of inert hydrocarbon media {inert
10 hydrocarbonsolvents) used inthe liquidphase polymerization include
aliphatic hydrocar_bons, such as propane, butane, pentane, hexane,
heptane, octane, decane, dodecane and kerosine; alicyclic
hydroéarbons, such as cyclopentang, cyclohexane and
methylcyclbpentane; arcmatic hydrocarbons, sucﬁ as benzene, toluene
15  and x'yl.ene; halogenated hydrocarbons, such as ethylene chloride,
chlorobenzene anddichloromethane; andmixtures of these hydrocarbons.
An olefin itself may be used as a solvent.
[G2801 When the polymerization of an olefin is carried
out using such an olefin polymerization catalyst as above, the
20 transitionmetal compound compenent (A) isused inan amount of usually
107 to 107 mol, preferably 107° to 107° mol, based on 1 liter of the
reacticn volume.
[C281] The organcaluminum oxy=-compound (b-1} is used in

such an amount that the molar ratio [(b-1)/M] of the crganoaluminum



[0296]The olefin polymer obtained by polymerizing an olefin in the presence of the aforesaid olefin
polymerization catalyst has a relatively narrow molecular weight distribution. In GPO, Mw/Mn 10 can
be arbitrarily determined from the melting point and the molecular weight
oftheolefinpolymertobeprepared, but preferable is Egg_MW/MnB, more preferable is .Mw/Mri2.9, and
particularly preferable is 1IMw/M1-12 . 8 . When thé olefin polymer prepared has a narrow molecular
weight distribution, there is an advantage that the compatibility 15 can be made homogeneous.
(029711t IE°RI5G TERPHBR tHAT tHe hrivl&ldiar WeiGFedistbhBBntRiAVA6Fthe Blefid polyifer obtained
by polymerizing an olefin in the presence of the aforesaid olefin polymerization catalyst is in the range
of preferabi{ 201 t°3 BBL foFEPrefdrasly 20082 e 100 e iAo prefdtably 2 85%5 20407 When
the molecular weight distribution is well-balanced as above, that is, in the case of 2.03Mw/Mn2.80,
molding profes&abifityn b énh&RESH. CERE BERMcE DT Ahe Moletafirie GRERISDEIRIEEN be
adjusted to a more preferred range by using two or more kinds of the transition 105 metal compounds
(a) repredetited ByEthaformula TAIR. Nbkeavelt byasing the aaasiteprmetaltolfipdund ta)tiepresented
by the formula [Al-11landthetransitionmetalcompound(a)representedbytheformula [A1-2] in
comBinaticriié bhfihdeetan betadastéd tola stiltindredpieféradrange. [8298jThdsecond

characteristic of the olefin polymer is described below.
becomesusuallyltoll, preferably 1to5. Theorgancaluminumcompound

{b-3}) is used in such an amount that the molar ratioc [(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

10 usually 10 to 5000, preferably 20 to 2000. The above molar ratios
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 nuﬁber$ of moles of the transition metal atoms (M) contained
in two or more kinds of the transition metal compounds (a).

15 10282] When the organometallic compound component (B)

- is the organocaluminum oxy-compound {b-1), the organic compound

component (D) 1s used in such an amount that themolar ratio [(D)/ (b-1)]
becomes usually 0.01 to 10, preferably 0.1 to 5. When the
organometallic compound component (B) is the ionic compound (b-2),

20  the organic compound component (D) is used in such an amount that
the molar ratio [(D)/(b-2)] becomes usually 0.01 to 10, preferably
0.1 to 5. When the crgancmetallic compound component (B) is the
organcaluminum compound (b-3), the organic compound component (D)

is used in such an amount that the molar ratio [{D}/{b-3)] becomes



[0299]Characteristic 2 The olefin polymer obtained by polymerizing an olefin at a 10 polymerization
temperature of not lower than 40C in the presence of the aforesaid olefin polymerization catalyst has a
melting point (Tm), as determined by DSC, of Tm150C and an intrinsic viscosity fin]) of [n](dl/g)1.50. If
the polymerization temperature in the olefin polynig ization is raised, a melting point and a molecular
weight 15 of the resulting olefin polymer are generally lowered. According to the olefin polymerization
catalyst, an olefin polymer having a melting point ( m) of TrI150C and an intrinsic viscosity ([h]) of :
[h](dl/g)1 0 Edr Be préparéd eveR=t = §é’ra%r%oe?t Which industrialization is possible. 20[0300]The

olefin polymer has a hi?h meltin?n%oint and a high molecular weight (namelys%i%h intrinsic_ viscosity).

As for the melting Bt &ind the mofechfFRFEGhEbEHHE oRANFEYMEr FEHLSUC FRdThEyP-1.50
are preferable, Tat151C and [h](dl/gP-1.51 are more preferable, and Tm>-1.51C and [h](dligP-1.52
106 are pATtiEdAaHFpraferabie TRE LFPRF liffitor i as aidually 76T T aRd el Gigper fimftlof{n] is
usually 10 dl/g. If the melting point of the olefin polymer prepared is high, molding processability can
be enharced. WheatRemehify porit by the dlefin Polymerds adt SbwerthEn T50€, e ofefin polymer
exhibits favorable molding processability. If the molecular weight is high, strength andmolding
processabiliti bFtheslefinepsiyaercan 56 ehmaheBdCwWheh e PadTetalatdvdighPiehigh i fifat is, in the
case of [n] (dl/g) the olefin polymer exhibits favorable strength and molding 10 processability.
[0301]The®tefin pelymérobairad:by polyraeriziagtale for industrialization.

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

10 [0285] The polymerization reaction can be carried out
byanyofbatchprocess, semi-continucusprocess andcontinuousprocess.
It is also possible to carry out polymerization in two or more stages
different in reaction conditions.

[0286] The molecular weight of the resulting olefin

15 polymer can be controlled by allowing hydrogen te exist in the
polymerization system or by changing the polymerization temperature.
Moreover, the molecular weight can be controlled by the amount of
the organometallic compound component (B) used. When hydrogen is
added, the amount thereof is preferably about 0.001 to 100 NL based

20 on 1 kg of the olefin.

[0287] According to the present invention, 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 ¢f a polymerization temperature of not lower



olefin at a polymerization temperature of not lower than 40C in the presence of the aforesaid olefin
polymerization catalyst preferably further has the following characteristic. 15[0302]The
number-average molecular weight (Mn) as determined by gel permeation chromatography (GPO) is in
the range of preferably 50000 to 500000, more pr%irably 52500 to 500000, and the weight-average
molecular weight (Mw) is in the range of preferably " T00000 to 1000000, more preferably 110000 to
1000000. When Mn and 20 Mw are high, that is, in the case of Mn-52500 and Mw110000, the olefin
polymer &X6mité favorable strength and molding processability. The value of melt flow rate (MFR)
(9/10 min) is in the range of preferably 0.01 to 10, more preferably 0.01 to 7, still more preferably 0.01
to 6. When MFR I9fgif that is, i&%é%ﬁs@l’tﬁ?\ﬂﬁﬁ.-%}‘{ﬁ%tdlé‘ﬁh %@? olefin fed for the
polymerexhibitsfavorablestrengthandmoldingprocessability. The stereoregularity (rrrr) as determined
by NMR RAn:FETaR§E STTHFEREABIY BOSIBEL 00T AiGTE BB bty B5% %6 T60% SWhegrtife
stereoregularity (rrrr) is high, that is, in the case of stereoregularity

(rrrrP_8585 theldingprenessabilitpddestitahted ExXdhples 0803 TREPFeSEREIRTBALISH TS further
described with reference to the following examples, butshould be construed that 10 the present
invehtionds 4 aibinay dimitedt g s ecedrnples: JOB04 VR s @iy anetfous e L 1rmirs ret@ifods for
measuring properties and characteristics of polymers obtained by polymerization of an olefin in the
presencerofra catalpstreeritaining tive pforgsaidittadsition etab conmpountharents elescribed. [0305]The

‘compounds described in the synthesis examples _
: [02884] Examples of the a-clefins of 3 or more carbon atoms

include straight-chain or branched or—oléfiné of 3 tc 20 ca:z:bbn atoms,
preferably 3tol0 carbonatoms, suchas pro.pylene, l1-butene, 2-butene,
10 1-pentene, 3-methyl-l-butene, l-hexene, 4-methyl-Il-pentene,
.3—methyl—l—pentene, l-octene, l-decene, l-dodecens, 1-tetradecene,
 1-hexadecene, 1'-olctadecene and l-eicosene.
[0230] In the polymerization process of the present
invention, the a-olefins also include cycloolefins of 3 to 30 carbon
15 atoms, preferably 3 to 20 carbon atoms, such as cyclopentene,
cycloheptene, norbornene, S-methyl-Z2-norbornene,
tetracyclododecene and
2-methyl~1,4,5, 8~dimethano-1,2, 3,4, 4a, 5, 8§, 8a-octahydronaphthalen
e; and polar monomers, e.g., o, 3~unsaturated carboxylic acids, such
20  as acrylic acid, methacrylic écid, fumaric acid, maleic anhydride,
itaconic acid, itaconic anhydride and
bicycle(2,2,1)-5-heptene-2, 3~dicarboxylic anhydr.ide, and metallic
salts therecf, such as sodium salts, potassium salts, lithium salts,

zincsalts, magnesiumsaltsandcalciumsalts thereof; o, B-unsaturated



were identified by the use of 270MHz 1H-NMR (JEOLGSH-270) and FD-mass spectrometry (FD-MS)
(JEOL SX-102A). [0306]Intrinsic viscosity [7] 20The intrinsic viscosity is a value measured at 135C
using a decalin solvent. That is to say, granulated pellets of about 20 mg were dissolved in 15 ml of
decalin, and a specific viscosity 7sp was measureg$n an oil bath at 135C. To this decalin solution was
added ml of a decalin solvent to dilute the solution, and then a specific 108 viscosity nsp was
measured in the same manner as above. This dilution operation was further repeated twice, and a
value of F&pe° éﬁiﬁ%ﬁgﬁ%ﬁs&?ﬁht?ﬁ%ﬁ ) W ¥xtraFEMAtEd fo 0 WAk takeAHS AR frftrinsic
viscosity. [n]= lim(nsp/C) (0,0) Weight-average molecular weight (Mw), number-average malecular
weight (M) TR&EEURTWeighE distBEEGR (MgAFmY - 2t mH B@f&-aﬁfe?é{éé‘}ﬁmé&?gf%éﬁbht (Mw),
the number-average molecular weight (Mn) and the molecular weight distribution (Mw/Mn) 10 were

measured 5k ¥1é tGllowiRg maHhEr uémgyd gePpermBaigh y1nexyl acrylate, methyl

methacrylate, n-butylmethacrylate, n-propylmethacrylate, isopropyl

5 methacrylate, n-butyl methacrylate and iscbutyl methacrylate; vinyl
esters, suchasvinyl acetate, vinyl propionate, vinyl caproate, vinyl
caprate, vinyl laurate, vinyl stearate and vinyl trifluorocacetate;
and unsaturated glycidyls, such as glycidyl acrylate, glycidyl
methacrylate and itaconic acid monoglycidyl ester.

10 (02911 The polymerization may be promoted by allowing
vinylcycléhexane,dieneﬁrgxﬁyene;anaromaticvinylcompound,e.g.,
mono—- or polyalkylstyrene, such és styrene, o-methylstyrene,
m-methylstyrene, p-methyistyrene, o,p~dimethylstyrene,
o—n—butylstyrene,mmnmbutylstyreneorpmnwbutylstyren@;afunctional

15 group-containing styrene derivative, such as methoxystyrene,
ethoxystyrene, vinylbenzoic acid, methyl vinylbenzoate, vinyl benzyl
acetate, hydroxystyrene, c-chlorostyrene, p-chlorostyrene or
divinylbenzene; 3-phenylpropylene, 4-phenylpropylene,
o-methylstyrene, or the like to coexist in the reaction system.

20 10292] 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 a-olefins of 3 or more carbon atoms are used as

themonomers. Asthemonomer (ancthera-clefin) whichisusedtogether



chromatograph Alliance GPC-2000 model manufactured by Waters Corporation. As separation
columns, two of TSKgel GNH6-HT and two of TSKgel GNH6-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 15 was 140C.
As a mobile phase, o-dichlorobenzene (Wako Pur, é:hemical Industries, Ltd.) was used, and as an
antioxidant, BHT (Takeda Pharmaceutical Co., Ltd.)"of 0.025% 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
poured WasBO®Heroliesrs , ASE Hefdid e 1200a liffeteptilrefartomeariiieusediag-ene,
standardpolystyrene having a molecular weight of Mw<1000 and standard polystyrene having a
moleculai wetgtiteofeMwS4xd 06y thdseorvailable frome Tosoh Gorpgoration warendsyts and as standard
polystyrene having a molecular weight of 1000.-Mw4x106, polystyrene available from Pressure
ChemicaBEoaigany- 169anas used. ~“Hre anciecitateveight distribatonrand the aversdecsivtecular
weight were calculated in terms of polypropylene molecular weight in accordance with the procedure

of general puepesk: caliteraficn.c {e3R HdcMeltihgpomt(dime), crysiabzaticmtemperature{Te)ieb quantity
of heat of fusion (AH(Tm)), quantity of heat of crystallization (H (To)) Using DSC Py sl or DSC7

manbifactuset byrRerkin Eimet . -i-an stmosphere abnitragenl(@@amosnk a sample of about 5 mg
was heated up to 200C, held for 10 minutes and then cooled down to 30C 10 at 10C/min. The sample

was mairtainedrati30G 49155 srinties anddhen heajed up,to 200G abd 0L M drroph theapeak top of
the crystallization temperature peak in the cooling, a crystallization temperature (To) was determined,

and fromgdherintegrateda/alyepkthe peakra guamtily of heatofcrystalizgtienm éAH(Teh gy was 15
calculated. From the peak top of the crystal melting peak in the heating of the second time, a melting

point (T.)wag determinedang from the integrated value ef the peaka guantity of beat of fusion
(4H(T.) (Jig)) was calculated. [0308]When two peaks were observed with regard to the 20

propylengsbased polymers desetibgddnthe, axapiies,tbedeak pruthe lowertaraperaiuhe side was

taken as Trni, the peak on the higher temperature side was taken as T, and the T was defined as a
meiting [0293] When propylene and another a—olefin are used as

the monomers, it is preferable to use propylene and another a—oclefin
in such amounts that the amount of constituent units derived from
propylene in the resuiting o-clefin polymer becomes less than 100%
by mel but not less than 30% by mol, preferably less than 100% by
15 mel but hot less than 40% by mol, more preferably less than 100% by
mol but not less than 51% by mol, and the amcunt of constituent units
derived from another o~olefin becomes more than 0% by mel but not
more than 70% by mcl, preferably ﬁore than 0% by mol but not more
than 60% by mcl, more preferably more than 0% by mol but not mcre
20 than 49% by mol.

[0294] Olefin polymer

Next, theolefinpolymer obtained by the polymerizationprocess
according to the present invention is described. The olefin polymer

obtained by polymerizing an colefin in the presence of the olefin



point (T.). [0309]Stereoregularity (rrrr) 110 The stereoregularity (rrrr) was calculated from the
130-NMR spectrum measurement. [0310]MFR (melt flow rate) The polymer was heated at 23000 for 6
minutes, and then 5 measurement of a melt flow rate was carried out under a load of 2.16 kg.
[0311]Solvent The types of solvents for solﬂ{,%f)n polymerization, which were used in the
examples of the present invention and the comparative 10 examples described later, are as follows.
Cyclohexane n-Heptane Solvent A: mixed solvent consisting of n-hexane (60 to 65% by volume),
isohexane {1076 1996 byovoleate) vsdthyicyelspeatase (1 LV es P2os Biavolitfef ehd Dthasaliphatic
hydrocarbon components (0 to 3% by volume)

' two characteristics.

[0295] Characteristic 1

Theweight-averagemolecularweight (Mw) andthe number-average
5 melecular welght (Mn}, as determinedby gel permeation chromategraphy
(GPC), satisfy the relaticonship of 1sMw/Mns3.

[029¢] The olefin polymer obtained by polymerizing an
olefin in thepresence of the aforesaidcolefinpolymerization catalys_t
has a relativelynarrowmelecular weight rdistribution. In GPC, Mw/Mn

10 can be arbitraril},y determined from the mglting point and the molecular
weight of theclefin polymei; tobeprepared, but preferable 1s 1SMw/Mn<3,
more preferable is ISMw/MnSZ.:C), and particularly preferable is
1<Mw/Mn<2.8. When the clefin polymer prepared has a narrowmolecular
weight distribution, there is an advantage that the compatibility

15 can be made homogeneous,

[0297] It is also désirable that the molecular weight
distribution {Mw/Mn) of the oclefin polymer obtained by polymerizing
an olefin in the presence of the afcresaid olefin polymerizatiocn
catalyst is in the range of preferably 2.01 to 3.00, more preferably

20 2.02t0 2.90, still more preferably 2.03 to 2.80. When the melecular
weight distribution is well-~balanced as above, that is, in the case
of 2.035Mw/Mn<2.80, molding processability can be enhanced. The
balance of the molecular weight distribution can be adjusted to a

more preferred range by using two or more kinds of the transition



[0312]Catalyst The catalysts (b) to (e) were synthesized by the processes described in the
following patents: 20Japanese Patent Laid-Open Publication No. 212194/2000, Japanese Patent
Laid-Open Publication No. 168744/2004, Japanese Patent Laid-Open Publication No. 189666/2004,
Japanese Patent Laid-Open Publication No. 16191%%5/2004, Japanese Patent Laid-Open Publication
No. 302854/2007, Japanese Patent Laid-Open Publication 111 No. 302853/2007 and W001/027124
pamphlet. [0313]Catalyst (a): dibenzyl e .ylene(cyclopentadienyl) [2,7-di(o-methylpheny1)-3,6-d
i-tert-butytitererdiziveonidsn dichloedessGatatysib®)the formula [Al]. Moreover, by
dibenzylmethylene(cyclopentadienyl)[2,7-di(p-chloropheny1)-3,6-d i-tert-butylfluorenyl]zirconium
dichlorideising Catalystie)i ti(prchiereBenzyipmietiyléne (cyelopertadiethydy[Z Fediphenyls,6-d 10
i-tert-butylfluorenyl]zirconium dichloride Catalyst (d): dibenzylmethylene(cyclopentadie yl)
(2,7-dipheayt-3]6:diE enebutadffudrenylyzrcohivomplichidride) represented by the formula

[A1-2] in combination, the balance can be adjusted to a still more
5 preferred range.
[0288] The second characteristic of the olefin polymer
is described below.

[0299)] Characteristic 2

The olefin polymer obtained by polymerizing an olefin at a

iO polymerization temperature of not lower than 40°C in the presence
of the aforesaid olefin polymerization catalyst has a melting point
(Tm), as determined by DSC, of Tm2150°C and an intrinsic viscosity

(Inl) of [ni{di/g)}21.50. If the polymerization temperature in the
olefinpolymerizaticn is raised, ameltingpoint andamolecular weight

15  of the resulting oclefin polymer are generally lowered. According
toc the clefin polymerization catalyst, an olefin polymer having a
melting point {Tm) of Tm2150°C and an intrinsic viscosity ([n]) of
[n] {(d1/g)21.50 can be prepared even at a temperature at which
industrialization 1s possible.

20 (03001 The c¢lefin polymer has a high melting point and
a high molecular weight (namely high intrinsic viscosity). As for
the melting point and the molecular weight of the olefin polymer,
Tm2150°C and [n] (dl/g)=21.50 are preferable, Tm2131°C and

inl(dl/g)21.51 are more preferable, and Tm2151°C and [n] (di/g)}21.52



Catalyst (e): 15 dibenzylmethylene(cyclopentadienyl)(3,6-di-tert-butylfluorenyl)z irconium dichloride
Catalyst (f): di(p-chlorobenzyl)methylene(cyclopentadienyl1)[2,7-di(o-methylphe
ny1)-3,6-di-tert-butylfluorenyl]zirconium dichloride 20Catalyst (Q):
diphenylmethylene(cyclopentadienyl)(2,7-dipheny1]0- ,6-di-tert-but ylfluorenyl)zirconium dichloride
Synthesis Example 1 112 Catalyst (a): dibenzylmethylene(cyclopentadienyl)
[2,7-di(0-methylpheny1)-3,6-d i-tert-butylfluorenyl]zirconium dichloride (i) Synthesis of
2,7-dibroaree e ai-tent-bunyifiuorefe 5in estrebing ofmmgogeinic 15 2hg G4t ainmel)L.of °C,
3,6-di-tert-butylfluorene was added 170 ml of propylene carbonate, and they were stirred. To this
solution, 2062 g 1iFpemolrof Nddromdsuecirmde wddaddéd . Thefresudting solotiop wiaststed
cf the olefin polymer prepared is high, molding processability can
be enhanced. When the melting point of the olefin polymer is not
5 lower than 150°C, the olefin polymer exhibits favorable molding
processability. Ifthemclecularweight ishigh, strengthandmolding
processability cof 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 @oiymer exhibits favorable strength and molding
1¢ processability.

[0301] The olefin polymer obtained by polymerizing an
clefin at a polymerization temperature of not lbWer than 40°C in the
presence of the aforesaid clefin polymerization catalyst preferably
further has the following characteristic.

15 [0302] The number-average molecular weight (Mn) as.
determined by gel permeation chromatcgraphy (GPC) is in the range
of preferably 50000 te 500000, more preferably 52500 to 500000, and
the weight-average molecular weight (Mw)} is in the range of preferably
100000 to 1060000, more preferably 110000 to 1000000. When Mn and

20 Mwarehigh,thatis,inthecaseomeZBZSOOandeélloooO,th@olefin
polymer exhibits favorable strength andmolding processability. The
value of melt flow rate (MFR) (g/10 min) is in the range of preferably

0.01 te 10, more preferably 0.01 to 7, still more preferably 0.01

to 6. When MFR is low, that is, in the case of MFRS6, the olefin



under heating at 80C for 5 hours. 10 naturally allowed to cool, the solu After the reaction solution was
on was added to 800 ml of water. oom 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
yellow powder, a mixed solution of hexane and a fmall amount of 15 dichloromethane was added, and
they were heated to 60C to dissolve all the powder. The resulting solution was allowed to stand still at
-20C for one night. The crystals precipitated were washed with 5 ml of hexane three times to obtain a
desired prodysteas exwvhite yelfew povieder s20[0331 4 Yéeld 1211 8 9, 7 6% 08453 b1-1iINNMR (276 MHz,
CDC13): 5/ppm 1.60 (18H), 3.75 (2H), 7.73 (2H), 7.81 (2H); MS (FD): M/z 436 (M+) (ii) Synthesis of
2,7-di(o-telyd r36-alirtérbitylfluorens Irea sirdaemmof nidrodgen, 1878 gLl 15 mimolrehge of

preferably B80% to 100%, more preferably £5% To 100%. When the
stereoregularity (rrrr) is high, that is, in the case of

5 stereoregularity (rrrr)285%, moldingprocessability canbe enhanced.

Examples
.[0303] The present invention is further described with
reference to the following examples, but it should be construed that

10 the present invention i1s in no way limited to those examples.

(03047 Measuring methods

First, methods for measuring properties and characteristics
of polymers cbtained by polymerization of én clefin in the presence
of a catalyst containing the afoiesaid trarisition metal compound are

15 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 3X-10231).

[0306] Intrinsic viscosity [n]

20 The intrinsic viscosity is a value measured at 135°C using a
decalin sclvent. That is te 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 sclution was added

5ml ¢f a decalin solvent Lo dilute the sclution, and then a specific



113 3,6-di-tert-butyl-2,7-dibromofluorene, 135 mg (0.60 mmol) of palladium(ll) acetate, 603 mg (1.72
mmol) of (2-biphenyl)dicyclohexylphosphine, 14.5 g (68.3 mmol) of potassium phosphate, 4.7 g (34.6
mmol) of o-tolyllooronic acid and 100 ml of 5 THF were placed in a reaction container, and with stirring
them at room temperature, 25 ml of water was sIo1 Q/ drowise added. After the dropwise addition, the
reaction solution was heated up to 50C, and with stifring, the solution was heated for 10 hours.
Thereatfter, the reaction solution was quenched with 1N hydrochloric acid, and 10 a soluble matter was
extractedWisit eficry Tive oranieashasecwas Washetsvignuate s asooiem hftrogendarbonate
aqueous solution and a saturated saline solution. Thereafter, the thus washed organic phase was
dried usirgprragnesiumesuffate;fad the sehanttwas distitetzoff 10 wbtaih rmspudpuitified desired
product. The conversion ratio 15 as measured by HPLC was 86%. [0316]In a beaker, 200 ml of
methanolhrasqpiaced, tared: the: réSulting unpuriiedldesired product waksdremvise addettothe
methanol to obtain a precipitate. The resulting precipitate was filtered through a Kiriyama funnel, and
methanokwasevaperated under 20 reduced pressure to obtain 3.96g (8.63 mmol, isolation yield: 76%)
of 2, 7-di (o-tolyl) -3, 6-di-tert-butylfluorene as an isolated desired product. [0317]The results of
identification or thendesiradmroductmbtaned)are as follows. 114 [0318]1H NMR (270 MHz, CDC13):
51.27 (18H), 2.07 (6H), 3.79 (2H), 7.07 (2H), 7.19-7.25 (8H), 8.00 (2H); MS (FD): m/z 458 (Mt)
Weight-~average molecular weight (Mw), number-average melecular

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

The weight-average molecular weight (Mw), the number~average
molecular weight (Mn) and the molecular weight distribution {Mw/Mn)
10  were measured in the following manner using a gel permeation
chromatograph Alliance GPC~2CC0 model manufactured by Waters
Corporation. As separation columns, two of TSKgél GNH6-HT and two
of TSKgel GNH6-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
15 was 140°C. BAs a mobile phase, o-dichlorobenzene (Wako Pure Chemical
Industries, Ltd.) was used, and as an antioxidant, BHT (Takeda
Pharmaceutical Co., Ltd.) of 0.025% 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 500 microliters. Asadetector,
20 adifferentialrefractometerwasused. Asstandardpolystyrenehaving
a melecular weight of Mw<1000C and standard polystyrene having a
molecular weight of Mw>4x10°, those available from Tosoh Cerporation
were used, and as standard polystyrene having a molecular weight of

1000SMws<4x10°% polystyrene available from Pressure Chemical Company



[0319](ii)) Synthesis of 6,6-dibenzylfulvene 5In an atmosphere of nitrogen, 8,0 g (121.0 mmol) of
cyclopentadiene and 100 ml of dehydrated TI-IF 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 solution was added 80 ml
(125.6 mmol) of a hexane solution of n-butyllithiu Eﬁaving a 10 concentration of 15.7 mol/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 dissolving 25.0 g (118.0 mmol) of
1,3-dipheri§E-2sgbparidrein 5Tl of dehpdiattids TR Thepedtet the aviriresvesistirrdd:at room 15
temperature for 12 hours, and the resulting yellow solution was quenched with a saturated NH4C1
aqueous sefigion. Téen, 1800wl of hdxane Wwasradaédro lextrannlsolgbleahattet zand ¢iigiorganic
phase was washed with water and a saturated saline solution, followed by drying using magnesium
sulfate . Thers the sdivert was distitledoff, 20cane the residae aspurfied bycolbmatchromatography
to obtain a desired product of a yellow solid. [0320]Yield: 3.7 g, 12% [0321]1HNMR (270 MHz, 00013):
5/ppm3.6904H)} 6.60-6. 72e(UH)nZ. 13732 (I6H) TIy{ivd Syhthesisof tiherzndmethylene) ,
(cyclopentadienyl) (3,6-di-tert-buty1-2,7-di-o-t olylfluorene) In a stream of nitrogen, to 0.92 g (2.00
mmdi) of gquantity of heat of fusion (AH{Tm}), gquantity of heat of

crystallization (AH{Tc))

Using DSC Pyrisl or DSC7 manufactured by Perkin Elmer Inc.,
in an atmosphere of nitrogen (20 ml/min), a sample of about 5 mg was
heated up to 200°C, held for 10 minutes and then coocled down to 30°C

10  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 guantity ¢f heat of crystallization (AH(Tc) (J/g)) was

15 calculated. From the peak top of the crystal melting peak in the
heating'of the second time, a melting point (Tn) was determined, and
from the integrated value of the peak, a quantity of heat of fusion
(AH{Ty) (J/g)) was calculated.

[0308] When two peaks were observed with regard to the

20  propylene-based polymers described in the examples, the peak on the
lower temperature side was taken as Tyn, the peak on the higher
temperature side was taken as Tp, and the Ty was defined as a melting
point (Tw) .

[0309) Stereoregularity {(rrrr)




5 3,6-di-tert-butyl-2,7-di-o-tolylfluorene was added 40 ml of anhydrous tBuOMe, and they were stirred.
This solution was cooled in an ice bath, and 1.45 ml (2.20 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 red
solution was cooled in 10 an ice bath, and a solut'@g of O. 58 g (2.24 mmol) of 6,6-dibenzylfulvene in
20 ml of THF was drop se added over a period of 25 minutes. With slowly heating the resulting
solution up to room temperature, the solution was stirred for 18 hours, followed by refluxing under
heating for 3 houFssTise easifting black fed S6KKBN WaS natdraly afedet £5'té e8ol, andien in an
ice bath, 1N hydrochloric acid was added to terminate the reaction. Ether was added to perform liquid
separatictpehen the mgaeousigydr-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 20 sbHium hydMagencazbbnifeoaquesds solution twice, then with water twice, then with a
saturated saline solution once and dried using magnesium sulfate. The solvent was distilled off, and
the residue was SéEaratédiy silicasgéletirothatogaphytofobtai ayelioaspowddr.tTethis yellow
powder, a mixed solvent of hexane and ethanol was added, and they 116 were heated to 60C to
dissélve akihe pemster. Fhearesdltingisotutienavas allosved. taistard stilat 200 for ofezhight. The
crystals precipitated were washed with ethanol to obtain a desired product as a light yellow powder.
5[0322]Yigld: 0.57 g, 40% [0323]1H NMR (270 MHz, CDC13) : 5/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 736 1Mi+) (v) Synthesishef 10 dibenzylmethylene (cyclopentadienyl) (3,6-di-tert-buty1-2,7-di-o-t
olylfluorenyl) zirconium dichloride In an atmosphere of nitrogen, 0.36 g (0.50 mmol) of
dibenzylmethylene, cyclopentadienyl)e(3:6-didersbuiyd: 2,7 sli-Dytrelylfiuorens), andi2mlcafsanhydrous
diethyl ether were placed in 15 a 50 ml Schlenk flask, and they were stirred. This mixed slurry solution
was coolgddp avicerhath,them @4 29l {109 mmelh of afiexane-solutiantafan-builithivm having a

concentration of 1.52 mol/liter was added, and with slowly heating the resulting solution up to room
temperatuiethe solution-wasstired-for 48.haukss This regseaction solution

Cyclcohexane

n-Heptane

Solvent A: mixed solvent consisting of n-hexane {60 to 65% by
volume), isohexane (10 to 19% by volume}, methylcyclopentane (18 to

15 22% by volume) and other aliphatic hydrocarbon components (0 to 3%
by volume)

(03121 Catalyst
The catalysts (b) to {(e) were synthesized by the processes
described in the following patents:

20 Japanese Patent Laild-Open Publication No. 212194/2000,
Japanese Patent Laid-Open Publication 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 Laid-Open Publication



20 was cooled (-78C) in a dry ice/methanol 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 orange suspension. [0324]After the solvent was vacuum dried,
the residue 117 was dissolved in hexane in a gloﬁ)? box, and the resulting solution was passed
through a fritted glass funnel packed with Celite and1 then washed with hexane. The orange powder
which had not been dissolved in hexane was extracted with dichloromethane. The solvent of the 5
dichloroniethaiéZphunicid pértrorewas Wigtiied. 6ff, aaahtielresidue 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 ririg; BB [0326]Fa NMRs(270=MHz, CDC13): 5/ppm 1.28-1.33 (18H), 101.68-2.16
(6H), 3.34-4.30 (411), 5.73-5.82 (211), 6.45-6.48 (2H), 6.95-7.30 (18H), 7.48 (2H), 8.37-8.41 (2H); MS
(FD): M/zi8 76 {M¢+) By nithésisdExamplec2nCatalyst(f)) 13 di {pchiorobenzyhmstmllens , 6-d

(cyclopentadienyl) [2, 7-di (0-methylphe ny1)-3,6-di-tert-butylfluorenyl]zirconium dichloride (i)
Synthesig et 6;6=di{chlpidhenzd)iylvenerconium dichloride
5 Catalyst (b):
dibenzylmethylene(cyclopentadienyi){2,7—di(p—chlorophenyl)~3,6~d
i-tert~butylfluocrenyllzirconium dichloride
Catalyst (c):
di{p~chlorcbenzyl)methylene (cyclopentadienyl) [2, 7T-diphenyl~3, 6-d
10 i*tert*butylfluorenjl]zirconium dichloride
Catalyst (dj:
dibenzylmethylene (cyclopentadienyl) (2, 7-diphenyl-3, 6-di-tert-but
yviflucrenyl)zirconium dichloride
Catalyst {e):
15 dibenzylmethylene (cyclopentadienyl) {3, é~di-tert-butylflucrenyl):z
irconium dichloride
Catalyst (f):
di {p-chlorobenzyl)methylene (cyclopentadienyl) [2, 7-dil {o-methylphe
nyl)-3, 6~di-tert-butylflucrenyl]lzirconium dichloride
290 Catalyst (g):
diphenylmethylene (cyclopentadienyl) {2, 7-diphenyl-3, é6~-di~tert-but

ylfluorenyl)zirconium dichloride

Svnthesis Example 1




To 1,5 g (20.2 mmol) of lithium cyclopentadiene was added 80 ml of dehydrated THF, and they were
stirred. This solution was cooled 20 to -78C in an ice bath, and a solution obtained by dissolving 5.2 g
(18. 6mmol) ofbis (4-chlorobenzyl) ketone indehydratedTHFwas added. Thereafter, the mixture was
stirted at room temperature for 24 hours, and theg ulting yellow solution was quenched with 1N
hydrochloric acid. Then, hexane was added to extract a soluble matter, and this 118 organic phase
was washed with water and a saturated saline solution, followed by drying usingmagnesium sulfate.
The solvértiway sistilled:off, and the residue was purified by column chromatography to obtain a
desired product. 5[0327]Yield: 0.53 g, 80% [0328]iHNMR (270 MHz, 00013): 5/ppm3. 69 (4H), 6.60
(4H), 7.004%80 18H) < Syrthesiyyof. opentadienyl) [2, 7T-di (c-methylphenyl) -3, 6-d
i-tert-butylfluorenyl]lzirconium dichloride
{1) Synthesis of 2,7—dibrom0w3,6wdi~tert—butylfluorene
5 In a stream of nitrogen, to 15.22 g (54.7 mmol) of
3,6-di-tert-butylflucrene was added 170 ml of propylene carbonate,
and they were stirred. To this soclution, 20.52 g (115 mmol) of
N-bromosuccinimide was added. The resulting sclution was stirred
under heating at 80°C for 5 hours. After the reaction solution was
10 naturally allowed to cool, the solution.was added to B00 ml of water.
The resulting solution 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
yellow powder, a mixed solution of hexane and a small amount of
15 dichloromethane was added, and they were heated to 60°C to dissolve
all the powder. The resulting solution was allowed to stand still
at —20°C for one night. The crystals precipitated were washed with

5 ml of hexane three times to obtain a desired product as a white

yellow powder.

20 [0314] Yield: 21.1 g, 76%
[0315] 14 NMR (270 MHz, CDCl3): &/ppm 1.60 (18H), 3.75

(2H), 7.73 {(2H), 7.81 (2H); MS (FD): M/z 436 (M)
{ii) Synthesis of 2,7-dilo-tolyl)-3,6~di~tert-butylfluocrene

In a stream of nitrogen, 5.0 g (11.5 mmol} of



di (p-chlorobenzyl)methylene (cyclopentadienyl) (3, 6-di-tert-butyl10 2, 7-di-o-tolylfluorene) In a stream
of nitrogen, to 0.73 g (1.59 mmol) of 3, 6-di-tert-buty1-2,7-di-o-tolylfluorene was added 40 ml of
anhydrous THF, and they were stirred. This solution was cooled in an ice bath, and 1.22 ml (1.92
mmol) of a hexane solution of 15 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.dnbth-slewily-heating the resuithgsdlution=2@ up 6 Yoom tEmpératare, the Solution was
stirred for 18 hours. To the resulting solution was added 1N hydrochloric acid in an ice bath to
terminatectheledction I Etherowas telded®® perfarinm Rguidmseparation, then the aqueous layer was
extracted with diethyl ether twice, and the resulting extract was mixed with the organic layer 119

previously Dbtaineel: Fhedesuttinghergad: e ivas, wiashedywithta Satoratédosdhienz s sium
hydrogencarbonate aqueous solution twice, then with water twice, then with a saturated saline solution
once andothdecbising, maghesiurbsulfatewcIhe sbiventaias distibed offz and theb résidue was
separated by silica gel chromatography to obtain a desired product. [0329]Yield: 0.72 g, 58%
5 THF were placed in a reaction container, and with stirring them at
room temperature, 25 ml of water was slowly drowise added. After
Jthe dropwise addition, the reaction solution was heated up to 50°C,
andwithstirring,thesolﬁfionwasheatedforEl}hours. Thereafter,
the reaction solution was quenched with 1IN hydrochleoric acid, and
10 & soluble matter was extracted with ether. The organic phase was
washed with water, a sodium hydrogencarbonate aguecus sclution and
a saturated saline solution. Thereafter, the thus washed organic
phasewasdriedusingn@gnesiumsulfate,andthesolventwasdistiiled
off to cbtain an unpurified desired_product. The conversion ratio
15 as measured by HPLC was 86%.

[0316] In a beaker, 200 ml of methanol 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 methanol was evaporated under

20  reduced pressure to obtain 3.96 g (8.63 mmol, isoclation yield: 76%)
of 2,7-di(o-tolyl) -3, 6~di~tert-butylfluorene as an isclated desired
product.

[0317] The results of identification of the desired

product cbtained are as follows.



[0330]NMF (270 MHz, 00C13): 5/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 10(18H), 7.64-7.79 (2H); MS (FD): M/z 784 (1)4-") (iii) Synthesis of di
(p-chlorobenzyl)methylene (cyclopentadienyl) (3, 6-di-tert-butyl2, 7-di-o-tolylfluorenyl) zirconium
dichloride To 0.72 g (0.92 mmol) of 15 di (p- chIorqqlgnzyl)methylene (cyclopentadienyl) -3,
6-di-tert-butyl2,7-di-o-tolylfluorene was added 25 ml of anhydrous diethyl ether, and they were stirred.
This mixed slurry solution was cooled in an icebath, then 1. 22m1 (1. 92mmol) of ahexane

solutionofn-butyllif§igiBhaying a Cor8&RtEh 612 5L RIAiter was addekEBnd #ith’sl6@Hy 20 heating
the resulting solution to room temperature, the solution was stirred for 24 hours. To this reaction
solution was’&ddéd 0.23 ¢0(0.98 imoal)-dfzitectiurrttétrachicitle(@F 78 CISTHERSafter, With Zlowly
heating the mixture to room temperature, themixture was stirred for 16 hours to obtain a red orange
suspensidit’ 1120 [0331]After the solvent was vacuum dried, the residue was dissolved in hexane in a
globe box, and the resulting solution was passed through a fritted glass funnel packed with Celite and
then washéd With hexane( i) oranyerpowdep Whicht hddimet beehudissalved 5 in hexane was
extracted with dichloromethane. The solvent of the dichloromethane solution portion was distilled off,
and the residue was washedavithhdiethylethét/eolgepentané. he resullingrsiubstarfice was dried to
obtain a desired product as a dark pink powder.
cyclopentadiene and 100 ml of dehydrated THE were placed in a 500
ml three-necked flask, and they were stirred. This mixed sclution
was cooled in an ice bath, and to the mixed solution was added 80
ml (125.6 mmol) of a hexane solution of n-butylliithium having a
10 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
dissolving 25.0 g {118.0 mmol)} of 1,3-diphenyl-Z-propanone in 50 ml
of dehydrated THE. Thereafter, the mixture was stirred at room
15 temperature for 12 hours, and the resulting yellow solution was
quenched with a saturated NH;Cl aqueous 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 usingmagnesiumsulfate. Then, the solvent was distilledoff,
20 and the residue was purified by column chromatography to obtain a
desired producti of a yellow solid.
[03207 Yield: 3.7 g, 12%
[0321] 'HNMR (270 MHz, CDC1s): 8/ppm 3.63 {4H), 6.60-6.72

(4H), 7.13-7.3Z (I0H)



[0332]Yield: 0.347 mg, 25% 10[0333]IH NMR (270 MHz, CDC13): 5/ppm 1.28-1.33 (18H), 1.68-2.16
(6H), 3.10-4.30 (41-1), 5.73-5.82 (2H), 6.45-6.48 (2H), 6.95-7.48 (18H), 8.20-8.40 (2H); MS (FD): M/z
942 (Nr4-) Synthesis Example 3 15Catalyst (g): diphenylmethylene(cyclopentadienyl)
(2,7-dipheny1-3,6-di-tert-but yIquorenyI)zirconiumlqighloride (i) Synthesis of
diphenylmethylene(cyclopentadienyl)(2,7-dipheny1-3,6-di-tert-but 20ylfluorene) In an atmosphere of
nitrogen, to 2.01 g (4.67 mmol) of 2, 7-dipheny1-3, 6-di-tert-butylfluorene was added 60m1 of
dehydratéd Yétraliydrofiian, @hd they were stirred. This solution was cooled in an ice bath, and 3.10 ml
(4.99 mmol) of a hexane solution of 121 n-butyllithium of 1.61 mol/liter was added. The mixture was

stirred atFoGRTEIFS BRIFEIR (CHEGPETHE ASSHRThGLddrk SrabetSalanén Was Codied t5278C in a dry

ice-methanol bath, and a solution of 1.26g (5.47 mmol) of 6,6-dibenzylfulvene in 40 ml of
tetrahydrBfiifah 5 RagHropwise added over a period of 24 minutes. Thereafter, with slowly heating the
resulting solution up to room temperature, the solution was stirred for 17 hours. To the resulting black
red solution was &8déd orrasf AN Rydreesfctic 4Gd Yo terminkte fte F&&ctorP Then, 100 ml of
hexane was added to perform liquid separation, and 10 a soluble matter was extracted. This organic
layeP was wasHed vith- alsstifatéd sodiunn theiksgddcarbenateraguaddsdofitionitwide, then with water
twice, then with a saturated saline solution once and dried using magnesium sulfate. The solvent was
distilled cff;lardrheyeskiidinvas pdrifisg hysilica gel chirshatdgraphyctoudhitam sadesiradl ed
in an ice bath, and 1.45 ml (2.20 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 red soluticn was cooled in
10 anicebath, andasclutionof0.58qg (2.24mmol) of 6, 6—dibenzyifulvens
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
Solutbm1wasstirredfor]i3hours,fbllowedbyrefluxingunderheating
for 3 hours. The resulting black red soclution was naturally allowed
15 to cool, and then in an ice bath, 1IN hydrochloric acid was added to
terminate the reaction. Etherwas addedtoperformliguidseparation,
then the agueous layer was extracted with diethyl ether twice, and
the resulting extract was mixed with the organic layer previcusly
obtained. The resulting organic laver was washed with a saturated
20 sodiumhydrogencarbonate aguecus solutiontwice, thenwithwater twice,
then with a saturated saline solution conce and dried using magnesium
sulfate. The solventwasdistilledoff, andthe residue was separated

by silica gel chromatography to obtainayellowpowder. Tothisyellow

powder, a mixed solvent of hexane and ethanol was added, and they



15 product of a white yellow powder. [0334]Yield: 1.70 g, 55.4% [0335]Identification of the desired
product was carried out by 1H-NMR and FD-MS spectrum. [0336]IH NMR (270 MHz, CDC13, TMS):
5/ppm 1.18 (18H), 202.88 (2H),5.35 (1H), 6.10-6.32 (3H), 6.60 (2H), 6.97-7.34 (20H), 7.63 (2H); MS
(FD): M/z 660 (M+) i) Synthesis of diphenylmethyi%ne(cyclopentadienyl)(2,7-dipheny1-3,6-di-tert-but
yilfluorenyl)zirconium dichloride 122 In an atmosphere of nitrogen, 0.80 g (1.21 mmol) of
diphenylmethylene (cyclopenta enyl) (2,7-dipheny1-3,6-di-tert-but ylfluorene) and 60 ml of dehydrated
diethyl etfef WBFE pRicEE ifa460 ﬂﬁ%é’ﬁ@ﬁﬁsﬁ?&ﬁﬁ%%erﬁéﬁﬁ@& fisAf-EdSirhyEblution 5

was cooled in an ice bath, then 1.50 ml (2.42 mmol)_of a hexane solution of n-butyllithium having a
concentrifich 8t 1 BERMJIAitETHRS aticedl afill with sfowl§ hedfifiglthdtesultitFsaisn s Foom
temperature, the solution was stirred for 18 hours. This red reaction solution was cooled to -78C in a

dry ice/melfaHd Herh SendtREN RSP W E R ORI of ZRcBRtT fetfadfsrhids Was agHEq.

Thereatfter, with slowly heating the mixture to room temperature, the mixture was stirred for 20 hours to
obtain a ¥ Srahg@ susifelnsion PAHEEHe solvent was distilled off under reduced pressure, the residue
was dissolved in n-hexane in an atmosphere of nitrogen, and the resulting solution 15 was passed
throfigh a fritted dlase funnel packédsith Cefite &nd 44én washed with n-hexane. The orange powder
which had not been dissolved in n-hexane was extracted with dichloromethane. The solvent of the
dichloromethane E®fi#tibh portion WadMRstiiEtPoland $RE tesidue/ Wals washed- with didgfHyl ether/cold

n-pentane . The resulting substance
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
10 dibenzylmethylene (cyclopentadienyl) (3, 6~d.i—tert—butylm2, T-di-o-t
olylfluorenyl)zirconium dichloride
In an atmosphere of nitrogen, 0.36 g (0.50 mmol) of
dibenzylmethylene (cy_clopentadienyl) (3, 6~-di~tert-butyl-2,7-di~o-t
olylfluorene) and 25 ml of anhydrous diethyl ether were placed in
15 a50mlSchlenkflask, andtheywerestirred. Thismixedslurrysoclution
was cooled inan icebath, then 0.72ml (1.09 mmol) of a hexane solution
of n-butyllithium having a concentration of 1.52mol/liter was added,
and with slowly heating the resulting scluticn up to roomtemperature,
the solution was stirred for 48 hours. This red reaction solution
20 was cocled (-78°C) in a dry ice/methanol 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 stirréd for
16 hours to obtain a red orange suspension.

[0324] After the solvent was vacuum dried, the residue



20 was dried to obtain a desired product as an orange powder. [0337]Yield: 0.68 g, 70.9%
[0338]ldentification of the desired product was carried out by lli-NMR and FD-MS spectrum.
[0339]NMR (270 MHz, ..,DC13, TMS)5/ppm 1.10 (18H) , 123 5.50 (2H), 6.29 (2H), 6.91-7.27 (22H),
8.28 (2H); MS (FD): M/z 848 (Mt) Example 1 5 Prﬁgylene 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 I/hr, and the
contents TR The BETOLHGE Ware AERGINSd AP BECIF 20° R (1S, B thed bRferShant: i side arm
flask having an internal volume of 30 ml and having been thoroughly purged with nitrogen, a magnetic
stirrer w51 &66tE IS Yool o BHefuBhRSOIBHBRDF MRTHRAImokEHe tAI 2 83'Rib1/1), a
toluene solution of the catalyst (a) (amount of catalyst (a): 3.2 pmol) and a toluene 15solution of the
catalyst (3 TBROURLSE darafyet (b) Th8 pirriPRers Phiced I tHe haskandbrdiwveis SfirddFor
20minutes . This solution was added to the heptane in the glass autoclave through which propylene

had been paBs&an® ingfatepolacHZatich Proslers gagwagie. The solvent of the

5 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 prcduct as a dark pink powder.

[0325] vield: 167 mg, 38%
[0326] M NMR (270 MHz, CDCls): /ppm 1.28-1.33 (18H),

16 1.e8-2.16 {(6H), 3.34-4.30 (4H), 5.73-5.82 (2H), 6.45-6.48 (Z2H),

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

Syntheslis Example 2

Catalyst (f):
15 di(p-chlorcbenzyl)methylene(cyclopentadienyl) [2, 7-di {o-methyliphe
nyl) -3, 6~di~-tert-butylfluorenyl]zirconium dichloride
(1} Synthesis of &,6-di(chlorobenzyl)fulvene
To 1,5 g (20.2 mmel) of lithium cyclopentadiene was added 80
mlofcbhydratedTHF{andtheywerestirred. This solution was cooled
20 to ~78°C in an ice bath, and a solution obtained by dissclving 5.2
g {18.56mmol) ofbis (4-chlorobenzyl) ketcone indehydratedTHF was added.
Thereafter, the mixture was stirred at room temperature for 24 hours,
and the resulting yvellow sclution was guenched with 1IN hydrochloric

acid. Then, hexane was added to extract a soluble matter, and this



continuously fed at a feed rate of 150 I/hr, and polymerization was 20 carried out at 50C for 15 minutes
at normal pressure. Thereafter, a small amount of methanol was added to terminate the
polymerization. The polymer solution was added to a large excess of methanol to precipitate a
polymer, and the polymer was vacuum dried at 8QC_for 12 hours. As a result, 4.65 g of a polymer was
obtained. The 124 polymerization activity was 3. g-PP/mmol-Zr-hr, and the resulting polymer had
[n] of 3.82 dl/g, Mw of 254000, Mw/Mn of 2.33 and Tm of 153.5C. [0340]Example 2 ~Operations
were carféddut fh BRe §8nvé tdARBFE A in-BxXanisie Brekeeptihatahetaalysts weredhanyged to a
toluene solution of the catalyst (a) (amount of catalyst (a): 4.0 pmol) and a toluene solution of the
catalyst (B {arfivaAtof eatalyst @) o0 pEistf aiSroL e poly Raszribretire aas chiahgéeddo 30
minutes. As a result, 2.61 g of a polymer was obtained. The polymerization activity was 1.04
kg-PP/mmbEzraing dritktire sastntinezpolyme had [py of 2l 2ol MnediotaBe0q; MwiNen of2.23 and
Tm of 151.3C. 15[0341]Exarable 3 Operations were carried out in the same manner as in
Example d, éxeépethap tirelgatalysts were changed to a toluene solution of the catalyst (b) (amount of
catalyst (b): 4.0 pmol) and a toluene solution of the catalyst (f) (amount of catalyst (f): 1.0 pmol), and
20 the polymerizdtigitfime was chiardgédd t6 ABminutés$As a result, 9.87 g of a polymer was obtained.
The polymerization activity was 1.48 kg-PP/mmol-Zr.hr, and the resulting polymer had [n] of 1.92 dl/g,
Mw of 142000, Mil/RE80f 2.35 and WHROfZISM6E., 128 [0842FExamplesd (4H), 6.60 (4H),
7.00-7.30 (8H)
(ii) Synthesis of
di (p-chlorobenzyl)methylene (cyclopentadienyl) (3, 6-di~tert-butyl-
10 2,7-di-o-tolylfluorene}
In a stream of nitrogen, to.0.73 ¢ (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 sclution was cooled in
an ice bath, and 1.22 ml (1.922 mmol) of a hexane solution of
15 n-butyllithium of 1.52 M was added. The mixture was stirred at rcom
temperature for 4 hours. The resulting sclution was cocled in an
ice bath, and a sclution 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
20 up to room temperature, the scoluticn was stirred for 18 hours. To
the resulting solution was added 1N hydrochloric acid in an ice kath
to terminate the reaction. Ether was added to perform liquid

separation, then the agueous layer was extracted with diethyl ether

twice, and the resulting extract was mixed with the organic layer



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 (f) (amount of catalyst (f): 2.5 pmol) and a toluene 5
solution of the catalyst (d) (amount of catalyst (d): 2.5 pmol), and the polymerization time was changed
to 22 minutes. As a result, 1.88 g of a polymer w @btained. The polymerization activity was 1.02
kg-PP/mmol-Zrhr, and the resulting polymer hada[lrsﬂ of 2.05 dl/g, Mw of 205000, Mw/Mn of 2.04 and
Tm of 152.9C. 10 [0343]Example 5 In a glass autoclave haying an internal volume of 500 ml and
having beerEihbrodgily Pirgetstith Mit8geRS4HO0 FlDINEPERE Wersy BRracEdS thiers PRobyiesé was
passed through the autoclave at a rate 15 of 150 I/hr, and the contents in the autoclave were
maintainétl SE50EFbP20SRHESN D esPRF Pand i agkkoamfaskhiavingvarcmternagvolume of
30 ml and having been thoroughly purged with nitrogen, a magnetic stirrer was placed, then 3.00 mmol
of a tolueeSolifibf of Hithyldlbfiinoxane 453 Fhet/ Brarnda tolbehésokmion 20bfthesdatalyst (a)
(amount of catalyst (a): 3.0 umol) were placed in the flask, and they were stirred for 20 minutes.
Moreover fiBdiffé@re sideamlffasichavifieras intesiat veluie of B0LAkdndHaving:beehahoroughly
purged with nitrogen, a magnetic stirrer was placed, then 2.00 mmol of "oluene solution of
methylalurainotaae a2 6= palcz 1558an61/1) aad alicthevasbhgioncdfithie catah/st )i meart of
catalyst (b) : 2.0 pmol) were placed in the flask, and they were stirred for 20 minutes. The solution
containingtheeatalyst (a) was added to the heptane in the glass autoclave through which propylene 5
had been passed, and subsequently the solution containing the catalyst (b) was added to initiate
polymerization. PiGyléhe gas was ebdtindotslyded a8 a feed rate of 150 I/hr, and polymerization was
carried out at 50C for 30 minutes at normal pressure. Thereafter, a small amount of methanol was
added to terminatgdthigopolymerizationel 0(Zhe palymersolution wasmaddedto-a Jarge @mess of
methanol to precipitate a polymer, and the polymer was vacuum dried at 80C for 12 hours. As a result,
2.60 g of a. palytes Wasmbtained.-Ehe polymeyization activity was 104 kgeRPR/mmotZL-hrz@nd the
resulting polymer had [n] of 2.01 dl/g, Mw of 201000, Mw/Mn of 2.33 and Tm of 15153.6C.
[0349]Corysarative Bxanmledl (2H) ; MS (FD): M/z 784 (M%)

{i1i) Synthesis of
di{pwchlorobenzyl)methylene(cyclopentadienyl){3,6udi—tert~butyl—
2, 7-di-o~tolylfluorenyl) zirconium dichloride
To 0.72 g (0.92 mmol) of
15 di{p—chlorobenzyi)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,thenl.EQm&(1.92mmol)ofahexanesolutionofn~butyllithium
having a concentration of 1.52 mol/liter was added, and with slowly
20  heating the resulting scolution 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

siowlyheating themixture to roomtemperature, themixture was stirred

for 16 hours to obtain a red orange suspension.



Operations were carried out in the same manner as in Example 1, except that the catalysts were
changed to a toluene solution of 20 the catalyst (e) (amount of catalyst (e) : 0.25 pmol) and a toluene
solution of the catalyst (d) (amount of catalyst (d) : 0.25 1=01) , and the polymerization time s changed
to 30 minutes. As a result, 8.76 g of a polymer Walsngtained. The polymerization activity was 3.05
kg-PP/mmol-Zr hr, and the z g polymer had [n] of 1.45 dl/g, 127 Mw of 135000, Mw/Mn of 1.99 and
Tm of 148.8C. [0345]Comparative Example 2 Operations were carried out in the same manner as in
Example 5 1, excEpt that the catalySErwers chahel 1o 4 folliBRE'EbIGEdHOf the T aRSFEET (@amount
of catalyst (a): 0.25 umofliznand a toluene solution of the catalyst (e% (amount of catalyst (e): 0.25 umol),
and the pilymeizafioN tinswasEhafiged B SO ARRURSE ASATeEDR, 3558 4 GME pBRMTerivas
obtained. The polymerization activity was 101.35 kg-PP/mmol-Zrhr, and the resulting polymer had [n]
of 1.65 dlf§ Mik BF 94 2060 WIVAVIA Gt 69 §hd P of 7. 5¢2 (63461 Poly etz BficH EoRains,
properties of the resulting polymers, etc. in Examples 1 to 5 and Comparative Examples 1 and 2 are
set forth Wﬁﬁ@ﬁ@ﬁ}'%@gggg@gg{ﬂhe orange powder which had not been dissolved

5 in hexane was extracted with dichloromethane. The solvent of the
dichloromethane sclution portion was distilled off, and the residue
was washed with diethyl ether/cold pentane. The resulting substance

was dried to cobtain a desired product as a dark pink powder.

10332] Yield: 0.347 mg, 25%
10 10333] 'H NMR (270 MHz, CDCls;): &/ppm 1.28-1.33 (18H),

1.68-2.16 (6H), 3.10-4.30 (4B}, 5.73-5.82 (2H), €.45-6.48 (ZH),

6.95-7.48 (18H), 8.20~8.40 (2H); MS (FD): M/z 942 (M%)

Synthesis Example 3

15 Catalyst (g):
diphenylmethylene (cyclopentadienyl) (2, 7T-diphenyl-3, 6~-di-tert-but
yilflucrenyl)zirconium dichloride
{1} Synthesis of
diphenylmethylene(cyclopentadienyl)(2,7wdiphenylw3;6wdi*tert—but
20 v1lfluorene)
In an atmosphere of nitrogen, to 2.01 g (4.67 mmol) of
2, 1-diphenyl-3, 6~di-tert-butylfluorene was added 60 ml of dehydrated
tetrahydrofuran, and they were stirred. This solution was cooled

in an ice bath, and 3.10 ml (4.99 mmol) of a hexane sclution of



128 130 [0349]Example 6 In a stainless steel autoclave having an internal volume of liter and having
been thoroughly purged with nitrogen, 150 ml of cyclohexane and 150 ml of the solvent A were placed,
then propylene 5 was passed through the autoclave at a rate of 30 1/hr, and the contents in the
autoclave were maintained at 50C for 20 minutes.,Qn the other hand, in a side arm flask having an
internal volume of 30 ml and having been thoroug% y purged with nitrogen, a magnetic stirrer was
placed, then 0.40 pmol of the catal st&(gfhi{ 0.10 prnol of the catalyst (d) 10 and 250.0 pmol (in terms of
aluminunt alHh Y3 Hemoimted of g% e sleffly BRTRARS341 (dvaifabié $isht #ésdhiFinechem

Corporation) were placed in the flask, and subsequently the solvent A was added, followed by stirring
for 1 houR TRISEDILABRAS HdBeds the AtiXed sOIeREeTdcioiteaie e sBRARE Aatio by
volume =1:1) in the stainless 15 steel autoclave through which propylene had been passed, to initiate
polymeriZ&tior: Theteatter, oifly prépylendivas contintibaslyfebad maiitdinathectbidl itassdre at 0.5
MPa-G, and polymerization was carried out at 50C for 1 hour . Generation of heat in the
polymerizatioh WAs easityredntroficdl, sothae ey polyvensoiutid® wasdrésiimede20tbe #ma
homogeneous state during the polymerization. After the polymerization was completed, the pressure
was Yeleastd @rpormaktprddare witle thenempetanredas still nesintafeerae30€ rTheredfter, while
the temperature was still maintained at 50C, unreacted propylene was purged off. Also by opening a
top plate ®fowly heating the resulting solution up to room temperature, the
solutionwasstirred for 17 hours. Tothe resultingblackredsolution
was added 60 ml of 1IN hydrochleric acid to terminate the reaction.
Then, 100 ml of hexane was added to perform liquid separation, and
10 a scluble matter was extracted. This organic layer was washed with
a saturated sodium hydrogencarbonate aqueous sclution twice, then
" withwater twice, then with a saturated saline solution once and dried
using magnesium sulfate. The solvent was distilled off, and the
residue was purified by silica gel chromatography to obtain a desired
15 procuct of a white yellow powder.
[0334] Yield: 1.70 g, 55.4%
[0335] Identification of the desired product was carried
out by'leNMR and FD-MS spectrum.
[0336] Iy NMR (270 MHz, CDCls, TMS): &/ppm 1.18 (18H),
20 2.88 (2H),5.35 (1H), 6.10-6.32 (3H), 6.60 {2H), 6.97-7.34 (20H), 7.63
(2H}; MS (FD): M/z 660 (M)
{ii) Synthesis of

diphenylmethylene {cyclopentadienyl) (2, 7-diphenyl-3, 6-di-tert-but

vilfluorenyl) zirconium dichloride



131 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 solution in a
homogeneous state was introduced into a large excess of methanol to precipitate 5 a polymer, and the
polymer was vacuum dried at 80C for 12 hours. 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 g/10 min and Tm of 158.7C. 10 [0350]Example 7 In a
stainless steel autdclave HelfTpanifterhalvotneest 1 fitdtCarsd haviny BEEH thérbughly purged with
nitrogen, 150 ml of cyclohexane and 150 ml of the solvent A were placed, then propylene was passed
through tHé RRGCIATE B aiehe 6 RDlpperaRd Hve gontehtd i édgntokalnéle MeaiatdiHéd at 60C
for 20 minutes. On the other hand, in a side arm flask having an internal volume of 30 ml and having
been thoibbighhp parged With Aitrager fa Asdgietic- st rér a/as placéd etherc0 96 UATH f e Tatalyst (f)

, 0.24 pmol of the catalyst (d) 20 and 600.0 pmol (in teims of aluminum atom: 3.46 mol/liter) of a
hexane 100mlSchlenkflask, andtheywerestirred. Thismixedslurrysolution

5 was cooled in an ice bath, then 1.5Cml (2.42 m:_no}.) of a hexane solution
of n-butyllithiumhaving a concentration of 1.6l mel/liter was added,
and with slowly heating the resulting solution to room temperature,
the sclution was stirred for 18 hours. This red resaction solution
was cooled to -78°C in a dry ice/methancl bath, and then 0.27 g (1.17

10 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
distililled off under reduced pressure, Lhe residue was dissolved in
n-hexane in an atmecsphere of nitrogen, and the resulting sclution
15 was passed through a fritted glass funnel packed with Celite and then
washed with n—hexane. The orange powder which had not been dissolved
in n-hexane was extracted with dichloromethane. The solvent of the
dichloromethane solution portion was distilled off, and the residue
waswashedwithdiethyl ether/coldn-pentane. Theresultingsubstance
20 was dried to cbtain a desired product as an orange powder.
[0337] Yield: 0.68 g, 70.9%
[0338)] Identification of the desired product was carried
out by 'H-NMR and FD-MS spectrum.

10339] 'H MMR (270 MHz, CDCl;, TMS): &/ppm 1.10 (18H),



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 (ratio by volume = 1:1) in the stainless 132 steel
autoclave through which propylene had been pas g4, to initiate polymerization. Thereafter, only
propylene was continuously fed to maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedout at 60 C for 1 hour. Generation ofheat in the polymerization 5 was easily controlled, so that
the polymersolutich wds prestdtied tb-5e in’a hbnidgéneolds StatéHuringthel palymrizatidis. After the
polymerization was completed, the pressure was released to normal pressure while the temperature
was still M¥intained at 60C. Thereafter, while the temperature was still maintained at 60C, 10
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 solution in a homogeneous state was introduced
into a large:execess &f methanol to precipitate 15 a polymer, and the polymer was vacuum dried at 80C
for 12 hours. As a result, 17.81 g of a polymer was obtained. The polymerization activity of
polypropHeng wiash:8 6ckgmemokZt-hwnand the resulting polypropylene hada number-average
molecular weight Mn, as measured by GPO, of 79800, a weight-average molecular weight Mw of
192121, 20an intrimsie jseesity:[n]af 1193 diigy MR =6f 1.65-g/481min andd mo560C.and
[0351]Example 8

having been thoroughly purged with nitrogen, 400 ml of heptane was

placed, then propylene was passed through the autoclave at a rate
cf 150 1l/hr, and the contents in the autoclave were maintained at
10 50°C for 20 minutes. On the other hand, in a side arm flask having
an internal volumé of 30 ml and having been thoroughly purged with
nitrogen, a magnetic stirrer was placed, then 5.00 mmol of a toluene
solution of methylaluminoxane (Rl = 1.53 mol/l), a toluene solution
of the catalyst {a) (amount of catalyst (a): 3.2 umol) and a toluene
15 sclution of the catalyst (b} {amount of catalyst (b}: 1.8 umol) were
placedintheflask, andtheywerestirredfor20minutes. Thissolution
was added to the heptane in the glass autoclave through which prepylene
had been passed, to initiate polymerization. Propylene gas was
continucusly fed at a feed rate of 150 1/hr, and polymerization was
20  carried out at 50°C for 15 minutes at normal éressure. Thereafter,
a small amount of methancl was added to terminate the polymerization.
The polymer solution 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 ¢ of a polymer was obtained. The



133 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 70C for 20 minutes. On the other 5 hand, in a side arm
flask having an internal volume of 30 ml and havipgbeen thoroughly purged with nitrogen, a magnetic
stirrer was placed, then 1.60 umol of the catalyst'%1 , 0.40 pmol of the catalyst (d) and 1000.0 pmol (in
terms of aluminum atom: 3.46 mol/liter) of a hexane slurry of TMAOQ-341 (available from Tosoh
FinecherR CofpBFatich) 1Wara Ao piatBd' ittRe Tadie 2Rt Sasseatientiy 178 Solént ASivas dtdled,
followed by stirring for 1 hour. This solution was added to the mixed solvent of cyclohexane and
n-heptanB{iafiee By Raffuriie) =of: 13 if thélstainid&s stbet atittlavBuriugH whick prapyehefad been
passed, to initiate polymerization. Thereafter, only propylene was continuously fed to 15 maintain the
total presséife at 8:5 MPa-G, and polymerization was carried out at 70 C for 1 hour . Generation of
~heat in the polymerization was easily controlled, so 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 20 pressure while the temperature was still maintained at 70C. Thereafter,
while the t8mpérature wassstitbaraitained at 70C, 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 @pafixasththat¢he polymeedolutionwashia d34carhomegensous statanihe resulting
polymer solution in a homogeneous state was introduced into a large excess of methanol to precipitate
a polymet,, ard the potymer vweas vacaumsdred-at 80 ford-hoursy As aresalts36.91ignf@polymer
was obtained. The polymerization 5 activity of polypropylene was 23.1 kg/mmol-Zr hr, and the resulting
polymer hae anantingic viscosityrfvloftl.60 diiy,avkR:of(3.80 10 miwandakm of 151 Ciene
[0352]Example 9 10In a stainless steel autoclave having an internal volume of

solution of the catalyst (b) (amount of catalyst (b): 1.0 umel), and

16 the polymerization time was changed to 30 minutes. As a result, 2.6l
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.

15 [0341] - Example 3

Operations were carried cut in the same manner as in Example

1, except that the catalysts were changed to a teluene sclution of

the catalyst (b)) (amount of catalyst (b): 4.0 pmel) and a toluene
solution of the catalyst {(f) (amocunt of catalyst (£f): 1.0 umecl), and

20  the polymerization time was changed to 40 minutes. As a result, 9.87
g of a polymer was obtained. The pelymerization activity was 1.48
¥g-PP/mmol-Zr-hr, and the resulting polymer had [n] of 1.92 dl/g,

Mw of 142000, Mw/Mn of 2.3% and Tm of 154.6°C.



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 I/hr, and the
contents in the autoclave were maintained at 50C for 20 minutes. On the other 15 hand, in a side arm
flask having an internal volume of 30 ml and havi §een thoroughly purged with nitrogen, a magnetic
~stirrer was placed, then 0.25 umol of the catalyst % , 0.25 pmol of the catalyst (L) and 250.0 umol (in
terms of aluminum atom: 3.46 mol/liter) of a hexane slurry of TMAO-341 (available from Tosoh
Finechent €ttpération) weid®itlated 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 (ratio byRRRFHEXEE 1Y §f th& 3iARSOstB el ButdGa e ifraiagHwhiels prop§reretad been

passed, to initiate polymerization. Thereafter, only propylene was continuously fed to
1, except that the catalysts were changed to a toluene solution of

the catalyst (f) {amount of catalyst (f): 2.5 umol) and a toluene

5 solution of the catalyst (d) (amount of catalyst (d}: 2.5 pmol), and
the polymerization time was changed to 22 minutes., As a result, 1.88
g of a polymer was obtained. The polymerization activity was 1.02
kg-PP/mmol-Zr-hx, and the resulting polymer had [n] of 2.05 dl/g,
Mw of 205000, Mw/Mn of 2.04 and Tm of 152.8°C.

10

[0343] Example 5

In a glass autoclave having an intérnal volume of 300 ml and

: .having been.thoroughly purged with nitrogen, 400 ml of heptane was
placed, then propylene was passed through the autoclave at a rate

15 of 150 1l/hr, and the contents in the autoclave were maintained at
50°C for 20 minutes. On the cther hand, in a side arm flask having

an internal volume of 30 ml and having begn thoroughly purged with
nitrogen, a magnetic stirrer was placed, then 3.00 mmel of a toluene
solution of methylaluminoxane (Al =1.53mol/1) and a toluene solution

20 of the catalyst (a) {amount of catalyst {(a): 3.0 pumcl) were placed
in the flask, and they were stirred for 20 minutes. Moreover, in

a different side arm flask having anlinternal volume of 30 ml and
having been thoroughly purged with nitrogen, a magnetic stirrer was

placed, then 2.00 mmol of a toluene scluticn of methylaluminoxane



135 maintain the total pressure at 0.5 MPa-G, and polymerization was carriedout at 50 C for 1 hour .
Generation of heat inthepolymerization was easily controlled, so that the polymer solution was
presumed to be in a homogeneous state during the polymerization. After the 5 polymerization was
completed, the pressure was released to normal ?%ssure while the temperature was still maintained
at 50C. Thereafter, while the temperature was still maintained at 50C, unreacted propylene was
purged off. Also by opening a top plate of the autoclave and visually observing the state of the polymer
solution ﬁ@%nfhéeaiﬁof&%/gl, it WS Bohfifmenthiat e poRyMer SBfufidh was’in AhormdgenBbus state.
The resulting polymer solution in a homogeneous state was introduced into a large excess of methanol
to precipiateta polyfier, @id tite Polifer WaFFaBuihdtied at BOC for 12 ndlirs."AS % résuR, 10.25 g
of a polymer was obtained. The polymerization 15 activity of polypropylene was 41.0 kg/mmol-Zr.hr,
and the résiikiRgcpdigmet haelan itfinsic ¥sctRity TR Z0B dArand TriDf ABOT- 18353 Example 10
In a stainless steel autoclave having an internal volume of 20 1 liter and having been thoroughly .
purged WithSrtegeht @ 50 et e Eptiohexare GREESETRP6Lieesoentol weis plased theR%ropylene
was passed through the autoclave at a rate of 30 I/hr, and the contents in the autoclave were
mairftainéd Areea fer2G thirutds A the vtherHarl sinla Sidenaran flagk having aAdi@inE volume of

30 ml and having
(b} was added to ilnitiate polymerization. Propylene gas was

continuously fed at a feed rate of 150 1/hr, and polymerization was
carried out at 50°C for 30 minutes at normal pressure. Thereafter,
a small amount of methancl was added to terminate the polymerization.
10 The polymer solution was added to a large excess of methanol to

precipifate a polymer, and the polymer was vacuum dried at 80°C for
12 hours. As 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

15  153.6°C.

{03441 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

20 the catalyst (e) {amount of catalyst {(e): 0.20 umol) and a toluene
solution of the catalyst (d) {amount of catalyst (d): 0.25 pmol),

and the polymerization time was changed to 30 minutes. As a result,
8.76 g of a polymer was cobtained. The polymerization activity was

3.05 kg-PP/mmol-Zr-hr, and the resultingpolymer had [n] of 1.45dil/qg,



136 been thoroughly purged with nitrogen, a magnetic stirrer as placed, then 0.40 pmol of the catalyst
(b) , 0.40 umol of the catalyst (f) and 400.0 umol (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, foIIo 29 by stirring for 1 hour. This solution was added to
the mixed solvent of cyclohexane and the solvent' A (ratio by volume 1 : 1) in the stainless steel
autoclave through which propylene had been passed, to initiate merization. Thereafter, only
propylen&Wastcontiitibtsy rEd o 26 rharcr{r%arﬁrthe%‘ta‘i’pr é)fﬁy 0.5 ME)a-G, and polymerization
was carriedout at 60C for 1 hour . Generation of heat inthe polymerization was easily controlled, so
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 15 pressure while the
temperattﬁrﬁez\ﬁ/%é still maintatse K eteafter, while the temperature was still maintained at 60C,
unreacted propylene was purged off. Also by opening a top plate of the autoclave and visually
observing the stat®®F fiic pBF/MeE Sofifiohliadhe dutor|dVes iEWas Eonfitited thattHepslyater solution
was in 20 a homogeneous state. The resulting polymer solution in a homogeneous state was
intro8ucedinfagafgé-exEess DAty fo PrEGipiARa polPner, nduRapoipriet wWas vacuum
dried at 80C for 12 hours. As a result, 8.42 g of a polymer was obtained. The polymerization activity of
polypropylefeaeas 2150 kgAromekzrrty, ahdtheaesaltings 1870pélymenciad andntrifisié wiseosity [n] of
1.77 dl/g, MFR of 2.9 g/10 min and Tm of 157.2C. [0354]Example 11 In a stainless steel
autoclaves havingcan intebiad voltmevettl liter afechhavingdieer thorpaghkepurdedwithrmitrogen, 150 ml
of cyclohexane and 150 ml of n-heptane were placed, then propylene was passed through the
autoclave:atiatiaterof 30n&thi zanddhetdortents inhhe geto claveOwereumaintairfed atréd far, 20
minutes. On the other 10 hand, in a side arm flask having an internal volume of 30 ml and having been
thoroughly.firgedhwith pitrbgesy avaagnetieistisrer wasslacedrthenk0Dpmetot the-gatadyst (b), 1.00
pmol of the catalyst (f) and 1000.0 pmol (in terms of aluminum atom : 3 . 4 6 mol/liter) of a hexane
slufry of TM2EOk34 E ¥dvaitable from, Tesdh kineeberntGarpetstigny miesd 15 placad gnthe flask, and
subsequently the solvent A was added, followed by stirring for 1 hour. This solution was added to the
mixed soluent of tyclobexane and bheptane {ratiothy yolumeg =5F:d) in the stainless steel autoclave
through which propylene had been passed, to initiate polymerization. Thereafter, only propylene was
continuously fed f@3467 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.

15 [0347]



20 maintain the total pressure at 0.5 MPa-G, and polymerization was carriedout at 70 C for 1 hour .
Generation ofheat inzhe polymerization was easily controlled, so 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 pressure while the temperature was still
maintained at 70C. Thereafter, while the temperature was still maintained at 70C, unreacted propylene
was purged off. Also by opening a top plate of the autoclave and visually observing the state of the
polymer solution 5 in the autoclave, it as confitiued 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 80C for 12 hours. As a result,
28.66 g of a polymdr was ¢btained. T};le )o!ym{ri tion 10 activity of polypropylene was 28.7

i

kg/mmol-Zr.hr, and the resulting golymer;had an intrinsic viscosity [n] of 1.53 dl/g, MFR of 4.9 g/10 min

f= J. . . .
and Tm of 153.(% 03%54F (%rrg izatiom [conditiens, properties of the  resulting polymers, etc. in
= — . . =F G
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141 [0358]Examples 12 to 17 Reaction was carried out in the same manner as in Example 11,
except that the catalysts, the polymerization temperature and the polymerization time were adopted as
shown in Table 5. [0359]Polymerization conditions, properties of the resulting polymers, etc. in
Examples 12 to 17 are set forth in Tables 5 and 6 £g360] 142 Polymerization activity kg/mmol-Zr-hr
6401 6'817 !
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[0349] Example 6

In a stainless steel autoclave having an internal volume cf
1 liter and having been thoroughly purged with nitrcgen, 150 ml of
cyclohexane and 150 ml of tbe 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 arrﬁ 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 (£), 0.10 pmol 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 Corporatioﬁ) were
placed in the flask, and subseguently the sclvent Awas added, followed
by stirring for 1 hour. This solution was added to the mixed solvent
of cyclchexane andthe soclvent A (ratiobyvolume=1:1) inthe stainless
steel autoclave through which propylene had been passed, to initiate
polmérization. Thereafter, only propylene was centinuously fed to
maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat 50°Cforlhour. Generationofheatinthepolymerization
was easily controlled, so that the polymer sclution was presumed Lo
be in a homog@neous 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 maintai.ned at 50°c,

unreacted propylene was purged ¢ff. Also by opening a top plate of
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the autoclave and %risually observing the state of the polymer solution
in the autoclave, it was confirmed that the polymer sclution was in
a2 homogenecus state. The resulting pclymer soluticon in a homogeneous
state was i.ntroducedinto a large excess of methanol to precipitate
a polymer, ancd 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 2.23dl/g, MFRof 1.00 ¢/10

min and Tm of 158.7°C.

{0350] Example 7

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 i/hr, and the contents
in the autoclave were maintained at 60°C for 20 minutes. On the other
hand, in a side arm £lask having an internal volume of 30 ml and having
been thoroughly purged with nitrogen, a magnetic stirrer was placed,
t.hen 0.9%6 pmol of the catalyst (f), 0.24 pmol of the catalyst (d)
and 600.0 umol {(in terms of aluminum atom: 3.46mol/liter) of a héxane
slurry of TMAQ—BM {available from Tosoh Finechem Corporation) were
placed in the flask, and subseqguently the solvent A was added, followed
by stirring fcr 1 hour. This solution was added to the mixed solvent

of cyclochexane andthe solvent A (ratiobyvolume=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. Generationofheatinthepolymerization
was easilf controlled, so that the polymer solution was presumed to
be in a homogeneous state during the polymerization. After the
polymerization was completed, the pressuf@ 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 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 exces‘s 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 a 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 182121,
an intrinsic viscosity [n] of 1.93 dl/g, MFR of 1.65 ¢g/10 min and

™m of 156.0°C.

(0351] Example 8

In a stainless steel autoclave having an internal volume of
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1 Iiter and having been thoroughly purged with.nitrc}gen, 150 ml of
cyclohexane and 150 mi of nwhepténé were placed, then propylene was
passed through the autocléve at a rate of 30 1/hr, and the contents
in the autoclave were maintained at 70°C for 20 minutes. On the other
hand, in a si_de arm flask having an internal volumé cf 20 ml and having
been thoroughly purged with nitrocgen, a magnetic stirrer was placed,
then 1.60 umol of the catalyst .(f) ; 0.40 pmol of the catalyst (d)
and 1000.0 pmol (in terms of aluminum atom: 3.46mol/liter) of a hexane
slurry of TMAO-341 (available from Tosoh Finechem Corporation) were
placedin the.flask, and subsequently the solvent Awas added, folliowed
by stirring for 1 hour. This solution was added to the rﬁixed solwvent
of cyclchexane and n~heptane {ratio by volume = 1:1) in the stainless

steel autoclave through which propylene had been passed, to initiate

" polymerization. Thereafter, only propylens was continuously fed to

maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat 70°Cforlhour. Generaticncfheatinthepolymerization
was easily controlled, so that the polymer solution was presumed Lo
be in a homogeneous state during the polymerization. After the
polymerization was completed, the pressure was released to 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 to_p plate of
the autoclave and visually cbserving the state of the polymer solution

in the autcoclave, it was ccenfirmed that the peolymer solution was in
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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, 36.91 g of a polymer was obtained. The pcoclymerization
activity of polypropylene Was 23.1 kg/mmol-Zr-hr, and the resulting
poiymer had an intrinsic viscesity [n] of 1.60 dl/g, MFR of 3.80 ¢g/10

min and Tm of 151°C.

[C352] Example 9

In a stainless steel autoclave having an internal volume of
1 liter and having been thoroughly purged with nitrogenv, 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
been thoroughly purged with nitrogen, a magnetic stirrer was placed,
then 0.25 umol of the catalyst (b}, 0.25 umol of the catalyst (f)
and 250.0 umol (in terms cof aluminum atom: 3.46 mol/liter) of a hexane
slurry of TMAC-341 {available from Tosoh Finechem Corporation) were
placed in the flask, and subseqguently the solvent Awas added, followed
by stirring for 1 hour. This sclution was added to the mixed solvent
of cyclohexane and the solvent & {ratiobyvolume=1:1) inthe stainless
steel autoclave through which propylene had been passed, to initiate

polymerization. Thereafter, only propylene was continucusly fed to
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maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat50°Cfor lhour. Generationofheatinthe polymerization
was easily contrelled, so 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
pressure while the temperature was still maintained at 50°C.
Thereafter, while the f;emperature 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 soclution was in
a homogeneous state. The resultingpolymer 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 cbtained. The polymerization
activity of polypropylene was 41.0 kg/mmol-Zr-hr, and the resulting

polymer had an intrinsic viscosity [n] of 2.08 d1/g and Tm of 160°C.

[0353] Example 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 L/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 nitrogen, a magnetic stirrer was placed,

then 0.40 pmol ¢f the catalyst (b), 0.40 uymol of the catalyst (f)

and 400.0 pmol {in terms of aluminum atom: 3.46mol/liter) of a hexane
slurry of TMAC~341 (available from Tosch Finechem Corporation) were
placed in the flask, and subsequently the sclvent Awas added, followed
by stirring for 1 hour. This solution was added to the mixed solvent
of cyclohexane andthe solvent A (ratiobyvolume=1:1) inthe stainless
steel autoclave through which propylene had been passed, to initiate
polymerization. Thereafter, only propylene was continuousl.y fed to
maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat 60°Cforlhour. Generationofheat inthepolymerization
was easily controlled, so that the polymer solution was presumed to
be in a homegeneous 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. Alsc 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, 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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poiymer 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 thorcughly 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 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 1.00 pmol of the catalyst (b), 1.00 umol of the catalyst (f)
and 1000.0 pmol {in terms of aluminum atom: 3.46émol/liter) of a hexane
slurry of TMAO-341 {available from Tosoh Finechem Corporation) were
placed in the flask, and subseguently the solvent Awas added, followed
by stirring for 1 hour. This solutiocon was added to the mixed solvent
of cyclchexane and n-heptane (ratio 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, so 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



a) _0CcoH31'x3E X1V 'x391-.x391.'x3Lx] 144][0362]Example 18 In a SUS 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,

138

pressure while the temperature was still maintained at 70°C.
Thereafter, while the temperature was still maintained at 70°C,
unreacted propylene was purged of£f. Also by opening a toﬁ) pnlate of
the autoclave and visually observing the state of the pelymer solution -
5 in the autotlave, it was confirmed that the polymer solution was in
a homegeneous 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, 28.66 g of a polymer was obtained. The polymerization
10  activity of polypropylene was 28.7 kg/mmol-Zr-hr, and the resulting
polymer had an intrinsic viscosity [n] of 1.53 di/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
15 3 and 4.

[0356]



5 followed by stirring at 600 rpm. The solution was heated to 5000, 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 (c) was placed in a Schlenk flask and
dissolved in 16 ml of dehydrated toluene to 10 prﬁggre a metallocene solution of 0.00025 M. Then,

0.48 ml of a suspension of modified methylalumox

e (n-hexane solvent, in terms of aluminum atom:

4.08 M, 1.96 mmol) was added, and the mixture was stirred at room temperature for 15 minutes to

prepare a catalyst solutian A. Irj a diff¢rent Schlenk flask,}3.0 mg (molécular weight: 15 877.15 g/mol)
of the catalyst (a) was pl cel ahd dissolved|in 20 ml of déhydrated tolliene to prepare a metallocene
solution B of 0.00017 M. hég'\, . 42m1 of ajsuspension efmodifiedmgthylalumoxane (n-hexane
solvent, in terms ofgalumipurh atorfj? 4/08, 1. mbt) wasad e% d the mixture was stirred at
room temperature for 15 irfiitgs 120 preparesa catalyst salutipn & 1h the autoclave, 0.2 mi (0.05 M,
10 umol) of triisob@ylalu ingmi 0.14 ml (0.g0025 M, 0.035 umal) of the catalyst solutionA, 0.09m1
(0.00017M, 0.015 #mol) ofthie catalyst solutibn B apd 0.7 [ml of a mixegl solvent of cyclohexane and the
solvent A in amixing Tatigof 9 T wereptacettomifrate-pytymerization; 145 After the polymerization
was carried out athC far 10 mjingies| azsmallgmpuke of isabutylgcc hol was added to terminate the
polymerization. Tathe re é er-60|mkef metharn olgnd agmall amount of a hydrochloric acid
aqueous solution were ad ; eV were 4tirfed at foom tenfilerhature for 1 hour. The polymer
was filtered and vacuum : n 0.5587 g of syndiotactig polypropylene. The resulting polymer
had a Weight-avef‘t}lge malecular weight (Mw 0f 214000 gnd.a mo ar weight distribution (Mw/Mn)
of 2.49, and had gh&ntrinsicivisposity [n]@©f 1.8%dIy aad ameltihg €0 point (Tm), as measured by
DSC, of 156.1C. @SGB]E : In @ SUSjautoc|ave having dgn internal volume of 15 ml and
having beernrttrorgughty; tirmitrogen;-3-9-miof-amixeehsetvetit of 15 cyclohexane and the
solvent A in a mixing ratip of 9:1 was. placed| followed by |stirring at 60P rpm. The solution was heated
to 50C, and subs&dgentl duteclaye was pressurized|wits propylepe until the total pressure
became 7 bar. Ingiatm nitrogen; 29 nig (Fho ectilar wéight: 917.98 g/mol) of the catalyst
(b) was placed 2@ift a S¢hlenkflask dnd dissolved|in 13 ml of dehydrated toluene to prepare a
metallocene solutibn of 0.00824 M. Tllten, 0.39 ml §f a suspension of nodified methylalumoxane
(n-hexane solventi in terins @f gluminyim atom: 4.08 M, 159 mmol) wds added, and the mixture was
stirred at room tenperaty re%i?r 15 mirjutes tp prepTre a catalyst : ‘ :
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146 solution A. In 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, 0.42ml of a suspension of modifiedmethylalumoxane (n-hexane 5 solvent, in terms
of aluminum atom: 4.08 M, 1.71 mmol) was adde(ii[ U@md the mixture was stirred at room temperature
for 15 minutes to prepare a catalyst solution B. In %e autoclave, 0.2 ml (0.05 M, 10 pmol) of

triisobutylaluminu G% mt %JGC@S 6035 pmol) of the catalyst solutionA, 0,12m1 (0.00017M,
0.015 umol) of the Cag Iystﬁ DS 0ludson EL 0.7 ml of a mixed solvent of cyclohexane and the solvent
A in a mixing ratio 6f 91%WEte"placdd t&initjate polymerization. After the polymerization was carried
out at 50C for 10 ming S a smell ampunt of isobutyl alcohol was added to tenainate the
polymerization. Toithg gg%ﬂtz@g poﬁ/me‘m ?[3) ml of methanol and a 15 small amount of a hydrochloric
acid aqueous solutjori were added; and they were stirred at room temperature for 1 hour. The polymer
was filtered and vacuumm.dried.to ohtajn.0,5A91 g of syndiotactic polypropylene. The resulting polymer
had a weight-aversg og égufar weighE(Mv) of 236000 and a molecular weight distribution (Mw/Mn)
200f 2.44, and had; an i@icvise@sin]rigof 1.80 di/g and a melting point (Tm) , as measured by
DSC, of 155.6C. [0364jExample 20 147 been thoroughly purged with nitrogen, 3.8 ml of a mixed
solvent of cyclohexXane| and-the isokeent# ¢l a mixing ratio of 9:1 was placed, followed by stirring at 600
rpm. The solution was hatedso 5@(:, apiggubsequently the autoclave was pressurized with propylene
until NS U e L=
O i — o4 o
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5 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 Schlenk flask and dissolved in 15 ml of dehydrated toluene to
prepare a metallocene solution of 0.00022 M. Then, 0.40 ml of a suspension of modified
methylalumoxane (n-hexane solvent, in tenus 10 %Pluminum 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 (molecular weight: 821.04 g/mol) of the catalyst (g) was placed and
dissolved 326 Inl of deHydratedaslueheto prepare a metallocene solution B of 0.00006 15 M. Then,
0. 15 ml of a suspension of modifiedmethylalumoxane (n-hexane solvent, in terms of aluminum atom:
4.08 M, 0.61 mmiddpwaserdeds arid theethisttirelwashstisedhatreoneteraperatdiedor 18 minutes to
prepare a catalyst solution B. In the autoclave, 0.2 ml (0.05 M, 10 pmol) of triisobutylaluminum, 0.20 m|
(0.00022:M¢6104 4 paiol)y- bE202hedatatystsdlutiop?\ - BrEQrh 2. 400000606 006 prok oftheheataly st
solution B and 0 . 7 ml of a mixed solvent of cyclohexane and the solvent A in a mixing ratio of 9:1
were plaged toinitiatetpolymetization rAfted the polymse szation Wwas Tarfied ut at 50C for 10 minutes,
a small amount of isobutyl alcohol was added to terminate the 148 polymerization. To the resulting
polymer, 50 ml of a&ibanol and @sinalkamount @f adwydibchloris acid ageeoisssalidftiarhwere added,
and they were stirred at room temperature for 1 hour. The polymer was filtered and vacuum dried to
obtain 0.1434 profsypdivfacticss pedyrapylenendhesresulting polyraerdiad arweighteyelage
molecular weight (Mw) of 240000 and a molecular weight distribution (Mw/Mn) of 2.70, and had an
intrinsic \segsitysn] of 2.29 dl/g and a melting point (Tm), as measured by DSC, of 1 58.4C.
10[0365]Example 21 In a SUS autoclave having an internal volume of 15 ml and having been
thoroughlyyperged with nitrogen, 3.8 ml of a mixed solvent of cyclohexane and the solvent Ain a
mixing ratio of 9:1 was placed, followed by stirring at 600 rpm. The solution was heated to 50C, 15 and
subsequently 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 dissolved in 16 ml of dehydrated toluene to
prepare a metallocene solution of 0.00018 M. Then, 0.35 ml of a 20 suspension of modified
methylaiumoxane (n-hexane solvent, in terms of
the mixture was stirred at room temperature for 1
different Schlenk flask, 1.0 mg (molecular weight: 821.04 g/mol) of the catalyst (g) was placed and

dissolved |n 20 mI 149 of dehydrated toluene to prepare a metallocene
0.15 mlo asuspensmr oftnodifiedmethylalumoxane (n-hexane
4.08 M, 0.61 mrﬁo@ was adiled, afd heamixtureswas stirred &8 ro
prepare a atal)gst*ﬁolutlong Int tglave, (9.2 ml .05 M 10 pRol
(0.00018 M, 0.085 nmol) offthg cdfalyist solutionA, §.08m1
solution B and &7 ml ofja rilixdd solvent of cyclohekane and the solvent
placed to initiate potymerization 10 Aftertheg polymerizatiormrwas
small amount of Bobuty| alcohol \§as pdeed fto germing: t
50 ml of rrethan& and & snflllamourjt of- Rydgechlorie acidqu
were stirrgd at room temperatdre $or 1 hour. TH polymer was | -
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inum atom: 4.08 M, 1.43 mmol) was added, and
utes to prepare a catalyst solution A. In a

solution B of 0.00006 M. Then,

so},\ient, in terms of aluminum atom:
onm=terperature for 15 minutes to 5

of triisobutylaluminum, 0.25 ml

(O 00Q06™, @ . 005 pmol) of the catalyst

A in a mixing ratio of 9:1 were

carried out at 50C for 10 minutes, a
ne polymégzdtion. To the resulting polymer,
eo:.;gs;l qolution were added, and they



15 filtered and vacuum dried to obtain 0.1770 g of syndiotactic polypropylene. The resulting polymer
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 158.5C. 20[0366]Polymerization conditions, prolp rties of the resulting polymers, etc. in Examples
18 to 21 are set forth in Table 7. [0367] uvg/AAN fevz 1171771 ocz tAIN 100098 00L96

rrry

Mw/Mn
2.08
2.0

Mn
72100
64000

Mw
150000
131000

MFR
3.30
00
1.60
3.20
2.10
4.10

[n]
1.71
1.50
1.97
1.72

1.87
1.60

_ AH(Tc)

Te{°C)
100.0
103.0
108.0
105.5
119.8
114.7

6.3 -
4
4.8

4.6
3.4
5.4

AH(Tm) | Tm2-Tm1{°C)

Tm2(°C)
159.4
155.7
160.3
157.8
159.7
157.8

Tm1(°C)
153.1
156.3
153.0
156.3
i52.4

1511

Polymerization
temperature
50
0
50
60
50
60

f0361]
Table 6

Ex. 12
Ex. 13
Ex. 14
Ex. 15
Ex 16
Ex. 17
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[0362] - Example 18

Tn a 5US 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 scolvent A in a mixing ratié of 9:1 was placed,
followed by stirring at 600 rpm. The sclution was heated to 50°C,
and subseguently the autoclave was pressurized with prépylene until
the total pressure became 7 bar. In an atmosphere of nitrogen, 3.6
mg (molecular weight: 917.98 g/mol) of the catalyst (c) was placed
in a Schlenk flask and dissclved in 16 ml of dehydrated toluene to
prepare a metallocens sclution of 0.00025 M. Then, 0.48 ml of a
suspensien of modified methylalumoxane (n-hexane gsolvent, in terms
of aluminum atom: 4.08 M, 1.9%6 mmol) was added, and the mixture was
stirred at room temperature for 15 minutes to prepare a catalyst
solution A. In a different Schlenk fl‘a.sk, 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, 0.42mlof a suspensionofmodifiedmethylalumoxane {n~hexane
solvent, in terms of aluminum atom: 4.08 M, 1.71 mmol) was added,
and the mixture was sitirred at room temperature for 15 minutes o
prepare a catalyst solution B. In the autcoclave, 0.2 ml (0.05 ¥,
10 umel) of triischbutylaluminum, 0.14 ml (C.00025 M, 0.035 umol) of
thecatalystsolutionA, 0.09mi (0.00017M, 0.015umol) of thecatalyst
solution Band 0.7 ml of a mixed solvent of cyclohexane and the solvent

A dn a mixing ratic of 2:1 were placed to initiate polyvmerization.
_ jud
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After the Lﬁ\o}”ymerization was carried out at 50°C fer 10 minutes, a
small amount of isobutyl alcohol was added to terminate the
'polymerization. To the resulting polymer, 50 ml of methancl and a
sméll amount of a hydrochloric acid agueous soluticon were added, and
5 they were stirred at room temperature for. 1 hour. The polymer was
filtered and vacuum dried to obtain {.5587 g of syndiotactic
polypropylena. The resulting polymer hada we.ightwaverage molecular
weight (Mw) of 214000 and a molecular weight distribution (Mw/Mn)
of 2.48, and had an intrinsic viscosity [n] of 1.82 dl/g and a melting

10 point (Tm), as measured by DSC, of 156.1°C.

[C363] Example 189

In a 5U8 autoclave having an internal volume of 15 ml and havirig

been thoroughly purged with nitrogen, 3.9% ml of a mixed solvent of

15 cyclohexane and the solvent A in a mixirig ratio of 9:1 was p’léced,
fellowed by stirring at 600 rpm. The sclution was heated to 50°C,

and subséquentiy the autoclave was pressurized with propylene until

the total pressure became 7 bar. In an atmesphere of nitrogen, 2.9

mg (molecular weight: 917.98 g/mol) of the catalyst (b} was placed

20 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 modified methylalumoxane (n-hexane solvent, in terms

of aluminum atom: 4.08 M, 1.592 mmol) was added, and the mixture was

stirred at room temperature for 15 minutes to prepare a catalyst
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solution A. In 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 tocluene to prepare a metallocene solution B of 0.00017
M. Then, 0.42mlof asuspensionofmodifiedmethylalumoxane (n-hexane
solvent, 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 ymol) of triisobutylaluminum, 0.12 ml (0.00025 M, 0.035 umol) of
the catalyst solutionA, 0.12ml {C.00017M, 0.015umol) of the catalyst
solution B and 0.7 ml of amixed solvent of cyclohexane and the solvent
A in 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 amount of iscbutyl alcohol was added to terminate the

polymerization. To the resulting pclymer, 50 ml of methanol and a

small amount of a hydrochloric acid aqueous solution were added, and

they were stirred at room temperature for 1 hour. The polymer was
filtered and vacuum dried to obtain 0.5491 g of syndioctactic

polypropylene. The resulting polymer hada weight—average molecular
welght (Mw) of 236000 and a molecular weight distribution (Mw/Mn)
of 2.44, and had an intrinsic viscosity [n] of 1.80 dl/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 mi and having
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been thoroughly purged with nitrogen, 3.8 ml of a mixe:d 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 t.o 50°C,
and subsequently the autoclave was pressurized with propylene until
the tctal 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 Schlenk flask and dissolved in 15 ml of dehydrated toluene to
prepare a metallocene solution of 0.00022 M. Then, 0.40 ml of a
suspension of medified 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 (molecular weight:

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

- of dehydrated toluene to prepare a metallocene sclution B of 0.00006

M. Then, 0.15mlofasuspensionofmodifiedmethylalumoxane (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 solution B. In the autoclave, 0.2 ml (0.05 M,
10 ymol) of triisobutylaluminum, 0.20 ml (0.00022 M, 0.044 umol) of
the catalyst solutionA, 0.10ml {0.00006M, 0.006 umol) of the catalyst
solution B and 0.7 ml of amixed solvent of cyclohexane and the solvent
A in a mixing ratio of 9:1 were placed to initiate polymerization.
After the polymerization was carried ocut at 50°C for 10 minutes, a

small amount of isobutyl alcohol was added to terminate the



OZ -x2 rin<3 151 [0368]Comparative Example 3 In a SUS 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, 5 followed by stirring at 600 rpm. The solution was
heated to 50C, and subsequently the autoclave Wﬁﬁgpressurized with propylene until the total pressure
became 7 bar. In an atmosphere of nitrogen, 3.3 g (molecular weight: 696.90 g/mol) of the catalyst
(e) was placed in a Schlenk flask and dissolved in 10 ml of dehydrated toluene to 10 prepare a
metalloc&e $BREDPAGEGDO0LPM: & B b5 ioPa StEpénsioh BEnfodifiéd Memylatfmdkane
(n-hexane solvent, in terms of aluminum atom: 4.08 M, 2.24 mmol) was added, and the mixture was
stirred at¥oam temperatare fok Y5 TRiBEs i prepare dicasly st Sbittich A/aig éifférsht SeRlenk flask,
3.0 mg (molecular weight: 15 917.98 g/mol) of the catalyst (c) was placed and dissolved in 10 ml of
dehydrateteolueresteEplepae & metafiocénasonaionB 00038 . THER, 0238yt bf dasuspension
ofmodifiedmethylaiumoxane (n-hexane solvent, in terms of aluminum atom: 4.08 M, 1.55 mmol) was
added, afd e misturedvas stineddatirednt temperatord for THminwtés 1u120l pieparé @ catalyst
solution B. In the autoclave, 0.2 ml (0.05 M, 10 pmol) of triisobutylaluminum, 0.25 ml (0.00047 M,

0.012 pmsi)ebthecgatatystsoltitomAs0. 24y (820008320 G08pnwil):- ofthiecatadyst selation: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
polymerizatiom t 1 52.Aftertthesoagmerizatiomwas cairked wat ah 50€ifor Alominutes, dwsivall amount of
isobutyl alcohol was added to terminate the polymerization. To the resulting polymer, 50 ml of
methanobang.a smattameant-ofi ahydrechioricsacid agpeous solatian were;added, andting

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

10 [0365] Example 21

In a SUS autoclave having an internal volume of 15 ml and having
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. The solution was heated to 50°C,

15 and subseguently 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 dissolved in 16 ml of dehydrated toluene to
prepare a metallocene soluti;:m of 0.00018 M. Then, 0.35 ml of a

20 suspension of modified methylalumoxane {(n-hexane solvent, 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



5 they were stirred at room temperature for 1 hour. The polymer was filtered and vacuum dried to
obtain 1.8637 g of syndiotactic polypropylene. The resulting polymer had a weight-average molecular
weight (Mw) of 79800 and a molecular weight distribution (Mw/Mn) of 2.01, and had an intrinsic
viscosity [n] of 1.05 di/g and a melting 10 point (T% as measured by DSC, of 145.6C.
[03691comparative Example 4 The same operations as in Comparative Example 3 were carried
out, except that the solvent Awes replaced with n-hexane . As a result, 15 1.7962 g of syndiotactic
polyprop§lere e Ghtamhed I ise festItfiF po ke rivict an HRFRRIS Visebsity [A]OF .08 ifand a
melting point (Tm), as measured by DSC, of 145.4C. [0370]Comparative Example 5 20In a SUS
autoclav&! havifi§an thterdal 0d1arfie BT AP aRd Faving beerrinoroadhlypirped wWitkemigogen, 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 a0 PR, THe S6itiBndfas hedicdtd 80O ard Sithdbquerttly thecdutociveawas pressurized
with propylene until 153 the total pressure became 7 bar. In an atmosphere of nitrogen, 2.7 mg
(moleculardleidi: 91708:g/mel of tig cathlyst (hywas pravetkinua Schienkl flagk andatissaived in 12
ml of dehydrated toluene to prepare a metallocene solution of 0.00025 M. Then, 0.36 ml of a 5
suspensipnagfanediiedapethwdaluptoxaneotn-Bexahe solventfotemveof Alininunm atdh: ¥.08 M, 1.47
mmol) was added, and the mixture was stirred at room temperature for 15 minutes to prepare a
catalyst sdlution1&. infan:auteciave yQ 2Lk {0.06, M3 L5 priol) ©f flisobutlalurfifummo 20 od (0.00025
M, 0.05 pmol) of the catalyst 10 solution A and 0.7 ml of a mixed solvent of cyclohexane and the
solvent Aimeecabeig satiooahlowere placeditd dnitate polynieizationo Afterftheepolynadrization was
carried out at 60C for 10 minutes, a
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 polymerizatiocn.
10 After the polymerization was carried cut at 50°C for 10 minutes, a
small amount of isobutyl zlcohol was added to terminate the
polymerization. To the resulting polymer, 50 ml of methanol and a
small amount of a hydrochloric acid agqueous solution were added, and
they were stirred at room temperature for 1 hour. The polymer was
15 filtered and wvacuum dried to obtain 0.1770 g of syndioctactic
polypropylene. The resulting polymer had a weight-average molecular
.weight (Mw} of 222000 and a molecular weight distribution (Mw/Mn)
0f 2.76, and had an intrinsic viscosity [n] of 2.13 dl/gand amelting
point {Tm), as measured by DSC, of 158.5°C.
20 [0366] Folymerization conditions, properties of the
resulting pelymers, etc. in Examples 18 to 21 are set forth in Table

7.

[0367]



small amount of isobutyl alcohol was added to terminate the polymerization. To the resulting polymer,
50 ml of methanol and a 15 small amount of a hydrochloric acid aqueous 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 resulﬁrg? polymer had an intrinsic viscosity [hi of 1.41 dl/g
and a meltlng point (Tm) as measured by DSC 58.8C. 20 [0371]Comparative Example 6 The
same operafonsj omparative Example 5 were carried out, except that the polymerization

temperature o 65C. As a result, 0.0990 g of syndiotactic polypropylene was obtained.
154 The res q JQ,ad an intrinsic viscosity [n] of 1.18 dl/g and a melting point (Tm), as
measured by f €. [0372]Comparative Example 7 5The same operations as in
Comparativg Exduaple, b carried out, except that the catalyst (b) was replaced with the catalyst
(9) and the pogmgr Zat %mperature was changed to 50C. As a result, 1.0740 g of syndiotactic
polypropylenrje stcg()@ The resulting polymer had a weight-average molecular weight (Mw) of
356000 and a-1G-mpleculariveight distribution (Mw/Mn) of 2.39, and had a melting point (Tm), as
measured by DSGRbE188.Z¢E. [0373]Comparative Example 8
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The same operations as in Comparative Example 5 were carried 15 out, except that the catalyst (b)
was replaced with the catalyst (d). As a result, 0.6465 g of syndiotactic polypropylene was obtained.
The resulting polymer had a weight-average molecular weight (Mw) of 102000 and a molecular weight
distribution (Mw/Mn) of 1.84, and had an intrinsic Yﬁcosity [s] of 1.22 dl/g and a melting point (Tm), 20
as measured by DSC, of 156.0C. [0374]Polymerization conditions, properties of the resulting
polymers, etc. in Comparative Examples 3 to 8 are set forth in Table 8. [0375] 156 Industrial
Applicabilif§F[B876]Polymess L Harbamplecular weight distribution, high melting point and high
molecular weight give great merits to the olefin polymerization industry. For example, when 5
propylene is used BsaOAGRE 1A el sreseatdAVeRGicH the Yesutsgirdpylehe polymeiitmas a

narrow molecular weight distribution, a high melting point and a high molecular weight. When an olefin
been thoroughly purged with nitrogen, 3.9 ml of a mixed sclvent of

Cyh

Freving-narre

cyclchexane and the solvent A In a mixing ratio of 9:1 was placed,

5 followed by stirring at 600 rpm. The solution was heated to 50°C,
and subseguently the autoclave was pressurizeds&ith,p;opylene until

the total pressure became 7 bar. In an atmosphere of nitrogen, 3.3

mg (molecular weight: 696.20 g/mol) of the catalyst (e) was placed

in a Schlenk flask and dissolved in 10 ml of dehydrated toluene to

10 prepare a metallccene solution of 0.00047 M. Then, 0.55 ml of a
suspension of modified methylalumoxane (n-hexane sclvent, 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
soiution A. In a different Schlenk flask, 3.0 mg {(molecular weight:

15 917.98 g/mol) of the catalyst {(c) 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

20 prepare a catalyst sclution B. In the autoclave, 0.2 ml (0.05 M,
10 ymel) of triiscbutylaluminum, 0.25mi (0.00047 M, 0.012 umol) of

the catalyst solutionA, 0.24ml (C.00033M, 0.008 pmol) of thecatalyst
solution B and 0.7 ml of a mixed solvent of cyclohexane and the sclvent

A in a mixing ratio of 9:1 were placed to initiate polymerization.



polymerization catalyst comprising the aforesaid crosslinked metallocene compound is used,
polypropylene having a high melting 10 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 melting point and a molecular weight equivalent to or higher than those of a polymer
obtained by the use of a publicly known metallocene compound can be 15 prepared. 157 CLAIMS 1.A
process for preparing an olefin polymer, comprising polymerizing at least one monomer selected from
a-olefinPGE2 Brrh6r S CANRST AfcHid WhBRSINtRE Iz atiorrid Garfiel ot B 8% & fmpérature of
not lower than 40C in the presence of a catalyst comprising: a transition metal compound
componéREd) GaHpRSingiweSePHiore ItHFSBPFralsifioRFHERI ContFetHdE & repfesented by the
following formula [Al], and 10an organometallic compound comtponent (B) comprising one or more
kinds of Brgatismetslid eompdiinds eoy seletidd Forr thd fsllowiR o MpItRBRIBEL), 3B2)3and (b-3):
(b-1) an organoaluminum oxy-compound,

small amount of a hydrochloeric acid agueous solution were added, and

5 they were stirred at room temperature for 1 hour. The ?olymer was
filtered and vacuum dried to obtain 1.8637 g of syndiotactic
polypropylene. The resulting polymer had a weight-averagemolecular
weight (Mw) of 79800 and a molecular weight distribution {(Mw/Mn) of
2.01, and had an intrinsic viscosity [n] of 1.05 di/g and a melting

10 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,
15  1.7%62 g of syndiotactic polypropyiene was obtained. 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

20 In a SUS autoclave having an internal volume of 15ml and having
been thoroughly purged with nitrogen, 3.9 ml of a mixea solvent of
cyclohexane and the solvent A in a mixing ratic of 39:1 was placed,
followed by stirring at 600 rpm. The soluticn was heated to 60°C,

and subsequently the autoclave was pressurized with propylene until



(b-2) a compound which reacts with the transitionmetal compound 15(a) to form an ion pai
(b-3) an organoaluminum 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 20 determined by gel pﬁl;gneation chromatography (GPC), satisfy the
relationship of 1.(Mw/Mn)3, and which has a melting point (Tm), as determined by DSC, of not lower
than 150C and an intrinsic viscosity ([p]) of not less than 1.5 dl/g, 158 where in R1 to R12 are each
independettlyta Fydrogen Sitsih, 2eRamgeh 2idm, athyadrocarbenRjisap, athafbtendéshtating
hydrocarbon group, a nitrogen-containing group, an oxygen-containing group or a 5 silicon-containing
group, twedadfERERE gictips' 8l M e RE andtRY/ Mo ma3ibé Bt toyform Brifg SRE2 2#&ARI4 are
each independently a hydrogen atom, a hydrocarbon group of 1 to 40 carbon atoms or a
silicon-coritamifi§ereiip of 1246 carbo R dtorisand mMay be bénded Y6 eackCother e Rsrmia ring, M is
Ti, Zr or Hf, Y is a silicon atom 10 or a carbon atom, Q is a halogen atom, a hydrocarbon group, an
anionic ligafdora Betgabligarrbogpasidudfiseing €obrdiRtd By a 18mnpal - Fis anlintéger of 1 to 4,
and when plural Q are present, they may be the same as or different from each other. 159 in claim 1,
whefein atlepstenenfthetratidition metdl compounds @) (of-thextearssiiohimatal compeund
component (A) is represented by the following formula [A1-1]:

of aluminum atom: 4.08 M, 1.47 mmol) was added, and the mixture was

stirred at rocom temperature for 15 minutes to prepare a catalyst
solution A. In an autoclave, 0.2 ml {0.05 M, 10 umol) of
triisobutylaluminum, 0.20ml (0.00025 M, 0.05 umol) of the catalyst
10 sclutionZand 0.7 ml of amixed solvent of cyclohexane and tlhe éolvent
A in a mixing ratic of 9:1 were placed to initiate polymerization.
After the polymerization was carried out.at 60°C for 10 minutes, a
small amo.unt of iscbutyl zlcohel was added to terminate the
polymerization. To the resulting polymer, 50 ml of me‘;hanol and a
15  small amount of a hydrochioric acid agueous sclution were added, and
they were stirred at room temperature for 1 hour. The polymer was
filtered and vacuum dried to obtain 0.1530 g of syndiotactic
polypropylene. The resulting pelymer had an intrinsic viscosity [n]
0f 1.41 dl/g and a melting point (Tm), as measured by DSC, of 158.8°C.
20

{0371} Comparative Example ©

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

As a result, 0.0990 g of syndictactic polypropylene was cbtained.



5 wherein Rid toR12" 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 R1' to R5' and Re' to R12 may be bonded to form a
ring with the proviso that R1', R58, 10 R8' and Rl% re each independently selected from a hydrogen
atom, a hydrocarbon group and a silicon-containing group and at least one of R1', R5', RB' and R12' is
selected from a hydrocarbon group and a silicon-containing group, R13a and R14' are each
independBrly 2@Forgakic geouprepresEntés by the folewing formeda AL 13 Mis 18, Zedwl5 Hf, Y is
a silicon atomor a carbon atom, Q is a halogen atom, a hydrocarbon group, an anionic ligand or a
neutral ligast eapableloibaingnt60 Tobrdinatea by alofepail§is anintefer 41Q.to 4, and when
plural Q are present, they may be the same as or different from each other, [Al-1-1]

(03721 Comparative Example 7

5 The same operations as in Comparative Example 5 were carried
out, except that the catalyst (k) was replaced with the catalyst (g)
and the polymerization temperature was changed to 50°C. As a result,
1.0740 g of syndiotactic polypropylene was cbtained. The resulting
pelymer had a weight-average mclecular weight (Mw) of 356000 and a

10 meolecularweight distribution (Mw/Mn) of 2.39, andhad amelting peint

(Tm), as measured by DSC, of 139.7°C.

[C373] Comparative Example B

The same operations as in Comparative Example 5 were carried
15 out, except that the catalyst (b) was replaced with the catalyst (d).
As a result, 0.6465 g of syndiotactic polypropylene was obtained.
The resulting polymer had a weight-average molecular weight (Mw) of
102000 and a molecular weight distribution (Mw/Mn) of 1.84, and had
an intrinsic viscosity [n] of 1.22 dl/g and a melting point (Tm),
20  as measured by DSC, of 156.0°C. |
[0374] Polymerization conditions, properties of the
resulting polymers, etc. in Comparative Examples 3 tc 8 are set forth
in Table 8.

[0375]



wherein R15°1 to Rise are each independently a hydrogen atom, a halogen 5 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 R15a to Rise may be bonded %Ioim aring, and nis 0 or 1. 10 3.The process for
preparing an olefin polymer as claimed in claim 2, #herein in the formula [Al-1], Rle and R12e are

each a hydroc rgrouprof-irto40-carben atoms or a silicon-containing group of 1 to 40 carbon
group
atoms, and Riezar dgee are e ck} g igcr én 15atom. 161 in any one of claims 1 to 3, wherein at
least one of the Egnsition metal compunds (a) of the transition metal compound component (A) is
represented b following formula [Al-2]
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5 wherein R Ibto R12b 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 Rib to R5b and Rob to Rla may be bonded
to form a ring with the proviso that Rib, R5b, 10 12813 and R12b are each a hydrogen atom, R13b and
R14b 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 BREGFalIRfarPeapaslieidfheing coordinated by a lone pair, j is an integer of 1 to 4, and 15
when plural Q are present, they may be the same as or different from each other, 162 wherein Rim
to R19b are eachlingiépendently Bchydregenzaoim a Walogen datere aiydroxgligioup, a hydrocarbon
group of 1 to 14 carbon atoms, a halogen-containing hydrocarbon group of 1 to 14 carbon atoms, a 5
sulfur-cortairiingyrouphanogygenldcntdippgdremy dria siticore containieg ghaupi twosadjatent groups
of Rim to R191" may be bonded to form a ring, and nis O or 1.

merits to the olefin polymerization industry. For example, when

5 propylene isused as a monomer in the present invention, the resulting
propylene polymer has é narrow molecular weight distributicon, a high
melting point and & high molecular weight. When an olefin
polymerization catalyst comprising the aforesaid crosslinked
metallocene compound is used, polypropylene having a high melting

10 point and a high molecular weight can be prep.ared under the
polymerization conditions of high temperatures. Also when amoncmer
other than propylens is used, a polymer having a melting 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

15 prepared.



5.The process for preparing an olefin polymer as claimed 10 in claim 4, wherein the transition metal
compound (@) is a transition metal compound in which at least one of Rm and Run' in the formula
[A1l-2] is selected from a halogen atom and a halogen-containing hydrocarbon group, or a transition
metal compound in which at least one of Rim to Rjm in the formula [A1-2-1] is selected from a halogen
15 atom and a halogen-containing hydrocarbon group of 1 to 14 carbon atoms. 163 6. The
process for preparing an olefin polymer as claimed in any one of claims 1 to 5, wherein the
polymerization is carried out at a gauge pressutdAfifss MPa to 10 MPa. 7. The process for
preparing an olefin polymer as claimed in any one of claims 1 to 6, wherein the polymerization is
carried out usinglan inertthydrocardzorf solvertpar ing 8a/A miixdd cataly sireamprising-tva ag more
kinds of 10 transition metal compounds (a) represented by the following formula [Al]: [Al]  wherein RI
to R12 arecégute intependently<a: bydrogematomea hadogen atbmy arhydrotamhions QiU ar
halogen-containing hydrocarbon group, 15 a nitrogen-containing group, an oxygen-containing group or
a more carbon atoms, wherein the polymerization is carried out at a
5 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 [Al]l, and
10 an organometallic compound cempenent (B) comprising one or more
kinds of organometallic compounds (b) selected from the following
compounds {b-1), (b-2) and (b=-3}:
{b-1) an corganocaluminum oxy=-compound,
{b-2) a compound which reactswiththe transitionmetal compound
15 (a) to form an ion pair,
(b—3) an crgancaluminum 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
20 determined by gel permeation chromatography (GPC), satisfy the
relationship of 1< (Mw/Mn)<3, 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 dl/g,



164 silicon-containing group, two adjacent groups of R8 to R5 and R8 to -12 may be bonded to form a
ring, and R84 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 bonded 5 to each other to form a
ring, M is Ti, Zr or Hf, Y is a silicon atom or a carbi)ﬁ atom, Q is a halogen atom, a hydrocarbon group,
an anionic ligand or a neutral ligand capable of be 6 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. 10 9.The
mixed catalyst as claimed in claim 8, wheret-at{east one of the transition metal compounds (a) is
represented by the following formula [Al-}: @ {Al-1] 15 wherein Rlato R12a are each
independently a hydrogen atom, a haloge 65/

e & = [Al]

wherein R* to R are each independently a hydrogen atom, a halogen
atom, a hydrocarbon group, a halogen-containing hydrocarbon group,
a nitrogen-ceontaining group, an oxygen-containing group or a

5 silicon-containing group, two adjacent groups of R* to R® and R® to
R may be bonded to form a ring, R’ and RY 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 bonded
to each other to form a ring, M is Ti, Zr or Hf, Y is a silicon atom

10 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, ] is an integer of 1 to 4, and when plural Q are present, they

may be the same as or different from each other.

i5 2. The process for preparing an olefin polymer as claimed



a nitrogen-containing group, an oxygen-containing group or a silicon-containing group, two adjacent
groups of Rla to Rsa and R8a to R12a may be bonded to form a ring with the proviso that Rla, R5a,
Rea and R12a are each independently selected from a hydrogen atom, a hydrocarbon group and a
silicon-containing group and at least one of Rla, , R8a and R12a is selected from a hydrocarbon
group and a silicon-containing group, R13aandR144a are each independently an organic group
represented by the following formula [2], M is Ti, Zr or Hf, Y is a silicon atom or a carbon atom, Q is a
halogen afori1a Bydiocarore10 grbuptantasivhiclfgdne of senaitialdiyairt eapablersibelng
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 6% tiffstenbfront @achtother mewhereprRisated RegaReacindependentlyerfiydrogen
atom, a halogen 15 atom, a hydroxyl group, a hydrocarbon group of 1 to 14 carbon atoms, a
halogen-bontairing hydescarbohagroupzof [Blo-14 carbon atoms, a sulfur-containing group, an
oxygen-containing group or a 166 silicon-containing group, two adjacent groups of Rma to Ri9a may
be bonded to form aring, and nis 0 or 1 10. The mixed catalyst as claimed in claim 9, wherein
in the 5 fo ula [A1l-1], R R12" are each @ arbon group of 1 to 40 carbon atoms or a
silicon-containing group of 1 to 40 carbonatpms, and Rsa and R86 are each a hydrogen 11.
The mixed catalyst as claimed in any one gf clakns 8 to 10 10, wherein at least one of the transition
metal compounds (a) is representeg@yt e following formula [A1-2]:

R”it:‘ia____\;

o o« JAL-1

5 wherein R™ to R™ are each independently a hydrogen atom, a halogen
atom, a hydrocarbon group, a halcgen-containing hydrocarbon Qroup,

a nitrogen-containing group, an oxygen-containing group or a
silicon-containing group, two adiacent groups of R*® to R™ and r®
to R*™® may be bonded to form a ring with the proviso that R'®, R,
10 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-containinggroup, R*¥** andR*@are each independentlyanorganic
group represented by the following formula [Al-1-1], M is Ti, Zr or
15 Hif, Yisasiliconatomoracarbonatom, Qisahalogenatom, ahydrocarbon

group, an anicnic ligand or a2 neutral ligand capable cf being



R3b [A1-2] wherein Rib to Rim are each independently a hydrogen atom, a halogen atom, a
hydrocarbon group, a halogen-containing hydrocarbon group, 15 a nitrogen-containing group, an
oxygen-containing group or a silicon-containing group, two adjacent groups of Rib to R5b and Rsb
167 to R12b may be bonded to form a ring with t 5)roviso that Rib, R5b, Rub and R12b are each a
hydrogen atom, R13b and R14b are each independently an organic group represented by the
following formula [A1-2-1], is Ti, Zr or Hf, Y is a silicon atom or a carbon atom, Q is a halogen 5 atom,
a hydroc&fisortgrotpe am arionid iganpdor a hAeutral lighndwasable ©f Beircosrdinated byla 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, 100vhereirrRiBYH o Rk aressackeindepentdenty @ hydiddern axdni eohakagen atomira hydroxyl
group, a hydrocarbon group of 1 to 14 carbon atoms, a halogen-containing hydrocarbon group of 1 to
14 carbon atopns, a sulfur-containing group, an oxygen-contaiQing group or a silicon-containing group,
two adjacent/groups of R%gbato R19b may be %ggonded to forp aring, and nis O or 1.

R

= e e [AI-1-1]

wherein R™® to R*™ are each independently a hydrogen atom, a halogen
5 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-centaining group, two adijacent groups of RY™® to RY™ may be

bonded to form a ring, and n is 0 or 1.

10
3. The process for preparing an olefin polymer as claimed
in claim 2, wherein in the formula [Al-1], RF 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
15 atom.

4, The process for preparing an olefin polymer as claimed
E g polym



168 transition metal compound (@) is a transition metal compound in which at least one of R3b and
RImp 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 ofRampto R191) in the formula [A1-2-1] is
selected from a halogen atom and a halogen-cona%iping hydrocarbon group of 1 to 14 carbon atoms.

10

pd
ul

in any cne of claims 1 tc 3, wherein at least cone of the transition
metal compounds {a) of the transition metal compound component (A)

ig represented by the following formula [Al-2]:

-+ 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 coxygen—contalning 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 [Al-2-1], M
is Ti, Zr or Hf, Y is a silicon atom or a carbon atom, ¢ is a halogen
atom,ahydrocarbongroup,ananionicligando;aneutral1igandcapable
of being coordinated by a lone pair, j is an integer ¢f 1 to 4, and
when plural ¢ are present, they may be the same as or different from

each other,



10

15

162

160" R15b

-+« [A1-2-1]

wherein R* to R'™ zre each independently a hydrogen atom, a halogen

atom, a hydroxyl group, a hydrocarbon group of 1 to 14 carbon atoms,

a halcgen-containing hydrocarbon group of 1 to 14 carbon atoms, a
sulfur-containing group, an oxygen-containing group or a

15b o RlQb

slilicon-containing group, two adjacent groups of R may be

bonded to form a ring, and n is 0 or 1.

5. The process for preparing an clefin polymer as claimed
in claim 4, wherein the transition metal compound (&) is a transiticn
metal compound in which at least one of R® and R'® in the formula
[Al-2] 1s 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.
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6. The process for preparing an olefin polymer as claimed
in any one of claims 1 to 5, wherein the polymerization is carried

out at a gauge pressure of 0.5 MPa to 1C MPa.

7. . The process for preparing an olefin polymer as claimed
in any one of claims 1 to 6, wherein the pclymerization is carried

out using an inert hydrocarbon sclvent.

8. A mixed catalyst comprising two or more kinds of

transition metal compounds {a) represented by the following formula

[(A1]:

e [AL]

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



164

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 4C carbon atoms oOr a
silicon~containing group of 1 to 40 carbon atoms.and may be bonded
5 to each other to form a ring, 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 ligangd capable of being cocrdinated 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.
10
S, The mixed catalyst as claimed inclaim8, wherein at least
one of the transition metal compounds (a) is represented.by the

following formula [Al-17:

RMa

R 1la
RB&

RQE\

© a e [Al—l]

15 wherein R' to R'™ are each independently a hydrogen atom, a halogen

atom, a hydrocarbon group, a halogen-containing hydrocarbon group,



10

15
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a nitrogen-centaining group, an oxygen-containing gréup or a

silicon-containing group, two adjacent groups of R™ to R and R*
to RY™® 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-containinggroup, R™*andR*® are each independentlyanorganic
group represented by the following formula [2], M is Ti, Zr or HEf,
Yis a-silicon atomor a carbon atem, Q0 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 wheh piural

Q are present, they may be the same as or different from each other,

R‘l&a RWa
R'i?a / \ (CHE)YI

+oee AT

wherein R to R

are each independently a hydrogen atom, a halogen
atom, a hydroxyl group, a hydreccarbon 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
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15
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silicon-containing group, two adjacent groups of R to R'™ may be

bonded to form a ring, and n is 0 or 1.

10C. The mixed catalyst as claimed in claim 9, wherein in the
formula [Al-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.

11, The mixed catalyst as claimed in any one of claims § tc
10, wherein at least one of the transition metal compounds (a) is

represented by the following formula [AL-2]:

.o f1-2]
wherein R*™ to R are each independently a hydrogen atom, a halogen
atom, a hydrocarbon group, a halcocgen-centaining hydrocarbon group,
a nitrogen—containing group, an oxXygen—~containing group or a

silicon~containing group, two adiacent groups of R™ to R™ and R¥



10

15
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to R* may be bondad to form a ring with the provisc that F&?, R™®,
R® and R'*® are each a hydrogen atom, R™ and Rléb are each independently
an organic group represented by the feollowing formula [Al-2-1], M
is Ti, %r or Hf, Y is a silicon atom or a carbon atom, Q is a halogen
atom, ahydrocarbongroup, ananionicligandoraneutral ligandcapable
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,

\\ 165 \Risb

15b o RlQb

e e s [A1-2-1]

wherein R are each independentl;ra‘hydrogen,atonh‘a halogen
atom, a hydroxyl group, a hydrocarbon group of 1 to 14 carbon atoms,
a halogen-containing hydrocarben group of 1 to 14 carbon atoms, a
sulfur-containing group, an oxygen-containing group cr a

15b
Rle

silicon-containing group, two adjacent groups of R to may be

bonded to form a ring, and n is 0 or 1.

12. The mixed catalyst as claimed in claim 11, wherein the
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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 halcogen atom and a halogen-containing hydrocarbon group, or a
transition metal compound in which at least one of R¥™ to R**® in the
formula [Al-2-1] is selected from a halogen atom and a

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



