1 DESCRIPTION PROCESS FOR PREPARING OLEFIN POLYMER USING MIXED CATALYST
Technical Field [0001]The present invention relatés 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 polymerization 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 45; pegjtion 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

nghterperaue pomedzalion i caedout e sleguar waght 500 sy te

polymerization activity is sometimes low, and this is an o olowc Recently, it
has been disclosed by S.A. Ewen, et al. that hen a catalyst comprising a transitionmetal catalyst
having, 2 as a ligand, isopropylidene (cyclopentadienyl) (9-fluorene) wherein cyclopentadiene and
fluorgne ;Péecﬁgoscsallink%d by isopropylidene and aluminoxane is used, polypropylene of high tacticity
having a 'syn iotactic péﬁfa% fraction of more than 0.7 is obtained (non patent

(00013} The present Iinvention relates to a process for

preparing an olefin polymer.

Background Art

10 10002) Olefin polymers are applied to various uses as
thermoplastic resin materials or modifiers of thermoplastic resins.
Asapolymerizaticncatalystusedinthepreparationofolefinpolymers,
a titanium catalyst or a metallocene catalyst is known. In the case
of using the titanium catalyst, however, there is a problem that the

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

20  composition, but whenhigh~temperature polymerizationiscarriedout,
the molecular weight is not increased or the polymerization activity
is scmetimes low, and this is an obstacle to low cost.

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

al. thatwhenacatalyst comprisingatransitionmetal catalyst having,



Sliterature 1). [0004]Moreover, it has been reported that by the use of a catalyst having 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 ). In
this transition metal catalyst, however, there is ye oom for improvement in polymerization performance
at high temperatures and particularly in molecular weight (patent literatures 2 and 3) . [0005]By the

way, a method for-polymerizing ama-glefin 1oy mixing different mefalipcene compaunds for the

purpose of allowing the resulting polymer to exhibit specific properties instead of widening a molecular

weight d@P&%h%@fe%'yéﬁ%r bag been.also.praposed; FRL example, a-processdor preparing

polypropylene by using a crosslinkedmonocyclopentadienylhetero atom-containing compound 20 and

an unorogslinked biscyclapentadienyksontaining compgund bas beenyreparted.(patentliterature 4).

Moreover, there is a literature in which use of a hafnium metallocene type Catalyst compound of a

crossiinke byl loaod aad a drsegiun mesaliesne e eatslys! sompound 5 dsaussed (patert

literature urthermore, a process 3 for preparing a propylene polymer using at least two different
zirc%niurﬁm%taggg%%e gxpe catalyst compounds having a crosslinked bulkyligandhasbeendisclosed.
One of stericaﬁy irmzirconocenes used herein has, as a bulky ligand, an indenyl ligand having a

substituent on a S%I 3 ggnb_ered rwgr@&;_eer%t Iltg[CaLFraeS 6%6561';“ @J{er?g%@%) e.a 3{3{0%%5%{% preparing
polypropylene using two different zirconiuni metallocene type catalyst compounds havinga

crossllnkgg bull%%%?nd pag been dlsclqcsgd patent I|tetiature 7).40. %GAIhgprgggng%%@écant has

0
already repoﬁe 10" pgﬁrlb?gpy&fersle p%?yrhigfehgaﬁgcég?)éigtivgly igh melting pointand a high

molecular wei%ht can be prej?ared by the use of a specific transition metal Eata}liy patent literature 8).

t
Citation Li"T5’Patenit Liférature {0607 4teft fitératdré 1:5588&8835%%eﬁﬂ§i}a-§8éﬁﬁ9§blication No.

274703/1990 Patentliterature2:)aganesePatentLaid-OEenPublicationNo. 161957/2004
activity, a propyilens/ethylene copolymer naving a hign molecular

10  weight is obtained (patent literature 1). In this transition metal
catalyst, however, there is yet room for improvement inpolymerization
performance at high temperatures andparticularly inmolecular weight
(patent literatures 2 and 3).

[0005] By the way, a method for polymerizing an ao-olefin

15  bymixing different metallocene compounds for the purpose of allowing
the resulting polymer to exhibit specific properties instead of
widening a molecular weight distribution of the polymer has been also
proposed. Forexample, aprocess for preparing polypropylenebyusing
a crosslinked monocyclopentadienyl hetero atom~containing compound

20  and an uncrosslinked biscyclopentadienyl-containing compound has
been reported (patent literatured4). Moreover, there isa literature
in which use of a hafnium metallocene type catalyst compound of a
crosslinked bulky ligand and a zirconium metallocene type catalyst

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



20 Patent literature 3: W001/027124 pamphlet Patent literature 4: U.S.Patent No. 5,516,848 Patent
literature 5: EP 03107348 Patent literature 6: U3S.Patent No.

for preparing a propylene polymer using at least two different
zirconium metallocene type catalyst compounds having a crosslinked
bulky ligandhas been disclosed. Oneof sterically firm zirconocenes
used herein has, as a bulky ligand, an indenyl ligand having a
5 substituent on a six-membered ring (patent literature 6). Still
furthermore, aprocess for preparingpolypropylene usingtwodifferent
zirconium metallocene type catalyst compounds having a crosslinked
bulky ligand has been disclosed (patent literature 7).
[0C06] The present applicant has already reported that
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).
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1988, 5110, 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 a
nigh temperature exceeding ordinary temperature, but any catalyst satisfying such requirement

soundly has not hean.teported so.far, ¢ . ,I00101accordingly, it is,an,objest of the pregeqt invention to

provide an olefin polymerization process to efficiently
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[0008] Non patent literature 1: J. Am. Chem. Soc. 1988,

110, ©255-6256

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

distribution of the resulting polymer is narrow).

Sciution to Problem

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

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



15 obtain an a-olefin polymer having a high melting point and a high molecular weight without
impairing characteristics of a metallocene catalystyparticularly, 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 the
case where an a-olefin such as propylene is polymerized, an a-olefin polymer having a high melting
point and,a high malecular weig m@%ofw_ﬁ&qt%@goﬂvge in the,Ralymetization ata high temperature
at which industrialization is possible, by using two or more kinds of specific metallocene compounds
different in ligant suusty e, gncthex have alsodound.thatde (Esyling leflabalymst hagia narrow
molecular 5 weight distribution. Thus, the present invention has been accomplished. [0012]That is to
say, the pracess docpenaring andlelin palumat aceording.ig e preseptinvaniian s Ajprogess for
preparing an olefin polymer, comprising polymerizing monomers containing 10 propylene and if
necessaryan.a:0lefin f 2 orumere cathan alomis gierdhan prapylens, wheteln (e polymefization is
carried out at a temperature of not lower than 40C in the presence of a catalyst comprising a transition
met%l comgoug% C hrg Qnen (fg whi comp@ges fwo or more kindgi%f I}r%%sgti%r% ggletal compounds (a)
5the )

represented1 'gy oﬁowmg formu au[%\‘l] and aﬁE“E)era(aamometa‘aflﬁ!‘rcl compound component (B) which
comprises one or.m rgolldnds 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 fransition metal compound 20(a).to form an ion pair, . _. (b-3)
an organoaluminjggét?%pound, gﬁét lsrl}ﬁesglgfintﬂgl mef s n%gf%ﬁﬁ%%wggﬁﬁo%éﬁm

weight-average molecular weight (Mw) and numbher-average molecular weight (Mn) , as determined by
gel permE’gt?gﬁ“%ﬁr%w%%&?a%;??éﬁé)?%%ﬁ%f}ttﬁé“‘fe“tlgn Sl il

an olefin polymer, comprising polymerizing monomers containing
10 pfopylene:andijfnecessaigran_awolefin.ofZEOI:more carbon atoms other
than propylene, wherein the polymerization is carried out at a
temperature of not lower than 40°C in the presence of a catalyst
comprising a transitionmetal compound component (A) which comprises
twe or more kinds of transition metal compounds (a) represented by
15  the following formula [Al] and an organometallic compound component
(B) which comprises one or more kinds of organometallic compounds
{b) selected from the following compounds {b-i}, (b-2) and (b-3):
(b-1) an organcaluminum oxy-compound,
{b-2) a compoundwhich reactswith the transitionmetal compound
20 (a} to form an ion pair,
{b-3) an organcaluminum compound, and
the olefin polymer is an olefin polymer whose weight-average
molecular .weaight (Mw) and number-average molecular weight (Mn), as

determined by gel permeation chromatography (GPC), satisfy the



6 relationship of 1-C(Mw/Mn)3, and which has a melting point (Tm), as determined by DSC, of not
lower than 150C and an intrinsic viscosity ([b]) of rfot less than 1.5 dl/g, [0013] 5 [0014]wherein R1 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, two adjacent groups of Rl to R5 and R8 10 to P'2 maybe bonded to form a
fing, P'3 aadg faseeach dndependontly 2y dingenatomy anudipeprhan oUR.of &g A0, garbon
atoms or a silicon-containing group of 1 to 40 carbon atoms and may be bonded to éach other to form
a 1ing, Mg Tt 2401l iesd Siicon alom, ar 2 garborsgiain, (13 2 balagsn.atom 8 fyddrpgarbon

group, an anionic 15 ligand or a neutral ligand capable of being coordinated by a lone
{[n]}) of not less than 1.5 dl/g,

(00131

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

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



7 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. Advantageous Effects of Inventioh 5[0015]The process for preparing an olefin
polymer according to the present invention is excellent in polymerization activity. For example, when
propylene is used as a monomer, the resulting propylene polymer has a narrow molecular weight and
has a high melting point and a high molecular weight. When the olefin 10 polymerization catalyst

comprising a,crosslinked metallacene-compoynd.aceording fo the present invention.is ysed

preparation of polypropylene having a narrow molecular weight distribution becomes poss%le evenin

the polymetzationaLa high temperatyre. Moreover uhen the aigue,olefin polymerization catalyst

comprising a crossl nked 15 metallocene compound is used, a polymer exhibiting amolecular weight
distribution equivalent to or narrower than that in the case of using publicly known technique and
having a high melting point and a high molecular weight is obtained even if a monomer other than
propylenﬁciﬁrus%d. %% uDsesh(:ri éig@sofo ngi@ggtsn[0016]With regard to the component (A) and the
component (%?rea]l%vant to the presen invén%on,?he olefin polymerization

catajystcontainin omponents,andtheprocessforpolymerizing 8 olefins in the presence of the
olefi%/polymeriza%i%’lr?f:gagalyst, begp‘ranogdre%cgsr%a%@fngﬁ%ﬁ\é%rélar g%rﬁt fvention-Sre’@&cribed in order

herein’after.éOOl?l;l’he %rogéess for pre arjn%an olefin polymer 5 according to the present invention is a
process for prépariig ah of ﬁn%cﬁ%% , COMPPIsIg PO mdrizing Ht feast &% ¥isHomer $efected from
a-olefins of two or more carbon atoms. In the above monomer, propylene is contained. The above

polymeriZ&tion is-carried Suf AP Ekernpetiitie of Ho¥ IoWEr than e if thé pressiterof &ikatalyst

comprisinga _ . , i
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
polypropylene having a narrow molecular weight distribution,beoomes
possible even in the polymerization at a high temperature. Moreover,
whenthe aboveolefinpolymerizationcatalyst comprisingacrosslinked
15 metallocene compound is used, apolymer exhibiting amclecular weight
distribution equivalent to or narrower than that in the case of using
publicly known technigque and having a high melting point and a high
molecular welght is obtained even 1f a monomer other than propylene
is used.
20
Description of Embodiments
[0016] With regard to the component (A) and the component
(B) relevant to the present invention, the olefin polymerization

catalyst containing these components, andtheprocess forpolymerizing



10 transition metal compound component (A) which comprises two or more kinds of specific transition
metal compounds (a) and a specific organometalficcompoundcomponent (B) . In the oiefinpolymer
obtained by this polymerization, the weight-average molecular weight (Mw) and the number-average
molecular weight (Mn), as determined by gel 15 permeation chromatography (GPO), satisfy the
relationship of 1--(Mw/Mn)--3, the melting point (Tm), as determined by DSC, is not lower than 150C,
and the iptrinsic yiscositi ([9h-isintdess than 1:5.dllg, Wthe present inyentign, joyysing.the transition
metal compound component (A) comprising two or more kinds of specific 20 transition metal
compoungs;(a), Wﬁ@@ﬁf@a be efficientlypalymerizad with,a high polymerization acfiyity even at a
temperature of not lower than room temperature (usually 20C), particularly not lower than 40C, as
described ghove. Margover, an a-olefin polymer having a narrow molecular weight distribution and
having a highmelting 9 point and a high molecular weight can be obtained. [0018]Transitionmetal
compound comp?@grft7 %{0\) (mixeqﬂﬁ%tagyls& css fhet 'tg) . §tglncocg'rl1g9§%d C y;l;{qor%ient (A)
comprises two or more kinds of transition metal comég{l;@ds%gﬂ epresente ypt &5 fo owing formula
A The Jransitian metal gampaund (2),Js 2 ¢ross inked metallocene compound, Sinoe s transition
metal compoundlco’mponén (ﬁ\ comprises two or more kinds of the fransition metal compounds (a),
an a-olefinoﬁan gg pgla/m%rji_zseid Witho? hr[l'l%l‘;” Z(,):!wyémearii%altion @Cti\ﬁ'@l even at a temperatuyre of not lower
than roof wemberaf{ﬁe, par?i%tﬁar hot I6wer than 40C M%reover, the resu ting a—oleﬁ%mpolymer
can be im,grolveg.in the molecular weight.distribution and in the melting point and the intrinsic viscosity
with  good B&TANAE. J00T8] 15 TOTOU20ITE e forrmula TAT 121 16 RIZ'5Fe edeh RdepaRdentl a
hydrogen atom, a halogen tomba hydrocarbon group, a.halogen-containing hydrocarbon group, a
nitrogen-toMAHiAgG Group, a eo%y&@%-%%%@‘u%fﬁg grot or 2 idorEshtaming oroRs 50091 The

halogen atoms include a fluorine atom, a o
of not lower than 40°C 1n the presence of a catalyst comprising a

10 transition metal compound component (A) which comprises two or more |
kinds of specific transition metal compounds (a) and a specific
organomefallic compoundcomponent (B). Intheolefinpolymer obtained
by this polymerization, the welght-average molecular weight (Mw) and
the number-average molecular weight {(Mn), as determined by gel

15 permeation chromatography (GPC), satisfy the relationship of
1€ (Mw/Mn)£3, the melting point (Tm), as determined by DSC, is not
lower than 150°C, and the intrinsic viscosity {[n!) is not less than
1.5 di/g. In the present invention, by using the transition metal
compound component (A) comprising two or more kinds of specific

20 transition metal compounds (a), an o—olefin can be efficiently
polymerizedwith a highpolymerization activity even at a temperature
of not lower than room temperature {usually 20°C), particularly not
lower than 40°C, as described above. Moreover, an o—olefin polymer

havinganarrowmolecularweight distributionandhavingahighmelting



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
straight-chain hydrocarbon groups, such as methyl group, ethyl 10 group, n-propyl group, ally' group,
n-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, n-oc yl group, n-nonyl group and
n-decanyl group; branched hydrocarbon groups , such as isopropyl group, t-butyl group, amyl group,
3-methylgentyt gEeup. 21, -disthylaropyh groyp. i1, Ldimethylbutyl, group, 1-methyl-1-propyibutyl group,
15 1,1-propyibutyl group, 1,1-dimethy1-2:-methylpropyl group and 1-methyl-1-isopropyl-2-methylpropyl
group; cyclig safurated hydrocarbon groups, such,as.cyclopentyl group; cyglobexyl graup..cyclohepty!

group, cyclooctyl group, norbornyl group and adamantyt group; and

cyclicunsaturatedhydrocarbangrouns...sch. as phenyl g.oup, 20, naphthyl group. biphenyl group,

phenanthryl group and anthracenyl group, and nucleus alkyl-substituted groups thereof (groups

wherein g fdrogen.atars anieaomalicdngin o aboua evellc upsaiuraled bydigparhan groups is
replaced with an alkyl group). [0823]T e %‘alogen-corﬁg}gr?]ing h%(r;ocargon groupéi(ls 1 preferably a
halogen- ntﬂm‘gg hy. (gg%%rp n.grpup of.1 to carbon atom d_examples thereof include
fluoromet ny group,gtri u6rom§thg%hy}:gro§§,eljf2 u%?gp tér?yrf gr?guga,ﬂ-%ﬁ%)r%gﬂgnyﬁg{ro]ﬂ%, =
1-bromophenyl group, 5 1-iodophenyl group. 2-fluorophenyl group, 2-bromophenyl group,

2 iodopnGtyt Sro BB BTt Srod b HIStop eyl 5oL A-ETSraRmaHy! e,
2-bromophenyl group, 3-bromophenyl group, 4-bromophenyi group, 2-fluorophenyi group,
3-fluoropi':1grr§l Ioé%rz)%pg,bﬁﬁﬁgreonp gr%?l Sr%)mfpﬁfﬁj%sroglggh?ﬁyingrro%uf)i,lc (S)rgﬁaigﬁﬁ]eflf“éi%ﬁbﬁ%n
bromonaphthyl group, iodgnaphthylgroup,pentafluorophenylgroupand tri-perfluorophenylmethyl group.
'[0024jTh(¥=l~Jﬂ %%%nibé:rogipp CArbon atd S%Fth% ﬁil%'géﬁ-c%%%a?ﬁ%%ﬁyg%%ﬁ%é%? g“r‘%ﬁgpAl i€ mbrd preferably 1
to 10, still ore§refer§bl 1 to 6. As the halogen-containing hydrocarbon 9roup, 15 more preferably
used is fIHSM l)ﬁJS/faf’ 61’ ﬁﬁ%?&ﬁétﬁ‘f}?&r Up?tFemperabure of not Iower than room

chl romethylgroup,pentafluoroe_thylgroup,I-fluorophenylr%roup, 1-chlorophenyl group, 1-bromophenyl

group, 1-isduphEhyrgFous ZhtGropheny §Pdud 2 BromopHendl Group - fbd6phenyt §roup,

2-chlorophenyl group, 3-chlorophenyi group, 4-chlo ophenyl group,
_ pr@sgl%ingp O{—Olefilpl po¥yrgner pcan be irgpro¥e% inp the molecular weight

distributicon and in the melting porint and the intrinsic viscoesity
with a good bhalance.

[6019]

&
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20 2-bromophenyl group, 3-bromophenyl group, 4-bromophenyl! group, 2-fluorophenyl group,
3-fluorophenyl group, 4-fluorophenyl group, pentéfﬂjorophenyl group or the like. [0025]The
nitrogen-containing group is preferably a nitrogen-containing hydrocarbon group of 1 to 20 carbon
atoms, and 12 examples thereof include dimethylamino group, diethylamino group, didecylamino
group, pyrrolidinyl group, piperidinyl group, pyrrolyl group, pyridyl group, guinolyl group, imidazolyl

group, dimethylaminopheny! group end pineridinylphenykgroup:*5{0026]The numherof.carbon atoms
of the nitrogen-containing hydrocarbon group is more preferably 1 to 10, stillmorepreferablyl to 6. As

the nitrogenr-gaptaininghygrocarbon graup, smerepreferablyysedisdimethylamigo group, diethylamino
group, pyrrolidinylgroup,piperidinylgroup,pyrrolyigroup,pyridylgroup, 10 imidazolyl group or the like.

[0027]The-xygen-containing gy W%ﬁsi%@!%'me@y%%@f@@%ﬁxﬁé@%{%ﬂ@}%ﬁﬁ 1t020
carbon atoms, and examplesthereofincludemethoxygroup,ethoxygroup,n-propoxygroup, iSOpropoxy

group, n-pUtoxy grouin, $8Cshy gggggﬁisgpugoxyiqrgy@ml%r&lpyg%)ﬁg{gugrg,ﬂgcyloxygroup,
1-icosyloxygroup,phenoxygroup, 1-naphthoxy group, 2-naphthoxy group; 2-methoxyphenyl group,

3'm§thoxyphe“y'[h@'f9}53;’ 4‘meth%é’h‘?ﬂb%@P%@Qﬁs‘"Eﬁ‘é’ﬂﬁ@éo%e%@é‘%%e[@%ﬁh% number of

carbon atoms of the oxygen-containing 20 hydrocarbon group Is more preferably 1 to 10, still more

preferably,1;10 6. As g@gﬁxygeﬂi%%g@imgrgg@rb&pg{gggn@og% eferably used is methoxy group,

ethoxy group, n-propoxygroup, iSopropoxygroup, n-butoxy group, sec-butoxy group, isobutoxy group,
tert-butoxy group, phenoxy groun oL the ke 1310039} he slicon-containing gloup is pisferably a

silicon-containing hydrocarbon group, and the numbeér of carbon atoms
is not specifically restricted. Examples of the hydrocarbon groups
include straight-chainhydrocarbongroups, suchasmethyl group, ethyl

10 group, n-propyl group, allyl group, n-butyl group, n-pentyl group,
n—heXyl group} n~heptyl group, n-octyl group, n-nonyl group and
nmdecanylgroup;branchedhydrocaIBOﬂgroups,suchasisopropylgroup,
t-butyl group, amyl group, 3-methylpentyl group, 1,1-diethylpropyl
group, 1,l-dimethylbutyl group, 1~methyl—l~propylbutyi group,

15 1, l1-propylbutyl group, 1,l-dimethyl-2-methylpropyl group and
l-methyl-l-isopropyl-2-methylpropyl group; cyolic saturated
hydrocarbon groups, such as cyclepentyl group, cyclohexyl group,
cyclcheptyl group, cyclooctyl group, norbornyl group and adamantyl
group; andcyclicunsaturatedhydrocarbongroups, suchasphenyl group,

20 naphthy! group, kiphenyl grcup, phenanthryl group and anthracenyl
group, and nucleus alkyl-substituted groups thereof (groups wherein
a hydrogen atom on the aromatic ring in the above cyclic unsaturated
hydrocarbon groups is replaced with an alkyl group).

[0023] The halogen-~containing hydrocarbon group is



and the number of silicon atoms of the silicon-containing hydrocarbon group are not specifically
restricted. The silicon-containing group 5 is, for example, an alkylsilyi group or an arylsilyi group.
Examples of such groups include trimethylsilyi group, triethylsilyl group and triphenylsilyl group.
[0030]Two adjacent groups of R1 to R5 and R8 to R12 may be bonded to form ag. 10[0031]R'3
andR14 are each independently a hydrogen atom, a hydrocarbon group (f) of 1 to 40 carbon atoms or

a silicon-geptaininggroup.of %%@am%@m&%%?f@ ggarban group, () of 119,40 carbon

atoms is preferably a group (fl) selected from an a 1-T) of 15 1 to 40 carbon atoms,

preferably-L40,20 Gatben alpmss ap:aralkyk groun (14:2):0f, 1, 10,40,Ga7bon, atops, preferably 1 to 20

carbon atoms, and an aryl group and a nucleus substituted aryl group (gfoup wherein a hydrogen

atom on ihe aiomaticdng indhe ahovs apy gieuRds feplaged with 4 subsiyean (Il 3), 08 10 40

carbon atoms, preferably 6 to 20 d carbon atoms. [0033]Examples of t yl group r(?f—%) include

straight-chash b sepearon gfpups, sucly.asdneiyLaruR, S0 atoup, B:pronyl group, allyl aroup,
n-butyl group, n-pentyl group, n-hexyl group, n-heptyt group, n-octyl group, n-nonyl group and

n-decanyl _ ; hed hydyocarbon groups, such as isgpropyl group, t-butyl group, amyl
groﬁjg, Bﬁmét%w%pge%\%%ﬁo ‘b?l,]f-o?lget%llg?gg I%gérjrgﬁf%, %ﬁoai?ﬁet y%u%ﬁ%%%%ﬁ-r%%ﬂ%ﬁ-’l-propylbutyl

group, 2-iodophenyl group, 2-chlorophenyl group, 3-chlorophenyl group,

4-chlorophenyl group, 2-bromophenyl group, 3-bromophenyl group,
4~bromophenyl group, Z2-fluorophenyl group, 3-flucrophenyl group;
4-fluorophenyl group, fluocronaphthyl group, chloronaphthyl group,

10 bromonaphthyl group, iodonaphthyl group, pentafluorophenyl group and
tri-perflucrophenylmethyl group.

(0024} The number of carbon.atoms of the
halogen-containing hydrocarbon group ismore preferably 1to 10, still
more preferably 1 to 6. As the halogen-containing hydrocarbon group,

15 more preferably used is flucromethyl group, triflucromethyl group,
trichloromethyl group, pentafluoroethyl group, 1-fluorophenyl group,
l—chloréphenyl group, l-bromophenyl group, l-iodophenyl group,
Z~fluorophenyl group, 2-bromophenyl group, 2-iocdophenyl group,
Z-chiorophenyl group, 3-chlorophenyl group, 4-chlorophenyl group,

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

pentafluorophenyl group or the like.

Py

0025] The nitrogen-containing group is preferably a

nitrogen~containing hydrocarbeon group of 1 to 20 carbon atoms, and



1,1-propylbutyl group, 1,1-dimethy1-2-methylpropyl group and 1-methy1-1-isopropyl-2-methylpropyl
group; and cyclic saturated hydrocarbon groups, stich as cyclopentyl group, cyclohexyl group,
cycloheptyl group, cyclooctyl group, norbornyl group and adamantyl group. [0034]Examples of the
aralkyl groups ( -2) include 10 benzyl group, oc-phenethyl group, E-phenethyl group, diphenylmethyl
group, naphthylmethyl group and neophyl group. [0035]Examples of the aryl groups and the nucleus

substituted andigroupsdfl3) include arvhgroups, such.as phenyl aroup:and naphthyl group; alkylaryl
groups, such as o-tolyl group, 15 m-tolylgroup,p-tolylgroup,ethyfphenylgroup,n-propy phenylgroup,

i-propylp!agawcq,rp&eiﬂ@bg%e%?%ogh%g%%Sir-gyay'@?SH%A,9&%51%{@%%@9%@@8%1 group;

chloroaryl groups, such as o-c oup, m-chlorophenyl group, p-chlorophenyi group and

chloronaggg% grwitg;@n%ayghgrro%g?g@gpla gzgjggwo%g@é(ggﬁ%p, C}po%promophenyl group,

p-bromophenyl group and bromonaphthyl group; bromoalkylaryl groaps, ‘such as bromomethylphenyl
group and;dibrememethylphenyh group; iodaaryl. groups, such.as.0-iqdopheny! group,
m-iodophenylé?&p, p-ioaagpge%yl gfoupéang}%j(’)é;or%aép%h; &0@5%?‘}% i%%ll}gylaryl groups, such as
iodognethylpheny! grevn and dii(%%%mgig%gge@fl gcrglngL(QO;G;i%ge ggic Qécontaining group of 1 to 40
carbon atoms is, for example, an alkylsilyl group or an aryIsiYy group. Examples of such groups

include trimethylsilyl group,.triethylsilyl 5 group and triphenylsilyl group. [0037 Hlik
andRNar%le%% ?neor?/ep?er}%?alb%g%ﬁ 6?0%6 g?l)gé‘ofp o] ig é%% gnpaﬁ%rfrg%]faakﬁl ra ﬁogr%ap (11-2) of 1

to 20 carbpn.atoms, or an.aryl group and a nuycleus substituted aryl grou glu)l' f 6 to 20 carbon
atoms. S%%Cl]ﬁcgiﬁ/?%ﬁ% ee"‘}r?/(ile]gsfL igetd) obr§;|anjlr|icS g“r%%ﬁ ?é:ﬁrcé%%ﬁtecag By‘%ﬁé? f r?ng §f&f—a_tr-}f]38r [Al-2-1]
is preferably used. More specifically, n-butyl group, phenyl group, chlorophenyl group, benzyl group,
:Chlo-obeﬁ%éud?bﬂ“ﬁrn%g Y egnaz%?g Su‘EBpC'itj'“r)ét yrlr‘%%;h %”}éﬁg(f’e? BWUS%ﬂ.g[é@gﬂ%ﬁ%aa?ﬁ)ﬁﬁﬂ may be
bonded to form a ring. 15[0039]M is Ti, Zr or Hf. M is preferably Zr or Hf, more preferably Zr. [0040]Y is
2 slicon BT b A CAnoH BB, et oy arout, ool Grdli TR RSP

10  imidazolyl group or the.like.

{0027] | The cxygen-containing groﬁp is preferably an
oxygen—-containing hydrocarbon group of 1 to 20 carbon atoms, and
examples thereof includemethoxygroup, ethoxy group, n~propoxy group,
iscpropoxy group, n—hbutoxy group, sec-butoxy group, isobutoxy group,

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

[0028] Thenumber of carbon atoms of the oxygen-containing

20  hydrocarbon group is more preferably 1 to 10, still more preferably
1 to 6. As the oxygen-containing hydrocarbon group, more preferably
used ismethoxy group, ethoxy group, n-propoxy group, isopropoxy group,
n-butoxy group, sec—-putoxygroup, iscbutoxygroup, tert-butoxy group,

phenoxy group or the like.



preferably a carbon atom. [0041]Q s a halogen atom, a hydrocarbon group, an anionic 20 ligand or a
neutral ligand capable of being coordinated by a fbAe pair. [0042]The halogen atoms include a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom
[0043]Examplesofthehydrocarbongroupsincludemethyl, 16 ethyl, n-propyl, isopropyl, 2-methylpropyl,
1,1-dimethylpropyl, 2,2-dimethylpropyl, 1,1-diethylpropyl, 1-ethyl-1-methylpropyl,

1,1,2.2-tetramethylgsopy, sec-buyl tert- by, Lsdmathylbyty. 1,4, 3umefhylbutyl, negpenty, S

cyclohexylmethyl, cyclohexyl and 1-methyl-1-cyclohexyl. Examples of neutral, conjug

nor-conidgaled shenes of 0orjess catben aoms nghude s o s AN L 3-adene, s-is- o

s-trans-h4-1,4-diphenyl-1,3-butadiene, s-cis- or s-trahs-h4-3-me ,%%%nt%%lene, s-C's-or

10s-transéﬁé-&egq{*a%@@-g@ﬁ%@gg%staﬁ;%@é—g%% e AN S 8 O arnon

s-trans-g4-1,3-pentadiene, s-Cis- Or s-trans 4-1,4-alto adiene and’s-Cis- or

s-trans-n4;1,4:-bis(trimethylsilyl)-1.3-butadiene..[0044]Examples of the anionic ligands include alkoxy
15 groupé, suéﬁ as me%gé e,é%%t%ggtjgx\{/ 5ﬁatprhle[cn%?qé/;' ca%t?o%(f/l%llté‘ %?8u6(53,m§5uac]hgé§ A&EtEtE and

benzoate; and sulfonate groups, such as mesylate and tosylate. [0045]Examples of the neutral ligands
capggle & Befn%rc%%?g}ﬁg?e’d @a;llﬂ{o%}%sﬁaﬂlq fnémﬁlépo?graﬁfg%ﬁ%%%%r\" CoRFounGE 28t S

of such groups include trimethylsilyl group, triethylsilyl group and
triphenylsilyl group.

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

10 [0031] R and R* are sach independently a hydrogen atom,
ahydrocarbongroup(ffof1TxDéOcarbonatomsorasﬂjiconmcontaining
group of 1 to 40 carbon atoms.

[0032] The hydrocarbon group (f) of 1 to 40 carbon atoms
is preferably a group (fl) selected from an alkyl group (fl-1) of

15 1 to 40 carbon atoms, preferably 1 to 20 carbon étoms, an aralkyl
group (fl1-2} of 1 to 40 carben atoms, preferably 1 to 20 carbon atoms,
and an aryl group and a nucleus substituted aryl group (group wherein
a hydrogen atomon the aromatic ring in the above aryl group is replaced
with a substituent) (£1-3) of 6 to 40 carbon atoms, preferably 6 to

20 20 carbon atoms.

(00333 Examples of the alkyl groups (fi1-1) include
straight-chain hydrocarben groups, such asmethyl group, ethyl group,
n-propyl group, allyl group, n-butyl group, n-pentyl group, n—hexyl

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



20 as trimethylphosphine, triethy-phosphine, triphenylphosphine and diphenylmethylphosphine; and
ethers, such as tetrahydrofuran, diethyl ether, digxane and 1,2-dimethoxyethane. [0046]A preferred
embodiment of Q is a halogen atom or an alkyl group of 1 to 5 carbon atoms among the above atoms
and groups. 17 [0047]j is an integer of 1 to 4. j is preferably 2. [0048]When j is an integer of 2 to 4 end
plural Q are present, plural Q may be the same as or different from each other. [0049]Amore preferred

emigodingent,of the- fransiionmelal-a compgurdda) isadrapsitanmelal eompaunddalh.ar a

transition metal compound (al-2) described below. [0050]The transition metal compound (al-1) is

reZFz:rﬁsef&%@@p{}h&@ﬂ%’%&”@u&ﬁdﬁﬁﬁé%%ih] glQR21In the formuyla 1414, RIa 1o,512a x are
1,1-dimethylbutyl group, l-methyli-l-propylbutyl group,
1, 1-propylbutyl group, 1,l-dimethyl-2-methylpropyl group and
5 lemethyl-l-isopropyl-Z-methylpropyl group; and cyclic saturated
hydrocarbon groups, such as cyclopentyl group, cyclohexyl group,
cycloheptyl group, cyclooctyl group, norbornyl group and adamantyl
group.

[00347 Examples of the aralkyl groups (£1-2) inciude

10 benzyl group, o-phenethyl group, B-phenethyl group, diphenylmethyl
group, naphthylmethyl group and neophyl group.

[0035] Examples of the aryl groups and the nucleus
substituted aryl groups (f1-3) include aryl groups, such as phenyl
group and naphthyl group; alkylaryl grcoups, such as o-tolyvl group,

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

20  m-bromophenyl group, p-bromephenyl group and bromonaphthyl group;
bromoalkylaryl groups, such as bromome#hylphenyl group and
dibromomethylphenyl group; lodoaryl groups, such as o-iodophenyl
group, m~iodophenvyl group, p-icdophenvl group and iodonaphthyl group;

and iodoalkylaryl groups, such as iodomethylphenyl group and



independently a hydrogen atom, a halogen atom, a hydrocarbon group, a halogen-containing
hydrocarbon group, anitrogen-containing group,la% oxygen-containing group or a silicon-containing
group. 15[0053]Examplesandpreferredrangesofthehalogenatoms, the hydrocarbon groups, the
halogen-containing hydrocarbon groups, 18 the nitrogen-containing groups, the oxygen-containing
groups and the silicon-containing groups are the same as those described for Rl to R12 in the formula

[Al] [0054fTwe adiacentgradps of Riato Rsa and Rea to R12a nay 5 be bonded to form a ring.
[0055]In the formula [Al-1], however, R, RDa, 128' and R12a are each independently selected from a

hydrogen atom, the,ahgve-mentignedshydrogarboen, graup and the above-meptioned siligon;containing
group, and at least one of Rla, R5aand R12' 10 is selected from the above-mentioned hydrocarbon

group ang the-abqve-mentioned silicon:contaiping graup,,{0056MVhen such a transition, metal

compound (al-1) is used, an a-olefin polymer having a high molecular weight and a high intrinsic

viscosity can be prepared. 15005 Zlin:the formula [AL:1l, i is preferable that.Rla.and Rua,are each a

hydrocarbon group (f) of 1 to 40 carbon atoms or a silicon-containing group of 1 to 40 carbon atoms

and Rsa 8a are.eq dragen a y virtue of this, an a-olefin polymer having a high
) ﬁg‘% N, ﬁ?}h%ﬁy- U e

molecular wel rinsic viscosity can 20 be prepared. [0058]The hydrocarbon group (c) of

1 to 40 carbon at is preferably-a group {fl) selected from an lor (f1-1) of.1 carbon
atoms, preferably@%lgo carbog%to#ﬁ Laﬁ é%éﬁ()?lgg&r%dnpoﬁf-%ygfg? }'E(%ﬁogﬁgrrtbg%k %nfi}sg,oﬁ)%ferably 1

K)ZO(EHP%T}%?HE% 1 to 20 carbon atoms, an aralkyl group (£i-2) of 1 to Z0

carbon atoms, or an aryl group and a nucleus substituted aryl group
(f1-3) of 6 to 20 carboeon atoms. Specifically, the later-described
10  organic group represented by the formula [Al-1-1] or [Al1-2-1] is
preferably used. Mcre specifically, n-butyl group, phenyl group,
chlorophenyl group, benzyl group, chlorckenzyl group, methylbenzyl
group or tolyl group is preferably used.
[0038] R* and RY™ may be bonded to form a ring.
15 [0039)] Mis Ti, Zr or Hf. M is preferably Zr or Hf, more
preferably Zr.
[0040] Y is a silicon atom or a carbon atom. Y is
preferably a carbon atom.
[0041] Qisahalogenatom, a hydrocarbon group, ananicnic
20 ligand or a neutral ligana capable of being coordinated by a lone
pair.
10042] The halogen atoms include a fluorine atom, a
chlorine atom, & bromine atom and an iodine atom.

[0C43] Examples of the hydrocarbon groups includemethyl,



19 and an aryl group and a nucleus substituted aryl group (group wherein a hydrogen atom on the
aromatic ring in theabovearylgroup is replaced with a substituent) (f1-3) of 6 to 40 carbon atoms,
preferably 6 to 20 carbon atoms. 5[0059]Examples of the alkyl groups (f1-1) 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;

branched fiydrocarbgn groups.:sugh-as isoprepyLgroun, -hutyl 10 group. amyl gropp,, 3 -methylpenty!
group, 1,1-d%thylpr09py%§r}oup, 1,1-dim§e%ylbutyl gr%%%l%gthyl-l-%ropylbutyl }é%ci?upﬁoﬁ,lipropylbutyl

group, 14-dimgthyl:2,mathylpropyl ,QIQHE&%%ﬂﬁéﬂpﬁ};l‘ﬁ%‘{ffi’?y!@'—%sm}’%@@i)éf grouP: and cyclic

saturated hydrocarbon groups, such as cyclopentyi group, cyclohéxyl group, 15 cycloheptyl group,

cyclooctyl ,%ggpgng@@gg%l&rgéim?ga%gy&w. [Q%%E&Mes of the aralkyl groups (f1-2)
include benzyl group, a-phenethyl group, P-phenethyl group, diphenylmethyl group, naphthylmethy!

group ang’ neqphyl.groy pO61]Examples of thearyl groups.and the nucleus substituted aryl
groups (f1-3) include gry lérgtﬁs, suchas !E)%ﬁeny roup and na%ﬁ%?y %}(gﬂp; alkylaryl groups, such as

A I AT spe et s Bl el B S S R

group, n- group, s-bu enyl group,” 20 t-butyfphenyl group and Xylyl'gro oroaryl

groups, such gs.o-chlorgphenyioroub m-ehiorophenylaroup,prchloropbenyigroypand chigronaphny
group; bromoaryl grolips, Suchaso-bromophenylgrodp, Th-bromophenyl group, p-brofifophanyl group

and brorré%%%%htélxlc%@gg; SS_brgmoalléylggél %85%14%%%)@%%%%2“’%%].rg" group and

dibromométhylphenyl group; |odsoérf/1 groups, such'as o-i dopHienylgroup,

p-iodophenyl groupandjodon pPTg[I roup; and iodoalkylaryl groups, such as iodomethylphenyl group
and di'odgorgéft rf/?phrgﬁr]ly{L g?mﬁ%. %bgéiﬁ’ eﬂgﬁi%ﬂ-lcecgh%ainT’n_&érc’duﬁSf 1 to 40 carbon

s—trans-nd4-3-methyl-1, 3-pentadiene, g~cis- or
10 s—trans—n4-1,4-dibenzyl-1, 3~butadiene, s-cis- or
s-trans-n4-2, 4-hexadiene, s-cis- or s—trans-n4-1, 3-pentadiene,
s-cis- ¢r s~trans=-nd-1,4-ditolyl-1,3-butadiene and s-cis- or
S—trans—n4—1,4mbis(tfimethylsilyl}—l,3~butadiene.
[00441 Examples of the anionic ligands include alkoxy
15  groups, such as methoxy, tert-butoxy and phenoxy; carboxylate groups,
such as acetate and benzoate; and sulfonate groups, such as mesylate
and tosyiate.
(00451 Lxamples of the neutral ligands capable of being
coordinated by a lone pair include organic phosphorus compounds, such
20  as trimethylphosphine, triethylphosphine, triphenylphosphine and
diphenylmethylphosphine; and ethers, such as tetrahydrofuran,
diethyl ether, dioxane and 1,2-dimethoxyethane.
[0046)] A preferred embodiment of Q is a halogen atom or

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



atoms is, for example, an alkylsilyl group or an arylsilyl group. Examples of such groups include
trimethylsilyl group, triethylsiiyl group and triphenygilyl group. [0063]Rla and R12a are each more
preferably a methyl group, 15 an ethyl group, an isopropyl group or a t-butyl group because they are
substituents capable of preparing an u-olefinpolymer having a high molecular weight and a high
intrinsic viscosity. R la and R128- are preferably the same atoms or the same groups as each other

from the viewpointefpreparation;of; a ligandy, 2Q[Q064It is preferablesthat RG6a.and Rypare 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 qarhen atoms, apddtis;mare preferable that they.are gach.an alkyl grgup (f1-1) of I to

20 carbon atoms and are the same groups as each othier. By virtue of 21 this, an o-oiefin polymer

~having aigh malecylar welahtand abihdnunsic viscgsity cap e prended. Examples gl the alky)

groups (f1-1) are the same as those described for Ria and R12a. ltispreferable that R6a and 127a are

each a methyl group,,an ethyl grqup, an isapropyl group or 8. I%Lg l.ar nd.are the same groups
as each other. [0365]Rga, R3a R4a, %‘g R10a and RIM areeac mc?%%r%%gaé%ﬁ/té ?1?’/5%@%%1 atom

because -oiefin polymer having a.high molecular weight and a high intrinsic viscosity can be
prepared. [0 6éiR13%aI%1/ R14,aréea%#nd%%nen%e%tﬁycgﬁn r%%rﬁldcg %qu‘lor%%rgs%ﬁfae%g%; f& following

fo”nma[ﬁ%ég}légggghnd {al-2) described below.

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

represented by the following formula [A1I-17.

[0051]

10 R7® R e AL

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

the hydrocarbon groups, the halogen-containing hydrocarbon groups,



[0068]In the formula [A1-1-1], R15a to R19a are each independently a hydrogen atom, a halogen
atom, a hydroxyl group, a 15 hydrocarbon group 81 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. 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, pa{tﬁcglﬂl&p& gq{gp fluorine atom and.a chlorine atom. 5[0070]Examples ofﬁ t%'n hydrocarbon
groups of 1 to 14 ca?b()n a%%%ﬁ%ém%grﬁgﬁ%?’gF&%,Oé{t}ﬂ%é}ro‘uopz}%l%ﬁpolp%? %?J%p? 150 yi%d‘r%/)up,
1-hexyl aroup, vinyl group, allyl group, 1-pentenyl group, 1-hexenyl group, 1-octenyl group, 1-decenyl
group, 1-tetra ggan%%%%%ﬁl é%p%gpﬁpgsro%b? t1e:¥'t- ustill 8r€§p, '-Orr%gtr?%r%ﬁtly]?&g}?%uyﬁflg %O
1,1-dieth¥|@ro.pr%/l gﬂou%o%:dqgqui%roup, cyclohexyl group, cycloheptyl group, cyclooctyl group,
4-cyc|ohexyl-’2‘ert-bu?yl group, norbornyl group, adamantyl group, phenyl group, 2-methylphenyl group,

3-methylphenylgr 4-methylphenylgroup, 2, 4-dimethylphenylgroup, 2,6-dimethylphenyl group,
naphthylmethyl g[fz)djujr?p5 ahd naphtEVPg%glfpaf%?TO%%TT?%OEU%b Fof cafbbh atoms é} th&+h{drocarbon

‘groyp is Brefgrab to 12, more preferably 1 to 10, still more preferably 1 to 8, particularly preferably
1 to'6. ASthe’hjldro a%oﬁ%?guﬁ, moré preferably used is methyl group, ethyl group, 1-propyl group,
1-butyl group, sec-butyl group, isobutyl group, tert-butyl group, 20 1-hexyl group, cyclopentyl group,
cyclohexyl groupfgﬁéﬁ% group, haphttiyl gréap Biphehy éroﬁ}:?‘d?ﬁ?éfhké{.g[(aoga]E%%oﬁlég of the
halogen-containing hydrocarbon groups of 1 to 14 carbon atoms include fluoromethyl group,
trifluoromethyfriéhl G/5Re i SrEte Spertif G6reetiirotp™ 23 DufisepReRiIGoupt:2-bromophenyl
group, 2-iodophenyl group, 2-chlorophenyl group, 3-chlorophenyl group, 4-chlorophenyl group,
2-bromopREi gret, 18 B niopHeHyE groth, A-BromapHe RSy roRpY 2-thfusismethylphenyl group,

4-trifluoromethoxyphenyl group, ) _ )
silicon-containing group, and at least one of R*®, R, R®™ and R'™

10 is selected from the above-mentioned hydrocarbon group and the
above-mentioned silicon~containing group.

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

15 [0057] In the formula [Al-1], it is preferable that ria
and R*® are each a hydrocarbon group (£} of 1 to 40 carbon atoms or
a silicon-containing group of 1 to 40 carbon atoms and R*® and R
are each a hydrogen atom. By virtue of this, an o-olefin polymer
- having a high molecular weight and a high intrinsic viscosity can
20 be prepared.

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

group {£f1-2) of 1 to 40 carbon atoms, preferably 1 to 20 carbon atoms,



5 2,6-difluorophenyl group, 3,5-dichlorophenyl group, 3,5-difluorophenyl group, pentafluorophenyl
group, 2,6-dIfluoro-4-tebutylphenyl group, fluoronaghthyl 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, particularly preferably 1 to 6. As the halogen-containing
hydrocarbon group, more preferably used is fluoromethyl group, trifluoromethyl group, '
trichloromethylgrg Pe afluargathylgrayp, 2-fluor Igr 5 2-bromophenyl grou
2-iodophenyl grou%?Z-chlorgphenyl group, 3-chIor%gﬁg%ggaroo%%pya-%ﬁ%r%p ernci}l1 r%%%z:&n
2-bromophenyl group.. 3:bramaephenyl group, 4-bromophenylgroup, 2.6-difluorophenyl.group,
3,5-dich|orogheny gr(;dup, 3,5-dif uoropﬁ%nng?Gug, Jpne%%?l%%%% g@’ﬁg%ﬁb{%fu%r%%é% 'ﬁ?ﬁgroup,
chloronaphthy! Egrgagggag&hg@ e, [0074]The sulfur-containing group is preferably a sulfur-containing
hydrocarbon group of 1 Jt"o 14 catbé%atg%mg,%ﬁd “&a%p?easr %que%% ?r%:?ddg ]fﬁi%?ﬁ:e%ﬁypz géoffrﬁ, thioethyl
group, thigcy E)rhS’XX' group thiophenyl group, thionaphthyl group, 24 2-methylthiophenyl group, -
3-methylthiop eny(fgroup, -methylthiophenyl group, 2-thienyl group, 3-thienyl group and
5-methyl-2-thiophenyl group. [00Z5]Thenumberofcarbonatomsofthesulfur-containing hydrocarbon
grou%p is preferabl@ﬂﬁy 89 f12, moregﬁir]%lflé%gﬁy Tto'1 ?sﬁl?@( eJetERbl 1108, Jp%l‘?gr grly preferably
1 to 6. As thesulfur-containinggroup,morepreferablyusedisthiomethylgroup, thioethyl group,
thiocycloﬁléfffl:“g%wltﬁp,C al%ahpé%%/fafp ,?ﬁigﬁgb‘ﬁﬁylﬁﬁﬁg‘}ﬂ%@ gréts; 3&hiBhyEGIaHy or the like.
10[0076]The %gen-containi_nfé[group is preferabl%@l oxygen-containing hydrocarbon group of 1 to
14 carboh dtomeY and-ExkmplédthtrabfiHaudEmeinoxygrouR ethoR§§roln ERroBoxygretsy isopropoxy
group, 1-butoxygroup, sec-butoxygroup, isobutoxy group, tert-butoxy group, 1-tetradecoxy group,
‘phenoxy GFOUE ndApRRBRY 157G r6thy, BipR&yioxy Grolp andenzyIgaPgro@sd n-decanyl

[0077]Thenumberofcarbonatomsoftheoxygen-containing
group; branched hydrocarbdn groups, such as iscpropyl group, t-butyl

10 group, amyi group, 3-methylpentyl group, 1,l-diethylpropyl group,'
1,1-dimethylbutyl group, l-methyl-l-propylbutyl group,

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

15 cycloheptyl group, cyclooctyl group, norbornyl group and adamantyl
group.

{0060 Examples of the aralkyl groups (£1-2} include
benzyl group, a-phenethyl group, B-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-tolyl group, p-tolyl group, ethylphenyl group, n-propylphenyl group,

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



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-contaiting hydrocarbon group, more preferably used is 20
methoxy group, ethoxy group, 1-propoxy group, iSOpropoxy group,
1-butoxygroup,sec-butoxygroup,isobutoxygroup,tert-butoxygroup, 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_25 examples thereof jncl tri Isilylmethyl
2on. g 5]’ e “Ph&ﬁré %f‘} Euge Mmethy's
i thy roué':| im

group, triétﬁﬁsﬂ/y gkllgu ,tri?sroopur%pﬁfréﬁyf(éffo%p,- ﬁ?ﬁ&mg silyl 4-trimethylsilylphenyl group,

4-(tert-butyldimethylsiloxy)pheny! imethylphenylsilyl i eth hylsilyi d
e BTy GIOU. 00 70T s BT b A SO o B S Do St Podhcart

S roup. € number of carbon ato €es n-contaming ydrocarbon

group is preferably 1 to 12, more preferably 1 to 10, still more preferably 1 to articularly preferably
o b, AL ETRBH LS NG Ve GerBan Grol T8 10 hrererbohy G4EH € Rmaihe methy

group, triethylsiiyl group,.tert-butyldimethylsilyl ro p, dimethylphenylsilyl group or he like. J0080]It is
oreforabi8 AP AP AR Une T iAo F o o1 A nGi0ER i B TR Eontrig

hydrocarbon group of 1 to 15 14 carbon atoms, and it is more preferable tpatRl?a is a halogen atom
Ma -16a “FSX 8Ad R Lahand KRG are85¢h %%%‘?85‘8?%‘%%%_ By Virtte ot tHis,"aiY a-olefin polymer
having a high molecular weight and a high intrinsic viscosity can be prepared. It is also pre{erable that

Rma to Bt SﬁPgﬁﬁ?éﬁ%RﬁBéén%ﬁBHPF iodoaryl groups, such as o-lodopheny

group, m—icdophenyl group, p-lodephenyl group and iodonaphthyl group;
and iodoalkylaryl groups, such as ilodomethylphenyl group and
diiodbmethylphenyi.group.

10 [0062] The silicon-containing group of 1 to 40 carbon
atoms is, for example, an alkylsilyl group or an arylsilyl group.
Examples of such groups include trimethylsilyl group, triethylsilyl
group and triphenylsilyl group.

[0063] E@aandRuaareeachmorepreferablyanethylgroup,

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
high molecular weight and a high intrinsic viscosity. R™ and R™
are.preferably the same atoms or the same groups as each other from
the viewpoint of preparation of a ligand.

20 [0064] It is preferable that R* and R are each selected
from a hydrogen atom, an alkyl group (fl-1}) of 1 to 40 carbon atoms
and a silicon-containing group of 1 to 40 carbon atoms, and it is
more preferable that they are each an alkyl group (fl1-1} of 1 to Z0

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



20[0081]Two adjacent groups of R15a to R19& may be bonded to form a ring. [0082]n is 0 or 1.
[0083]R13a and Rl'a which are each represente@ By the above formula [A1l-1-1] are each more
specifically a phenyl group, a 26 chlorophenyl group, a benzyl group, a.chlorobenzyl group, a
methylbenzyl group or a tolyl group. [0084]lt is preferable that R13a and R14' are each  represented
by the above formula [Al-1-1] and are the same organic 5 groups as each other. [0085]M is Ti, Zr or

Hf, Y is a gificon-atom ot a-carhoim atem, Quisia halogenatem; atdrecarhon grevp, anmagienic ligand
or a neutral ligand capable of being coordinated by a lone pair, and j is an integer of 1 to 4. Examples

and preferred ranges-of Mo¥; 10 Q.and bare the same ashese oMY Q:and din thedgpmula [Al].
[0086JWhen j is an integer of 2 to 4 and plural Q are present, plural Q may the same as or different
ﬁon1eachf¥h§5are£9Q§;ﬂ&¥%g%ﬂ%@%%@%%%wggﬁgQHg@%@%ﬁ@ﬂya. It ispreferable
that R®*® and R’ are each,a;nethyl group, an ethyl group, an isopropyl
5 group or a t-butyl group and are the same grcups as each other.
[0065] r?, r¥ r' p*, R andR'*Pareeachmorepreferably
a hydrogen atom because an u~olefin po1ymer having a high molecular
weight and a high intrinsic viscositylcan be prepared.
[0066} .RuaandRmaéreeadh1ndependentlyanérgénicgroup

10 represented by the following formula [Al-1-1].

[0067]

v TAL-1-1]

[0068] In the formula [Al-1-11, R"™ to R are each
independently a hydrogen atom, a halcocgen atom, a hydroxyl group, a

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 greoup.



represented by the following formula [A1-2]. 15[0088] [Al1-2] 27 [0089]In the formula [A1-2] , Rib to
Rim 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 halogen-containing hydrocarbon groups, the nitrogen-containing groups, the

oxygen-containin[gjg ps and t%giliﬁgﬂb%}{ag@&grqmg@ethg %@gﬁ%@%&gsgibed for Ri to
Rif in the formula [Al] . 10[0091]Two adjacent groups of Rib to R5b and R8b to Ri2b may be bonded to

form a [0092]Ip.the farmula [A1-2] QQVE%\&%@%@’A%“)@;%%%Q@:%% eslﬁlla a fydrogen alom,

[0093]When such a transition metal compound (al-2) is 15 used, an a-olefin polymer having a high

melting poiRhcan peprenared, o, 49994 inthe formula il s picferable that allggst one of

R3b andahlp is selected frém a ha ogen atom and the above-mentioned halogen-containing
hydrocarbon ,%rmg%l and |%§ more %ref@rablg ntgag .Rgzllz)land Ruba%rgme_ach selected from a halogen

atom and 20'the ahove-mentioned égléagn-contalnlng Ri/:ég(l)%arbon group. It is still more preferable

that R3b and Rib.are each a halggen atom such as chlorine atom or a triflupromethyl group and are
the sg,zme gr_oups@s&é@ih other.%%/a\rﬁﬁugso?%h%&eaﬁye%%?eﬁﬁwr%g@r%ﬁ?ﬁ%%/i%g éh?;qrﬁgﬁ%%npoint can

- be prepared.
prep atoms includemethyl group, ethylgroup, 1-propyl group, l-butyl group,

iwhexyl,group,'vinyl group, allyl group, l-pentenyl group, 1-hexenyl
.group, 1—octenyl group, l-decenyl group, i—t@tradecanyl'group,
isopIOpyl group, tért—butylfgroup, B—mgthylpentyi group,.

10 1,1~dieﬁhylpropyl group, cyclopentyl group, cyclohexyl group,
cyeloheptyl group, cyclooctyl group, 4-cyclohexyl-tert-butyl group,
norbornylgroup,adamantylgroup,phenylgroup,B—methylphenylgroup,
3—methylphenylgroup,4—methylphenylgroup,2,4—dim§thylphenylgroup,
2, 6-dimethylphenyl group, naphthylmethyl group and naphthyl group.

i5 [0071] Thenumberofcarbonatomsofthehydrocarbongroup
is preferably 1 to 12, more preferably 1 to 10, still more preferably
1 to 8, particularly preferably 1 to 6. As the hydrocarbon group,
more preferably used is methyl group, ethyl group, l-propyl group,
1-butyl group, sec-butyl group, iscbutyl group, tert-butyl group,

20 1l-hexyl group, cyclopentyl group, cyclohexyl group, phenyl group,
naphthyl group, biphenyl group cor the like.

(oov2] Examples of the halogen-containing hydrocarbon
groups of 1 to 14 carbon atoms include flucromethyl group,

trifluoromethyl group, trichloromethyl group, pentaflucroethyl group,



28 [0095]it is preferable that R6b and R7b are each selected from a hydrogen atom, an alkyl group
(f1-1) of 1 to 40 carbon atoms and a silicon-contairiing 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 Rl-aand R12'.
It is preferable that R6b and R7b are each a methyl group, an ethyl group, an isopropyl group or a

t-butyl greup mg%%§a@§&fgup§ _ai%%%%igﬂ%q%}n %%%%%S]Rﬁl%%@ IthRgb and Rnb are each

more preferably a hydrogen’atom because an a-ol r having a h|§Hyr%eﬁl“?”ﬁ?guﬁfcjint can be

D T ba R LAl s ERO YR gIOac 0P RIERRIRY Y g folowing
Z-bromophenyl group, 3-bromophenyl group, 4-bromophenyl group,
4-trifliuoromethylphenyl group, 4-triflucromethoxyphenyl group,

5 2,6-difluorephenyl group, 3,5-dichlorophenyl group,
3,5-difluorophenyl group, pentafluorophenyl group,
2,6wdifluoro¥4wterthbutylphenyl group, Iflucrcnaphthyl group and

~chloronaphthyl group.
[0073] : The.numbér of'éarbon atoms of the
10 halogen-containing hydrocarbon group is preferably 1 to 12, more
preferably 1 teo 10, still more preferably 1 to 8, particularly
preferably 1 to 6. Asg the halogen~-containing hydrocarbon group, more
preferably used 1s fluoromethyl group, triflucromethyl group,
trichloromethylgroup,pentafluoroethylgroup,Z—fluorophenylgroup,
15 2-bromophenyl group, 2-iodophenyl group, 2-chlorophenyl group,
3-chlorophenyl group, 4-chlorophenyl group, 2~bromophenyl group,
3—bromophenylgroup,4—bromophenylgroup,2,6—difluorophenylgroup,
3,5-dichlorophenyl group, 3,5-difluorophenyl group,
pentafluorophenylgroup,fluoronaphthylgroup,chloronaphthylgroup
20  or the like.
[0074] The sulfur-containing group is preferably a
sulfur-containing hydrocarbon group of 1 to 14 carbon atoms, and
examples thereof include thiomethyl group, thiocethyl group,

thiocyclohexyl group, thiophenyl group, thicnaphthyl group,



[0099]In the formula [A1-2-1], R15b to Rim are each 29 independently a hydrogen atom, a halogen
atom, a hydroxyl group, a hydrocarbon group of »tp 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 andpreferred ranges of the halogen atoms, the
hydrocarbon groups of 1 to 14 carbon atoms, the halogen-containing hydrocarbon groups of 1 to 14
carbon atzo_ms, e_sylfur-containing groups, the oxygen-containing groups and the silicon-containing
groups afe the same’ B TEEeYdf %6%093?%\%%, the Ay 8fdearb 8’ A6°groups of 1 to 19 carbon
atoms, the halogen-containing hydrocarbon groups of 1 to 14 carbon atoms, the sulfur-containing
groups, t ér%%]ggﬁ%?gﬁﬁﬁbrmﬁnd%ﬁ%%ﬁ%ﬁ%&ﬁﬁﬁmg GrSUPSTH thesforila [81-1-1]
previously described. [0101]lt is preferable that at least one of R15b to R19b 15 is a halogen atom or a
halogen-CoRtaNiHg FyarocaBbRigroup st Pto 14 carbon atoms, and it is more preferable that R17b is
a halogen atom and R15b, R16b, Rlab and R19b are each a hydrogen atom. By virtue of this, an
a-olefin polymer h&%Ag ‘a high mélting BERthdse preparsd o Hisospreferabte izt iRishao R1913
are each a hydrogen atom. 20[0102]Two adjacent groups of Risb to Rigb may be bonded to form a
ring.J0103]A TS OB L0 IO 315 arEER s AHICH afé eheh représanteddssthvaBove fdrinula
[A1-2-1] are each more specifically a phenyl group, a 30 chlorophenyl group, a benzyl group, a

chlorobeZyt Holip & riethiierzli glote of a i grouparly preferably 1 to 6. As

thesulfur—containinggroup,morepfeferabiyusedisthiomethylgroup,
thioethyl_group, thiocyclcohexyl gréup, thiophenyl_group,
thionaphthyl group, Z-thienyl group, 3-thienyl group o# the.iike.
10 [0078] The oxygen-containing group is preferably an
oxygen-containing hydrocarbon group of 1 to 14 carbon atoms, and
examples thereof includemethoxy group, ethoxy group, l-propoxy group,
isopropoxy group, l-butoxy group, sec-butoxy group, isobutoxy group,
tert-butoxy group, l-tetradecoxy group, phenoxy group, naphthoxy
15 group, biphenyloxy group and benzyloxy group.

[0077] The number of carbon atoms of the oxygen-containing
hydrocarbon group is preferably 1 to 12, more preferably 1 to 10,
still more preferably 1 to 8, particularly preferably 1 to 6. As
the oxygen-containing hydrocarbon group, more preferably used is

20 methoxy group, ethoxy group, l-propoxy group, isopropoxy group,
l-butoxy group, sec-butexy group, iscbutoxygroup, tert-butoxy group,
phenoxy group, naphthoxy group, biphenyloxy group or the like.

[cor78l The siliicon=-containing group is preferably a

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



[0105]lt is preferable that R nb and RI4b are each  represented by the above formula [A1-2-1] and
are the same organic 5 groups as each other. [0198]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 1 to 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] [0107]When j is an integer

of 2 to 4 and plural Q are present RluralQ May the same as o, different from.gach, othery

[0108]Examples of the crosslinkedmetallocene compounds represented by the formula [A{fl] are

given helgu, byt the:saane 08 15, bepresatigyentian s pot psticied by toseesamples.

- [0109]There can be mentioned dimethylmethylene(cyclopentadienyl) (2,7-di-o-toly

utylfluorepyl)zirconiugm dichloy Ig'ﬁﬂm@g*y'%&e&%@e@seaﬁi%@m(@g@(ﬂ-gz@%gy%g'% ert-bu 20

: tylfluorenyl)zircon_ium (_JIichIo_ngg’%_ji-n-p_r_opylmethylene(cyclopentadienyl _ 2,7-di-0-to , -di-ter
e SISO Ao, PSR SRR U 0
5 hexyl-di-1-butylsilyl group.

[G079] The numbef of carbon atoms of the
silicon—containing hydrocérbén greoup is preferably 1 to 12, more
preferably 1 to 10_r still more preferably 1 to 8, particularly
preferably 1to 6. As the silicon-containing hydrocarbon group, more

10 preferably used is trimethylsilylmethyl group, triethylsilyl group,
tert-butyldimethylsilyl group, dimethylphenyisilyl group or the
like.

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

15 14 carbon atoms, and it is more preferable that RY®

is a halogen atom
and R™%, R'™, R*™ and R'™ are each a hydrogen atom. By virtue of
this, an a-clefin polymer having a high molecular weight and a high
intrinsic viscosity can be prepared. It is also preferable that RY™®
to R are each a hydrogen atom.
20 [0081] Two adjacent groups of R™ to RY™ may be bonded
to form a ring.
[0082] n is 0 or 1.

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

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



di-n-butylmethylene(cyclopentad enyl) (2,7-di-o-toly1-3,6-di-tert -butylfluorenyl)zirconium dichloride,
diisobutylmethylene(cyclopentadienyl)(2,7-di-o-t(ﬁ -3,6-di-tert -butylfluorenyl)zirconium dichloride,
di-sec-butylmethylene(cyclopentadienyl)(2,7-di-o-toly1-3,6-di-te rt-butylfluorenyl)zirconium dichloride,
di-tert-butylmethylene(cyclopentadienyl)(2,7-di-o-toly1-3,6-di-t ert-butylfluorenyl)zirconium dichloride,
di-n-octylmethylene(cyclopentadienyl) (2,7-di-o-toly1-3,6-di-tert 10 -butylfluorenyl)zirconium dichloride,
di-n-triacontimethyigne(eyciopentadieny2, 758i-0ntolyd-3:6 1di rtaythutyifiuerenyi) zirconium
dichloride, phenylmethylene(cyclopentadienyl)(2,7-di-o-toly1-3,6-di-te -but ylfiuorenyi)dichloride, 15
diphenylg@ghxlggggpyﬁo%@ggi(—:;:glyl)gz,ggqiyq-tQWé@(_S-di-tert-b utylfluorenyl)zirconium dichloride,
di-p-tolylmethylene(cyclopentadienyl)(2,7-di-o-toly1-3,6-di-tert -butylfluoreny1)zirconium dichloride,
di(p-chlorophenyhymethylene(cyciopentadienyd) (4, 4-di-0+10ly k86 20 diztert-butylfluerenyl)zirconium
dichloride,
di(g:trri]fl'ugg%sﬁaﬂe@%m@y@&@&%egﬁu@i%ﬂl@ﬁ-ﬁiﬁelyalf%,Gt-%t%rg-rpéﬂxslﬂg%wl)zirconiu
m dichloride,
di(2-bnap g&g}ietggleggégyc&@l%@gdienyl)(2,7-di-o-toly1-3,6-ditert-butylfluorenyl)zirconium dichloride,
32 dibenzylmeéthylene(cyclopentadienyl)(2,7-di-o-toly1-3,6-di-tert-b utyifluorenyi) zirconium dichloride,
di(p-chlorobenzyl lene(cyclppentadienyl)(2,7-¢i-o;taly1:3,6 -di-tert-butylfluprenylzirconium
dichloride, 5 di(p-m%){benzyl)me%ylené(cyclopentédienyl)(2,%-di-g-toly 3,6
-di-tert-butylfluorenyl)zirconium dichloride e s

’ 1 Egfell 1 d
cyclohex?/l 8%’Io§e% acﬁlen)?l &??—%i-a(‘)%-%fﬁ-%,g-ydcli-%é}rit:-abﬁﬁﬁugorgﬁglﬁzi?gor%a%noﬁféﬁIor%(?eain
dibenzylmethylene(cyclopentadjenyl)(2,7-di-g-tolyl-fluorenyl)zir 10 ium dichloride, .
ibenoy ey R Iop AT s N T4 & ar e STeibihGorry i eo it Sichioride,
dibenzylmethylene(cyclopentadienyl)(2,7-di-0-toly1-3,6-dicumylfl uorenyl)zirconium dichloride, 15
dibenzylrﬁeﬁﬁgylgﬁeéc%%?%erntggigtnﬁﬁzfl?-di-o}i?onl]éjll%%6%%%%1{1)%%6?ﬁﬂgéﬁyﬁ){}?r%%n?ugn%gic loride,
dibenzylmethylene(cyclopentadienyl)[2,7-di-(o- Iphenyl)-3,6-d i-tert- uty#fluore []zirconium
oo ey Bt TEn SR o BRI DT Gr TR hroDyDaney ] Sg & AT
3,6-di-tert-butylflugrenyllzirconium dichloride, | .
dibenzylmethylen@&%épentadigﬂWZ??-aﬁ[da-r@is%)BFoeﬁﬁfbh%%ﬁl e idBH-Butftidren§iiZirconium
dichloride, dibenzylmethylene(cyclopentadieny1)[2,7-di-[o-(n-butyl)pheny1]-3 B
,G_di_tert_%ﬁﬁﬁﬁun&e@ﬁﬁ%&m rﬁnai%hﬁ?rﬁjes,a% as or dl@?@}:e t from each other.
dibenzylmethylenﬁc;g:lopentadienyl) 2,7-di-[o-,(isobutyl)phen%lrgﬁ-di-tert-bU [fluorenylizirconium
dichloride, dibenZfietHylene(cyCibpehtadigny1ii2, 7iiox Seebatspheny €3,6-6i-tert-butylfluo
enyllzirconium dichloride, 5 dipeng:ylmethylene%cyclopentadienﬁll)[z,7-di-[o-(tert-butyl)phenyl
1-3,6-di-teAEGRFRbFEhyATZirdhiur dichionide s ormata [AL=2].
dibenzylmethylene(cyclopentadienyl)[2,7-di-[o-(n-icosyl)phenyl]- 3,6-di-tert-butylfluorenyl]zirconium
dichforide, tiB&dzylmethylene(cyclopentadieny1)[2,7-di-(o-cyclohexylpheny1)- 10
3,6-di-tert-butylfluorenyl]zirconium dichlorjde
.enzylmethylene(cyclopentadienyl)[2,7-dj«biph
“dibenzylmethylene(cyclopentadieny1)[2 {Zxdi-fo
1-3,6-di-tert-butylfluorenyl]zirconium dichlorgé

enyl-2-y1)-3,6-d i-ter -butylfluorenyl]zirconium dichlo
(2-naphthyl)phenyl

R14E

R",abw\{

R7k R 6o . e {Al—‘z]



15 dibenzylmethylene(cyclopentadienyl)[2,7-di-[o-(2-phenanthryl)phe
ny1]-3,6-di-tert-butylfluorenylizirconium dichlorides 7
dibenzylmethylene(cyclopentadienyl)[2,7-di-(o-trimethylsilylphen
y1)-3,6-di-tert-butylfluorenyi]zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)[2,7-di-[(o-triphenylsilylphe
201)-3,6-di-tert-bugyffiuerenyllzircanium.diehloride, etg.; -, [0%0] Compaunds wherein “zirconium"” is

replaced with "hafnium' or"t4tanium"inthe above compounds and compounds wherein
"dichloride’ ith"di "or” ethy|"i 0 mpo Iso preferably used.
34 [Olllfin)gér%%%%ggf\é%tg groms%%%égérﬁ%}gée%ehggr%%%%n%%%gbrgs}e{gge%%%aﬁé%?rﬁarf [A1-2] are
given bel 3 [ iQn.is not ricted by those examples. [0112]There
cant b menConel & Sione e el e A R T RSty e b aE e
ylfluorenyl)zirconium di ide, dibenzylmethylene(cyclopentadienyl)(2,7-dipheny1-3,6-di-tert-but
yIquorenéii%#ﬁ g%ﬁ}g%l g?ﬂﬁngt%%ﬂ%et ]{/Igng&%ﬁ%%%ﬁ%f&ﬁﬁé%%f?-oqﬁ):p%lﬁi{oropheny1-3,6-di 10
-tert-butylfluorenyl)zirconium dichloride,
diethgjllmethylene([lg)?c opentadier%ﬁ?in,g}cﬁ-qugﬁlgr?ﬁ ey 1o B T uIRGGreRy BRirdoiEm
dichloride,. di-n-propylmethylene(cyclopentadienyl)(2,7-di-p-chloropheny1-3,6 -di-te
-buty|f|u§?é‘r?y iéé"”o%%ﬁﬁ%&%h%ﬁ%‘ ,Sistn%?)}bar%g?fénneﬁﬁ%%%%w Héﬁ‘f&ﬁﬁ?on groups,
(2,7-di-p-%gloro._ heny1-3,6 -di-tert-butylfluorenyl)zirconium dichloride,
di-n-butylmethVIEASEVEIOPEhtadienyy €2, 758i5s-chiBropReRY T8 arier B iy RttreRyHizircdnium
-dichloride, iisobutylmethylene%cyclopentadien¥l) (2,7-di-p-chlorophenyl1-3,6- 20 X
‘di-tert-bu?ﬁi l}c?r%lﬁg/ﬁ%ﬁgslﬁiﬁﬁ? iGHIGHE ’are e same as those déscribed for R' to
di-sec-butylmethylene(cyclopentadienyl)(2,7-di-p-chlorophenyl-3, 6-di-tert-butylfluorenyl)zirconium
dichloridé’ di-tév-HuftyIntéthykhet&clopentadienyl)(2, 7-di-p-chloropheny1-3
,6-di-tert-butylfluorenyl)zirconium dichloride, 35 di-n-oc yimethylene(cyclopentadienyl)
(2,78i-p-chloroohd1-B, 6- di-teftBUEHISIERYZReBRRIM RNIGRIE, ” and R to K™ may
di-n-triacontylmethylene(cyclopentadienyi) (2,7-di-p-chlorophenyl -3,6-di-tert-butylfluorenyl)zirconium
dichlorid&% BREASMthyfetelcyelspéitadienyl) (2,7-di-p-chloropheny1-3,6-di-t
ert-butylfluorenyl)zirconium dichloride, ‘
diphenylmethylen&{@y¢lopentadidiylf257- e preRordpheryl-3, BatieRsEbuRy fudrenyBZircstium
dichloride, di-p-tolylmethylene(cyclopentadienyl) (2,7-di-p-chloropheny1-3,6- 10
di-tert-bulyiflurehyP2irEoiuny BiciiGide. tom.
di(p-chlorophenylgmethylene(cyclopentadienyl)(2,7-di-p-chIorophe
ny1-3,6-di-tert-butyfiierenyl)zircHhiEim dichlofideransition metal compound (al-2) is
di(p-trifluoromethylphenyl)methylene(cyclopentadienyl)(2,7-di-pchlorophenyl1-3,6-di-tert-butylfluorenyl)
ziréohiuny 8RMoffI & 15 B 2InBphiFyHetiyie e dycibpeniddianyDe2 T disprdhiorostremeL: .
3,6-di-tert-butylfluorenyl)zirconium dichloride,
_dibenzylmethylené{@yélbpentadieriy|{R<7-diprerlardpheryil-3, bidil-tedsutyiflabtenyl)zircarium
dichloride, di(p-chlorobenzgl)methylene(cyclopentadienyl) (2,7-di-p-chlorophe |

least one of R” and R'™ is selected from a halogen atom and the

above-mentioned halogen-containing hydrocarbon group, and it is more
preferable that R™ and R'™ are each selected from a halogen atom and
20 the above-mentioned halogen-containing hydrocarbon group. It is
still more preferable that R™ and R*™ are each a halogen atom such
as chlorine atom or a trifluoromethyl group and are the same groups
as each other. By virtue of this, an ao-olefin polymer having a high

meiting point can be prepared.



20 ny1-3,6-di-tert-butylfluorenyl)zirconium dichloride,
di(p-methylbenzyl)methylene(cyclopentadienyl)(Z #-di-p-chlorophe
ny1-3,6-di-tert-butylfluorenyl)zirconium dichloride,
cyclohexyl(cyclopentadienyl)(2,7-di-p-chloropheny1-3,6-di-tert-b utylfluorenyl)zirconium dichloride, 36
dibenzylmethylene(cyclopentadienyl)(2,7-di-p-chlorophenyl-fluore nyl)zirconium dichloride,

dibenzylmethylene(eystopentadienyh)2.7-d-p-chiorophery 8,6 Hitnathylsilylfluasenyly zirconium
dichloride, 5 dibenzylmethylene(cyclopentadienyl)(2,7-di-p-chloropheny1-3,6-di

Cumylfluqrg(g}}{l)giwmecﬂcgpé}g’e,an alkyl group (f1-1) of 1 to 4C carbon atoms
dibenzylmethylene(cyclopentadienyl)(2,7-di-p-chloropheny1-3,6-ad amantylfluorenyl)zirconium
dlchior'd%n@bsngm%wea&(%@gﬁzﬁ@taadagw)@fwI%trHWO&g%WIQQ@ﬂs, and it is
10y1-3,6-di-tert-butylfluorenyl)zirconium dichloride,

d?ethy'm%@x&eg%@yg@m@&a%gw)@@ydgpér@'yeﬁog&?taxh@?gngxﬂo-épfi- iterbutylfluoreryd)zirconium
dichloride, di-n-propylmethylene(cyclopentadienyl) (2,7-di-p-triflioromethylp

hemél-&éa(!.igsr%-Qeyﬁygﬁémr%%ﬂéc@%igsslésd@%%e{owm?thw@%g@i%%ps@tac@ﬁsnv')

(2,7-di-p-tritluoromethylp heny1-3,6-di-tert-butylfluorenyl)zirconium dichloride,

di-n-butyl hylene(cyclopentadienyl) (2,7- '-B-tri;l org gh}ﬁlgg bed for R and RIZ
eny1-3,6-%1nli§ %—%5@%%@%/0%0%%%ng%(gc%%or?de,gditlgsgguétylmet 3'3:/en@e cjygﬁ)pentgalienyl) (2,
7-di-p-trifluoromethyiph 20 eny1-3,6-distert-butyifluorenyl)zirconium dichloride

(o0 UG IonEEaclapeniaionyD (3 7 pritfLoroaty i o Bhie, = echyl
pheny1-3,6-di-tert-butylfluorenyl)zirconium dichlorid o

e bl Gy ey R a Ry (02 Sip o ety <nl aze the sane grovss.
Ipheny1-3,6-di-tert-butylfluorenyl)zirconium dichloride, 37 di-n-octylmethylene(cyclopentadienyl)
(2,7-di-p-?r1'°‘flueoar8ﬁ1e?ﬁ :Fl’eny1-3,6-di-tert-butylfluorenyl)zirconium dichloride,
di-n-triacontylmethylene(cyclopentadienyl)(2,4,.-di-p-triflyoromet s
hyIEjéenyl-Sﬁ-di-? é%ﬁtylfluoren@l)ﬂr@orﬂu di@ﬁ’lgr%e, 5 Pheryinetiiate iy eiopetadiefy 1)
(2,7-di-p-trifluoromethQ/IphenyI -3,6-di-tert-t1ut¥rliluoreq [)zirconium dic IQri?te, - ,
diphenylMEHH IS & /IOpRAEE BRTIE, F-di 5 trorohfetkyphelt Y178 62 dixart Bt s &R irconium
dichloride, di-p-tolylmethylene(cyclopentadienyl)(2,7-di-p-trifluoromethylph
10eny1-FXERiRE I RPAGEENYI)zirconium dichloride, :
di(p-chlorophenyl)methylene(cyclopgntadienyl)(2,7-di-p-trifluoro )
methylpheny1-3, %‘?—%&ﬁ-butylﬂu&enﬁl’?ﬂ%on%ﬁ? ichlbriggspendently anorganic group
di(p-trifluoromethylphenyl)methylene(cyclopentadienyl)(2, 7-di-ptrifluoromethylpheny1-3,6-di-tert-butYIfl
uorenY1)zRESREA 18didhoride following formila SRR

15 [6098]

o+ [Al-2-1]

10099] In the formula [Al-2-11, R o R gre each



di(2-naphthyl)methylene(cyclopentadienyl)(2,7-di-p-trifluorometh ylpheny1-3,6-di ert-butyifiuorenyl)
zirconium dichloride, dibenzylmethylene(cyclopertédieny1)(2,7-di-p-trifluoromethylphen
y1-3,6-di-tert-butylfluorenyl)zirconium dichloride, 20
di(p-chlorobenzyl)methylene(cyclopentadienyl)(2,7-di-p-tr fluor
methylpheny1-3,6-di-tert-butylfluorenyi)zirconium dichloride,
di(p-methylbenzymethylene(cyelopentadienyl) (2. Z-dirprflugre,, -
methylpheny1-3,6-di-tert¥ﬁutyl uorenyl)zirconium dichlo(rg}de, 38 I(11I1|’-teart- u?f/flﬁﬁg%egﬁleﬁ%bnﬁum
dichloride,. dibenzylmethylene(cyclopentad-enyl)(2, 7-di-p-trifluoromethylphen yl-flyorenyl)zirconium
dichloride,}g:i&benzylmethéleﬁ%%cygopentad}eny%) 2,7?§i-p-tflgﬁ\udromet€%/f|§ en é On%amxgg
y1-3,6-ditfimethyliiyliiuorenyl)zieconium dichlpride, ~conral
dibenzylm%ylene(cycl%entlgéenyl)(z,?-d(l&-p-tri Iﬁoarg(r)nmestﬁy?pﬁlé%%/ 353%Qaﬁ:%ﬁﬁlﬁgo%ﬁﬁ%irconium
dichlorid dilgg{ Igp_eth lene(cyclopentadienyl)(2,7:di-p-trifluoromethylphen

y1-3;6-a§1anman uorgﬁ}é%ﬁé&%}gmgé%ﬁ?or%%,%Osglcon CoRteintg Group.
dibenzylmethyleng(cyclopentadi I)]()EZE 7-di-p-bromapheny1-3,6-dit rimethylsi Iquorequ zirconium
dichloride, dibenz@?‘()é?cﬁopentad%%@ 55 |§§%%%%ﬁjéﬁ§ -§?§%ﬁﬁ%§ﬁ%/%ﬂ?%ﬁ%?%ﬁyl? rconium
dichloride, etc. [01131Compounds wherein "zirconium" is replaced with 15 "hafnium” or "titanium" in
the abov?ad%%?ﬁ%% arb%fﬁ:%%ﬁ)}‘ usn%g WhEraih “ARIBHAE® T replat6d WP frdtg™ of “hethylethyl”

ro
ounds an
. inthe ab%ve compounds are also preferably used. [01141The transition metal compound (a), e.g., the

transition Metal Conouid (A23) End-the’ téﬁsﬁﬁ)ﬁ B4 COMipoGhE 28 (d123), S preparedby a
~publicly known process, and the preparation process is not specifically restricted. Examples of the
“publicly KROWH Brepart&ticH F6 eSS mtiude preparition Proddsses deSHbad MORT200/271 24
pamphlet and W02004/087775 pamphlet by the present applicant. SE-209939 [0115]Now, an
example Bf A BIOCRES forPréfaing 2 filGrEhe deriliative a8 dedor prepalirgtredi@Hition metal
compound (a) is described. [0116]The process for preparing a fluoroene derivative 5 is a process for
prelpgrindgé%%ﬁiﬁ?:fﬂﬁo?:&wé%é%ﬂ)ﬁﬁ% By all6wing'a SFe@iEnusrite dompduRd o @act with a
specific boron compound (BB) in the presence of a base (CC) and is characterized by carrying out the
reaction i WateRontaifint T8ROI B8y d-5Feéifié PROSPRORIS BERHCIFRINDD) &AM a specific

palladium compound . _ _
oxygen-containing groups and the silicon-~centaining groups in the

formula [Al-1-1] previously described.
[0101] It is preferable that at least one of R™ tgo R
15 is a halogen atom or a halogen-containing hydrocarbon group of 1 to

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

is a halogen atom
and R™®, R*®, R and R'™ are each a hydrogen atom. By virtue of
this, anoa~olefin polymer having a highmelting point can be prepared.
It is also preferable that R™ to R'™ are sach a hydrogen atom.
20 (0102} Two adjacent groups of R™ to R may be bonded
to form a ring.
[OlOé] nis 0 or 1.

[0104] Ruband194bwhichareeachrepr@sentedkaitheabove

formula [ARl-2-1] are each more specifically a phenyl group, a



10(EE) as catalysts. [0117]The .luorene compound (AA), the boron compound (BB), the base (CC),
the phosphorus compound (DD), the palladium céfpound (EE) and the water-containing solvent (FE)
are described below in detail. 15[0118]Fluorene compound (AA) The fluorene compound (AA) for
use in the present invention is a fluorene compound represented by the following formula [11] or the
following formula (22). [0119] S F-209940 [0121]In the formula [11] and the formula [22], Rna to 5 R11

are each.a hydrogen atom, & hydroxyl groun, a halagen.atom £XX),- hydragarbon group (GG) of 1 to

20 carbon atoms, an oxygen-containing hydrocarbon group (00) of 1 to 20 carbon atoms, a

hitrogen-gaptaining, hydrocarhon group (NN, of 1.t,20 carbon atoms, a silicon-containing hydrocarbon
group (SSI) c%?yilto 20 cargon atoms, a halogg/en%;ont%agi)ning 10 hydrocarbon group (HH) of 1 to 20

carbon atoms or ?O%Lgfy]r-containﬂg i%-gpggéggygéo%@{ggnRgs@u&@ggwf ]ag%_zgaca{bon atoms, and

they may be the same as or different from one another. In one or more combinations of adjacent

groups, t@sgg%%%%gfw%m@yﬁq%n%q 0 each,other to form, aing. At least one oL LO.Rim is a
halogen atom (XX) or a sulfur-containing hydrocarbon group (SS) of 1 to 20 carbon atoms.
5 groups as each other.

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

10 Q and J are the same as these of M, Y, Q and J in the formula [AlT.

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

101087 Examples of the crosslinkedmetal locene compounds
represented by the formula [Al-1] are given below, but the scope of

15 the present invention 1s not restricted by those examples.

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

20 tylfluorenyl) zirconium dichloride,
di~n-propvlmethylene {cyclopentadienyl) (2, 7~di~o~tolyl~3, 6~di-ter
t-butylflucrenyl)zirconium dichloride,
diisopropylmethylene (cyclopentadienyl) (2, 7-di~o~tolyl~3, 6~di~ter

t-butylfluorenyl)zirconium dichloride,



[0122] to RIu which are atoms or groups other than a halogen atom (XX) and a sulfur-containing
hydrocarbon group (SS) may be the same as R t8 R12 in the formula [Al]. [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 Rlu of the
later-described boron compound (BB) to obtain a fluorene derivative. [0124]lt is preferable that

arbitrary 4wo,0tRI2, R1035 $SRE ancbRIOZ-are-eagh,a halogenatom(XX); and the residual two are

each a hydrocarbon group (GO) of 1 to 20 carbon atoms, an oxygen-containing hydrocarbon group

(00) of 1 19,20, carben-atqins, 2 siieon-gentaining-pydrecarbon group (SSD of 1 to 20 carbon atoms, a
halogen-containing hydrocarbon group (HH) of 1 to 20 carbon atoms 20 or a sulfur-containing

hydrocarhonigup (S8).of 1020 cation aloma: syeh xfyatene campound (BA)isused as a

reaction raw material, yield of the resulting fluorene derivative is lowered in the conventional

preparatiopn process. Howeyver,when the reaction,is;carried out in a solvent containing water using the
later-described SF-209942 phosphorus compound (DD) and palladium compound (EE) as catalysts, -

the ecaction procegds.rapidly and the flyorene derivative is obtaingd.in agaad vield eyen,it.such a

fluorene compound (AA) is used as a reaction raw material. 5[0125]The halogen atom (XX) is, for

example,f%Jﬁlgg{i?ﬁ@lt_gg‘kea&1 nggg&g M8 Igr;pgﬂifgﬁtggw or an iodine atom. Of such atoms, a

chlorine atom, a bromine atom ‘or an iodine atom is preferable, and a bromine atom or an iodine atom

- is particularly_preferable.. [0126]Examples of the hydrocarbon groups. (GG) of 1,to-10.20 carbon atoms
include qulth)“/%;‘%coul;.:ff1 e¥ﬁ'§/ eg%%%%?f?p 8?3?/?8%%%%%%?&3&1&%’-%}.Lljt(;fgroo}pc?lly-%er%% g%%u%, 1-hexyl

group, 1-heptyl group,,1-octyl group. 1-nonyl group,.1-de anyl group, 1-eicosanyl group, isopropyl
‘group, te?t‘-"tﬁ%i% %%pl,%q%%%ﬁﬂgégfy?%‘%u& ,%Lglglll]é%ryjlﬁﬁ%’pyl group, 1,1-dimethylbutyl group, 15

L mety st oy S AR o TR AR 2 0 Gimetyt 3 Sy T A ne

hylpentyl gro clopentyl grqup, cyclohexyl group, cycloheptyl group, cyclooctyl 20 group,
4-c§§lohe%?—%&%—%%‘fﬁ%r%ﬁ%?%r C&r%ﬁ%ro%%%{ﬁm%éj tyl group, phenyl group, 2-methylphenyl group,

oSl g Beryr B pREnEI 61505 PNEAVotRy GroLE, Fap Rty 570bp, curmy
grOUp’negggg%gg$#§f¥¥gggéhyl)zirconium.dichloride,
phenylmethylene (cyclopentadienyl) (2, 7-di-o~tolyl-3, 6-di-tert-but
vifluorenyl)zirconium dichloride,
15 diphenylmethylene{cyclopentadienyl) (2, 7-di-o-tolyl-3, 6-di-tert-b
utylfluorenyl)zirconium dichloride,
di-p-tolylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl-3, 6-di-tert
-butyiflucrenyl)zircenium dichloride,
di({p-chlorcophenyl)methylene (cyclopentadienyl) (2, 7-di-o~teolyl-3,6
20  ~di-tert-~butylfluorenyl)zirconium dichloride,
di(p-trifluoromethylphenyl)methylene (cyclopentadienyl) {2, 7-di-o-
tolyl-3, é~di-tert-butylilucrenyl) zirconium dichloride,

di(2-naphthyl)methylene (cyclopentadienyl) (2, 7-di-o-tolyl-3, 6-di-

tert-butyiflucrenyl)zirconium dichloride,



SF-209943 group, biphenyl group, binaphthyl group, phenanthryl group, anthracenyl group and
fluorenyl group. [0127]The number of carbon atoms of the hydrocarbon group (GG) is preferably 1 to
10, more preferably 1 to 6. Examples of such 5 hydrocarbon groups (GO) include straight-chain
hydrocarbon groups, suchasmethyl group, ethyl group, 1-propyl group, allyl group, 1-butyl group,
1-pentyl group and 1-hexyl group; isopropyl group, tert-butyl group, 3-methylpentyl group,

1,1-dimethylautyl, group, b Lrdimethy L2-meibylprapyl groun.Gyciopentyh group, eyclehexyb10 group
and aryl group. [0128]Examples of the oxygen-containing hydrocarbon groups (00) of 1 to 20 carbon

atoms inglyggﬂ])ggmygrpyprgggg_%g@iqgllrbp@ﬁpggy group, isopropoxy group, n-butoxy group,
sec-butoxy group, isobutoxy group, tert-butoxy group, 1-decyloxy group, 15 1-icosyloxy group,

phenoxwfignc%f@%ﬂéwy@n%f%;@@fqgmeylgfg@ﬁtgam@mwp@?whgwpm 1-3,6
3-methoxyphenylgroup, 4-methoxyphenyl group and 4-phenoxyphenyl group. [0129rThe number of

carbon atoyns of the oxygen-coniaining hydrogarbon groyp (JQ)s preferably 1 to 10, more preferably 1

to 20 6. Examplesofsuchoxygen-coritaininghydrocarbongroups (Oé)include methoxy group, ethoxy

group, n- (6) ' r - ; Sec-huytexy-group,. is Xy-group,
e

e o e pinos e,
Udamjy%gg%gﬁéwyfvpgngg)AygaﬁégngEﬂdﬂﬂgfﬂgt%@¥¥%34,6-di—tert—buﬁylflu
| orenyl)zirconium.diéhloride,
dibenzylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl-fluorenyl)zir

10 éonium dichloride,
dibenzylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl-3, 6~ditrimeth
yisilylflucrenyl)zirconium dichloride,
diben%ylmethylene(cyclopentadienyl)(2,T—di—o—tolylw3,6wdicumylfl
uorenyl) zirconium dichloride,

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

20 3,6~di~tert-butylfluorenyllzirconium dichloride,
dibenzylmethylene {cyclopentadienyl) (2, 7-di-[o-{isopropyl) phenyl]
-3, 6~di~tert-butylflucrenyl]zirconium dichloride,
dib@nzylmethylene(cyclopentadienyl)[2,7—di—[o—(n~butyl)phenyl]—3

, 6~di-tert~butylfluorenyl]zirconium dichloride,



5 group. [0131]The number of carbon atoms of the nitrogen-containing hydrocarbon group (NN) is
preferably 1 to 10, more preferably 1 to 6. Examﬁ@s of such nitrogen-containing hydrocarbon groups
(NN) include dimethylamino group, diethylamino 10 group, pyrrolidinyl group,
piperidinylgroup,pyrrolylgroup,pyridyl group and imidazolyl group. [0132]Examples of the
silicon-containing hydrocarbon groups (SSI) of 1 to 20 carbon atoms include trimethylsilyl group,
triethylsilyk gronpy triisepropyisilyt group.ctater: butyidimesdsilyl r groups hiexyl dir-sheptylsilyl group,
4-trimethylsilylphenyl group and triphenylsilyl group. [0133]The number of carbon atoms of the
silicon-cantaining-bydrocarbgn aroup {Syl) isipreferably H1ed 0. moere preferably 1 to 6. Examples of
such silicon-containing 20 hydrocarbon groups (SSI) includetrimethylsilylgroup, triethylsilyl group and

tert-butyldimethylsitvlaropp: {1 241Examaplesofdhe halagen-gontaininghydsaearbomeropps (HH) of 1

to 20 carbon atoms include fluoromethyl group, t
ifluoromethylgroup. trichioromethylaroup,pentafivoroethylgroup, 1 8F1209945

5 dibenzylmethyleﬁe(cyclopentadienyl)[2,7—di—[o—(tert—butyl)phenyl
1-3, 6-di-tert-butylfluorenyl]zirconium dichloride,
dibenzylmethylene(cyclbpentadienyl){2,7~diw[0w(n—icosyl)phenyl]—
3, 6~di—tert—buty1fzuémnyu zirconium dichloride,
dibenzylmethylene (cyclopentadienyl) [2, 7T-di- {o~-cyclohexylphenyl) -

10 3, 6~di-tert-butylfluorenyllzirconium dichloride,
dibenzylmethylene (cyclopentadienyl) [2, 7-di- (biphenyl-2-y1})-3, &é~d
i—tert—butylfluorenyl}zirconium dichloride,
dibenzylmethylene (cyclopentadienyl) [2, 7T-di-[o- (2Z-naphthyl)}phenyl
1-3,6-di-tert~butyifluorenyllzirconium dichloride,

1% dibenzylmethylene (cycleopentadienyl) {2, 7-di-{o~ (Z-phenanthrvl)phe
nyl}-3, 6-di-tert-butylfluorenyllzirconium dichloride,
dibenzylmethylene (cyclopentadienyl) {2, 7-di- (o-trimethylsilylphen
yl} =3, 6-di-tert-butylflucrenyi]zirconium dichloride,
dibenzylimethylene (cyclopentadienyl) [2,7-di-[ (o-triphenylsilylphe

20 nyl} -3, 6-di-tert-butylflucrenyl]zirconium dichloride, etc.

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

compounds are also preferably usad.



1-fluorophenyl group, 1-chlorophenyl group, 1-bromophenyl group, 1-iodophenyl group, 2-fluorophenyl
group, 2-bromophenyl group, 2-iodophenyi groug; £-chlorophenyl group, 3-chlorophenyl group,
4-chlorophenyl group, 2-bromophenyl group, 3-bromophenyi group, 5 4-bromophenyl group,
2-fluorophenyi group, 3-fluorophenyl group, 4-fluorophenyl group, fluoronaphthyl group, chloronaphthyl
group, bromonaphthylgroup,iodonaphthylgroup,pentafluorophenylgroupand tri-perfluorophenylmethyl

group. [01351Theaumber of carbon atoms of the 10 halogen-centaining hydracarhongroup (HH) is

preferably Ito 10, more preferably 1 to 6. Examples of such halogen-containing hydrocarbon groups

(include fluaromethyl group, triflupromathyt gioun, . - given below, but the scope of

trichloromethylgroup,pentafluoroethylgroup,|-fluorophenylgroup, 1-chlorophenyl group, 1-bromophenyi

group, 1-edopheny,group, 132-fluorophenyl graup, 2-bramgphenyl.group, 2-jedaphenyl group,
~ 2-chlorophenyi group, 3-chlorophenyl group, 4-chlorophenyl group, 2-bromophenyl group,

3-bromophenyl g{@g@zﬁ-bromoppg@%g@éjfp,@e-ﬂ%%r[g@p&qglgroup,
3-fluorophenylgroup,4-fluorophenylgroupand pentafluorophenyl group. 20[0136]Examples of the

sulfyr-containin drocarbon groups (SS). of 10 20.c b9r_1 toms inclugde.-m thﬁ e ulfonato group,
eth;énesﬁ%o%aetzo]%qr%ﬁggﬁﬁfﬁ%?gﬁ t%é)r%eesﬁ?%%%to r%u(g’z,Zé{ﬁﬁ]ﬁwgeﬁh%eéblfo%a%o Eg)%s‘?jp,
benzenesqlﬁﬁ%ato %rofpzgitoluenesquQQR%EE%U£, m-toluenesulfo a o group, S 209946

p-toluengs"'"u onato g¥oup, p-%?ﬁﬁ%rélnzenesu onatd group and p-tert-butylbenzenesulfonato group.

[0137]The,number of carbon atoms of the sulfur-containing hydrocarbon.group. (: Sgsm referably 1 to
10, more§|c'}rké?erf‘r%t\ri)ﬁrf}ﬂ i ‘tg ' .pfxgc ﬁlegng%%%%U uP{%t())r%ﬁgin%ﬁ%?o%é?b%héo%ps%% m%}gcde _
. -methanes I;qng)lt% %&%E%ethanesulfonato roup, trifluoromethanesulfonato group, 2,2,2-trifluoroe

‘hanesulférato't LBrH8RaIfBhato grotp; ptoluenesulfonato group, p-ethylbenzenesulfonato

roup and p-tert-butylbenzenesulfonato 10gr . [0138]The fluorene compound i rticularl
group dﬂ%ethylﬁéthyleneﬁ%§%f%penég%%gngl?%%,%idg—p—chlgr pheng%gy,%jgi ularly

10  ~tert-butylfluorenyl}zirconium dichloride,
diethylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3, 6-di-
tert-butylfluorenyl)zirconium dichloride,
di~n-propylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3,6
-di-tert-butylflucrenyl)zirconium dichloride, |

15  diiscopropvlmethylene (cyclopentadienyl) (2,7-di-p-chlorophenyl-3,56
-di—tert~butylfluorenyi)zirconium_dichloride,
di~-n~butylmethylene (cyclopentadienyl) (2, 7-di~-p~chlorophenyl-3, 6~
di-tert-butylflucrenyl)zirconium dichloride,
diisobutylmeth?lene(cyclopentadienyl)(2,T—di—p—chlorophenyl—B,G—

2C¢  di-tert-butylfiuorenyl)zirconium dichloride,
di—sec—butyimethylene(cyclopentadienyl)(2,7—di—p—chlorophenyl—3,
6-di-tert-butylfluorenyl)zirconium dichloride,
di-tert-butylimethyliene (cycleopentadienyl) (2, 7-di-p-chlorophenyl-3

, o-di-tert~butylfluorenyl)zirconium dichleride,



preferably a fluorene compound represented by the following formula [77]. [0139] 15 T] [0140]in the
formula [77], each X is independently a chlorine a&t6m, a bromine atom, an iodine atom or a fluorine
atom, SF-209947 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 and RI3 and R16 are each
independently a hydrocarbon group of 51 to 15 carbon atoms. [0142]Examples of the hydrocarbon

groups of;1 19 15-carbonaloms,inelude methyl.group, efhyl groun._ L praRyl.groun,, allvi-greup, 1-butyl
group, 1-pentyl group, 1-hexyl group, 1-heptyl group,” 1-octyl group, 1-nonyl group, 1-decanyl group,

1-pentadgeanyl,group, 10isopropyh group, er-butyl graup . 3-methylpentyl group, 1,1-diethylpropyl
group, 1,1-dimethylbutyl group, 1-methyl-1-propylbutyl group, 1,1-dipropylbutyl group,
1J’d"negﬁdﬁzﬂ?§g9@ﬂE§W%g%ﬁ§ﬁene(cyclopentadienyl)(2,7mdi—p—chlorophenyl

| —3,6—di—£ert~butylfluorenyl)zirconium dichlioride,

5 phenylmethylene(cyclopentadienyl){2,7—di—p—chlorophenyi—3,6—di—t
ert-butylifiucrenyl)zirconium dichlioride,
diphénylmethylene(cyclopentadienyl)(2,7—di—p~chlorophenylw3,6~di
~tert-butylfluorenyl) zirconium dichloride,
di-p-tolylmethylene (cyclopentadienyl) (2, 7T-di-p~chlorophenyl-3, 6-

10 di—ﬁert—butylfluorenyl)Zirconium.dichloride,
di{p-chlorophenyl)methylene (cyclopentadienyl) (2, 7-di-p-chlorophe
nyl—3,6—di—tert~butylfluorenyl)zirconium dichloride,
di(p-triflucromethylphenylimethylene (cyclopentadienyl) (2, 7-di-p-
chlorophenylm3,6—di—tert—butylfluorenyl)zirconium,dichioride,

15 di{2—naphthy1)methylene(cyclopentadienyl)(2,7—di—p~chlorophenylw
3,6~di~tert-butylfluorenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7—di~pwchlbrophenyl~3,6—di
~tert-butylflucrenyl)zirconium dichloride,
di{p-chlorobenzyl)methylene (cyclopentadienyl) (2, 7-di-p~chlorophe

20 nyl-3,6-di-tert-butylflucrenyl)zirconium dichloride,

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

utylflucrenyl) zirconium dichlioride,



1-methyl-1-isopropyl-2-methylpropyl group, cyclopentyl group, 15cyclohexyl group, cycloheptyl group,
cyclooctyl group, 4-cyclohexyl-tert-butyl group, netbornyl group, adamantyl group, phenyl group,
o-methylphenyl group, m-methylphenyl group, p-methylphenyl group, 2,4-dimethylphenyl! group,
2,6-dimethylphenyl group, mesityl group, benzyl group, a-phenethyl group, naphthylmethyl 20 group, _
cumyl group, neophyl group, 1-naphthyl group and 2-naphthyl group. [0143]In the formula [77], it is still

more preferable thataae X;is independently.a chlorine-atem;or a hromine atom and R| and R106 are
each independer%}tlly a hydrocarbon group of 1 to 1 élg-209948 garbon atog'r?}n]is. [0144|Examples of the

hydrocarhon )gggggglg){&ﬁod]igg%q%h@tpmsincludemethylgroup, ethyl group, 1-propyl group, allyl
group, 1-butyl group, 1-decyl group, isopropyl group, tert-butyl group, 5 4-cyclohexyl-tert-butyl group,

o-methylphenyl.groy s roup, p 1.group, ¢ -qzim thylphenyl.gr up,
2,6-dimethy%§%1de2gh{d g%ggg%%(ty g%%%g benz;%’ g&z%sp&le’-?ap%hth Ié’%ﬁo%p Sﬁq&%fgp fh%/l (é)roup.

[0145]In m{%% Lf7l, itds also.p f§%ﬂlg 5%%0 %lc%% and RI6 are each selected from a hydrogen

aride, L
atom, an alkyl group (f1-1) of 1 to 40 carbon atoms and a sﬁ)lcon-contalnlng group of 1 to 40 carbon

Atoms, ILi S rabl tthey are each an alkyl grou if-)ofltonZOgrb n atoms and
:rgnt%?e 2%%%6§§JQ£ aleél %%%b%iégggspgegcn ed f%r)R éinahga%]é%{oﬁg?es%d or lfijlé 15 [Al1-1]

or R6b a in the aforesaid formula [A1-2]. It is still more preferable that 12.13 and Ri6 are each a
methyl g%%%%ﬁh&%%%% pz, %%C%%Jplfénpy lg?gl%g%lr%ef-butyl group and are the same groups as each

(ﬁhet[O%%ﬂgﬁggf%ggig%ggg1é%gg%g%%%gﬁggg§g¥¥ﬁ?%ggi—p—chloropbenyl—B,6—ad
amantylflucrenyl)zirconium dichloride, | |
dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-trifluocromethylphen

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

15 diiscpropylmethylene (cyclopentadienyl) (2, 7-di-p-trifluorcmethylp
henyl—B,6~di—tertwbutylfluorenyl)zirconium dichlorige,
.di—n~butylmethylene(cyclopentadienyl)(2,7—dimp~trifluoromethylph
enyl-3, 6-di~tert-butylfluorenyl) zirconium dichloride,
diisobutylm@thyiene(cyclopentadienyl)(2,7wdi—p—trifluoromethylph

20 enyl-3,6-di-tert-butylfluorenyl) zirconium dichloride,
di—sec~butylmethylene(cyclopentadienyl)(2,7—di—p—trifluoromethyl
phenyl-3, 6-di~tert-butylfluorenyl)zirconium dichloride,
di-tert-butylmethylene (cyclopentadienyl) (2, 7-di-p-triflucoromethy

lphenyl-3, é~di-tert-butylfluorenyl)zirconium dichloride,



20 formula [77] is used as a reaction raw material 7yleld of the resulting fluorene derivative is lowered
in the conventional preparation process. Howevet,'when the reaction is carried out in a solvent
containing water using the later-described phosphorus compound (DD) andpalladium compound (EE)
as catalysts, the reaction proceeds rapidly and the SF-209949 fluorene derivative is obtained in a
good yield even if such a fluorene compound (AA) is used as a reaction raw material. [0147]Boron

compound (BB), -+ 1 dhe borenr compounsh(BR)isahoran compepnt:represenied tiy,thenfollowing

formula [33] , the following formula [44] or the following formula [55] . [0198] R118-13/ R111 12 10

[0149]Kgé§&E%Wé—dlwtert—butylfluorenyl)zlrconlum dichloride,
di-n-triacontylmethylene (cyclopentadienyl) (2, 7-di~p-trifluoromet
hylphenyl—3,6—di—tertwbutylflu0renyl)zirconium,dichlqride,

5 phenylmethylene(cyclopentadienyl)(2,7—di—p~trifluoromethylphenyl
-3, 6-di-tert-pbutylfluorenyl)zirconium dichloride,
diphenylmethylene (cyclopentadienyl) (2, 7-di-p- trllluoromethy1phen
yl~3,6—di—tert—bﬁtylf1uorenyl)zirconium,dichloride,
di~p—tolylm@thylene{cyciopentadienyl){2,7-di—p~t£ifluoromethylph

10 enyl-3,6-di-tert-butylfluorenyl) zirconium dichloride,
di (p-chlorophenyl)methylene (cyclopentadienyl) (2, 7-di-p-trifiuoro
methylphenyl-3, 6-di-tert-butylflucrenyl)zirconium dichloride,
di {p-trifluoromethylphenyl)methylene (cyclopentadienyl) (2, 7-di-p-
trifluorcmethylphenyl-3, 6-di-tert-butylfluorenyl)zirconium

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

20 di(p—chlorobenzyl}methylene(cyclopentadienyl)(2,7—di—p~trifluoro
methylphenyl-3, 6-di~tert-butylfluorenyl) zirconium dichloride,
di (p-methylbenzyl)methylene (cyclopentadienyl) (2, 7-di-p-trifluoro
methylphenyl-3, é-di-tert-butylflucrenyl)zirconium dichloride,

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



SF-209950 R 113 B R1 30 R113 [0151]in the formula [33], the formula [44] and the formula [55],
R111, R112 and R113 are each a hydroxyl group,t hydrocarbon group (002) of 1 to 20 carbon atoms,
an oxygen-containing hydrocarbon clip (002) of 1 to 20 carbon atoms, a nitrogen-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-coptaiping hydrocarhon group (S$2).0f 1,16 2Q:carbgn atems, and they may be the same as or
10 different from one another. R212 and R112 may be bonded to each other to form aring. M is a

thium aers .2 sodium ajormn & pojassium, alom. [91.52]1seh 4 horon camanund (BB) inused as a

reaction raw material, yield of the resulting fluorene derivative is owered 15 in the conventional

preparatw _rogessHoyever when the reagtiqn;is carried out in a solvent containing water using the
later-described phosphorus compound (DO) and palladium compound (EE) as catalysts,

dibenzyimethylene (cyclopentadienyl) (2, 7-di-p-triflucromethylohen
5 - yl-3,6-ditrimethylsilylfluorenyl) zirconium dichloride,
dibenzylmethylene (cyclopentadienvl) (2, 7-di-p-trifluoromethylphen
y1l-3,6-dicumylfluorenyl) zirconium dichloride,
| dibenzylmethylene(cyblopentadienyl)(2,7~di—p—triflﬁoromethylphen
y1-3, 6-~adamantylflucrenyl) zirconium dichloride,

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

(01137 Compounds wherein “zirconium” is replaced with

15 “hafnium” or “titanium” in the above compounds and compounds wherein
“dichloride” is replacedwith “dimethyl” or “Ymethylethyl” in the above
compoundé are aléo preferably used.

[0114] The transition metal compound (a), e.g., the
transition metal compound (al-1) and the transition metal compound

20 {al-2), canbhepreparedbyapupblicly knownprocess, andthepreparation
process is not specifically restricted. Examples of the publicly
known preparation processes include preparation processes described
in WO2001/27124 pamphlet and W02004/087775 pamphlet by the present

applicant.



SF-209951 the reaction proceeds rapidly and the fluorene derivative is obtained
inagoodyiéldeveriifsuchaboroncompound (BB) is¥8ed 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, vinyl group, allyl 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, 1sdigthylpropyl.graup, Js1:imethyloutyk 10 group. i ng o
1-methyl-1-propyibutyl group, 1,1-dipropylbutyl group, 1,1-dimethy1-2-methylpropyl group,

Lmethyl-iopiagylsametybonyl grovo. eycleRsiity lounsyclanexyl. dioun, eYaiahgRly! aroup.
cycloochyl group, 4-cyclohexyl-tert-butyl group, norbornyl group, adamantyl group, 15

2-cyclohexyl ig%giroygp\, ph§”é{!59,¥8!{ e%phenylvinyl group, 2-(4-biphenyl)vinyl group, 2-methylphenyi
group, 3-methylphenyl group,4-méthylphenylgroup,2-ethylphenylgroup,2,4-dimethylphenyl group,
2,6-dimethylpheny, Ip, mesityl.group, benzyl group, a-phenethylproup.giphenylmethylgroup,
naphthylmethyl g?él%%gumyl 20 g%’ug,‘ r?ggSﬁy#grgu‘%?ﬁgﬁﬂtﬁﬁ%r%u%gﬁ%ﬁ%%%gr%%ﬁgﬁhgb ?hylgroup,
phenanthryl group, anthracenyl group and fluorenyl group. 154] The number of carbon atoms
o1 thE hy G SRt ORI bly T 10 TbrhOR BretE:abh 116 15 EXarone of duch
hydrocarbon groups (GG2) include methyl gro thyl group, . SF-209952 1-propyl group,
1-hexylgr%usp$igljhe%) yI%lrlo?ﬁﬁf%T-ede%%m ?trrg%p%%%ﬁ Ig?ourpe?éjﬁ)ﬂg%bt& ffpgﬁfgechjy?g};% ?fon
1-hexenylgroup, 1-octenylgroup, 1-decenyl group, isopropyl group, tert-butyl group, 3-methylpentyl
group, 1, -gﬁgéi ob@?grdunp%ﬁ-aﬁﬁgﬁ%?gﬁJt@ng’o%&sgn{g&w1@8%p‘ﬁbﬁmjéﬁ%ﬁ,rﬁ.ZL-e&)ﬁ(propylbutyl
group, 1,1-dimethyl-2-methylpropyl group, 1-methyl-1-isopropyl-2-methylpropyl group, cyclopentyl
group, cydlofigxyiigroti ty Bﬁeﬁﬁicg“rb%,léiléié@ctiﬁrgrﬁﬁﬁ,tﬁﬂ%@?)y(ﬁ%%b vI'gFois Shorbornyl
group, adamantyl group, 10 2-cyclohexylvinyl 3rou , phenyl group, 2-phenylvinyl group,
2-methylShERFFgrotpP3HHBIHYIpeRFTGHN 4 hetRjipreRyFGroup” 2ethyiphemyigragynd
2,4-dimethylphenyl group, 2,6-dimethylphenyl group, mesityl group, benzylgroup,
a—p%%nettﬁg@roﬁﬁ,dwﬁ@ﬂwyl group, naphthylmethyl group, cumyl group, neophyl group, naphthyl.

15 group and biphen)lll %roup.
(0117 The fluorene compound (AA), the boron compound

{BB), the base (CC), the phosphorus compound (DD), the palladium
compound (EE) and the water-containing solvent (FF) are described
below in detail.

15 [0118] Fluorene compound (AA)

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

[0119]



[0155]Examples of the oxygen-containing hydrocarbon groups (002) of 1 to 20 carbon atoms include
methoxysgfroaB &éthoxy group, 1-propoxy group, 5opropoxy group, 1-butoxy group, s-butoxy group,
isobutoxy group, tert-butoxy group, 1-decyloxy group, 20 1-icosyloxygroup, phenoxy group,
benzyioxygroup, 1-naphthoxygroup, 2-naphthoxy group, 2-methoxyphenyl group, 3-methoxyphenyl
group, 4-methoxyphenyl group, 4-ethoxyphenyl group, 4-isopropoxyphenyl group,
4-phenoxyphenylgroup, 4- formylphf grogﬁ 4-hydroxyphenyl group, 2-furyl group, 3-furyl group,
benzofuryl group, rﬁ@ 953 4@ groupa,g benzoylphenyl group. Moreover, there
can be also mentio col - fec oI ester anedlol ester, neopentyl glycol ester, etc.
wherein Rl and R12 & 1gh other. [0156 fThe number of carbon atoms of the
oxygen-containing hydrgcarbon gro . '-u. is preferbly 1 to 16, more preferably 1 to 12. Examples of
such oxygen-containingglTyekesy IS, (DO2Y 18] roup, ethoxy group, 1-propoxy
group, is c’é‘h; gpep, 1-butlk , SR B4R, isobl Bup tert-butoxy group, 10
1-decyloxy+group =gk 0y
2- methoxyphenyl pivphenyli¢ roup, 4-meth xypheny group, 4 ethoxyphenyl group,

2- furyl group, 3- - Wir-b ) -4egarboxyphenyl group Moreover, there can be
also mentionedpinécol ester -propane jol ester , neopentyl glycol ester, etc.
wherein R111gmR312 are ba fher. W@ of the nitrogen-containing
hydrocarbon gﬁlups (NN2) of Zfrcarbopgigiaé include |methylam|n0 group, r&iﬁgﬁyammo
group, didecylamino group, 2-&rinophenyl group, 3-aminophenyl group 4-aminop up,

: 3-nitrophenyl group, 4-cyanophenyl group, 3-acetamidophenyl group, 4-acetamidophenyl group,
3- pyrrdrn)§9 L gropp, 4-pyridinyl group, 3-quinolinyi group, 8-quinolinyl group, 4-isoquinolinyl group,
4-pyrazole group, SF-209954 1-methyl-4-pyrazole group and 3,5-dimethy1-4-pyrazole group.
[0158]The number of carbon atoms of the

[22]

[01Z21] In the formula [11] and the formula [22], R +q

5  RM™0 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 (WN) of 1 to 20 carbon atoms, a silicon-containing
hydrocarbon group (85I} of 1 to 20 carbon atems, a halogen-containing

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



nitrogen-containing hydrocarbon group (NN2) is preferably 1 to 10, more preferably 1 to 6. Examples
of such nitftogéhéontaining 5 hydrocarbon group$ INN2) include dimethylamino group, diethylamino
group, 2-aminophenylgroup, 3-aminophenyl group, 4-aminophenylgroup, 3-pyridinyl group, 4-pyridinyl
group, 4-pyrazole group, 1-methyl-4-pyrazole group and 3,5-dimethyl1-4-pyrazole group.
[0159]Examples of the silicon-containing hydrocarbon 10groups (3312) of 1 to 20 carbon atoms include

trimethyIsilyl,-group, triethydsily! gsaups triisopropylsiivhgroup, tert:butyldimethylsilyl, group, o
2-triphenylsilylethyl group, 4-trimethylsilylphenyl group, 4-(tert-butyldimethyls oxy)phenyl group and

hexyl-di-Eheptylsilyl group: 45[016}The Rumber.af.carbonatams of th siicon-gontaining hydrocarbon

group (3312) is preferably 1 to 10, more preferably 1 to 6. Examples of such silicon-containing

hydrocarben 3 ' de tri S| roun,. iri [ r nd tert-butyldimethylsilyl
group. Zagl%g{?gfaérrn{b%?%%ﬁ i?a%gqfé?é)%%ﬁiﬁ r%yﬁyt}grégg%go%&gggg%%% H%)éc%?ngt)é%%gc%arbon
e

atoms inggdfcjmrgnﬁt%[gr% P, i Iggrg@gtt&l qgmnptgig{ﬂ@r%r% %ﬂggﬁghp%@@rgu%ggthyl group,
2-fluorophenyl group, 2-bromophenyl group, 2-lodophenyl group, 2-chlorophenyl group, 3-chlorophenyl

, 4-chl I .SF-209955 2-methy1-4-chl I ~2-b henyl ,
group. 4-6DIQraphonyl oo, :3F; agérgc@%fﬂ;ﬁ %rp%ue%ggee% grosp ﬁg%rer%%'i’afé‘#ﬁ%f’o“upp,

3-bromophenyl group, 4-bromop ne group, p roup,
4-trif|uoromethox§8 g%l group, g;@rdy!}uq{gphsg Ic%roulpé 3‘31 -dichlorophen'|ﬁrgggé&%—giﬂuorophenyl
phenyl group be

group, pentafluor and tri-perfluorop eny?methy%ﬁrigu%?:[@f enumber 6f ¢arbon

e e e T Yo Se AT IR 2 R B SIFARL L0105 TSlg Pslrably Lo
may ke the same as R* to R* in the formula {Al]. |
[0123] Intheprocess fo;: preparingaflucrenederivative,
10 the halogen atom (XX) and/or the sulfur-containing hydrocarbon group
(33) of the substituénts of the fluorene compound (AA) is converted
into a substituent R'™ of the later-described boron compound (BB)
to obtain a fluorene derivative.
(0124} It is preferable that arbitrary two of Rmz, le,
15 RY® ang rY07 afe each a halogen atom (XX}, and the residual two are
each a hydrocarbon group (GG) of 1 to 20 carbon atoms, an
oxygen-containing hydrocarbon group (00) of 1 te 20 carbon atoms,
a silicon-containing hydrocarbon group (SSI) of 1 to 20 carbon atoms,
a halogen-containing hydrocarbon group (HH) of 1 to 20 carbon atoms
20  orasulfur-containing hydrocarbon group (SS) of 1 to 20 carbon atoms.
If such a fluorene compound (AA) is used as a reaction raw material,
yield of the resulting fluorene derivative is lowered in the

conventional preparation process. However, when the reaction is

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



10 hydrocarbon groups (HH2) includefluoromethylgroup,trifluoromethyl

group,tri&ﬁé"l%ctlﬁ hylgroup,pentafluoroethylgrouﬁl,g-ﬂuorophenyl group, 2-bromophenylgroup,
2-iodophenyl group, 2-chlorophenylgroup,
3-chlorophenylgroup,4-chlorophenylgroup,2-methyl-4-chlorophenyl group, 2-bromophenylgroup, -
3-bromophenyl group, 4-bromophenylgroup, 15 4-fluorophenyl group, 4-trifluoromethylphenyl group,

2,6-diflugrepbeRyk-grouRr ocdishlorophenyl geoups 3iSrdifluprophenyl group andpentafluprophenyl
group. [0163]Examples of the sulfur-containing hydrocarbon groups (SS2) of 1 to 20 carbon atoms

include thiophenylareun; 20-24ne hythiophenyh areup: 3:methyithiopheny! group 4-methyithiophenyl
group, 2-thienyi group, 3-thienyl group, 5-methyl-2-thiophenyl group, 2-thianaphthalenyl group,

3-thianaphthalepyl groupiand thiatrityl group. J0:641The Bumbes of carban atoms ofthe.su,,
ur-containing SF-209956 hydrocarbon group (SS2) is preferably 1 to 10, more preferably 1 to 6.

Examplesof such-sulfus-eontaining hydrocarbon groups (532) include thiophenyl group, 2-t9 ienyl
group and 3-thienyl group. [0165]M is a sodium atom, a lithium atom or a potassium 5 atom; and is”

preferably a potasgium atom. [016QIR1LLS ismarefyreferably.a grouprepresented by the.following
formula [88] . [0167] R121 [8] _ *
atom, a chlorine atom, a bromine atom cor an iodine atom. Of such
atoms;eachlozineatom¢eabromineatom&n:aniodineatomjj;preferable,
and a bromine atom or an iodine atom is particularly preferable.
[0126] Examples of the hydreocarbon groups (GG) of 1 to

10 _ 20 carbon atoms include methyl group, ethyl group, l-propyl group,
allyl group, l-butyl group, l-pentyl group, l-hexyl group, 1-heptyl
group; i1-octyl group, l-nonyl group, l-decanyl group, l~eicosanyl
group, i1sopropyl group, tert-butyl group, 3-methylpentyl group,
1,1-diethylpropyl group, 1,l-dimethylbutyl group,

15 i-methyl-l-propylbutyl group, 1,1l-dipropylbutyl group,
l,i-dimethyl-2-methylpropyl group,
l-methyl-1-iscpropyl-Z-methylpropyl group,

1, l-dimethyl-2, 2-dimethyl-3, 3-dimethyl-4, 4-dimethylpentyl group,
cyclopentyl group, cyclchexyl group, cycloheptyl group, cyclooctyl

20 group, 4-cycichexyl-tert-butyl group, norbornyl group, adamantyl
group, phenyl group, Z-methylphenyl group, 3-methylphenyl group,
4-methylphenyl group, 2,4-dimethylphenyl group, 2, 6—dimethylphenyl
group, mesityl group, benzyl group, a-phenethyl group, diphenylmethyl

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



10[0168]In the formula [88], R125 to R129 are each a hydrogen atom, a hydroxyl group, a halogen
atom (XX8)~ & drocarbon group (GG3) of 1 to 22 carbon atoms, an oxygen-containing hydrocarbon
group (003) of 1 to 14 carbon atoms, a silicon-containing hydrocarbon group (3313) of 1 to 14 carbon
atoms, a halogen-conta ning hydrocarbon group 15(141-13) of 1 to 14 carbon atoms or a
sulfur-containing hydrocarbon group SF-209957 (3S3) of 1 to 14 carbon atoms, and the substituents

may be t e liffer [ r,In.one or more combinations of adjacent groups,
Bgéﬁ }é‘%ﬁ{e‘?{g? %@Jﬁm %%gg%tt%g 1 ?%r & rihg. The éﬁe[(ci?cﬁg@’represents a

the adjacent groups may be bonded to each o to form . The b

linkage pgj{}_tﬁg&gé?[o Q aaipfgi total number of carbon atoms of RI25 to RI29 is 14 or less.
[0169]The halogen a omggéxg is, or%%%%&%,y% fﬁj%?}lr%'atom, a chlorine atom, a bromine atom or an

iodine atom. Of su&E ms, a flugrine atom, a chlorine atom or a_bromjne . atom is preferable, 10 and a
fluorine atom or a ¢ Fc?rti%e atom@&a?ﬁ&%gﬁf pf)cr%?é:r&é%?e? oS %1%? é%gr%%féas%g thé Hydtocarbon

groups ( of 1 to 14 carbon atoms includemethyl group, ethyl group, 1-propyi group, 1-butyl group,
1-hexyl gﬁc%g viny rg%ﬁﬁ?%bﬁ)yl g?rogﬁpiq}pgﬁfreen %%gﬁéﬁ%ieﬁgl rougfi%pdgc}gﬁyf)gr&dﬁll-decenyl

group, 15 1-tetradecanyl group, i opyl group, tert-butyl group, 3-methylpentyl group,

1, l-léoieth%%#ggﬁag%arﬁ, %%‘81“&%%@@5&0% p&c@%go Ry oup “EyiBhBBEA 3rédh °&y S68ERR group,

4-cyclohexyl-tert-butyl group, norbornyl group, adamantyl group, phenyl group, 2-methylphenyl group,
hyh %ﬁ,gzqoﬁ?r%%ﬂ‘lyfp Pgrotiy, 2. R8imethibheRyIgr Mgb,gf,%%méﬂlﬂ}i‘gh’ényl group,

3-metny5 Sny&isg%gu
naphthylmethyl grou and naphthyl group. [0171]The number of carbon atoms of the hydrocarbon
group (G638 pr’eTé?%%W?t B PIPMAGKE prefefibiP I8R0 ISHPHRY bréférably "etd-8 opatticularly

preferably 1 to 6. Examples of such .
E group, 3~methylpentyl group, 1,l-dimethylbutyl group,

1,l-dimethyl-2-methylpropyl group, cyclopentyl group, cyclohexyl

10 group and aryl group.

[0128} Examples of the oxygen-containing hydrocarbon
groups (G0) of 1 to 20 carbon atoms include methoxy group, ethoxy
group, n-propoxy group, isopropoxy group, n-butoxy group, sec-butoxy
group, isobutoxy group, tert-butoxy group, l-decyloxy group,

15 l-icosyloxy group, phenoxy group, l-naphthoxy group, 2-naphthoxy
group, 2-methoxryphenyl group, 3-methoxyphenyl group, 4-methoxyphenyl
group and 4-phenoxyphenyl group.

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

20 6. Examplesof suchoxygen-containinghydrecarbongroups (00) include
methoxy group, ethoxy group, n-propoxy group, iSOpropoxy group,
n—butoxygroup,sec—butoxygroup,isobutoxygroup,tert—butoxygroup
and phenoxy group.

[0130] Examples of the nitrogen-containing hydrocarbon



SF-209958 hydrocarbon groups (003) include methyl group, ethyl group, 1-propyl group, 1-butyl group,
sec-butylsgtodp Sisobutyl group, tert-butyl group, #fhexyl group, cyclopentyl group, cyclohexyl group,
phenyl group, naphthyl group and biphenyl group. 5[0172]Examples of the oxygen-containing
hydrocarbon groups (003) of 1 to 14 carbon atoms include methoxy group, ethoxy group, 1-propoxy
group, isopropoxy group, 1-butoxy group, sec-butoxy group, isobutoxy group, tert-butoxy group,

1-tetradegoxy. groug,phenoxy group, naphthoxy, group, P&P&%jﬁﬁ%@gggﬁg%;bﬁgz%!g@ group. 10

[0173] Th.e number of carbon atoms of the oxygen-containin oca group (O |§>breferably 1

to 12, ma ) t till mare pr. £ rably 1 1o 8 particruJ%gl 3r%fe abl O1uto 6. Examples of
é?&{ﬁgﬁf’g‘gﬁ% %gr%lcs’ g}gec%f %&61 iﬁcl%ﬁ%’m%%,hdxy*é?%u ,%tﬁgxy Er‘oup, 1-propoxy

such oxygen-containing hy arbon groups
group, isQpropoxy group, 15 1-butoxy group, sec-butoxy graup, isobutoxy group, tert-butoxy group,
phenoxy roup. Rapthaky STSUF and BiSRer 64T arotf. 1017 4Txammplet of eYslicar dohtaining
hydrocarbon groups (SSI3) of 1 to 14 carbon atoms include trimethyls lyl group,. triethylsilyl group, t
'isopropyﬁsrﬁjy%r%%apl,/ go?err }fﬁfty w%%’f%l s*'l‘?}I/TIDLnggﬁp,eﬁ}lﬁm%]fﬁﬁgiIﬁigﬁe}ﬁyl f%%u l,nyip%en%rl
4-(tert-butyldimethylsiloxy)phenyl group, dimethylphenylsilyl group, dimethylnaphthylsilyl group and
hexyl-di- -BDtlft@I'silyl group. [0175]The number of carbon atoms of the silicon-containing
hydrocarbon grou gr%ﬁ) is preferably 1 to 12, SF-209959 more preferably 1 to 10, still more
preferably 1 to 8, g% cdlarly prefetabiy 165 5. BxafpieS st SueRSilitbntééntaining hydrocarbon -
groups (98I3) include trimethylsilyl group, triethylsilyl group, tert-butyldimethylsilyi group and
dimethylpHemyRIR gL 510 178 EXEB RS 6Fthe Tl ern EbntamiRg Hiyaro&Bon droups (HH3) of 1
to 14 carbon atoms include fluoromethyl group, trifluoromethyl group, trichlorornethyl group,

pentafludfS&thyPgfoupt PfidoropHenyt grotipr B e nfophenyl grats B fstsiteri/t gictp,
2-chlorophenyl group, 3-chlorophenyl group, 4-chlorophenyl group, 2-bromophenyl group,
3-bromophéhyf gicis 4-BrempheiVl groGp itrifticiehiathyiphenye growp, Atafidorbasthexyphenyl
group, 2,6-difluorophenyl group, 3,5-dichlorophenyl group, 3,5-difluorophenyl group, pentafluorophenyl
grojug, 2,Gfdiﬁéerﬂzﬂé?ﬁbﬁﬁﬂ%&mwodﬂﬁ%&éﬁéﬁH{W@%u@éﬁéOlyl group, pyridyl

group and imidazolyl group.

[0132)] Examples of the silicon-containing hydrocarbon
groups (35I) of 1 to 20 carbon atoms include trimethylsilyl group,
triethylsilyl group, triiscopropylsilyl group,

15 tertfbutyldimethylsilyl group, hexyl-di-l-heptylsilyl group,
4-trimethylsilylphenyl group and triphenylisilyl group.

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

20  hydrocarbongroups (SSI) include trimethylsilyl group, triethylsilyl
group and tert-butyldimethylsilyl group.

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

triflucromethyl group, trichloromethyl group, pentafluorcethyl group,



15 chloronaphthyl group. [0177]The number of carbon atoms of the halogen-containing hydrocarbon
group (HEBY BY%eferably 1 to 12, more preferablyt 2 to 10, still more preferably 1 to 8, particularly
preferably 1 to 6. Examples of such halogen-containing hydrocarbon 20 groups (HUB) include
fluoromethyl group, trifluoromethyl group, trichloromethyl group, pentafluoroethyl group, 2-fluorophenyl
group, 2-bromophenyl group, 2-iodophenyl group, 2-chlorophenyl group, 3-chlorophenyl group,

4-chlorophenyl, shromophenykgr 3=hr h oup, 4- nyl grou
i e S R R i D

pentafiuorophenyl,aroup, r%@%ﬁ?@,ap@ﬂ}wggm}%h'g&oog%g,htax'&r%ggg%%ﬂo Eﬁ;gg@égfoifpt’he

sulfur-containing hydrécarbon groups (SS3) of 1 to 14 car atoms inc y

thioethyl gre [ h roup, thi roup,, thionaphthyl group, 2-methylthiophenyl group,
ety ShSp ok SiCy MO ara oL DAnargt ot S Rest oL v

5-methyl-g;%(1%t}englk oup.,10[0179]The number of carbon atoms of the sulfur-containing
hydrocarbon grou;()D S% |Es gr%?é%blé 11?%60&?%&%%@?&%6@ 1 ohi]ﬁ?%?ﬁ%rﬁg ip%]fgr%fﬂy 1to 8,
particularly preferably 1 to 6. Examples.of such sulfur-containing hydrocarbon groups (333) include
thiongethy gBrBSIB“? ﬁ%&%)@l group, ’th%c%ié%%%ﬁ&r%b %Sﬁﬁéné: %b?&&ﬁﬂﬁgro@p‘ﬁ’sﬁﬁpgroup,
2-thienyl group and 3-thienyl group. 0180] In the formula [88], it is preferable that one
substitue%t %sliau ﬁ]é%%he%ng%nﬁ%é), Erroea %F\ga'r%)u%r(@@@ %]?i%offgﬁ%h&#aﬁﬁﬂél?an
oxygen-containing hydrocarbon grqup, (003) of 1 to 14 carbon atoms, a silicon-containing hydrocarbon
group ( g%@%“%g&*ﬁé’ i@%ﬁ\"é}dnié?t% ,pg’ﬁg%b&}ﬁ%léﬂtaﬁﬁ%?%Wé%ﬁr@%% HPISyBf 1 to 14
carbon atoms or gfulfur-cqntaining hydrocarbon group (333) of 1 to 14 carbon atoms, the residual
four substifuerits ate BaERFARYHrSgen §tor "4H8 the total number of carbon atoms of R125 to R129 is
14 or less. Itis alsq preferable that at least one of R125 and SF-209961 R129 in the formula [88] is a
hydrocarbon grou{poééé) of 1 to TF cRIBBIFAtoNs. SRiibre praterablettht R126 is a hydrocarbon

group (GG3) of 1 to 14 carbon atoms and R126 to R129 are each a hydro%en atom. More specifically,
in the forPRAL B8} FOR GrefdraBIstHAP RADEIE 4 BRI GERr boh BB IGTLt 16 edibomatsms, such

as methyl group, ethyl group, propyl group, 1-propyl group, 1-butyl group, sec-butyl group, isobutyl
group, teﬁ}‘tﬁﬁﬁlr@%ﬁkigl%ﬁd grotiy idecygrotip? é}%%@n'typﬁf&ﬁ)%%%ﬁ)ﬁéé@@wﬁon

4-cyc|ohexyl-tert-bu£>ll group, phenyl group, 1-naphthyl group or 2-naphthyl group, and R126 to R129
groups (HH)} include fluoromethyl group, trifluorcomethyl group,

trichloromethyl group, pentafliuoroethyl group, 1-fluorophenyl group,
l1-chlorophenyl group, l-breomophenyl group, l-iodophenyl group,

15 2-fluorophenyl group, Z-bromophenyl group, 2-iodophenyl group,
2-chlorophenyl group, 3-chlorophenyl group, 4-chlorophenyl group,
Z-bromophenyl group, 3-bromophenyl group, 4-bromophenyl group,
Z2-fluorophenyl group, 3-fluorcphenyl group, 4-flucrophenyl group and
pentafluorophenyl group.

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

o-toluenesulfonato group, m-toluenesulfonato group,



10are each a hydrogen atom. [0181]In the formula [88], it is also preferable that R127 is a halogen
atom and R1287R126, R128 and R129 are each®Phydrogen atom- It is also preferable that R125 to
R129 are each a hydrogen atom. [0182]The total number of carbon atoms of R125 to R129 is 1514 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) represented by the formula [88] is used as

a reactiop rawy material; yield of the-resulting fluorene. deriyative isJowered in the cgrventional

preparation process. 20 However, when the reaction is carried out in a solvent containing water using

the later-described phosphorus, campeund. (. DD) and palladium compound (EE) as catalysts, the

reaction proceeds rapidly and the fluorene derivative is obtained in a good yield even if such a fluorene

compound (AA) isgised as a reagtion, ray material.,SF-209962 [01841ln the pracess.for preparing a

Lluo ene derivative, the amount of the boron compound (BB) used Is in the range of preferably 0.01 to

> mol, macepisierably .1 a5 mal, padiculaty praferatly 549 5 g, bsed.n, b ol o fhe halogen
ydrocar )1 onde

atom (XX) and the 5 sulfur-containing on group (SS) which are {o the fluorene
compoungd (AA). When the amount of the boron compound (BB) used is in the g Ve range, the
ronchon Brocebie 8 5000 Sl TOL0E B O AR bf T e (o e Bl metal
salts, such 10 as lithium hydroxide, sodium hydroxjde, potassium hydroxide, barium hydroxide,
potass_iuﬁeéggsnp%sal‘%fgég iE(r)n 5%@#&3%8%%55&1%%‘?%&e%?ggdium hydrogencarbonate,
potassiurp&yﬁg&gggpcﬁ oanr?t%, agciugjccarb%nate, esium carbonate, Sl ium flu rt%de, pcotassium
fluoride, césiumfiuoride, Sodia m%t-oﬁd%,rsggiUm etHoxide an %Bgtasasﬂ?n%{le “Bltoxide;
andamine bases, ;ug‘hasamn%o ia, r{wetr%rlamine, _ B

ethylamirte, propyl&mine iSopt é;?fé?niﬂe, WyRamiRe iSobiy RHihe et BuigHine, ethylenediamine,
benzylamine, hexamethylened%mine, 1,2-cyclohexanediamine, dimethylamine, diethylamine,
dipropylafnife dibtit1amiRE Sy arAie 2 oth&tny arine ditdepropyidth§aming" pyfidine,

2-methylpyridine,
10 7 group.
01381 The fluorene compound (AA) is particularly

preferably a fluorene compound represented by the following formula

[771.

RI06  \ Rﬁf{}sa
H H - = = [T7]

[0140] In the formula [77], each X is independently a

15

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

and ' and R*%® are each independently a hydrocarbon group of 1 to



3-methylpyridine, 4-methylpyridine, pyrrolidine, N-methylpyrrolidine, piperid e, N-methylpiperidine,
morpholinE; Kéh&thylmorpholine, piprazine, 1-méthylpiperazine, 2-methylpiperazine,
3-methylpiperazine, 4-methylpiperazine, SF-209963 quinuclidine, 4-dimethylaminopyridine, imidazole,
N-methylimidazole, tetramethylethylenediamine, hexamethylenediamine, phenethylandne,
diphenylamine, guanidine, 1,8-diazabicyclo[5.4.0Jundec-7-ene, 51,5-diazabicyclo[4.3,0]non-5-ene,
1,4-diazahjcyglef,R.-2]estane, aniline, N-methylaniline and N,N-dimethylaniline. [0186]The base (CC)
is preferably a base which is liquid or solid at ordinary temperature from the viewpoint of handling, and

examples of suchbases include jithium. hydraxide, sedium hydraxide, 10 pofassium hydroxide, barium

hydroxide, potassium phosphate, sodium carbonate, potassium carbonate, sodium

hydroge@%a{pmts,ﬁpaeda%ﬁ%mr genearhonate,, caleium carhonate, cesium carbonate . sodium

fluoride, potassium fiuoride, cesium fluoride, sodium methoxide, sodium ethoxide, potassium

tert-butoxidg, ethylepediaming, 115 h independently a hyd b £
1,3-diaminopropane,propylamine,b%%%y?fn%inérﬁeigren%tﬁﬁengd%m'nefczl?f-%y%%hgerx%%(ﬁamine,

dim%thy@m&%e,l@egyi%%n%%%@pylamine, dibutylamine, trimethylamine, triethylamine,
diisopropylethylamine, pyridine, 2-methylpyridine, 3-methylpyridine, 4-methylpyridine, pyrrolidine,

N-methylpyrrolidi ipe dine, N=methylpiperidine, 20 morpholine, N-methylmorpholine, piprazine,
quinuclidine, 4-di%t yqaminopyl\% ﬁ?neﬁr%gggél%?ﬁy%ét%l%ggz% g,u%%rgégﬁﬁi@?err%ﬁamine, _
hexamethylenediamine, ph _etoIamine, nidine, 1.8-diazabic Io!5.4.0]un c-7-ene,
1,5-diaz£b¥8§@oT2%18ﬁ1éoﬁ%et% é,gff—%?éz%%%&él%ffi?ﬂgtctgﬁg,p@- 4aa$1fn¥n"“e?f§f3ﬁ$e’thylaniline
and N,N-dimethylaniline. Of these, more preferably used are lithium hydroxide, sodium hydroxide,
-potassiunﬁI y&%(i%?Bgfium%/%%rgg(%og&azsia%xﬁ/ﬁo%ﬁﬂg%, %6%]%%%%%%%,&?%53{ m
carbonate, sodium hydrogencarbonate, potassium 5 hydrogencarbonate, calcium carbonate, cesium

it ST beski fuon

et

oride, potadium Tuoride! HiuorideS85aitnT etho%ide Rodium ethoxide

carbonaté. S687un fludri

angé)otassium tert-pbutoxide. [0187]In the grrocess forO%reparin a fluorene derivative, the amount of
the Base (CC) 18&d i ifR rahge 6%6‘?5?’ abfy B0 ethyipentyl group,

1,1-diethylpropyl group, 1,1l-dimethylbutyl group,
l-methyl-Il-propylbutyl group, 1,1-dipropylbutyl group,
1,1-dimethyli~2~methylprepyl group,
l-methyl~l-iscpropyl-2-methylpropyl group, cyclopentyl group,

15  cyclohexyl group, cycloheptyl group, cyclooctyl group,
4-cyclohexyl-tert-butyl group, norbernyl group, adamantyl group,
phenyl group, o-methylphenyl group, m-methylphenyl group,
p-methylphenyl group, 2,4-dimethylphenyl group, 2,6—dimethylphehyl
group, mesityl group, benzyl group, a-phenethyl group, naphthylmethyl

20 group, cumyl group, neophyl group, l-naphthyl group and Z-naphthyl
group.

[0143] In the formula [77], it is still more preferable
that each X is independently a chlorine atom or a bromine atom and

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



10 to 100 mol, more preferably 0.01 to 50 mol, particularly preferably 0.10 to 30 mol, based on 1 mol
of the qu%Fén%Og&npound (AA). When the amouritf the base (CC) used is in the above range, the
reaction proceeds in a good yield. [0188]Phosphorus compound (DD) 15The phosphorus compound
(DD) used as a catalyst is a phosphorus compound represented by the following formula [66]. [0189]
SF-209965 [0190]In the formula [66], R114 to R124 are each a hydrogen atom, a halogen atom, a
hydrocarbgn-greupafrdsto 20 carbon atoms, an oxygen-containing hydrocarbon group of 1 to 20
carbon atoms, a nitrogen-containing hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing

hydrocarbon groyp of 4;to 20 carbonatoms, ahalogan-centaining hydracarbon gnoup:ofbio 20
carbon atoms or a sulfur-containing hydrocarbon group of 1 to 20 carbon atoms, and they may be the

same as ot different fram.poe-another. i ene o e d0 comhinations ofadiacent greups, the
adjacent groups may be bonded SF-209966 to each other to form a ring. [0191]Examples of the

halogen atoims . thefiydrgcarbon.groups-ef. fo ggcg@r@ggpte%me oxygenzcoptaining hydrocarbon

groups of 1 to 20 carbon atoms, the nitrogen-containing hydrocarbon 5 groups of 1 to 20 carbon

atongs, tr@—%@%@%ﬁ@ﬁg”%l@@@?ﬁ%ﬂ@”Bsr%@htyoi%ﬁl;Eﬁ@@ﬁ@@%%@ﬁk@gﬁ%&@@tammg

hydrocarbon'groups of 1 to 20 carbon atoms and the sulfur-containing hydrocarbon groups of 1 to 20

carbon agairgﬁ&re %ﬁé@mﬁﬁ&?fﬁe 8_}31@@5),99%;%%%5%58)@0 p(g%a}rbon groups (GO) of 1 to

20 carbon atoms, 10 the oxygen-Containing hydrocarbon groups (0 1 to 20 carbon atoms, the

yerocarbn croups (S5 of 110 30 catbon Siorie. e halégen comatbieg choearoon graups (HH)
_of 1to 20@,(];%&1 ) natoms gggﬁteg ysPIfgg—&(ﬁggaining hydrocarbon groups (533)
[0145] In the formula [771, it is also preferable that
10 RY and R™® are each selected from a hydrogen atom, an alkyl group
(fi~1) of 1 to 40 carbon atoms and a silicon-containing group of 1
to 40 carbon atoms, and it i1s more preferable that they are each an
alkyl group (£1-1) of 1 to 20 carbon atoms and are the same groups
as each other, as described for R®® and R’ in the.aforesaid formula
15 fA1-1] or R® and R™ in the aforesaid formula [Al-2]. It is still
more preferabie that R'® and R' are each a methyl group, an ethyl
group, an isopropyl group or a t-butyl group and are the same groups
as each other.
[0l46) If the flucrene compound (AR} represented by the
20  forxmula [77] lsusedas a reaction rawmaterial, yvieldof the resulting
fluorenederivative 1s lowered intheconventional preparationprocess.
However, when the reaction is carried out in a solvent containing
waterusing the later-described phosphorus compound (DD) andpalladium

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



150f1t ggg@%%on atoms previously described.4§192]The phosphorus compound (DD) is preferably
represented Dby the following formula [99]. [0193] SF-209967 R116 [0194]Iin the formula [99],
RR116,and RI 4 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 carbon
atoms, athalogen-eoirtaininghydrocakbon gradiprofalctoc20ycarboratomst anacsulfdf-contairing
hydrocarbon group of 1 to 20 carbon atoms, and they may be the same as or different from one
another. &xamples 10Aaf thieshalogeénzatoms; ¢he hydrocasbongreups of 1 to 20 carbon atoms,

01473 Boron compound (BB)

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

[0148]

Rﬂ”l

RﬂEm o [33]

10149]

RWBF.M .+« [44]

(0150]

10



the oxygen-containing hydrocarbon groups of 1 to 20 carbon atoms, the nitrogen-containing
hydrocarBén §FSiips of 1 to 20 carbon atoms, SF2209968 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 (GO) of 1 to 20 carbon atoms, the oxygen-containing
hydrocarbon groups (00) of 1 t arbon atoms, the nitrogen-containing hydrocarbon groups (NN) of
1 to 20 carbon atoms, the 9@ “taining hydrocarbon groups (SSI) of 1 to 20 carbon atoms, the
halogen-containing hydrocargon groups (HH) of 1 to 20 carbon atoms 10 and the sulfur-containing
hydrocarbon groups (5S3) of% to 20 carbon atoms previously described. [0195]In the formula [99] , it
is more preferable that R11 116, Rne, Rin and RI24 are each independently a hydrocarbon group
of 1 to 6 carbon atoms,%gﬁ ethyl group, ethyl group, 1-propyl 15 group, isopropyl group, 1-butyl
group, tert-butyl gro hexyl gro yclopentyl group or cyclohexyl group, an oxygen-containing
hydrocarbon group to 6 carbon &i&ms, such as methoxy group, ethoxy group, 1-propoxy group,
iISopropoxy group, l-rlgutoxy group orr%rt-butoxy group, or a nitrogen-containing hydrocarbon group of
1 20 to 6 carbon atoms, such as amirfo group, methylamino group, dimethylamino group, diethylamino
group or. dlpropylam %qu p, and |t§ articularly preferable that they are each independently a

pr

methoxy gﬁu&@ i é &gw or a cyclohexyl group. SF-209969
e » e [5 5]

tG151] In the formula [33], the formula [44] and the
formula [55], R™, R* and R** are each a hydroxyl group, a hydrocarbon
group {GGZ) of 1 tc 20 carbon atoms, an oxygen-containing hydrocarben
5 group (002) of 1 to 20 carbon atoms, anitrogen—-containing hydrocarbon
group (NN2) of 1 to 20 carbon atoms, a silicon-containing hydrocarbon
group {5512} of 1 to 20 carbon atoms, a halogen-containing hydrocarbon
group (HHZ) of 1 to 20 carben atoms or a sulfur-containing hydrocarbon
group (882) of 1 o 20 carbon atoms, and they may be the same as oi

112

R and rRM

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

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

15 inthe conventional preparation process. However, when the reaction

is carriedout in a soclvent containingwater using the later-described

phesphorus compound (DD} and palladium compound (EE) as catalysts,



[0196]Intheprocess forpreparinga uorene derivative by allowing the fluorene compound (AA) to react
with the Béroadmpound (BB) in the presence ofthe base (CC), the fluorene derivative can be
obtained in a high yield by carrying out the reaction in a 5 water-containing solvent (FE) using the
phosphorus compound (DD) and the later-described palladium compound (EE) as catalysts.

[0197] Intheprocessforpreparingafluorenederivative, the amount of the phosphorus compound (DD)

used is in thesange of praferably 0.00001:te 109 mol, more.preferably.0.0001 ta,SQ.mol, 19

particularlypreferably0.001 to30mol, based on 1 mol of the fluorene compound (AA). When the amount
of the phospherus.compouadLDD} used.is inthe-pbaye sange, s reactionproceeds ranidly.
[0198]Palladium compound (EE) Examples of the palladium compounds (EE) used as
catalysts., 1y inglude divalent palladium compounds, such as bis(acetonit ‘ie)dichloropalladium(ll),
bis(benzonitrile)dicloropalladium(ll), di-p-chlorobis[(p-allyi)palladium(ll)],

trans-dichIorobis([t@'@Iggr}lylphosp@ggmgagig@g!py ZQWQEQA(HCS@}CQLOC{Sﬁgta{;@Pdig%eipgl)léadium(lI),

(bicycle[2.2.1]hepta-2,5-diene)dichlopalladium(ll), dichloro(1,5-cycloocta |ene3pa ladium(l
(2,2'=bipwyidi ichlo [ lladi tate B :
pana?diuny%(tﬁ)%%%%%,éﬁ%ﬁn%%%ﬁ%%%ﬁ%%r%%ﬁjioﬁ%@f L SFB58970 JAigRm AT Snide, pallad
um(l)acetylacetgnat lladium(ll) hexafluoroacetylacetonate, palladium(ll) nitrate, ,
1,4-bis(d?ph%&,gh%s%f%%é)g‘ut@é%-afigh?orrgﬁgﬂaéiuééneﬁS?ﬁ?Z%fguP’ VERYD BEELS, arin
s(diphenylphosphino)ethane]dichloropalladium(ll), 5(1,3-bis(diphenylphosp no)propane)palladium( 1)
chloride,%[gof%is dioRenyit %%’&?i%%)%?&?éﬁé‘]g?t %?88&@&%‘%%&%9"* SRR PPREERS
activatedcarbonpaflgdiuma dbis(triphenylphosphine palladium(l%chldrjde; alnd zero-valent palladium
- compounds; &éh asjtﬁ%fa/iggﬁyl chedcetonaydipaltadithtey; 1057~ ~uty s group,
tetrakis(triphenylphosphine)palladium(0), bis[1,2-b. s(diphenylphosphino)ethanelpalladium(0) and
bis(3,5,3”?’5_'1-“cﬁnt1¥le%ig>?%té’nfzy(ﬁ58}%gac 0 E%ﬁ%ﬁf&%’fé%ﬁ%e%ﬁl%te]df]p"écilléfaﬁ]%ﬁ%}fkfﬁéﬁalladium

compound (EE) is preferably a valence. of 2, and palladium(ll) acetate or
I?B grgug, flmethy9alwpropylbuty% ggoup, 1,&2dipropyibutyl group,

1, 1-dimethyl-2~methylpropyl group,
l-methyl-l-isopropyl-Z2-methylpropyl group, cyclopentyl group,
cyclohexyl group, cycloheptyl group, cycleooctyl group,
4-cyclohexyl-tert-butyl group, norbornyl group, adamantyl group,
15 Z-cyclohexylvinyl group, phenyl group, 2-phenylvinyl group,
Z2-{4-biphenyl)vinyl group, 2-methylphenyl group, 3-methylphenyl
group, 4-methylphenyl group, Z-ethylphenyl group, 2, 4-dimethyiphenyl
group, 2,6-dimethylphenyl group, mesityl group, benzyl group,
o-phenethyl group, diphenylmethyl group, naphthylmethyl group, cumyl
20 group, neophyl group, naphthyl group, biphenyl group, binaphthyl group,
phenanthryl group, anthracenyl group and flucrenyl group.
[0154) The number of carbon atoms of the hydrocarbon group
(GG2) is preferably 1 to 16, more preferably 1 to 12. Examples of

such hydrocarbon groups (GG2) include methyl group, ethyl group,



15 bis(acetonitrile)dichloropalladium(ll) is more preferably used. [01991
Intheproésst6ipPeparingafluorenederivative by alléwing 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 20 water-containing solvent (FE') using the phosphorus
compound (DD) and the palladium compound (EE) as catalysts. [02001Intheprocess for preparing a

fluorene derivative, Jount, of. the lium,comppund (EE) wsedds inthe range of preferably
0.00001 gf%oér%%% én%g%]referablglo.gg%%gto 25 mol, 82-20959)71 partiCLﬁ{IgrlyEprefgrably .001to 15

mol, basgd.on,1 mol of the flgorens.compoynd (AR, When the, amoynt, o the palladium campound

(EE) used is in the above range, the reaction proceeds rapidly. [0201]Water-containing solvent (PT)

The water-gonisinino eolent (R s aok sheclicalhcetrisied e kong s i solvagt sopiaining

wateras an essential component. [020Z]ExXamples of solvents othér than water include aliphatic

‘hydrocar ggﬁpsug_rl as ﬁ%@%@% e, _%@pe,lgatgggm%lg ngjgggﬁcane; alicycl c
openta

hydrocarbons, Such as cyc ne, cyclohexane and methylcyclopentane; aromatic hydrocarbons,

such as benzene, toluene and xylene; halogenated hydrocarbons, s cr%nag ethylene chloride,
chlot%obe%zgﬁ%h Jdc;}:cﬁf%?g%etha e; olar olvents, SUCh as aceto e, retﬁ%}facetate, ethyl acetate,
dimethylfprnirtwgrgidet%5ll_,g-_diérg%h ‘1-3_25i[r>nigazglci)dinone and dimethyl sulfoxide; polar solvents, such as
methanol, e hangf prgpanol, |sop%8anolff utanol ahd tert-butanol; and ether-based solvents, such as

diethyl ether, tert-butyl methyl ether, tet a?t?(d ofuran, dioxane and cyclopentyl methyl ether.
20102031 THEGAIN-ContANTG EGERL {5 T) & TGPl CoNEHUICH o WALGr Anir i ganic compound

containing an oxygen atom. [0204]Examples of the organic compounds containing an oxygen atom
include a%é(}r? gr%@%y?ﬁ%@#dte? &1@&%8?3%, Grodp; Cycrodetyl GrouE,

4-cyclohexyl-ftert-hutyl group, norkbornyl group, adamantyl group,

10  2-cyclohexylvinyl group, phenyl group, Z-phenylvinyl group,
2-methylphenyl group, 3-methylphenyl group, 4-methyliphenyl group,
?-ethylphenyl group, 2,4-dimethylphenyl group, 2,6-dimethylphenyl
group, mesityl group, benzyl group, a-phenethyl group, diphenyimethyl
group, naphthylmethyl group, cumyl group, necphyl group, naphthyl.

15 group and biphenyl group.

[0155] Examples of the oxygen-containing hydrocarbon
groups (002) of 1 tc 20 carbon atoms include methoxy group, ethoxy
group, 1-propoxy group, 1sopropoxy group, l-butoxy group, s-butoxy
group, iscbutoxy group, tert-butoxy group, l-decyloxy group,

20 1-icosyloxy group, phenoxygroup, benzyloxygroup, 1-naphthoxy group,
Z-naphthoxy group, Z-methoxyphenyl group, 3-methoxyphenyl group,
d-methoxyphenyl group, 4-ethoxyphenyl group, 4-isopropoxyphenyl
group, 4-phencxyphenyl group, 4-formylphenyl group, 4-hydroxyphenyl

group, Z-furyl group, 3-furyl group, benzofuryl group,



SF-2099gZ_d' @ylfo a de, 1,3-dimethy1-2-imidazolidinone, dimethyl sulfoxide, methanol, ethanol,
propanol; isopropanol, dutanol, tert-butanol, tetrahydrofuran, dioxane andcyclopentylmethyl ether.
[0205]The solvent is more preferably a solvent which does not undergo decomposition during the
reaction. Specifically, there can be mentioned acetone, d methylformamide,
1,3-dimethy1-2-imidazolidinone, dimethyl sulfoxide, methanol, ethanol, propanol, isopropanol, butanol,

te -butanét,detrahydrdferan. agd cyclepentyHnetlwyh ethers Partiqulady 10preferable are iiethyl ether,
tert-butyl methyl ether, tetrahydrofuran, dioxane and cyclopentyl methyl ether. [0206] The content
of water (watersalventrather thaa watercinlterms of volurse). il the water:cantaining selvent (FE) is
preferably not less than 0.01, more preferably not less than 0.02, 15 particularly preferably not less
than 0.0%{0207] Thecratiocofi waterdo thepalladivm compeunrd (EE)' (ate /pdllagiemseempaund (EE),
in terms of mol) is preferably not less than 50 times, more preferably not less than 100 times, still more
preferablycsnatdess thane200 times, particularly preferably not 20less than 400 times. [0208]It is
particularly preferable that the content of water (water/solvent other than water, in terms of volume).in

the water-containing selvent (FEris-notigss than0:05apd the rmtioref water to the, paliadiugm

-compound (EE) (water/ palladium.compound
hydrocarbon group (002) is preferably 1 to 16, more preferably 1 to

12. Examples of such oxygen-containing hydrocarbon groups (002)
includemethoxy group, ethoxy group, 1-propoxy group, isopropoxry group,
I-butoxy group, s-butoxy group, isobutoxy group, tert-butoxy group,

10 l-decyloxy group, phenoxy group, benzyloxy group, l-naphthoxy group,
Z-naphthoxy group, Z—methoxyphenyl group, 3-methoxyphenyl group,
4-methoxyphenyl group, 4-ethoxyphenyl group, é—isopropoxyphenyl
group, 4-phenoxyphenyl greup, 4-formylphenyl group, 4-hydroxyphenyl
group, 2Z2-furyl group, 3-furyl group, benzofuryl group and

15  4-carboxyphenyl group. Moreover, there canbe alsomentionedpinacol
ester, catechol ester, 1, 3~propanediol ester, neopentyl glycol ester,
etc. wherein R™ and R are bonded to each other.

[0157] Examples of the nitrogen-containing hydrocarbon

groups (NN2} of 1 to 20 carbon atoms include dimethylamino group,

20  diethylamino greoup, didecylamino group, Z2-aminophenyl cgroup,
3—aminophenyl group, 4-aminophenyl group, 3-nitrophenyl group,
d-cyanophenyl group, 3-acetamidophenyl group, 4-acetamidophenyl
group, 3-pyridinyl group, 4-pyridinyl group, 3-guinolinyl group,

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



SF-209973 (EE), in terms of mol) is not less than 400 times. The upper limit of the content of water in
the wateB-Eortairfing solvent (FE) is not specifically restricted, but the water-containing solvent (FE)
must always contain a solvent other than water because the reaction proceeds 5 in the solvent.
Therefore, the upper limit of the content of water (water/solvent other than water, in terms of volume)
is, for example, not more than 20. [0209]By allowing the aluorene compound (AA) to react with the

baron compaud (881, such awatergonialiing soent (7E): 10 i t1e presenge af e base (CC)

using the phosphorus compound (DO) and the palladium compound’(EE) as catalysts, the fluorene

derivative can bewl%aér]]ed in a_hf'gllg3 yﬁgb@glgp@ggéggqggﬁfgr@&g Lﬁ;l%rene derivative The process

for preparing a fluorene derivative is a process 15 comprising allowing the fluorene compound (AA) to

react ity fhe.p é%’l885‘%%%;1%?@&5@%Bﬁ%%e'é‘%%‘a th&%%el(%ﬁ):t& ‘epaye 3 fiuorege derivative
wherein a halogen atom and/or a sdlfur-containing hydrocarbon grodp of the suBstituents df the
fluorene campoNd () figs pegn converied intohe substituent RI:3 of the boran compound (B5), 20
and is characterized by ca??ylng out the reac fon'in the water-containi g solvent (Jlﬂil) gsmg the

phogphokusdcomg%mdégrga and(wzgal.ladlf{p com 0%@9 EE) as catal sts.C{QZ g&g%temperature of

the Feaction of the flior eégrsnpoun (i\f&fm Y tfie boro cg%p%%r%r St ranglen8f preferably

SF-209974 -70 tg, 150C, more preferably -40 to 100C, particularly preferably -20 to 70C. The reaction
temperatifé S reTeraEl BT P LT ac WAtH RECSH A nble SoBUIIEPHRS FacbbaHneasure 1
in the rar1oge of preferably 0.01 to 10 MPa, more preferably 0.02 to 5 5 MPa, particularly preferably 0.05
to 2 MPa’ TR&rEactisn preSstire is preferabliya préssiive at whichiRdGsfiatZReon is possible. The
reaction time is in the range of preferably 0.1 to 300 hours, mare preferably 0.1 to 100 hours,

particularly Breferaply 611022 Rodrs® Fhe feaction TGS prerefatty SfheFoP Whieh industrialization

[0159] Examples of the silicon-containing hydrocarbon

10 groups (SSIZ) of 1 to 20 carbon atoms include trimethylsilyl group,
trietnylsilyl group, triisopropylsilyl group,
tert-butyldimethylsilyl group, Z2-triphenylsilylethyl group,
4-trimethylsilylphenyl group, 4-{tert-butylidimethvlsiloxy)phenyl
group and hexyl-di-l-heptylsilyl group.

15 [0160] The number of carbon atoms of the
silicon-centaining hydrocarbon group {35I12) is preferably 1 to 10,
more preferably 1 to 6. Examples of such silicon-containing
hydrocarbon groups‘(SSIZ) include trimethylsilyl group,
triethylsilyl group and tert-butvldimethylsilvl group.

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

Z-chlorophenyl group, 3-chlorophenyl group, 4-chlorophenyl group,



10is pos%igl—e%. ég 12]When the reaction is carrie% ut, the order of addition of the components (AA) to
(FE) tother ion 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. ~ (iii) The component (AA), the

componénty(BB)y thel eohipeneit 20(CC)r thes companent tBEY)y theyeomporent (&) @nchthe

component (FE') are added in this order. (iv) The component (FE') is added, and then the

componentsyAA)de{Emareaddedy roup (V)i The components (AA) i@ (EE) are added, and then the
component SF-209975 (FE) is added. (vi) The component (AA), the component (CC), the

componert(DiQ], the componemfrF) andasplvent.otherthaswater-areradded, dhenyyater is added,
and finally, the component (BB) is added. 5 (vii) The component (BB), the component (CC), the

componentdDR): the eeprpanent{EE)and:a solvert otherthamwaterarg added, then water is added,

and finally the component (AA) is added. (viii) The component (CC) to whichwater has been

added ingdvance: the 60mponen (Ady, the-eemponent{BR) the gomponent (DD), the 10 component

(EE) and a solvent other than water are added. (ix) The component (AA), the component (BB), the
component;(DR)y the sompanant (EE) @nd.a sglvent 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 | The number of carbon atoms of the

halogen-containing hydrocarbon group (HHZ2) is preferably 1 to 10,

more preferably 1 te 7. Examples of such halogen-containing

10 hydrocarbongrodps(HHZ)includefluoromethylgroup,trifluoromethyl
group, trichloromethyl group, pentafluoroethyl group, 2-fluorophenyl
group, Z-bromophenyl group, Z2-icdophenyl group, 2-chlorophenyl group,
B—Chlorophenylgroup,4—chlorophenylgroup,2—methy1—4—chlorophenyl'
group, Z2-bremophenyl group, 3-bromophenyl group, 4-bromophenyl group,

15 4—-fluorophenyl group, 4-trifluoromethylphenyl group,

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

[0163] Examples of the sulfur-ccontaining hydrocarbon
groups (SS2) of 1 to 20 carbon atoms include thiophenyl group,

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

[0164] The number of carbonatoms of the sulfur-containing



15 is obtained by allowing the fluorene compound (AA) to react with the boron compound (BB) in the
water-costaiing solvent (PT) in the presence of the base (CC) using the phosphorus compound (DD)
and the palladium compound (EE) as catalysts, as described above. That is to say, the fluorene
derivative is a fluorene derivative wherein a 20 halogen atom and/or a sulfur-containing hydrocarbon
group of the subst tuents of the fluorene compound (AA) has been converted into the substituent RI3
of the boyon.compound (BB). xamples of the fluorene derivatives obtajned by the above
preparati%ﬁ%lfgggé%a are lf\?(}a* b %oév%/I§ éE-?&&%& ﬁ%}lys ﬁé)t%t[({)‘sa@?*‘e preg}afam ¥y ?to
example%ofth%fluorepederi¥atives obta_iti[,]ed by the above %ptep ration }Srocess include_
2,7-di(o-tBiy1)-3 Bt-tert-BatyfitioteRe: 2 - di(prcHioropheny 1 36 ar st balyESrens> s
2,7-dipheny1-3,6-di-tert-butylfluorene, 2,7-di(p-fluoropheny1)-3,6-di-tert-butylfluorene,
2 7-di(prGOr et AR L3, B Her- Uty G, G "o D e 3~ hLenyL gEip.
2,7-di(p-methoxypheny1)-3,6-di-tert-butylfluorene, 2,7-di(o-ethylpheny1)-3,6-di-tert-butylfluorene, 10
2,7-di(bipheny1-4[-9'i)§)éf6-di-tert-%u3[§|flauosr%ﬂé‘,‘1§,?—B%‘fz,@-diﬁ%lﬁ%ﬁéiﬁﬂ)%@d?—%ﬁﬁﬁftymuorene,
2,7-bis(4-chloro-2-methylpheny1)-3,6-di-tert-butylfluorene, 2,7-di(o-toly1)-fluorene,
2,7-di(p-RIGTBPhERYL ) HiUGHERES BER-HI pRr IO bFGTHEHHYIGHER 1) -fluorene, 15
2,7-di(p-methoxypheny1)-fluorene, 2,7-di(o-ethylphenyl)-fluorene, 2,7-di(biphenyl-4-y1)-fluorene,
2,7-bis(2,4-dimetﬁ9|bﬁyéhy1)-ﬂquene,l?,ﬂ%&@éﬁé%@%étﬁwﬁéﬂﬁ@@f@}@d by the
2-(o-toly1)-3,6-di-tert-butylfluorene, 20 2-(p-fluoropheny1)-3,6-di-tert-butylfluorene,
2-(p-triflubFomethyIPhera3, 8-diftet-butylfluorene, 2-(p-methoxypheny1)-3,6-di-tert-butylfluorene,
2-(o-ethylpheny1)-3,6-di-tert-butylfluorene, 2-(bipheny1-4-y1)-3,6-di-tert-butylfluorene, SF-209977
- 2-(2,4-dimetHylpheny1)-3,6-di-tert-Putylfluorene,
2-(4-chloro-2-methylpheny1)-3,6-di-tert-butylfluorene, 2-(o-tolyl)-fluorene,
2-(p-fluorophenyl)-fluoreneggs(p-trifluoromethylphenyl)-fluorene, 52-(p-methoxypheny1)-fluorene,
2-(o-ethylpheny1)-fluorene, Z@®iphenyl1-4-y1)-fluorene, 2-(2,4-dimethylphenyl)-fluorene,
2-(4-chloro-2-methylphenyl)-§uorene, 1-(o-toly1)-fluorene, 2-(p-fluoropheny1l)-fluorene,
3-(p-trifluoromethy1pheny1)-fguorene, 4-(p-methoxyphenyl)-fluorene, 1-(o-ethylpheny1)-fluorene,

126 s

R”Eﬁ?

10 (01687 In the formula [881, R* to R™ are each a hydrogen
atom, a hydroxyl group, a halogen atom (XX3}, a hydrocarbon group
(GG3) of 1 to 14 carbon atoms, an oxygen-containing hydrocarbon group
(003) of 1 to 14 carbon atoms, a silicon-containing hydrocarbon group
(SSI3) of 1 tol4carbonatoms, ahalogen~containing hydrocarbon group

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



102-(biphenyl-4-y1)-fluorene, 3-(2,4-dimethylphenyl)-fluorene, 4-(4-chloro-2-methylphenyl)uorene,
2,7-di(o-tdR13396-di-tert-butylfluorenone, 2,7-di(g=fluoropheny1)-3,6-di-tert-buty1fluorenone,
2,7-di(p-trifLuoromethylpheny1)-3,6-di-tert-butylfluorenone, 15
2,7-di(p-merhoxypheny1)-3,6-di-tert-butylfluorenone, 2,7-di(o-ethylphenyl)-3,6-di-tert-butylfluorenone,
2,7-di(bipheny1-4-y1)-3,6-di-tert-butylfluorenone,

2,7-bis(2,A-dimethylphenyd)-3.6:ditert-bulifluarenope, o pseicyent the sam
2,7-big(4- (f:Shloro 2- methylphenyl)OS 6-di-tert butylflué%resnlénse 120%8%1 dls(orntobfyl) fluoi'eené—jﬁé3

2,7-di(p-fluoroph )e enone rom ylphen 1) -fl Qrenon
. 2,7-di(p- r%%tf?o%y%%%%y%%%éﬁﬂ%nnzed%z 7- dl%[ ylpf?éﬁy:% ﬁugreno%le Mpinacions of

2,7- d|(b|ph nyl-4-y1)-fluoreno e, SF 209978 2 7- bIS 2.4- d| 1) -fluore &
2,7- bIS(4 c oro- ﬁny %t%ﬁghén%‘) fI%o?er?c?r?é: giﬁo %’I Fer?% (%ejylﬁuorenc%tlne%rlJl

2-(p-fluorophenyl 36 di-tert-b tylflqorenon ( trlfluoromeh I 1)-3,6-di-ter bu Ifluorenone,
2-(p- metrfogxyphcyén%/]l)% 6-di- ter%bu?yﬁflcuorenon ; e@tﬁyfpﬁé%% gé'é) ?ert%ufﬁf%uo?gnone

2-(biphen 1 4 3 6-di- te& but Ifluorenone 2 4- dlmet hen i-tert- butylfhg@renone
102-(4-ch oro- - fhy1pﬁae %6 ittt Bu uorenon% ffzisflt? eﬁone

2-(p- quo:f% enyi) fluorenone 2-(p- trlfluoromethylphenyl) fluorenone

2-(p-met ﬁﬁle ?Tfﬂuorenone 2-(o-ethylphenyl)-fluorenone, 2-(biphenyl-4-y1)-fluorenone,

2-(2,4- dlmethylphen fluorenone 152-(4-chloro-2- meth%/Iphenyl) fluorenone 1- %ltolyl) -fluorenone,

2-(p-fluoropheny 1) -Hiifotenone, 3XBStrifotamehyiBhery dfohgxemple, a fluorine

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

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, l-propyl group,
1—butyl group, 1l-~hexyl group, vinyl group, ailyl group, l-pentenyl
group, l-hexenyl group, l-octenyl group, l-decenyl group,

15  l1-tetradecanyl group, isopropyl group, tert-butyl group,
3-methylipentyl group, 1,1l-diethylpropyl group,.cyciopentyi group,
cyclohexyl group, cyclcheptyl group, cyclooctyl group,
4-cyclohexyl-tert-butyl group, norbornyl group, adamantyl group,
phenyl group, Z-methylphenyl group, 3-methyiphenyl group,

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

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

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



4-(p-methoxyphenyl)-fluorenone, 1-(o-ethylphenyl)-fluorenone, 2-(biphenyl-4-y1)-fluorenone,
3-(2,4-diméttiistienyl)-fluorenone 20and 4- (4-chloro-2-methylphenyl) -fluorenone. [0216]The
fluorene derivative (ligand) for use in the preparation of the transitionmetal compound (al-1) and the
transition metalcompound(al-2)canbepreparedbytheuseofthefluorenecompound represented by the
formula [77] and the boron compound having a SF-209979 substituent represented by the formula

5], Hore, K13 ap0 18 Iy e ormul [ conrespong o Rea.and ea inhe formula 17141 or Rb

and R71) in the formula TA1-2], and the s bstituent represented by the onds to a

phenyl gr up aviggb%' 0 R5a 5 an eag%%@ylgr up avin toR12& in the formula [Al-1], or a
phenyl I roul having %{)tgﬁ%f) an acphen Igr§up a’vw%%l?;uot%il%%f)u n’tk?eef%%ri%%if 1-21.
[0217]By the use of the olefin polymerization catalyst _ comprising the component (A),satisfying the
aforesaidgggﬁlgifio%st%%dyfo?ﬁ%%%ér-c %cﬁggﬁt 86%1853@&’(83?51%05 & tigfgtﬂ%u re krll?ﬂ?(/{gntion can

be achiev%%&021§1gn kgi)tpler Wordsi'i th% rE&aqgsi'ti n meLtaI com ound component (A) (mixed catalyst)
comprise% tWo 6r more Kinds 8f the transition mets co%po nds (a) represented by the formula [Al] 15

Acc%rding to suc@&q%nsition metal cngoung c%mponent A), an a-olefin can Qe%oa!)émerized with a
u re

high olymerization activity even &t A tentperature of NOTISWar thar Foom emparatiire: particularly not

lower than 40C. Maregver, the resulting polymer can be improved in the molecular weight distribution
and in thé Hidliig oIt ad 20 e MArHSETISCOSI it & 10T BRISACE The @RpreSSidH Hhigh
polymerization activity" means that an activity of such a level that industrialization is possible is
exhibited P ARG B4R SEHAY DiUsdaRP T OB Y 006 Ky mImBRESHrF [D2R 0] RGS particiidly

preferable that in the
. group, isocobutoxy group, tert-butoxy group, l-tetradecoxy group,

phencxy group, naphthoxygroup, biphenyloxygroup andbenzyloxy group.

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

15 l-butoxy group, sec-butoxy group, isobutoxygroup, tert-butoxy group,
phenoxy group, naphthoxy group and biphenyloxy group;

[0174] Examples of the silicon-ceontaining hydrocarbon
groups (SSI3) of 1 to 14 carbon atoms include trimethylsilyl group,
triethylsilyl group, triisopropylsilyl group,

20 tert-butyldimethylsilyl group, 4-trimethylsilylphenyl group,
d-{tert-butyldimethylsiloxy)phenyl group, dimethylphenylisilyl
group, dimethylnaphthylsilyl group and hexyl-di-l-butylsilyl group.

[0175] The number of carbon atcms of the

silicon=-containing hydrocarbon group (SS5I3) is preferably 1 to 12,



SF-209980 transition metal compound component (A) (mixed catalyst), at least one kind (one or more
kinds) ofthe Hrandition metal compounds (a) is atransitionmetal compound (al-1) represented by the
formula [A1-1], or in the t.ransition metal compound component (A) (mixed catalyst 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 transitionmetal compound (al-1) is used, an a-olefin

polymer having.abighrmelecuiamweight and a high iatrinsicwsegesity canbe prepared,,and when the
transition metal compound (al-2) is 10 used, an a-olefin polymer having a high melting point can be

prepared; fa thiscase, if the dransitighmetal.gompeynd; (al-2) is-a transitionmstal- cempoynd wherein

at least one of RmandRI6in the formula [A1-2] is selected from a halogen atom and a

halogen-gontainingdaydrpcarhon group oratransition, metal compound wharein at least ope of R15b

and 15 R19b in the formula [A1-2-1] is selected from a halogen atom and a halogen-containing

hydrocarpgp.group,,an galefin.nolymer having 2-higher,melting painf can,be pg%)ni?]!q%%d catalys)

[0220]Moreover, it is desirable that the transitionmetal compound component (

contains at least lgl?d 20 (onggﬂg%% Izgpsgkg)é the i@ggﬁ?@@%@ﬁgw%@gﬁ%@presented

by the formula [A1-1] and at least one kind (one or more kinds) o

ihetransifonmelaleompound(al- Zyepreseniedbyhelomilalag.2) desord

ing.to su h gtransition_
metal co d component (A) (mixed catalyst), the molecular weight |strlIrL|§Cu¥ﬁ%n ccgarn be adjusted to

a SF-209981 mare preferred range. [0221]0lefin polymerization catal ext, a preferred
ambodment o SeE B he AP R e Aorepire Do b Mt o ALt SRR o zation
catalyst ig{t% R @%esr(]eggl invention is described. [0222]When the crosslinkedmetallocene compound is
‘used for the olefin oynférizgﬁon%’ataysfcfﬁe%a?glyst gompﬁées the tranei |o\ﬁmgta?c8|‘npound
componepﬂt_{gglggg an.or anorrgetalliggg poun comfwonent B).4T_h%£)rg£an metalllic comé)ound
component corTFprls & bRetar more |n(§)§)o?8%ar%rrﬁg flic cgmp%uO STBY seféctsl from the

fo"?ﬁ””g§§ﬁn$%£% % QEJQQE%£en§£E§%ﬁophenyl group, 4-bromophenyl group,

d-triflucromethylphenyl group, 4-trifluoromethoxyphenyl group,

2,6-difluorophenyl group, 3,5-dichlorophenyl group,

3,5~difluorophenyl group, pentaflucrophenyl group,

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

[0177] The number o¢f 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,
trichloromethyl group, pentaflucroethyl group, Z~flucrophenyl group,
Z-bromophenyl group, 2-iodophenyl group, Z-chlorophenyl group,
3-chlorophenyl group, 4-chlorephenyl group, Z2-bromophenyl group,

3-bromoprhenyl group, 4-bromophenyl group, 2, 6-difluorophenyl group,



[0223](b-1) an organoaluminum oxy-compound, (b-2) a compound which reacts with the
transitiorimetad eémpound (a) to form an ion pair,&%(b-3) an organoaluminum compound. The
compounds (b-1), (b-2) and (b-3) may be respectively used singly, or may be respectively used in
combination of two or more kinds. The olefin polymerization catalyst further comprises a particulate
carrier (C) and an organic compound component (D), when 20 needed. The components are

described below in detail..[0224]Qrganoaluminu -compound (b-1 As the organoaluminum
Gt 160) 75 1 e Bkt et it Grts pubich &

oxy-qompéur]. h p?ege'nt ihven p RGWn aluminoxane can bg used
as iis. Speciicall, tbere cap og mentonsd 2 somponnd epteserted by (g SE209983 fplowing
group.
(01781 -Examples of the sulfuz—containimg hydrocarben
5 grQups(SSB)ofltol4éarbonatomsincludethiomethylgroup,thioethyl
group, thiocyclohexyl group, thiophenyl group, thionaphthyl group,
Z-methylthiophenyl group, 3-methylthiophenyl group,
d-rmethylthiophenyl group, 2-thienyl group, 3-thienyl group and
5-methyl~2-thiophenyl group.
10 | [0179] The number of carbonatoms of the sulfur-containing
hydrocarbon group (8353} is preferably 1 to 12, more preferably 1 to
10, still more preferably 1 to 8, particulaily preferably 1 to 6.
Examples of such sulfur—c§nﬁaining'hydxocarbon_groups {853} include
thiomethyl group, thioethyl group, thiocycichexyl group, thiophenyl
15 group, thionaphthyl group, 2-thienyl group and 3-thienyl group.
10180] "In the formula [88], it 1s preferable that one
substituent is a halogen atom (XX3), a hydrocarbon group (GG3) of
1 to 14 carbon atoms, an oxygen-containing hydrocarbon group (003}
of 1 tol4d carbonatoms, a silicon-containing hydrocarbon group (SSI3)
20  of 1to 14 carbon atoms, a halogen-containing hydrocarbon group (HH3)
of 1 to 14 carbon atems or a sulfur-containing hydrocarbon group (553)
of 1 to 14 carbon atoms, the residual four substituents are each a
129

hydrogen atom, and the total number of carbon atoms of R™ to R

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



[0226]and/or the following formula [3]: 5[0227] [0228]In the formulas [2] and [3], R is a hydrocarbon
group of ¢ite A®sgarbon atoms, and n is an integes 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 quantity 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 organgaluminum oxy-compound as giv an.example 15in Japanese
ey rptb bl p B e R e it et Rt e o

organoaluminum oxy-compound de;crib%din %?t%an%% PatenthLaég:-OC%pen Publication Q )

167305/189%?%Iunﬁ oxan %gv'r%]éet\?v%fgr hors Kinds of aJH%yfagrc}ﬁps, Wanri%ﬁ s %re%%ﬁbé% |F’1 Japanese

Patent Laid-Open Publication No. 24701/1990 and Japanese Patent 5 Laid-Open Publiﬁation No.
103407/1991, &t 'ar& aI<8°Bréferafly8 Eloyatb?e.RTheamoeeﬁfgﬁle?i:}%ﬁfbﬁg’e&ﬁg%ﬂalum?nruem
oxy-compound used in the high-temperature solution polymerization of the present inyent ionmeans an
organoal (R oX§-compotind i W%?Eﬁ”é%aAl ‘Emponent-thatis Soitie baﬁkeﬁ?éa/lt%é is
contained in an amount of usually 10 not more than 10%, preferably not more than 5%,
particulariyErRTABRRoE FioH tah 596 th T8RS BRAICHS m SHA Vi SIS TS oI dr Eiighitly Soluble
in benzene. [0229]As the organoaluminumoxy-compound for use in the present invention, there can

be also nigritiohed TP EkaPIE sdch1STHOMKE RrethyRdtiingkatk as Feprégehted by the following

formula [4]: [0230]
iscbutyl group, tert-butyl group, l-hexyl group, l-decyl group,

cyclopentyl group, cyclohexyl group, 4-cyclohexyl-tert-butyl group,
phenyl group, l-naphthyl group or Z-naphthyl group, and R*® to RY
10 are each a hydrogen atom.

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

R¥ is a halogen atcm and R125, R R and R™® are each a hydrogen

atom. It isalso preferable that R™ to R are each a hydrogen atom.

[0182] The total number of carbon atoms of R to RY¥? is

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

[88] isusedas areaction rawmaterial, vieldof theresulting fluorene
derivative 1s lowered in the conventional preparation process.

20  However, when the reaction is carried out in a solvent containing

waterusingthe later~describedphosphorus compound (DD) andpalladium

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

flucrene derivative is obtained in a good yieldeven if such a fluorene

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



10231;wherein R is a hydrocarbon group of 1 to 10 carbon atoms, 20 and m and n are each an integer
of 2 or mgre.2 0 sThis 'modified methylaluminoxagye is prepared by the use of trimethylaluminum and
alkylaluminum other than trimethylaluminum. SF-209984 Such a compound of the formula [4] is
generally called MMAO. Such MMAOcanbepreparedbyprocessesdescr edinU.S. Patent No .
4,960,878 and U. S. Patent No . 5,041,584. Compounds of the above formula prepared by the use of

trimethylaluminu triisobutylaluminum and having 5 an isobutyl group as R are commercially
it 3

produced by Tos chem CoHporgton Gider e iarieg bt MVIAO SHE FRAD - Sich fMAO is

aluminoxane having been improved in solubility in various solvents and storage stability, and is

specifically/Z E5PBart whithqs SBIGEIRIR EipHatic HytiFocatbdhs dhd Hisdic Ryafsdarbons
differently from compounds 10 which are insoluble or slightly soluble in benzene, such as the

com pour¥d‘ OftT€ forfiita BPOF [BF §0232[A e ordanodlminbmt o Compouna 6 65853 the
present invention, there can be also mentioned an organoaluminum oxy-compound containing boron,

which is fepteSented'by theSIRinG T5fBfmuRi[sH 92331 RéRe RRIABRI) RN 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.
(01857 Base (CC)

Examples of the bases (CC) include alkali metal salts, such

10 as lithium hydroxide, sodium hydroxide, potassium hydroxide, barium
hydroxide, potassium phosphate, sodium carbonate, potassium
carbonate, sodium hydrogencarbonate, potassium hydrogencarbonate,
calcium carbonate, cesium carbonate, sodium fluoride, potassium
fluoride, cesium fluoride, sodium methoxide, sodium ethoxide and

15 potassiumtert~butoxide;andaminebases,suchasammonia,methylamine,
ethylamine, propylamine, iscpropylamine, butylamine, iscbutylamine,
tert-butylamine, ethylenediamine, benzylamine,
hexamethylenediamine, 1,2-cyclohexanediamine, dimethylamine,
diethylamine, dipropylamine, dibutylamine, trimethylamine,

20 triethylamine, diiscpropylethylamine, pyridine, 2-methylpyridine,
3-methylpyridine, é4-methylpyridine, pyrrolidine,
N-methylpyrrolidine, piperidine, N-methylpiperidine, morpholine,
N-methylmorpholine, piprazine, l-methylpiperazine,

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



[0234]wherein R is a hydrocarbon group of 1 to 10 carbon atoms, and each Rd may be the same or
different amd #0@& hiydrogen atom, a 20 halogen atem or a hydrocarbon group of 1 to 10 carbon atoms.
Such organoaluminum oxy-compounds (b-1) as above may be used SE-209985 singly, or may be
used as a mixture of two or more kinds. [0235]Compound (b-2) 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 (ﬁz to Iordm an ion_pair sometimes referred to as 'ionic compounds" hereinafter ) include
Lewis acid: an-ionic caipotind A Bordh8 Conpdand ahE a darbdidie Tompound which are described
in Japanese Patent Laid-Open Publication No. 501950/1989, Japanese Patent Laid-Open Publication
No. 50203¢ - pareee Batent L ARSI pEA 10 BUBHERSANG 79005/1991, Japanese Patent
Laid-Open Publication No. 179006/1991, Japanese Patent Laid-Open Publication No. 207703/1991,
Japanesé PREHLHIOFEN BB atiBRNE 207 7641691 S P Attt NG 5,32106! =fe. Moreover,
a heteropoly compound and an_isopoly compound are also included. 15[0236]In the present invention,
an ionic édr%ﬁg&ﬁ&%}?é@%@ attopted Y& 45compBiifie represented by the following formula [6] . [0237]

SE-209986 £0238]In the above formula, Re+is 1-1+, carbenium cation,
5 1, 5-diazabicyclo[4.3.0lnon-5-ene, 1,4-diazabicyclo[2.2.2]cctane,

aniline, N-methylaniline and N,N-dimethylaniline.

(01861 The base (CC) is preferably a base which is liquid
or solid at ordinary temperature from the viewpoint of handling, and
examples of such bases include lithium hydroxide, sodium hydroxide,

10 potassium hydroxide, barium hydroxide, potassium phosphate, sodium
carbonate,potaésiwncarbonate,sodiwﬂhydrogencarbonate,potassium
hydrogencarbohate, calcium carbonate, cesium carbonate, sodium
fluoride, potassium fluoride, cesium fluoride, sodium methoxide,
sodium ethoxide, potassium tert-butoxide, ethylenediamine,

15 1, 3-diaminopropane, propylamine, benzylamine, hexamethylenediamine,
1,Z-cyclohexanediamine, dimethylamine, diethylamine, dipropylamine,
dibutylamine, trimethylamine, triethylamine, diisopropylethylanine,
pyridine, 2-methylpyridine, 3-methylpyridine, 4-methylpyridine,
pyrrclidine, N-methylpyrrolidine, piperidine, N-methylpiperidine,

20 morpholine, N-methylmorpholine, piprazine, guinuclidine,
d-dimethylaminepyridine, imidazole, N-methylimidazole,
tetramethylethylenediamine, hexamethylenediamine, phenethylamine,
guanidine, 1,8~diazabicyclo[5.4.0lundec-7-ene,

l,5=diazabicyclo[4.3.0]non~5-ene, 1,4-diazabicyclo(2.2.2]octane,



oxonium cation, ammonium cation, phosphonium cation, cycloheptyltrienyl cation, ferrocenium cation
having trafisifiéfmetal, or the like. Rt to Ri may bé 4he same as or different from one another and are
each an organic group, preferably an aryl group. [0239]Examples of the carbenium cations include
tri-substituted carbenium cations, such as triphenylcarbenium cation, tris(methylphenyl) carbenium
cation and tris(dimethylphenyl)ca benium cation. 10[0240]Examples of the ammonium cations include
trialkylammoniym cafiops. sush as timethylammonium cafion. trietaylammanium.cation, .
tni(n-propyl)ammonium cation, triisopropylammonium cation, t (n-butyllammonium cation and
triisobuty, onium, cation; N,N-dialkylanilinium catigns, such 5 N.N-dimet J[l ilinium cation,
N R W el TR R L
cations, %uccp as di'sop}:r)o%%mmonium.c tion acnd dicx{cﬂlo exyla monjum. cation.

[0241]Exa ﬁgé of tHe p%osp St Catiohs include thar p%o%pﬁoﬁi’ur%ocalt}lc%g,ag&c Vas®

triphenylphosphonium catjon, 20 tris(meth Ip.henyl%}}phos hgnium cation and _,

tris(dime&%%ﬁ%psesnly“)lghggﬁ%&%meéa |8r(§*k¥%4§¥8f t %ea(%\%ggﬁgﬁé, ga?%%ﬁﬁfrﬁ%ation, ammonium

catiog1 or the like is Bref,erable as Re+, and trigh,en}{llcarbenium,cation, N,N-dimethg/%%iliniurn cation or
[ r orc

N, N-Hiethy{SRifiHitnT Bation Ts S F 20998 7 particurany preféiable 024 3{Ekampres ot ¢:

a%enium salts

jndUde fluoride, potassium_fiuoride, cesium fluoride, sodium methoxide,
sodium ethoxide and potassium tert-butoxide.

(0187} Intheprocess forpreparingaflucrenederivative,

the amount of the base (CC) gsed,is in the range of preferably 0.0001

10 fo 100 mol, more preferably 0.01 to 50 mol, particularly preferably

0.10 to 30 mol, based on 1 mol of the fiuocrene compound {AA). When

ihe amount of the base (CC) used is in the above range, the reaction

proceeds in a good yield.

(0188] Phosphorus compound (DD}

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

[0188]



triphenylcarbenium tetraphenylborate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
triphenyl&&rbenitin tetrakis(3,5-ditrifluoromethylphényl)borate, tris(4-methylphenyl)carbenium
tetrakis(pentafluorophenyl)borate and tris(3,5-dimethylphenyl)carbenium
tetrakis(pentafluorophenyl)borate. [0244]As ammonium salts, trialkyl-substituted ammonium 10 salts,
N,N-dialkylanilinium salts, dialkylammonium salts, etc. can be mentioned. [0245]Examples of the tr
lkyl-substituted ammonium salts nclude triethylammoniumtetraphenylborate, tripropylamonium
tetraphenylborate, t (n-butyl) "mtetraphenylborate 15 trimethylammonium

G
tetrakis(p-tolyi)borate, trimethylammnoium tetrakis(o-tolyl)borate, tri(n-butyl)Jammonium
tetrakls(pentafluorophenyl)bo te, triethylammonium tetrakis(pentafluorophenyl)borate,
tripropylammeri rgtgﬁnpropylammomum 20

tetrakis(2 ' yl)@Agmonium tetrakis(3,5-dimethylphenyl)borate,
tri(n- butyl abrakis(4- efl phenyl)borate tri(n- butyl)ammonlum

dioctadecylmethy 3B |methylphenyl)borate dloctadecylmethylammonlum
tetrakis(4 ylammonium

tetrakis(3 |tr|fluoromethylp enyl)borate and |octade thylammonium. [0246]Examples of
the N,N-dialkylanilinium salts fhclude N,N- dlmethylanlllmﬁ hphenylborate, N,N-dimethylanilinium
tetrakls(pentafluorophenyl)bo ate, N,N- dlmethylanlll trakls(3 5-ditrifluoromethylphenyl)borate, 15
N,N-diet ni | @m tetraphe Iborate N,N-di an linium tetrakis(pentafluorophenyl)borate,

N,N- dmtR %L i) 1, 5ol enyl)borate, N,N-2, 4, 6-pentamethylanilinium
tetraphenylborate argetss %% -pefttag thyIamI ni tetr%@;g)entaﬂuorophenyl)borate

33

121 .« - [66]

{01907 In the formula [667, R“4toIﬁEdareeachaahydrogen

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

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

5 nitrogen-containing hydrocarbon group of 1 to 20 carbon atoms, a
siliceon~containing hydrocarbon group of 1 to 20 carbon atoms, a

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

sulfurmcontaininginydrocarbonagrou;>of 1 to 20 carbon atoms, and they

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

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



20[0247]Examples of the dialkylammonium salts include di(1-propyl)ammonium

tetrakis( gﬁl%l?l%rophenyl)borate and dicycloheﬁﬁammonium tetraphenylborate. [0248]in addition,
ionic compounds disclosed by the present applicant (Japanese Patent Laid-Open Publication No.
SF-209989 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]Otgaheatuminumr-campeunre: (B-3)ing. The organoaluminum compound (b-3) for forming the
olefin polymerization catalyst is, for example, an organoaluminum compound represented by the

following formula §7an an alkylated-eemeplex tompounrd 6f argreuprsmetakand-akuvintmywhich is
represented by the following formula [8]. 10An organoaluminum compound represented by the formula

[7]: RamAKQRRB)RX,[7] wherein-Rarand Rbomay be the same-as o different mepaieachather and are

each a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms, X is a halogen
atom, ang-m; s pand gae numbers 15 salisfying thercengitions,et @<mrd; O8E30carbon

0S.p<3,andm+n+p+g=3. [0251]Examples of such compounds include t -n-alkylaluminums, such as
trimethylajuminum e triethylalymigtin atoms, the silicon-containing hydrocarbon
groups of 1 to 20 carben atoms, the halogen-containing hydrocarbon
groups of 1 to 20 carbon atoms and the sulfur-containing hydrocarbon
groups c¢f 1 to 20 carbon atoms are the same as those of the halogen
atoms (XX3), the hydrocarbon groups (GG) c¢f 1 to 20 carbon atoms,
10 the oxvgen-containing hydrocarbon groups (00) of 1 to 20 carbon atoms,
the nitrogen-containing hydrocarbon groups (NN} of 1 to 20 carbon
atoms, the silicen-containing hydrocarbon groups (85I) of 1 to 20
carbon atoms, the halogen-containing hydrocarbon greoups (HH} of 1
to 20 carbon atoms and the sulfur~-containing hydrocarbon groups (533)
15 of 1 to 20 carbon atoms previcusly described,
[0192] The phosphorus compound {DD) is preferably
represented by the following formula [99].

[0193]



tri-n-butylaluminum, trihexylaluminum and trioctylaluminum; branched chain trialkylaluminums, such as
triisopropylakumiinum, 20 triisobutylaluminum, tri-8&c-butylaluminum, tri-tert-butylaluminum,
tri-2-methylbutylaluminum, tri-3-methylhexylaluminum and t2-ethylhexylaluminum;
tricycloalkylaluminums, such as tricyclohexylaluminum and tricyclooctylaluminum; triarylaluminums,
such as triphenylaluminum SF-209990 and tritolyialuminum; dialkylaluminum hydrides, such as
diisopropylaluminum hydride diisobutylaluminum hydride; alkenylaluminums such as
isoprenylaiuminum repreﬂt the formula (i-C4H9)A11,(C5H10)z (wherein x, y and z are each a
positive number, 5 and z--3x) or the like; alkylaluminum alkoxides, such as isobutylaluminum
methoxide and isobutylalurhinum ethoxide; dialkytaluminum alkoxides, such as dimethylaluminum .
methoxide ethylalumln | thOX|deand tylaluminumbutoxide;alkylaluminum sesquialkoxides,
such as etﬁ Se s ard*10 butylaluminumsesquibutoxide; partlally alkoxylated

like; alkylalumihum '_ yloxides, suc as dlethylalumlnum phenoxide and
diethylaluminum(Z di

fetiloridesalkyl umsesqwhalldes such as

ethylalun’ﬁ'u £ sqwchlorl & butylaluml l‘zquu chloride and ethylaluminum sesquibromide;
partially halogenated 20 allg Ialumlnums e. g al ihum dihalides such as ethylaluminum
dichloride; dialkylaluminumgnydrides, such as i#ﬂalumlnum hydride and dibutylaluminum hydride;
other partially hydrogenatealkylalumlnu e g., alkylaluminum dihydrides, such as ethylaluminum
“dihydride dhd prqpylalysirurt ?

S nyar, artially SE-209991 alkoxylated and halogenated
alkylaluminums, sthgHse THium eth;(m ey butylaluminum butoxychloride and
ethylaluminum ethogybromide.  § i An alkylage complex compound ofa periodic table group 1
metal 5 and alumindgm, which is .o" esented by the formula [8]: M2A1Ral[8] wherein M2 is Li, Na or K,
and Rais a hydroc to 15 carbon atoms, preferably 1 to 4 carbon atoms. [0252]Such a
compound is, fg H5¥#.Qr

H ® B @ [g g]

[0194] In the formula [991, R™, RY, R™®, R and rR'™

are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1

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

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

of a sulfur-containing hydrocarbon group of 1 to 20 carbon atoms,
and they may be the same as or different from one another. Examples

10  of the halogen atoms, the hydrocarbon groups of 1 to 20 carbon atoms,
the oxygen-containing hydrocarben groups of 1 to 20 carbon atoms,

the nitrogen-containing hydrocarbon groups of 1 to 20 carbon atoms,



10LiAI(08H15)4. [0253]Moreover, a compound analogous to the compound represented by the formula
[8] is alssempioyable, and for example, an organéaluminum 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(08815)8. [0254]As the organoaluminum compound (b-3),
trimethylaluminum or triisobutylaluminum is preferably used from the viewpoint of ease of obtaining.

[0255]Sugch organoaluminum compound?i%b-s above may 20 by use% ingly, or may be used as a
mixture o ttllvef"/ogolrﬂrﬁ8%1 kﬁ]%?aml}fgzgéj e %aéﬁ%npglycr}nué%%/zé)tﬁ)nfc%?al giﬁ%r%?s?ir?ﬁ%“ﬁr‘esent
invention may,contain a c%gLeri(g%ryvh%n needed, in addition to t?e transition metal compound

component (AJ &rd THE orgarcietafic %%ﬁgﬁﬁéj EEmPonaRt (B). SF-20989396557|CAME (C)
The carrigl[1 C%for usgl' the r%sent_inventi nis an inoro%anic or organic compound and is a granular
or finely patticti&te Solid "AS the ity RRic €0mpPound°Poreasioxide. moryaniceriBhae Chay 5 clay
mineral or an ion-exchange layered compound is preferable. 0258] As the porous oxide, Si02,
© AI203, MES 21 TIBZEB2D3- 055, 2h0- Badathes or #iéTiRe i€ EMployable I ESRpBRie or a
mixture containing these oxides is also employable. For example, natural or synthetic zeolite,
Si022MgGSIHPAIZH, $162- Fio2 SRPC205 -1 510261952 98T iz Myb efey aFé emipieyable. Of
these, porous oxide contaiping 5i02 and/or Al203 as amain component is preferable. Such porous
oxides difféFiBm o€ arother iithelt FrepeRTeLACEB ding® the e te preparation process.
However, the carrier that is preferably used in the present inventiondesirablyhasaparticle 15 diameter
of 10 to 3VONHHC preTersbip2DId P00 Pl hspEGhic baHaeBoa ¢f50ito TO00 AT2I§ 2prefembly 100 to
700 m2/g, and a pore volume of 0.3 to 3.0 cm3/g. Such a carrier is used after it is calcined at a
temperatESPTET Ee1 00T tefetably 150 fo Y000 wherrreedédr[0259]&s the inorganic chloride,
MgC12, MgBr2, MnC12,
halogen—-containing hydrocarbon groups (HH) of 1 to 20 carbon atoms
10 and the sulfur-containing hydrocarbon groups (S8S3) of 1 to 20 carbon
atoms previously described.
[0185] In the formula [99], it is more preferable that
R™4, RME RME R and R'™! are each independently a hydrocarbon group
of 1 te 6 carbon atoms, such as methyl group, ethyl group, l-propyl
15 group, iscopropyl group, 1-butyl group, tert~butyl group, 1-hexyl group,
cyclopentyl group or cyclohexyl group, an oxygen—-containing
hydrocarbon group of 1 to 6 carbon atoms, such as methoxy group, ethoxy
group, l-propoxy group, 1sopropoxy group, l-butoxy group or
tert-butoxy group, or a nitrogen-ceontaining hydrocarbon group of 1
20 to & carbon atoms, such as aminc 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.



20 MnBr2 or the like is used. The inorganic chloride may be used as it is, or may be used after it is
pulverizegisiyza dall mill or an oscillating mill. Alseemployable is a substance in the form of fine
particles obtained by dissolving the inorganic chloride in a solvent such as an alcohol and then
precipitating fine particles from the solution SF-209993 using a precipitant. [02601The clay for use in
the present invention usually comprises clay mineral that is a main component. The ion-exchange

layered compoun se in the present invention.is a compound having 5 a crystal structure wherein
faces made by ioﬁ?(]:f) ggjjwding or tﬁe %Eg are faid (S)rrl%eoﬁﬁaornegf%t]h%? ﬁl%p\)ia?gﬁglnﬁit%eg %vveaa‘klggnding
force, and ions.contained are exchangeable. Mgst of clay minerals, are ipn-exchange layere
compourt e e g TRRGHR BTN oL ARG L SUR LR HOT T B natural
ones, and 10, artificial synthetic ones are also employable. As t% clay, the clay mineral or the

o exoh A T b D ATER G i, iy RARB e o i cHyGaTib EBmatang WEiAg  layered
crystal structure, such as hexagonal clgse packing type, antimony type, Cd012 type or CdI2 type, can
be mentibfied Exampfesotschtiaysandctay minerars s bl i kﬁﬁﬁn,rﬁé‘ﬁt‘f)hﬁa, Kibushi clay,
gairome clay, allophane, h singerite, pyrophyllite, mica group, montmorillonite group, vermiculite,
chlorite g‘f’&gﬁ,rﬁéf%&%kﬂé?ﬁa%%ﬁ@fl a i?é/, BItkE ARG Ra R EX ampREhe ion Bhange
layered compounds include crystalline acid salts of polyvalent metals, such_20as a-zr (HASO4) 2 H20,
u-Zr (HPO29a B GPO25F s 1382824 T PO A IR T ALY 2251 56 R ShEHP O4)2' H20,
y-Zr(HPO4)2, Y-TiéHPO4)2 and y-Ti(NH4P0O4)2.1-120. It is also preferable to subject the clay and the
clay mineral for usg i e presentinvenBsoAds Thémidar reafmert AsHReieficaltréatifent, surface
treatment to remove impurities SF-209994 adhering to the surface, treatment having influence on the
‘crystal stfitturserErayCor the [Keccaips Us et ExamsleSBt sidrehémical trégmiénganefude acid
treatment, alkali treatment, salts treatment and organic substance treatment. 5[0261]The ion-exchange
layered corfycripRlfaY Uselindhe preseftinventonyiay bess fasaved conisdund-whith f&darsuch a
state that spaces between layers are enlarged by exchanging exchangeable ions between layers for

diffefent large bulkysiony ptikdingdon exchiange properios P8aER abilky fonhldys alpiltaetike role to
compound (AA) . When the amount of the phosphorus compound {DD) used
is in the above range, the reaction proceedé rapidly.

(01987 Palladium compound (EE)

Examples of the palladium compounds (EE) used as catalysts
15 inciude divalent palladium compounds, such as
bis{acetonitrile)dichloropalladium{II},
bis(benzonitrile)dicloropalliadium{II),
di-u-chlorobisi{u~allylipalladium(II) ],
trans-dichlorobis(triphenylphosphine}palladium(II),
20 dichloro{u-dichloroocta-1,5~diene)palladium{II},
(bicycle[2.2.1)hepta-2, 5-diene)dichlopalladium (I},
dichloro(l,5-cyclocctadiene)palladium{II},
(2,27 -bipyridine)dichloropalladium(II), palladium(II) acetate,

palladium{Il) chloride, palladium(II) bromide, palladium(II) icdide,



10 support the layer structure, and is usually called a pillar. Introduction of another substance into the
space between tayers is referred to as "intercalatiom”. Examples of guest compounds to be
intercalated include cationic inorganic compounds, such as TiC14 and ZrC14, metallic alkoxides,
suchas Ti (OR) 4, Zr(OR)4, PO(OR)3 and B (OR)3 15(R is a hydrocarbon group or the like), and
metallic hydroxide ions, such as [A11304(0B)24]7+, [Zr4(01-1)14]2+ and [Fe30(000CH3)6]+. These
compounds.are used, singly or in combination of two or more kinds. When such_a compound is
intercalat%%‘,%%%fyurrﬁ & gzg}it%%%%&l et %%‘?ai%%?j%E hydrofyZing metaiie aitoxie: stich B5' SOR)4, Al
(OR) or %eg(o 14 20 (R ista gdrgcarbon gro%[?lor the Iike%, oracolloidalinorganiccompound, such as
Si02, maybé Alliowed o EoeXisE Tre Fisr i for xarplet ah Sxidéd6fmed by carrying out thermal
dehydration after intercalation of the metallic hydroxide jons between layers. Of the above inorganic
compounds., p éﬁ?éﬁl@hﬁmeyﬁgﬁ SR0'CiSy WinaPsls S haRERdr S ER09995 preferable are
montmorillonijte, vermiculite, pectolite, taeniolite and synthetic mica, [0262]As the organic compound, a

granular ([)?fiﬁé%&%éﬂ%ﬁ@%ﬂ&%ﬂ@ﬁ)ﬁ%ﬂé%ﬁi ndtePEPP6 16 B0 Frhidan be 5 mentioned.

Examples; of such solids incluge (co)polymers formed by us%%{q, as amain component, an a-olefin of 2
to 14 carbon T6HS ! SuBR U SRR JrepyEre 1 RBAe B 4imEthyl- EpErtedE  (co)polymers
formed by?usir;g, as a main component, vinylcyclohexane or styrene, and modification products
thereof. 10{0263[BiictFéateny {E) agkibiove %&W@@é& Sirfgy cormRY 56 isad B5'a mixture of two
or more kinds. [0264]The olefin polymerization catalyst for use in the present invention may contain an
organic coRtpoiRiEESpBREMED) 2 addie i thettahstion PhetapeonpomntLesthponent (A), the 15
organometallic compound component (B) and the carrier (C) that is used when needed. [0265]Organic
compourfeesripBhent{d) zerorihesiesent @hions teoorgatic corffolr®l component (D) is used
when needed, for the purpose of improving polymerization
tris{(dibenzylideneacetone)dipalladium(G),

10  tetrakis{triphenylphosphine)palladium (0},
pis[l,2-bis(diphenylphosphino)ethanelpalladium(0) and
bis(3,5,3’,5’—dimethoxybenzylideneacetone)palladium(@). The
valence of palladium of the palladium compound (EE) is preferably
a valence of 2, and palladium{II) acetate or

15 bislacetonitrile)dichloropalladium(II) 1is more preferably ﬁsed.

[C199] Inthe process forpreparing a flucrene derivative
oy 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 carrving out the reaction in a

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

[0200] Intheprocess forpreparingafluorenederivative,

the amount of the palladium compound (EE) used is in the range of

preferably 0.0C001 to 50 mol, more preferably 0.0001 to 25 mol,



20 performance and properties of the resulting polymer. Examples of such organic.compounds include
alcohols spheriglie compounds, carboxylic acids, phosphoric acids and sulfonic acid salts, but the
organic compounds employable are not limited to these compounds. [0266]Such organic compound
components (D) as above may SF-209996 be used singly, or may be used as a mixture of two or
more kinds. [0267] In the polymerization, the way of use and the order of addition of the above

components are arbitrarily selected, and h m ?od as below can be.mentioned. 5[0268](1)
%%1d<|:uL L? gre ergb g%.ggftc;v;a %o,ne%setahcyvona?mol O%ntlﬂ‘fze%dé;ﬁé

. re
Amethodot ng the transitionmetal compoun e polymerizer. fimethodof.
adding the transitionmetal ¢ oun (a% and the organometallic compound (b) to polymerizer in an
A it e vl e R e e S e
compound (a) has been supported on the ca (C), and the organpmetallic compound (b) to the
oty meris8t Ao Ao ARy Braat T677 IR 2R B of TR ) cbmponent in 15 which the

organomié llic compound (b) has been suypported on the carrier (C), and the transition metal
compoun %ak)it}) the polﬂﬁ%éiéﬁﬁaéﬂi&g%@%géﬁqﬁz@%) A method of adding a catalyst
componentin which the transitionmetal compound (a  andthe organometallic compound 20(b) have
been supported OAThd EafTer ()0 e Polgmerzer (F ¢ (0273 1@ abbbeFRethods (1) to (5), at

least two or more of the catalyst components may be contacted with each other in advance. [0274]In
the methﬁﬁ%?ﬁ}ﬁﬁa‘%@%ﬁ@iﬁ&ét 1s a solvént containing water as an egsential

component.
[0202] pxamples of solvents other than water include
aliphatic hydrocarbons, such as pentane, hexane, heptane, octane,

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

15 1,3-dimethyl-2-imidazolidinone and dimethyl sulfoxide; polar
solvents, such as methanol, ethanol, propancol, isopropanol, butancl
and tert-butancl; and ether-based sclvents, such as diethyl ether,
tert-butyl methyl ether, tetrahydrofuran, dioxane and cyclopentyl
methyl ether.

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

[0204)] Examples of the organic compounds containing an

oxygen atom include acetone, methyl acetate, ethyl acetate,



SF-209997 organometallic compound (b) has been supported, the organometallic compound (b) that is
not suppdfted By be added in an arbitrary order,4vhen needed. In this case, these organometallic
compounds (b) may be the same as or different from each other. 5[0275]On the solid catalyst
component in which the transition metal compound (a) has been supported on the component (C) and
on the solid catalyst component in which the transition metal compound (a) and the organometallic

compound (h).have-heen supported-on,the component (G), an olefin may have heen prepolymerized,

and 10 on the thus prepolymerized solid catalyst components, a catalyst component may have been

further s%%a%%%% 27@@%2} ﬁep%ﬁ%ﬁ;;@%@% §R8Pfe§[%% -%Eggjl%q, it Lsu%lg%)lreferable to use

the transition metal compound (ai-1 on métal compound (a1-2) in the Supported form.

15 [0277] The guantity.ratio between the transition metal compo -1) and the transition metal
B ol ol Heimned Hon I MOLELIS R AN the

compouri“dﬁfal- used can be arbitrarily romt eight and the melting point of
an olefin polymer repared?S ecifically, the molar ratio (charge malar ratio) of the transition
metal compound [(E%B%PZOto the Fa%s?t?gﬁf ﬁqxe,%aﬁg’o%ggﬁn@?g%zsa%elpsfefaergﬁ%v Bgﬁqglfci /(al-2)20,

more preferably 0,10-gal-1)/(al-2)20, particularly preferably 0.1-qal-1)/(a1-2)10. The reason why the
mol rratgooﬁspéqgré’%ﬁqig A %Og%/%%grm %Seligjtﬁgt %egjmnﬁe%%%r_wg%h% af)étribﬁ |ce)ﬁjb%3tﬁea J(‘?«3{1‘in polymer
is narrowed. SF-209998 [0278]Preparation of olefin polymer In the process for polymerizing an
olefin accordiny fbafhebﬁrg%%m %rﬂb%ﬁo%?%%oﬁgfin%ﬁ% q“’o%%@ﬁ% or copolymerized in the
presence of such an olefin polymerization catalyst as above to 5 obtain an olefin polymer. [0279]in the
present invention tha Polymeriz4f6H car e Barried-BaEbY any ‘o ighid hal pofjiierization such as
solution polymerization or susPension polymerization and %as phase polymerization. Examples of inert
'hydmmzuﬁaﬁﬁ%aﬁa(ﬁﬁﬁ?ano , lsopropanol, butanol, tert-butanol,

tetrahydrofuran and cyclopentyl methyl ether. Particularly
10 preferable are diethyl ether, tert-butyl methyl ether,
tetrahydrofuran, dioxane and cyclopentyl methyl ether.

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

15  vparticularly preferably net less than 0.05.

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

20  less than 400 times.

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

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



10 hydrocarbon solvents ) used in the liquid phase polymerization include aliphatic hydrocarbons, such
as propa%%,‘ bttihe, pentane, hexane, heptane, dctane, decane, dodecane and kerosine; al.cycl ¢
hydrocarbons, such as cyclopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons,
such as benzene, toluene 15 and xylene; halogenated hydrocarbons, such as ethylene chloride,
chlorobenzene and dichloromethane; and mixtures of these hydrocarbons. An olefin itself may be used
as a solvent,) [0280]¥¥hen the pelymerization akar olefin is;carried.edt using-sughan olefin:
polymerization catalyst as above, the 20 transition metal compound component (A) is used in an

amount of:usually-40-2.te 10-1mek preferably 10-8 10 10-2 mol; hased apditer-of the rgaetion

volume. [0281]The organoaluminumoxy-compound (b-1) is used in such an amount that the molar

ratio [(b-3)}AM} ¢fi therarganoaluminum, $H209299 . 0xy-compound (R:1 )10 gl the teansitionmetal
atoms (M) in the transitionmetal compounds (a) becomes usually 0 . 01 to 5000 , preferably 0.05 to

2000. Therignig-compaund, (B2)isUsed;in sueh an, amaunt that.the molarratio [(hs2)/M] of the ionic

compound (b-2) to the 5 transition metal atoms (M) in the transition metal compounds (a) becomes

usually 1;t0 19cpreferably 1 t%ﬁeifgﬁoogg?na@équwcmmu% (b:3) Isdfped,in such.an.amount that

the molar ratio [(b-3)/M] of the aluminum atom in the organoaluminum compound (b-3) to all the
ransition metals (M)ipdhe tensiion,dietel compourds (gl bacomasL ustialy 10.10,5000, preferably
20 to 2000. The above molar ratios are calculated using the number of moles of all the transition metal
atoms (I\/Il)oile tﬂgg%an&ilt&n gbetal compounds (a), that is, the total of the numbers of oles of the
transition metal atoms % ) contained in two or more kinds of the transition metal compounds (a).
-15[0282]When the.grganometallic compound component (B) is the organgaluminum oxy-compound
(b-1), the organicﬁggr(ggjound corrt%oralrgr?tow)nlg uL;ge% fn‘fgl?c e)aﬁ arhount fhgat atﬁgl)moParrrEf%l/aFc()g [ (D)/(b-1)]
becomes usually 0.01 to 10, preferably to 5. When the organometallic compound,c onent (B) is
the tonie Lo moon A B3], 6 Fs B e on U coBEReat () & Ukt Suth i Lekbunt hat the
malar ratio [(D)/(b-2)] become ually 0.01 0, preferably 0.1 to 5. When the organometallic
o Bouh oD AT T the oA e (35 F TG RS SouR Componen

(D) i used s an amount hat he gt oo IO R0 begomes 52009300 usually 001102

can be obtalined in a high vield.

[0210] Process for preparing fluorene derivative

The proceass 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 flucrens
derivative wherein a halogen atom and/cr a sulfur~containing
hydrocarbon group of the substituents of the fluorene compound (AA)
has been converted into the substituent R of the boren compound (BB),
20  and i1s characterized by carrying out the reaction in the
water-containing solvent (F'F) using the phosphorus compound (DD} and
the palladium compound (EE) as catalysts.
[0211] The temperature of the reaction of the fluorene

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



[0283]The temperature of polymerization of an olefin using such an olefin polymerization catalyst is in
the range bf Gsudlly -50 to +200C, preferably 40 t64170C, more preferably 50 to 170C, 5 particularly
preferably 60 to 150C. This particularly, preferred range is a temperature range suitable for
industrialization. [0284] The polymerization pressure is in the range of usually normal pressure to
10 MPa gauge pressure, preferably normal pressure to 5 MPa gauge pressure. [0285]The

polymerizafion feaction ca be ¢aILled.utty apy alpatchprocess, seIi-LoNINYaUEIEens and

continuous process . It'is also possible to carry out polymerization in two or more stages different in
reaction condiions, RZSOte Maleayiar welght oLl tespling. olefin. 13 polymer sap s, egntrolled by
allowing hydrogen to éxist’in the po(fymerlzatloﬁ system orlby changing the polymerization
temperature. Moreover, the molecular weight can be controlled by the amount of the organgmetallic
com poun%gcg%ﬁ%%eﬁ??ﬁ)sﬁgéé .Mae%llﬁ)?d r%)‘ge%oig e dle%l', trﬁglaemgﬁﬁf: tﬁjé?go%@egrse%rabjff about
0.001 to 100 NL based 20qn 1 kg of the olefi 0287%6@10 ding to the present invention, for example,
a propyle%% E%rﬁgﬁggvi%% & ﬂie%?%ae%ﬁ/g p'(r}l)n ,‘éﬂ‘lig %rr%?écg‘igff \vaeﬁ)gﬁ)t and 1gllﬁ{arrE;c')(\gjvr}’m%(I)ecuIar

weight distribution can be obtained even under the conditions of a polymerization temperature of not
ower SFLA00E fitt 40T 159851 6 prasbny et e cIbT 64 Tor e o oeLee

is preferably a pressure at which industrialization is possible. The

reaction time is in the range of preferably 0.1 to 300 hcurs, more

preferably 0.1 to 100 hours, particularly preferably 0.1 to 72 hours.

The reaction time is preferably a time for which industrialization
10 1s possible.

[0212)] When the reaction 1s carried out, the order of
addition of the components (RAA) toc (FF) to the reaction container
is arbitrarily determined, but it is preferable to add the components
in, for example, the following order.

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

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

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

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

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

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



polymerizationreactionisone or more monomers selected from ethylene and a-olefins. In other words,
at least ope-megrnemer 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. [0289] 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, 10 1-pentene,
3-methyl-1-butene, 1-hexene, 4-methyl-1-pentene, 3-methyl-l-pentene, 1-octene, 1-decene,
1-dodece%F,)1-13e“°trd%‘é‘é%ﬂe, 1-hexadecene, 1-octadecene and 1-eicosene. [0290]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 EarboRatGHEOEGER adhyclbperfteRecaRicheptend: ofssrRenent (DD),
5-methyl-2-norbornene, tetracyclododecene and
2-methyl 1% 5°8THMRfAN0-452, 338 d o85 B8 detalidiBhaphtHalei &2 Bnesolaf ArshorhBes e.g.,
a,(0-unsaturated carboxylic acids, such 20 as acrylic acid, methacrylic acid, fumaric acid, maleic
anhydrid&2it&conté ag b facoficiantydride’ anbisiceteeny-s hBptere-2&iditarboxylic anhydride,
. and metallic salts thereof, such as sodium salts, potassium salts, lithium salts, zinc salts, magnesium
salts’and calcium!galfs tHéreof: aprupsaturaied $R209910carbokyfic acid:esterspsucinas methyl
acrylate, n-butyl acrylate, n-propyl acrylate, isopropy! acrylate, n-butyl acrylate, isobutyl acrylate,
tert-butyl dépylatd. "2 ncPundinexyl acriflatenmethgblvent cther than water are added,
methacrylate,n-butylmethacrylate,n-propylmethacrylate, isopropyl methacrylate, n-butylmethacrylate
and isobttifmethaceyates vimdesters; duchasvihyl atetateywioylgropitidate vinybicaproate, vinyl
caprate, vinyl laurate, vinyl stearate and vinyl trifluoroacetate; and unsaturated glycidyls, such as
“glycidyl acrylate{ glycidyl meethagrytate mnddtacomic adidvmonoglycidybestarict0[ 0283t Ehe e,
polymerization may be promoted by allowing vinylcyclohexane, dieneorpo yene; an aromatic vinyl
compoundye.g:pmono=ar palyalkylstyrenensuckas stgrene, tametbyistytene, memethylsgyrene,
p-methylstyrene, o,p-dimethylstyrene, o-n-butylstyrene, m-n-butylstyrene or p-n-butylstyrene ; a
funttionat&bgroepicofiaining stysere desivative heiich asmethoxystyreneetbexystyrene,
vinylbenzoic acid, methyl vinylbenzoate, vinyl benzyl acetate, hydroxystyrene, o-chlorostyrene,
p-chlorostyrene ofidtyirylberzene; S:pheaylpropylene4-phenylpropyiene: armethystyrene, or the like
to coexist in the reaction system.

the component (EE) and a solvent other than water are added, and then

the component (CC) to which water has been added in advance iz added.
[0213] In the present invention, the fluorene derivative
15  is cbtained by allowing the fluorene compound (AA) to react with the
boron compound (BB) in the water—containing solvent (FF) in the
presence of the base (CC) using the phosphorus compound {DD) and the
palladium compound (EE} as catalysts, as described above. That is
to say, the fluorene derivative i1s a fluorene derivative wherein a
20  halogen atom and/or a sulfur-containing hydrocarbon group of the
substituents of the fluorene compound (AA} has been converted into
the substituent RY of the boron compound (BB} .
[0214] Examples of:the fluorene derivatives obtained by

the above preparation process are given below.



20 [0292] Of these, propylene is preferably contained in the monomers. That is to say, it is preferable
that propylengmnly is used as the monomer or prpopylene and at least one monomer selected from
ethylene and a-olefins of 3 or more carbon atoms are used as the monomers . As the monomer
(another a-olefin) which-isusedtogether SF-2099103 with propylene, more preferable is ethylene,
1-butene, 2-butene, 1-pentene, 3-mechyl-1-butene, 1-hexene, 4-methyl-1-pentene,

3-methyl-l-pentene, l-octene, 1-deceng, 1-dodecene, 1-tetradecene, 1-hexadecene,
1-octadecene,|—ei%%‘75&§

&, cyclopentene Tty RIBREPEHETE HottorhBhe. ‘S RTEH§ICShoHEorhEne,
tetracyclododecene, 2-methy1-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalen e or the like,
and still MEFE preterably UedI8EihyRhEPTBUERE, FTHERFE1IPENERE, 1-hexene, 1-octene or
1-decene. It is particularly preferable to use propylene only as the above monomer. 10 [0293] When
propylené ahdanGther 4 diefin =fe UsedFAS The bhotiersSitSs preferable to use propylene and
another a-olefin in such_ amounts that the amount of constituent units derived from propylene in the
resulting a:diefit PoTyiher beBbATEE LSS thaf 10694 by tHEMIGEHGMEES than 30% by mol, preferably
less than 100% by 15 mol but not less than 40% by mol, more preferably less than 100% by mol but
not léss than BB e, arfd the ARTourt of CohstteERt Bnits derived from another a-olefin becomes
more than 0% by mol but not more than 70% by mol, preferably more than 0% by mol but not more
than 60% by THAl Rofe refstaplyrore thaf D% By BB AGHIABEE20 than 49% by mol.
[0294]Cilefili_ Next, the olefin polymer obtained by the polymerization process according to the present
inventionds dedtribed rEka ehafiipolyriensbtainedthby polymerzing dry ofefircinahe presence of the
olefin SF-2099104 polymerization catalyst of the present invention has the following two
charactedsticsd f0295]€harastenistic 1) -3, 6-Thetweightaveidgeimaiacular weight (Mw) and the
number-average 5 molecular weight (Mn) , as determined by gel permeation chromatography (GPO),
satisfy thé rétatibhshiptdfylrapw/Mn-3, 6-di-tert-butylfluorene,

10 2,7-di(biphenyl-4-yl}-3,6-di-tert-butylfluocrene,
2, 7-bis (2, 4-dimethylphenyl) -3, 6~di~tert-butylfluorene,
2,7-bis{4-chloro-2-methylphenyl) -3, 6—di-tert-butylfluorene,
2,7-di(o-telyl)-£fluorene, 2,7-di{p~fluorophenyl)-flucrene,
2,7-di{p-trifluoromethylphenyl)~fluorene,

15 2,7-di (p—methoxyphenyl)-flucrene, 2, 7-di (o~ethylphenyl) -fluorene,
2, 7~di (biphenyl-4-yl)-fluorene,
2, 7-bis (2, 4-dimethylphenyl)-fluorene,
2, 7~bis{d-chloro-Z-methylphenyl)-fluorens,
Z2-({o-tolyl) -3, 6-di-tert-butylfluorene,

20 2-(p—flucrophenyl) -3, 6-di~-tert-butylflucrene,
Z—{p-trifluoromethylphenyl) -3, 6~di~tert-butylfluorene,
2- (p-methoxyphenyl) -3, 6~di-tert-butylfluorene,
2-={o-ethylphenyl) -3, 6~di-tert-butylfluorene,

2—(biphenyl—a—yl)—3,6—di—tert—butylfluorene,



[0296]The olefin polymer obtained by polymerizing an olefin in the presence of the aforesaid olefin
polymerizatiomeatalyst has a relatively narrow molecular weight distribution. In GPO, Mw/Mn 10 can
be arbitrarily determined from the melting point and the molecular weight of the olefin polymer to be
prepared, but preferable is 1LCMw/Mn-3, more preferable is 1-CMw/Mn-2.9, and particularly
preferable is 1.--Mw/Mn-2.8. When the olefin polymer prepared has a narrow molecular weight
distribution,fthere is an advantage tr\lat the compatibility 15 can be made homogeneous. [0297]lt is
also desifabierthat tishibieEaRr Welight distHoutoh (M) GFHESRSin polymer obtained by
polymerizing an olefin in the presence of the aforesaid olefin polymerization catalyst is in the range of
preferably 2 6136966, HidPe PreéfetaBRY20 2202152 U6t ShTHGre-fretérabiy 2.03 to 2.80. When the
molecular weight distribution is well-balanced as above, that is, in the case of 2.03-Mw/Mr(-2.80,
molding protessability can Be-&RRanced Prie-Bakiridassnthe holdetifaineight distribution can be
adjusted to a more preferred range by using two or more kinds of the transition SE-2099105 metal
compountls (@) répresenteti by thefofmila [Alf WidfEsver, by using the transition metal compound (a)
represented by the formula [A1-1] and the transition metal compound (a) representedbythe formula
[A1-2] in éonibifigtidr el saldhce Eandie adjusted o &St mbra B prafervéd Farfge. [0298]The second
characteristic of the olefin polymer is described below. [0299]Characteristic 2 The olefin polymer
obtained by (salpretizing arlolefin @e Be1® pokmieriZatibineiipe rigreyef netllewethan 40C in the

presence of the aforesaid olefin polymerization catalyst has a melting,point (Tm), as determined by
DSC, of Pre)150C land an-intinsic viseosity (fh]ef{2rE(d1/9).500 Ithe Jolymerization temperature in
the olefin polymerization is raised, a melting point and a molecular weight 15 of the resulting olefin
polymer are(geriéraily dowered.) Accordingto the Gbefiry pdlymerizatidny catatyst, an olefirrpolmer
having a melting point (Tm) of Tr4.-?_150C and an intrinsic viscosity ([n]) of [n] (dl/g)1.50 can be
preparedieven-akd tempenatuyé at fuhiclrene, 1~ (o-ethylphenyl)~fluorene,
10 2= (biphenyl-4-yl)-flucrene, 3-(2,4-dimethylphenyl)~fluorene,
4-(d-chlcro-Z~methylphenyl) -fluocrene,
2,7-di(o~tolyl)~3, e~di-tert-butylfluorenone,
2,7-di (p-fluorophenyl) -3, 6-di-tert-butylfluorenone,
2,7—di{p—trifluoromethylphenyl)-3,6~di—text—butyifluorenone,
15 2,7-di(p-methoxyphenyl)-3, 6-di~tert~butyifluorencne,
2,7-di (o-ethylphenyl} -3, e~di~tert-butylfluorenone,
2,7~di (biphenyl-4-yl) -3, 6~di-tert-butylfluorenone,
2,7-bisg(2,4-dimethyviphenyl}~3, 6-di-tert-butylfluorenone,
2, 7-bis(d-chloro~2-methylphenyl) -3, 6-di-tert-butyifluocrencne,
20 2,7~di(o-telyl)-flucrencne, 2,7-di(p-fluorcphenyl)-fluorenone,
2,7-di(p-triflucrcmethylphenyl)-flucrenone,
2,7-di {p-methoxyphenyl)-fiuorenone,

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

2,7=di {biphenyl-4-yl)-fluorenone,



industrialization is possible. 20[0300]The olefin polymer has a high melting point and a high molecular
weight (ngmely digh intrinsic viscosity). As for the melting point and the molecular weight of the olefin
polymer, Tm>150C and [n](dl/g)1.50 are preferable, Tm>-151C and [n] (dl/gP-1.51 are more
preferable, and Tm>_151C and [h](dl/g) SF-2099106 are particularly preferable. The upper limit of Tm
is usually 170C, and the upper limit of [q] is usually 10 dl/g. If the melting point of the olefin polymer
prepared is_high, molding processability can be enhanced. When the melting point of the olefin
polymer s N6E5 fower AT E56¢ L HHEBigfin polyier &dfibits favorable molding processability. If the
molecular weight is high, strength andmolding processability of the olefin polymer can be enhanced.
‘When thé MGI%&EIE’%W&%WE%" igRe S8 R tKE cakt e R {lIfy)-2.1.50, the olefin polymer exhibits
favorable strength and molding 10processability. [0301]The olefin polymer obtained by polymerizing
an olefin &t &polyhierization™ Hﬁ@ré&?@%ﬂﬁ%ﬁ\%iﬁﬂ%’rﬂoc in the presence of the aforesaid olefin
polymerization catalyst preferably further has the following characteristic. 15[0302]The
number-averagémersaiiianweight (R astaétermirad. by '¢ef pefigation chromatography (GPC) is in
the range of preferably 50000 to 500000, more preferably 52500 to 500000, and theweight-average
moléculaf weight (MWY§ neHe pakfecshpreferabli? 100000 161000008 RTdTe Sreferably 110000 to
1000000. When Mn and 20 Mw are high, that is, in the case of Mri52500 and Mw110000, the olefin
polymer éxtibita¢avorapie strehgthiand Froldiiy- protessabilify rke galue 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. Wheir IMFR g jowhtiat IS, 13 tive dase of MPRLG lthelslefin ©8F»2099107 polymer exhibits
favorable strength and molding processability. The stereoregularity (rrrr) as determined by NMR is in
‘the range’of(praferably 8096 10 100%6,chote preferdhly 85%:16100%. When the stereoregularity (rrrr) is
high, that is, in the case of stereoregula ty (rrrr)85%, molding processability can be enhanced.
Exampleg- (2, 4-dimethylphenyl) -3, 6-di-tert-butylfluocrencne,

10 2-{4-chloro-2-methylphenyl) -3, 6-di-tert-butylflucrenone,
2-{o-tolyly-fluorenone, Z-(p-flucrophenyl)-~fluorenone,
2—-(p-trifluorcomethylphenyl)-fluorenone,
2-{p-methoxyphenyl)-fluorenone, 2-(o-ethylphenyl)-fluorencne,
2-(biphenyl-4-yl)~fluorencne, 2-(2,4-dimethylphenyl)-fluorenone,

15 2-{4-chloro-Z2-methylphenyl)-fluorenone, 1-{o-tolyl)-fluorenone,
2-(p-fluorcphenyl)-fluorenone,
3-(p-triflucromethylphenyl)-fluorenone,

4- (p-methoxyphenyl)-fluorencne, 1-(o-ethylphenyl)-flucrenone,
2-(biphenyl-4-yl)~fluorenone, 3-(Z,4-dimethylphenyl)-fluorenone

20 and 4-(4-chloro-Z2-methylphenyl)~fluocrencne.

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

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



[0303]The present invention is further described with reference to the following examples, but it
should be gonstswed that 10 the present inventiory is in no way limited to those examples.
[0304]Measuring methods First, methods for measuring properties and characteristics of
polymers obtained by polymerization of an olefin in the presence of a catalyst containing the aforesaid
transition metal compound are 15 described. [0305]The compounds described in the synthesis
examples were identified by the use of 270MHZS%-I-NMR (‘%%% GSH-270) ang, FD-mag&sPectrometry
(FD-MS) {IEOL-EXET02AF {B30BInfrin<ie vidkosity TR 20 THE intrinEicViscosity '8 value easured at
135C usingfi decalin solvent. That is to say, granylated pellets of about 20 mg were dissolved in 15 ml

of decalirt 5nd GSpeiid Viscoshy TEFRAS niasured T an oifbath & FSEE-T3 this'dedaliit solution

was addequ ml of a,decal n solvent to dilute the solution, and then a specific SF-2099108 viscosity

nsp was feadlifediin the <difie MaRNeras abovk: TR diGorP 8P ationias FGRAEF fepeited twice,
and a value of hsp/C given when the concentration (C) was extrapolated to O was taken as an intrinsic
viscosity B[ TF22limtispIe) (E16) Weéighraverage nolechfat weight (i) Atinfberfaverage molecular
weight (Mn), molecular weight distribution (Mg/Mn) The weight-average molecular Weight (Mw),
the RUMbERAePaGE HlofEcuiidr WeTghitd(¥in) Bh& the foteculsr kieight distributicht (MWINMIRY 10 were
measured in the following manner léging a gel permeation chromatograph Alliance, GPC-2000 model
manufactéifed by Waters Eorpbrafion. Rlséparetionicolimiie, 18 ot SKgetlGRH6-HT &R two of
TSKgel GNB6-HTL were used, and each of them had a column size of a diameter of 7.5 mm and a
length of 800mAe TiRe célumn temperature 15 was 140C. As a mobile phase, o-dichlorobenzene
(Wako Pure Chemical Industries, Ltd.) was used, and as an antioxidant, BUT (Takeda Pharmaceutical
-Co., Ltd.) of 0.025%By Weight way used, sl thetdampleewas movedt1ze mminaThe wdimple

concentration was 15 mg/10 ml, and the amount of the sample pouredwas 500 microliters. As a
detector, comprising the component (A) satisfying the aforesaid conditions and

10 the later-described component (B}, the effect of thepresent invention
can be aéhieved.

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

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

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).

(0219} It is particularly preferable that in the



20 a differential refractometerwas used. As standardpolystyrene having a molecular weight of
Mw<100¢ &néd &tthdard polystyrene having a mokegular weight of Mw>4x106, those available from
Tosoh Corporation were used, and as standard polystyrene having a molecular weight of
1000Mw4x106, polystyrene available from Pressure Chemical Company SF-2099109 was used. The
molecular weight distribution and the average molecular weight were calculated in terms of

polyprop lecular weight in accordance with the procedure of general purpose calibration.
O30Tt B i St B T0 s o et o Ficiom (AT Ry, quantiy

of heat of_crystallization (LH(Tc . Using DSC.Pyris| or DSC7 manufactured by Perkin Elmer Inc.,
in an atm%%g;\%%en éf gﬁ?ﬁggﬁ (15 r%V}ﬁ]lI%j?%] sgr*nptlg1 %fj%l out Fs%nsﬁ{dﬂwgig %%tgg%ot%né%o& Eeld for 10

minutes and_then cooled down to 30C 10 at, 10C/min. The sample was maintained at 30C for 5
minutes a'-thSdatrilw’é:rflit ﬁg%elo? rﬁf)ﬂ ?ot %%68“ ﬁoﬁ@/ﬁﬁ.ﬂrg%@ %aﬁga ?op 81‘15%5 %r%%ﬂ‘fa{%m%%perature
peak in the cgoliplg, a crystallization temperature (Tc) was determined, and from the integrated value
of the pedk, a quantity of hea locfr%:f?/%%llﬁgt?gﬁj AT O 7)) Whs 15/ calthisted  Erémthe’ peak top of
the ¢rystal melting peak.in the heating of the second tipe, a melting point (T.) was determined, and
fromthe ihtegfate 93%5%?%%058&‘? BYuraritity 6t hEat of Fustan (LM E PR Was CaRkbIited.
[0308]When two peaks were observed with regard to the 20 propylene-based polymers described in
the exampfes, ficpeak brt the Toier tantpaPaftirdSide was taker 28SFHiF thetpear drr tfathigher
temperature side was taken as Tm2, and the Tr wasdefined as a melting point (Tm). .
[0309]Stek@oreguiar T G- NSHE-5HB1 1O Mefhd SRTEGIEYRISRl irrbiwEs daltmafbitthe
13C-NMR spectrum measurement. [0310]MET8 (melt flow rate) The polymer was heated at 230C for
6 minuteé?%iﬁ%ﬁ%%@ﬁﬁﬁérﬁ%ﬁ%‘f%ﬁfeﬁ%m% \Was cafristobit tle? B0EE B8P 2116 kg.

[0311]Solvent
can be prepared, and when the transition metal compound (al-2) is

10 used, ana-colefinpolymer having a high melting point can be prepared.
In this case, if the transition metal compound (al-2) is a transition
metalcompoundwhereinaﬁ:leastcxuaoff@bandfgwﬁhlthefbrmula{Al—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 formuia [Al-2-17 is selected from a halogen atom and &
halogen-centaining hydrocarbon group, an o~olefin polymer having a
higher melting point can be prepared.

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

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

catalyst), the molecular weight distribution can be adjusted to a



The types of solvents for solution polymerization, which were used in the examples of the present
inventionSandtthe“comparative 10 examples desctibed later, are as follows. Cyclohexane 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
(O to 3% by volume) [0312]Catalyst The catalysts (b) to (e) were synthesized by the processes
describegmgr}gw%goél%\gqg&a,_tg%sé 20Japanese Patent Laid-Open Publication No. 212194/2000,
Japanese Patent Laid-Open Publication No. 168744/2004, Japanese Patent Laid-Open Publication
Nq. 1896&%%%(%4, Jﬁapangigﬁ%te ' '9@?&@%@’1"%@9& 'L1619575/20‘04,.Japanese Patent
Laid-Open Publication No: ; -Open Publication SF-2099111 No.
302853/2007 an%%\}/{%O1/‘5([‘)3297](%e e@@rg@hﬁl}%é%l{%@@t%lggs& gag: gﬁecnp%gq_%ga%%}%%rﬁb é)%yggggytadienyl)

[2, 7-di (0-methylphenyl) -d 1 e t-butylfluorenyl] zirconium dichlori

dibenzylmethylene, (cyclopentadienyl). [2,7-di (p-chlorophenyl) -3, 6-d i-tert-butylfluarenyl]zirconium
dichloridé Omgou&%tgé%? &?nl(p@gﬁlt}gt&o g’rg?y rﬁ%%ﬁ&@(%gééﬁ%ﬁgnﬁ)%gyaﬁ)ﬁ(gr]yf%,6-d 10i-te

-butylfluorenyl]zirconium dichloride Catalyst (d):
dibe%zylr%jéﬁw%ylimt enq[ odsp

ene(%:?&opeﬁ?gdiéﬁyﬁl&???cfiphenyl-S,6-di-tert-but ylfluorenyl)zirconium dichloride

10222 When the crosslinked metallocene compound is used
for the olefin polymerization catalyst, the catalyst comprises the
transitionmetal compound component (A} andanorganometallic compound
compoenent (B). The organometallic compound component (B) comprises

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

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

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

15 {b-3) an organoaluminum compound.

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

20  needed. The components are described below in detail.

[022473 Organocaluminum oxy-compound (b-1)

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

Specifically, there can be mentioned a compound represented by the



Catalyst (e): 15 dibenzylmethylene(cyclopentadienyl) (3,6-di-tert-butylfluorenyl)z irconium dichloride
Catalyst {fy:_di {g-chlorobenzyl)methylerie(cyclopgntadienyl) [2, 7-di (o-methylphe
ny1)-3,6-di-tert-butylfluorenylzirconium dichloride 20Catalyst (Q):
diphenylmethylene(cyclopentadienyl)(2,7-diphenyl1-3,6-di-tert-but ylfluorenyl)zirconium dichloride
Synthesis Example 1 SF-2099112 Catalyst (a): dibenzylmethylene (cyclopentadienyl) [2, 7-di
(o-methylphenyl) -3, 6-d i-tert-butylfluorenyl]zirconium dichloride (i) Synthesis of 2,7-dibromo-3,6-di-te
t-butylflubrenecsing skedhs 6f nitrdgen, to 15.22 g (54.7 mmol) of 3,6-di-tert-butylfluorene was added
170 ml of propylene carbonate, and they were stirred. To this solution, 20.52 g (115 mmol) of
N-bromostécinimide was added. The resulting solution was stirred under heating at 80C for 5 hours.
After the reaction solution was 10 naturally allowed to cool, the solution was added to 800 ml of water.

The resulng solutipn was stirred at gegmYemperatur 15 minutes and filtered using a Kiriyama
funnel. ThEYESUTIRG Whitg 3ellow P ryvas w z 10 ml of ethanol five times. To this white

yellow powder, a mixed golution of hexanée afifl a small amount of 15 dichloromethane was added, and
they were heated to 60Cito dissolve all the powder. The resulting solution was allowed to stand still at
-20C for one night. The grystals precipitated were washed with 5 ml of hexane three ti 0 obtain a
desired product as a whitg yellow powder. 20[0314]Yield: 21.1 g, 76% [0315]1H NMR MHz,
CDC13): 6/ppm 1.60 ( , 3.75

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

5 [0227]

—{-Al—09-

R

rgz28) In the formulas 2] and [3}, R i1s 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 i1s a methyl
10  group and n is 3 or more, preferably 10 or mere, is preferably used.
In such aluminoxanes, some quantity of an organcaluminum compound
may be contained. A characteristic property of the high-temperature
solution polymerization of the present invention is that such a
benzene-insoluble ocrgancaluminum oxy-compound as given as an example

15  in Japanese Patent Laid-Open Publication No. 78687/19%0 is also



(2H), 7.73 (2H), 7.81 (2H); MS (FD): M/z 436 (M.+) (ii) Synthesis of
2,7-di(o-telyl1)-3.6rdi-tert-butylfluorene In a strearg of nitrogen, 5.0 g (11.5 mmol) of SF-2099113
3,6-di-tert-buty1-2,7-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-tolylboronic acid and 100 ml of THE were placed in a reaction container, and with stirring
them at room temperature, 25 ml of water was slowly drowise added. After the dropwise addition, the
reaction S6lBfiéAatdshedled apter50€) apibwithsstiviHg: thesoluterwas HedtatF for k- hours.
Thereatfter, the reaction solution was quenched with 1N hydrochloric acid, and 10 a soluble matter was
extracted withethér FEie bigapicthitasawa washied stk wate, '3 8 dikth hydrogehbarborate
aqueous solution and a saturated saline solution. Thereafter, the thus washed organic phase was
dried usifig: Magnesiuarsutfate: antbthé solehtwasplistitéd off io dtadn Sregnpurifigd: desired
product. The conversion ratio 15 as measured by HPLC was 86%. [0316]In a beaker, 200 ml of
methanoPwaspladed,arithbtie esulting: onpurified desiréd prédictands drppwisecadded ta the
methanol to obtain a precipitate. The resulting precipitate was filtered through a Kiriyama funnel, and
metHanolhwas €Vaporated Under 20 réduced pressite t6 obtain 3.96 g (8163 nimekdsalatign yield:
76%) of 2, 7-di (o-tolyl) -3, 6-di-tert-butylfluorene as an isolated desired product. [0317]The results of
identificatiop 0f thé tesirettprotuct obtained asé as follows g 5209814 9n [@348] kdhiNMRA270 MHz,
CDC):51.27

used in the high-temperature solution pglymerization_of the present
inventionmeans anorgancaluninumoxy-compoundinwhichanAl component
that is soluble inbenzene at 60°C is contained in an amount of usually
10 notmorethanl0%, preferablynotmorethan 5%, particularlypreferably
not more than 2%, in terms of Al atom and which is insoluble or slightly
soluble in benzene.
[C229] As the crganocaluminum oxy-compound for use in the
presént'invention, there can be also méntioned, for example, such

15 medified methylaluminoxane as represented by the following formula

i47:
[0230]

—AI—0F—Al—O

\ Th © m

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

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

trimethylaluminum and alkylaluminum other than trimethylaluminum.



(18H),2.07(6H), 3.79 (2H),7.07 (2H),7.19-7.25(8H),8.00 (2H); MS(FD):m/z458 (M-")  [0319](iii)
Synthesis; of 6,6edibenzylfulvene 5In an atmosphere of nitrogen, 8,0 g (121.0 mmol) of
cyclopentadiene and 100 ml of dehydrated THF were placed in a 500 m1 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-butyllithium having a 10 concentration of 15.7 mol/liter.
Thereafter, the mixture was stirred at room temperature for 3 hours, and the resulting white slurry was
cooled inH e & FOIGWed by-aading-aSofutidh! obfifed B didgoRiy-25.0%4%218.6 ¥imol) of
1,3-dipneny1-2-propanone in 50 ml of dehydrated THF. Thereafter, the mixture was stirred at room 15
temperattf&*for 12 RoBrERAEHhE YEREG SRAGH Sofutffrwas gdenthiedr witiPa Safifraréd RiH4C1
aqueous solution. Then, 100 ml of hexane was added to extract a soluble matter, and this organic

phase wasWashedRwith Water and’ 4 satlrtate dSAHHR-SBIGtvh RSBy CaRing GSifg Ma§nesium

. sulfate . Then, the solvent was distilled off, 20 and the residue was purified by column chromatography
K)Obuﬂngﬁ@§§Wb@iﬁoaﬁcgéﬁg%@mbﬁﬁgﬁwﬂnum,and,triisobutylaluminum_and having

5 an isobutyl group as R are commercially produced by Tosoh Finechem
Corporationunder the names of MMAC and TMAC. SuchMMAO is aluminoxane
having been improved in solubility in varicus solvents and storage
stability, andisspecificallyacompoundwhichis scluble inaliphatic
hydrocarbons and alicyclic hydrocarbons differently from compounds

10 whichareinsolubleorslightly soluble inbenzene, suchas the compound
of the formula [2] or [3].

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

15 formula [5]:
[0233]

rd R®
A O—B—0—Al

F%Ci// : ' \\\Fad oo {5]

Qd

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

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



[0320]Yield: 3.7 g, 12% [0321]1HNMR (270MHz, 00013): 5/ppm 3.69 (4H), 6.60-6.72 (4H), 7.13-7.32
(10H) SE209911%5 (iv) Synthesis of dibenzylmetby@ene(cyclopentadienyl) (3, 6-di-tert-butyl-2, 7-di-o-t
olylfluorene) In a stream of nitrogen, to 0.92 g (2.00 mmol) of 5 3,6-di-tert-buty1-2,7-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 mi (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

solution 6FG'88Yg (324'mdf 0% 6-GibeRzJiiivans i 20 HPoPFHE WaS trBpRise added over a

period of 25 minutes. With slowly heating the resulting solution up to room temperature, the solution
was stired for 8 hours, fGIRSWEL RS- reRakhg iHder HeetngSrol B-ho s 2 #Ra P S liAg Biack red solution

was naturally allow en in an ice bath, 1N hydrochloric acid was added to terminate
R RS at

the reaction- Pwas ladded i BeriGim g separation, then the aqueous layer was extracted with
diethyl ether twice, and the resulting extract was mixed with the organic layer previously obtained. The

resulting organic YayEtYES whdHEH YRS ‘Satiraten<2 0<€oditimRydrogericarbonate a§tedas solution

twice, then withwater twice, then with a saturated saline 'solution once and dried using magnesium
sulfate. THeSolverariy disfiledoff CaftFthé Fesidue Wwasseparnstad By eNicecyeb éfrorakegraphy to
obtain a yellow powder . To this yellow powder, a mixed solvent of hexane and ethanol was added,
and they “SFR209913 6HwErs. Reatedto B-EugHhssohve il thezpoviderc THECrasili rsoTaten was
allowed to stand still at -20C for one night. The crystals precipitated were washed with ethanol to
obtain a deSifee product as adight yelow povder: 8[0322]Yielde 0557 §r40961[03R3]a PENRR (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°@0); 7164-F-7P¢2H) MSHFED)i M/z1T16 (I)250/1989, Japanese Patent
_ Laid-Cpen Publication No. 502036/1989, Japanese Patent Laid-Open
10 _ Publicaticn No. 179005/1991, Japanese Patent Laid-Open Publication
No. 179006/1991, Japanese Patent Laid-Open Publication No.
207703/1991, Japanese Patent Laid-Open Publication No. 207704/1991,
U.S. Patent No. 5,321,106, etc. Moreover, a heteropoly compound and
" an isopoly compeound are alsc included.
15 [0236)] In the present invention, an ionic compound
preferably adepted is a compound represented by the following formula

[6].

[0237]

‘ -+ = [6]



(v) Synthesis of 10dibenzylmethylene(cyclopen d enyl) (3,6-di-ter buty1-2,7-di-o-t
olylfluoresiyl)zise@nium dichloride In an atmosphege; of nitrogen, 0.36 g (0.50 mmol) of d
benzylmethylene(cyclopentad enyl) (3,6-di-tert-buty1-2,7-di-o-t olylfluorene) and 25 ml of anhydrous
diethyl ether were placed in 15 a 50 ml Schlenk flask, andtheywere stirred . This mixed slurry solution
was cooled man ice bath, then 0.72 ml (1.09 mmol) of a hexane solution of n-butyllithium having a
concentration of 1.52 mol/liter was added, and with slowly heating the resulting solution up to room
temperature, the Sttifion was stirfed #6r @BHSEUFS THis fed Featfion sofiftidif20 “WasEdéied (-78C) in
a dry ice/methanol bath, and then 0.251 g (1.08 mmol) of zirconium tetrachloride was added.
ThereaftEF: It SloW HeatindFthe hiktuefo rdom BERpeRftlirérthedhixttre was stirred for 16 hours to
obtain a red orange suspension. [0324]After the solvent was vacuum dried, the residue SF-2099117
was dissBietdndidxare irca ylobebog and #e Pestling sbhitioPrwas Passed thrbiigh-afritted glass
funnel packed with Celite and then washed with hexane. The orange powder which had not been
dissolveditRéxane vids ekiriicted Witl dichiormetifandieT Fan6lvent of tivd Gitieioméinane solution
portion was distilled off, and the residue was washed with diethyl ether/cold pentane. The resulting
substancenwasrdried to blaht a desiredprotuel as @ tavie pitik powcer  [0325prisH a1B7img, 38%
[0326]1H NMR (270 MHz, CDC13): 5/ppm 1.28-1.33 (18H), 101.68-2.16 (6H), 3.34-4.30 (4H),
5.73-5.82 (2H), 6(43-5248 (2H), 6:956:¥:30 {18H) 7.4 842H) 8. 378 A1 (2H)s MB(ED)eM/z 876 (Mt)
Synthesis Example 2 Catalyst (f): 15 di(p-chlorobenzyl)methylene(cyclopentadienyl)
[2,7-di(o-myethylphetnyl): 8 aditbrt-butyl fhadremyiizirconiuas dichlorigey L carbeniumcation,

tris(methylphenyl)carbenium cation and
tris{dimethylphenyl)carbenium cation.

10 (0624017 Examples of the ammonium cations include
trialkylammonium cations, such as trimethylammonium cation,
triethylammonium cation, tri{n-propyl)ammonium cation,
triisopropylammonium caticon, tri{n-butyl)ammonium cation and
trilsobutylammonium cation; N,N-dialkylanilinium cations, such as

15 N, N=-dimethylanilinium cation, N,N-diethylanilinium cation and
N,N-2,4, 6~pentamethylaniliniumcation; anddialkylammoniumcations,
such as dilsopropylammontium cation and dicyclohexylammonium cation.

[0241] Examples of the phosphonium cations include
triarylphosphonium cations, such as triphenylphosphonium cation,

20  tris{methylphenyl)phosphonium cation and
tris (dimethylpheny)phosphonium cation.

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

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



(i) Synthesis of 6,6-di(chlorobenzyl)fulvene To 1,5 g (20.2 mmol) of lithium cyclopentadiene was added
80 ml of dehydyated THE', and they were stirred.gFhis 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 stirred at room temperature for 24 hours,
and the resulting yellow solution was quenched with 1N hydrochloric acid. Then, hexane was added to
extract a soluble matter, and this SF-2099118 organic phase was washed with water and a saturated
saline sohition: Fstdwed by Grbigtisfigmagnesium sulfate. The solvent was distilled off, and the
residue was purified by column chromatography to obtain a desired product. [0327]Yield: 0.53 g, 80%
[0328]1HNMR (2?@%\%&&, 00013J6/BBNiS 69 (A9 8B0 tAH S 7.06-7-36 ¥8HS (i) Synthesis of  di
(p-chlorobenzyl)methylene (cyclopentadienyl) (3, 6-di-tert-butyl102, 7-di-o-tolylfluorene) In a stream of
nitrogen; 3673 /(159 Mano o f S BIdiRe PRBHYR D F-8i-o te KA SE e vasadded 40 ml of anhydrous

THE, and they were stirred. This solution was cooled in .
tetrakis(pentafluorophenyl)borate, triphenylcarbenium

5 tetrakis(B,S—ditrifluoromethylphényl)borate,
tris (4-methylphenyl)carbenium tetrakis (pentafluorophenyl)borate
and tris{3, 5-dimethylphenyl)carbenium
tetrakis {pentaflucrophenyl)borate.

(0244} Asammoniwnsaits,tziaikyl—substitut@dammoni&m

10 salts, N,N-dialkylanilinium salts, dialkylammonium salts, etc. can
be mentioned.

[0245] Examples of the trialkyli-substituted ammonium
salts include triethylammonium tetraphenylborate, tripropylamonium
tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate,

15 trimethylammonium tetrakis{p-telyl)borate, trimethylammnoium
tetrakis{o-tolyl)borate, tri({n-butyl)ammonium
tetrakis(pentaflucorophenyl)borate, triethylammenium
tetrakis (pentafluorophenyl)borate, tripropylammonium
tetrakis (pentafluorophenyl)borate, tripropylammonium

20 tetrakis (2, 4~dimethylphenyl)borate, tri{n-butyl)ammonium
tetrakis (3, 5-dimethylphenyl}borate, tti(n—butyl)ammonium
tetrakis(4~trifluorcmethylphenyl)borate, tri(n-butyl)ammonium
tetrakis(3, 5-ditrifluoromethylphenyl)borate, tri(n-butyl)ammonium

tetrakis(o-tolyl)borate, dicctadecylmethylammonium



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 mixtyre-wassstirred at room temperature for 4&hgours. 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 THE was
dropwise added over a period of 25 minutes. With slowly heating the resulting solution 20 up to room
temperature, the solution was stirred for 18 hours. To the resulting solution was added 1N hydrochloric
acid in an ice bath to terminate the reaction. Ether was added to perform liquid separation, then the
aqueous T&yer WAS BRHECEY With Uigthy ey fiice 4ndFReeeliting extract was mixed with the
organic layer SE'-2099119 previously obtained. The resulting organic layer was washed with a

saturated SIdi@RydiogBhE N SHERE Saq B aUs SO Rt Y teH With Water twice, then with a

saturated saline solution once and dried using ma nesgum sulfate. The solvent was distilled off, and
the 5 residtbvids g parkited by sifiea Gel SERrorAatograpIT oY oBiEITald8Sired product. [0329]Yield:
0.72 g, 58% [0330)IH NMRéZ?O MHz, 00013): 5/ppm 1.21-1.23 (18H),  1.96-2.30 (6H),2.66-3.34
(5H), 4.45 EHY ‘58016348 FAHYC6 751772011 6ABH) 7. 64 P TR MS (EDYRTL784M’) (1)
Synthesis of di (p-chlorobenzyl)methylene (cyclopentadienyl) (3, 6-di-tert-butyl2, 7-di-o-tolylfluorenyl)
zirconium-GiEkRtiee (Fo 67355092 mimial) of1s dit(p-clbroberishHmehyleneaeyelobentadienyl) -3, -
6-di-tert-butyl2,7-di-o-tolylfluorene was added 25 ml of anhydrous diethyl ether, and they were stirred.
This mixeeeslaay selutiom wagsdouléatinanice batt ahed 1o 223AkEAY 192 Wimoioiahexane
solutionofn-butyllithium having a concentration of 1.52 mol/liter was added, and with slowly 20 heating
the resultirgteciiition fo fodhltepmpaatine, thesplutioneds stirred for 24 hours. To this reaction
solution was added 0.23 g (0.98 mmol) of zirconium tetrachloride at -78C. Thereafter, with slowly
‘heating th&. mitare toyfoor!te hsperaturer the mixture was stirred for 16 hours to obtain a red orange
suspension.
tetrakis (3, 5-ditriflucromethylphenyl)borate and
1¢ dioctadecylmethylammonium.
[0246] Examples of the N,N-dialkylanilinium salts
include N,N-dimethylanilinium tetraphenylborate,
N,N-dimethylanilinium tetrakis{pentafliuorophenyl)borate,
N,N-dimethylaniliniumtetrakis (3, 5~ditrifluoromethylphenyl)borate,
15 N,N-diethylanilinium tetraphenylborate, N,N-diethylanilinium
tetrakis (pentafluorophenyl)borate, N,N-diethylanilinium
tetrakis (3, 5-ditrifluoromethylphenyl)borate,
N,N~-2,4, 6-pentamethylanilinium tetraphenylborate and
N,N-2,4, 6-pentamethylaniliniumtetrakis (pentafiuvorephenyl)borate.
20 [0247] Examples of the dialkylammonium salts include
di(l-propyl)ammonium tetrakis (pentaflucrephenyl)borate and
dicyclohexylammonium tetraphenylborate.

[G248] In addition, ionic compounds disclosed by the

present applicant (Japanese Patent Laid-Open Publication No.



SF-2099120 [0331]After the solvent was vacuum dried, the residue was dissolved in hexane in a globe
box, and{he sgspting solution was passed throughya fritted glass funnel packed with Celite and then
washed with hexane. The orange powder which had not been dissolved 5 in hexane was extracted
with dichloromethane. The solvent of the dich oromethane solution portion was distilled off, and the
residue 10 was washed with diethyl ether/cold pentane.The resulting substance was dried to obtain a
desired product as a dark pink powder. [0332]Yield:0.347 mg,25% [0333]1H NMR(270
MHz,CDE18Y:6/51 4, 2851 33¢1 8H) A 56251 BEEH) 3 L 04 BOIATES 7355 B2(2H),6.45-6.48(2H),

6.95-7.48(18H),8. 20 8 40(2H) MS(FM:M/z942(MT) Synthesis Example 3 15Catalyst (g):
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)

{n

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

10 An organoaluminum compcound represented by the formula {7]:
R*GAL (OR®) nHpX (7] |
wherein R* and R® may be the same as or different from each other and
are each a hydrocarbon group of 1 fo 15 carbon atoms, preferably 1
to 4 carbon atoms, X 1s a halogen atom, and m, n, p and g are numbers
15  satisfying the conditions of 0<m$3, 05n<3, (3p<3, 05g<3 and min+p+g=3.
[0251] Examples of such compounds include
tri-n-alkylialuminums, such as trimethylaluminum, triethylaluminum,
tri-n-butylaluminum, trihexyialuminum and trioctylaluminum;
branched chain trialkylaluminums, such as triiscpropylaluminum,
20  triisobutylaluminum, tri-sec-butylaluminum,
tri-tert-butylaluminum, tri-Z-methylbutylaluminum,
tri-3-methylhexylaluminum and tri-2-ethylhexylaluminum;
tricycloalkylaluminums, such as tricyclohexylaluminum and

tricyclooctylaluminum; triarylaluminums, such as triphenylaluminum



diphenylmethylene(cyclopentadienyl)(2,7-dipheny1-3,6-di ert-but ylfluorenyi)zirconium dichloride (i)
Synthesisof diphenylmethylene(cyclopentadienyd)(2,7-di_heny1-3,6-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 dehydrated tetrahydrofuran, and they were stirred. This solution was cooled in an ice bath,
and 3.10 ml (4.99 mmol) of a hexane solution of SF-2099121 n-butyllithium of 1.61 mol/liter was
added. The mixture was stirred at room temperature for 1 hour., The resulting dark orange solution was
cooled tG278C i B ide MethEhol ggﬁi%g%ﬁt%h &¢ .%%e(%%?qﬁ?r%of)sof 6,6-dibenzylfulvene
in 40 ml of tetrahydrofuran 5 was dropwise added over a periad of 24 minutes, Thereafter, with slowly
heating therRSBRMG SGILHB U to FOdhT témperattire, YRE Soldtior Was -Stirfs for 7 hours. To the
resulting black red solution was added 60 ml of 1N hydrochloric acid to terminate the reaction. Then,
100 mi of héxAHe WA A0S B FErfSHEMR 8 Separ o BhEeRY § EolBI8 atter W &Xifacted. This
organic layer was washed with a saturated sodium hydrogencarbonate aqueous solution twice, then
with waterfiieds tHehwith s satrited SHing solufidi cheean@ Bt Fuding rhagReSidRr Shifate. The
solvent was distilled off, and the residue was purified by silica gel chromatography to obtain a desired
15 produRE8f &5wHite FEIIERD WS [G334)Vieid 17 g 25% 294 Fo335 RtsHiffation of the desired
product was carried out by 'H-NMR and FD-MS spectrum. [0336]IH NMR (270 MHz, CDC13, TMS):
5/ppm 1.18@BHY 120288 H 5 351 H)E 6 101613 BHY, B60H2H)Y16.9 P17 34420H), 7.63 (2H); MS
(FD): M/z 660 (Mt) (ii) Synthesis of diphenylmethylene(cyclopentadienyl)(2,7-dipheny1-3,6-di-tert-but
yﬁhn”en@@gﬁﬁgﬁmﬁﬁmﬁ@ﬁm”@ékoxides, such as dimethylaluminum methoxide,

diethylaluminumethoxideanddibutylaluminumbutoxide; alkylaluminum
sesquialkoxides, such as ethylaluminum sesquiethoxide and

1C butyialuminunasesquibufoxide; partially alkoxylated alkylaluminums
having an average composition represented by the formﬁla
RaZ.5A1(CRbI0.5 or the like; alkvlaluminum aryloxides, such as
diethylaluminum phenoxide and
diethylaluminum (2, 6—di-t-butyl-4-methyliphenoxide);

15 dialkylaluminum halides, such as dimethylaluminum chloride,
diethylaluminumchloride, dibutylaluminumchleride, diethylaluminum
bromideanddiisobutylaluminumchloride; alkylaluminumsesquihalides,
such as ethylaluminum sesquichloride, butylaluminum sesguichloride
and ethylaluminum sesquibromide; partially halogenated

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

athylaluminum dihydride and propylaluminum dihydride; and partially



SR-2099122 In an atmosphere of nitrogen, 0.80 g (1.21 mmol) of
diphenylgetirylese(cyclopentadienyl) (2,7-dipheryyll-3,6-di-tert-but ylfluorene) and 60 ml of dehydrated
diethyl ether were placed in a 100 ral Schlenk flask, andtheywerestirred. This mixed slurry solution 5
was cooled in an ice bath, then 1 . 50 ml (2 . 42 mmol) of a hexane solution of n-butyllithium having a
concentration of 1.61 mo1/1 ter was added, and with slowly heating the resulting solution to room

temperature, the solution was stirred for 18 hours. This red reaction solution was cooled to -78C in a
dry ice/ maeftﬁgrz%llﬁ%[ fia%lad?h%éanﬁ(?%?nga Ef%?a%g{%r%oﬁ%f%ﬁ%%hiusrﬁ %%tr%%h?o% (?L ?v%‘é”é?dé‘%.
Thereafter, with slowly heating the mixture to raom temperature, the mixture was stirred for 20 hours to
obtain a ?é:cyl 8?<é]rﬁ:gnex\éésl§§hsigﬁ.t X#;F)‘( ]fﬁﬂel%f\n/gﬁﬁv%}éy |1§t5|1?e}:dl gﬁ uanrz[ﬁer?éa \?:!33 %Ipelspsuﬁrre the residue
was dissolved in n-hexane in an atmosphere of nitrogen, and the resulting solution 15 was passed
through & Hitted Br‘é‘%%%%%nel packed with Celite and then washed with n-hexane. The orange powder
which had not been dissolved in n-hexane was extracted with dichlJoromethane. Th solveqt of the
dichloromethane?SoftHibh o BBr WA HRTESI Ahd 1 FEGidGE Wa washadiith tidthyt

ether/coldn-pentane . The resulting substance 20 was dried to gbtain a desired product as an orange

powder. VIS8 §' 696 fo3FET e LA o Of HHE deSiBlpfbdutt tas carried out by
1H-NMR and FD-MS spectrum. [0339]H NMR (270 MHz, CDC13, TMS): 5/ppm 1.10 (18H),
SF-2099123 5503, 6.29 (2H), 6.91-7.27 (22H), 8.28 (3H): MS (FD): M/z 848 Example 1 5
Propylene polymerization In a glass autoclave having an internal volume of SOO ml and having

been thorSiRjiy pURgetPwith nittegen, A00PRT of heéptah d WES Pace ther PiBpTierte Was passed
through the autoclave at a rate of 150 I/hr, and the contents in the autoclave were maintained at 10
‘50C for 20iiites “Oncthetsthér haRdyinta sidd afinfhesk KRG an internal volume of 30 ml and
having been thoroughly purged with nitrogen, a magnetic stirrer was placed, then 5.00 mmol of a
toluene solution dfdAéthylalumindxiiie (AICCTBAMA11E), atelceddlifion of the Cdtalysta) (amount
of catalyst (a): 3.2 pmol) and a toluene 15solution of the catalyst (b) (amount of catalyst (b): 1.8 umol)
werdd  LIAL{CyHis)g.

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

15  a compound is (CzHs)oALN (CH®)AL (CaHs) 2.

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

[0255] Such organoaluminum compounds (b-3) as above may

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

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

compound component (B .



placed in the flask, andtheywerestirredfor2ominutes. This solution was added to the heptane in the
glass autgglavedhrough which propylene had beer passed, to initiate polymerization. Propylene gas
was continuously fed at a feed rate of 150 1/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 80C for 12 hours. As a result, 4.65 g of a polymer was
obtained.iﬁ’\ﬁé7§‘>F-20991%56&ﬁ1§@ati0n activity was 3.72 kg-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. 5[0340]Example 2
Operations were Tafriedl 6utih the e RfanRerR iY EXGhple T S8xcept thafthe Catdysts“were
-changed to a toluene solution of the catalyst (a) (amount of catalyst (a): 4.0 pmol) and a toluene
solution GftHe SEBR/St TETRAMBENt BF chfal§sE IR £ 02tnsol), Hif 18 thapdiymerizatdh tifle was
changed to 30 minutes. Asa result, 2.61 g of a polymer was obtained. The polymerization activity was
1.04 k -PRInim6l-ZRaECand the YE8aINE polgFTe: hat o 2122 oI MwSTLoTolo, Mwiiin of 2.23
and Tm of 151.3C. 15[0341]Example 3 Operations were carried out in the same manner as in
Exampled @xcepriie the tatalysw wersshanged By atBRie?ESsIutien b the eaI§st(®) (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 polymerizdtigiifime was changed 40 winvtesisAss 18sult?0:87, g1 @ pélmerWas obtained.
The polymerization activity was 1.48 kg-PP/mmol-Zr.hr, and the resulting polymer had [h] of 1.92 dl/g,
Mw of 142800, Ma@Mriob 2. 36 @nd T of 154:6C. 1 SE-2099105 P34 2fExafm plemdro s 1 t@pefations
were carried out in the same manner as in Example 1, except that the catalysts were changed to a
‘toluene selutior-of-the:catalysti(f)y(auneant of tdtalyst(H125 pmolyant stoluéne 5xelution, of the
catalyst (d) (amount of catalyst (d): 2.5 umol), and the polymerization time was changed to 22 minutes.
Asa resultat.88a] efraspolyhrer was=olitaireds The-polymerizatioh- @ctivitydwast 00 23KGPPAmol-Zr.hr,
and the resulting polymer had [n] of 2.05 dl/g, Mw of 205000, Mw/Mn of 2.04 and Tm of 152.9C. 10
10 8i0,=~Cry03, S10,-Ti0.-Mg0, etc. are employable. Of these, porous oxide

containing Si0; and/or Al;C; as a main component is preferable. Such
porous oxides differ from one another in their properties according

to the type and the preparation process. However, the carrier that

is preferably used in the present invention desirably has a particle

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 velume

6f 0.3 to 3.0 cm’/g. Such a carrier is used after it is calcined at

a temperature of 100 to 1000°C, preferably 150 to 700°C, when needed.
[0259] As the inorganic chloride, MgCl,, MgBrs, MnCl,,

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

an alcohol and then precipitating fine particles from the solution



[0343]Example 5 In a glass autoclave having an internal volume of 500 ml and having been
thoroughtyrpurged with nitrogen, 400 ml of heptageswas placed, then propylene was passed through
the autoclave at a rate 15 of 150 I/hr, and the contents in the autoclave were maintained at 50C 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 3.00 mmol of a toluene solution of
methylaluminoxane (Al = 1,53 morn) and a toluene solution 20 of the catalyst (a) (amount of catalyst

(a): 3.0 p%?&i?\%e?epp g@é&’ﬁﬁ‘%ﬂask, and they were stirred for 20 minutes. Moreover, in a different
side arm flask havir?Ean internal yolume of 30 ml and having been thoroughly Eﬁrged with nitrogen, a

magnetic stirrer wa$ ptaced, ther 2506 M1 TF 435uehé SBIEEGT BF methyralaminoxahe SE-2099126

(Al'=1.53 mo1/1) and a toluene solution of the catalyst (b) (amount of catalyst (b): 2.0 umol) were

1

placed inTHESHaSKE And they WeFe Stirredfor 20 miRtes. THECSAIRRGN cont&inifg the Catiivét (a) was
added to the heptane in the glass autoclave through which propylene 5 had been passed, and

subsequéﬁt%ﬁff%dsﬁﬂﬁ%%%ﬁgrﬁ%iﬁaﬁﬁédﬁfﬁlﬁﬁiﬁf%é888@5%8%%?9%%%9&%%ngropylene.
gas was continuously fed at a feed rate of 150 1/hr, and polymerization was carried out at 50C for 30

minttes &t AGHRAFPredstite L TREreaRec 58 AIfaRfolt T MEthaRdIVAS Hdded &5 téfkinatéthe

polymerization.
are laid one upon another in parallel with a weak bonding force, and

icns ccntained are exchangeable. Most of clay minerals are
ion~exchange lavered compounds. These clay, clay mineral and
ion-exchange layered compound are not limited to natural ones, and
10 artificial synthetic cones are also employable. As the clay, the clay
mineral or the ion-exchange layered compound, c¢lay, clay mineral or
an ionic crystalline compound having a layered crystal structure,
such as hexagonal close packing type, antimony type, CdCl2 type or
CdIZ type, can bementlioned. Examplesof such ¢lays andclayminerals
15 include kaolin, bentonite, Kibushi clay, gairome clay, allophane,
hisingerite, pyrophyllite, mica group, montmorillonite group,
vermiculite, chlorite group, palygorskite, kaolinite, nacrite,
dickite and hallioysite. Examples of the lon-exchange layered
compounds include crystalline acid salts of polyvalent metals, such
20 as c-Zr {HAsCy) > * H:0, «~Zr (HPO.) 2, o~Zr (KPOs): * 3H:O, o~Ti{HPO4) -,
a~T1 (HASCs) 2 * HoO, o~Sn (HPOs)o * HoO, yv-Zr (HPQ4),, v-Ti(HPO4 ), and
v=T1 (NHsPOs)» = HoO. It is also preferable to subject the clay and the
clay mineral for use in the present invention to chemical treatment.

As the chemical treatment, surface treatment to remove impurities



10 The polymer solution was added to a large excess of methanol to precipitate a polymer, and the

polymer was-vasgum dried at 80C for 12 hours. Asza result, 2.60 g of a polymer was obtained. The

polymerization activity was 1.04 kg-PP/mmol-Zr.hr, and the resulting polymer had [n] of 2.01 dl/g, Mw
of 201000, Mw/Mn of 2.33 and Tm of 15153.6C. [0344]Comparative Example 1 Operations were
carried out in the same manner as in Example 1, except that the catalysts were changed to a toluene
solution of 20 the catalyst (e) (amount of catalyst (e): 0.25 mo%:\end a toluene solution of tTe catalyst
(d) (amoGHtEECatRIy<T (8550 25 5Rch aBﬁet?\gm é’%‘@?ﬁja Bn'tithe 17AS Ehahgedtd 38 Miihttes. As a
result, 8.76 g of a polymer was obtained. The polymerization activity was 3.05 kg-PP/mmol-Zr.hr, and

the resulfitrg polymér had fipof 14514 - SES5698T 2P Rt of TEBOT MUNHTE T84 d Tm of

148.8C. [0345gComparative Example 2 Operations were_carried out in the same manner as in
Example & § 28Xt It the Catlyds were BRahg ettt toluetie 86iitiors 8- the TERAIEER) (amount
of catalyst (a): 0.25 pmol) and a toluene solution of the catalyst (e) (amount of catalyst (e): 0.25 pmol),
and the polmergation timd WeR drangetf{d 80 minutes. As a result, 3.38 g of a polymer was
obtained. The polymerization activity was 101.35 kg-PP/mmol-Zrhr, and the resulting pol mer had En]
of 1.85 di/g, Mw 0842000, Mw/NIR® 20141 FRYEE 1A7SCH0346]PoRfmeriz diidh éonditfons,
properties of the resulting polymers, etc. in Examples 1 to 5 and Comparative Examples 1 and 2 are
set forth iprEaSTes 1AREE 1B[OREY] e layered compound which is in such a state

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

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

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

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

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

[0265] Crganic compound component (D}

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

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

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

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

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

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

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

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

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

[(0274] In the methods (4) and (5) wherein the
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organocmetallic compound (b) has been supported, the organcmetallic
compound (b} that is not supported may be added in an arbitrary order,
when needed. In this case, these organometallic compounds (b} may
be the same as or different from each other.

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

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

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

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

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

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

hydrocarbons, such as cyclopentane, cyclohexane and

methyleyclopentane; aromatic hydrocarbons, such as benzene, toluene

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

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

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

such an amount that the molar ratio [(b-1)/M] of the organocaluminum



100500 0090L 008L9 00298 A/= 254000 191000 142000 205000 201000 135000 142000 adiAl
ul.u101/25 FH2 2P 99

oxy-compound {b-1} to all the transition metal atoms (M) in the
transitionmetal compounds (a) becomesusually (.01 to 5000, prefarably
.05 to 2000. The ionic compound (b-2) is used in such an amount
that the molar ratio [ (b-2)/M] of the ionic compound (b-2) to the
5 transition metal atoms (M) in the transition metal compounds  (a)
becomesusuallyltoll, preferably 1to5. Theorganoaluminumcompound
(b~3) is used in such an amount that the molar ratio [(b-3)/M] of
the aluminum atom in the organcaluminum compound (b-3) to all the
transition metals (M) in the transition metal compounds {(a) becomes

10 usuaily 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 numbers of moles of the transition metal atoms (M) contained
in two or mere kinds of the transition metal compounds {a).

15 [0282] When the organometallic compound component (B)
is the organcaluminum oxy-compound (b-1), the organic compound
coemponent (D) isusedin such an amount that themolar ratio [(D)/ (b-1)]
becomes usually 0.01 to 10, preferably 0.1 to 5. When the
organcmetallic compound component (B} is the ionic compound (b-2),

20 the organic compound component (D) is used in such an amount that
the molar ratic [(D)/(b-2)] becomes usually 0.01 to 10, preferably
0.1 to 5. When the organometallic compound ceomponent (B) is the
organcaluminum compound (b-3}), the organic compound component (D)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(02941 OClefin polymer

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

obtained by polymerizing an olefin in the presence of the olefin



-X] .dwoo SF-2099130 [0349]Example 6 In a stainless steel autoclave having an internal volume
of 1 liter ard-having been thoroughly purged withLitrogen, 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. On the other hand, in a side arm
flask having an internal volume of 30 ml and having been thoroughly purged with nitrogen, a magnetic

stirrer was placed, then 0.40 pmol of the catalyst (f), 0.10 pmol of the catalys: d)gqland 250.0 pmol
(in torme S SRRt BLGTh- S S TG O7S MR QU SV S (iAo AT oson

FinechemC Corporation) were placed in the flask, and subsequently the solvent A was added, followed
by stirring ¥5t 1REF THiS S8idtioh was added to the mixed solvent of cyclohexane and the solvent A

(ratio by vfol n§ =1:1)inthe stainless 15 steel autoclave through which propylene had been passed,
to initiate ‘p%%? érization.%@@?—]@%épylene was continuously fed to maintain the total
pressure at 0.5 MPa-G, and polymerization was carried out at 50 C for 1 hour ,
GenerationofheatintAdFolyierZ ot aS 55 Eontrotda Tt <6 tHat BeH6I P SBIRIGH #/48 presumed
to 20 be in a homogeneous state during the polymerization. After the polymerization was completed,
the ptesstire fas refeliSedth AdFhalipTeSSUrETRiIRARY finpdt attie was St aitametPaysocC.
Thereafter, while the temperature was still maintained at 50C, unreacted propylene was purged off.
Also by opehintya t6i piite S SF:809918T e Butotidvd drliRistrally observing the state of the

polymer solution in the autoclave, it was confirmed that the polymer solution was in a homogeneous
state. The resulting’ p8§mer solutidft irP aHoro§ened\Fs stelté WS tivdueetiffo adarse éxcess of
methanol to precipitate 5 a polymer, and the polymer was vacuum dried at 80C for 12 hours. As a
result, 105324 Ot & polypieripas ebtainete The poimierization aetivity o f péiybropyleia hes 26.3
kg/mmol-Zrhr, and the resulting polymer had an intrinsic viscosity [n] of 2.23 dl/g, MFR of 1.00 g/10
min and TraSRIB8L2C1 180 350]ExampleZuled stirladsstebramatiave- halihg &y iNtefHal volume

of 1 liter and having been thoroughly purged with nitrogen, 150 ml of
10  canbearpitrarily determined from the melting point and the molecular

weightoftheolefinpolymertobeprepared,butpreferableislSMw/Mn£3,

more preferable is lﬁMw/MnSZ.é, and particularly preferable is

18Mw/Mn$2.8. When the olefin polymer prepared has a narrowmolecular

weight distribution, there is an advantage that the compatibility
15 can be made homogeneous.

(0297 Tt is also desirable that tThe molecular weight
distribution (Mw/Mn) of the olefin polymer cbhtained by polymerizing
an olefin in.the presence of the aforesaid olefin polymerization
catalyst is in the range of preferably 2.01 to 3.00, more preferably

20 2.62 to 2.90, still more preferably 2.03 to 2.80. When the molecular
welght distribution is well-balanced as above, that is, in the case
of 2.03£MW/MnSZ.80, molding processability can be enhanced. The
balance of the molecular weilght distribution can be adjusted to a

more preferred range by using two or more kinds of the transition



cyclohexane and 150 ml of the solvent A were placed, then propylene 15 was passed through the
autoclave mt agate of 30 I/hr, and the contents in.the autoclave were maintained at 60C 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 0.96 uric' of the catalyst (f) , 0.29 pmol of the
catalyst (d) 20 and 600.0 umol (in terms of aluminum atom: 3.46 mol/liter) of a hexane slurry of
TMAO-341 gin@ilable from Tosoh Finechem gocgpjk?rat'{%rgr\%ege pkﬁlce in,the flask, and subsequently
the solveht A7 a%oggjé)eu(ﬁl,dfgll \?\)ecf: SV gﬁ?r?ﬁlg“?or Rour“ThigSotufion was added to the’mixed solvent
of cyclohexane and the solvent A (ratio hy volume = 1: % in the stainless E-2%99%32 steel autoclave
through WRICAropyI&né hatbeen ks d??@?nolﬁéi%dl YriETiZation” ThHeraafter Sonfy Bropyiene was
continuously fed to maintain the total pressure at 0.5 MPa-G, and polymerization was carriedout at 60
C for 1 holir ~&efbfarion of Heat irt tHepolymerZ4toh ' was E58iTy EontGiiedy §6' that THE holymer
solution was presumed to be in a homogeneous state during the polymerization. After the
polymeriZ&tior was coripreted™ 8 préd&urddnas T8z dYo AGHHAIpresshré it th& @fiperature
was still maintained at 60C. Thereafter, while the temperature was still maintained at 60C, 10
unreacteBF6pYERHR WasPrirged 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 homogehedts state. TheYe sttty PoffiRérsoitition in @ Réndterrestis state wasintroduced
into a large excess of methanol to precipitate 15 a polymer, and the polymer was vacuum dried at 80C
for 12 hotfs. Fe$arebal, 781" 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
‘moleculat Weight Mn, as theaairedivGPC 2of 79800, a weight-average molecular weight Mw of
192121,

The olefin pcolymer obtained by polymerizing an olefin at a

10 polymerization temperature of not lower than 40°C in the presence
of the aforesaid clefin polymerization catalyst has a melting point
(Tm), as determined by DSC, of Tm2150°C and an intrinsic viscosity
(In]) of [n1{dl/g)=21.50. If the polymerization temperature in the
olefinpolymerizationisraised, ameltingpoint andamolecularweight

15 of the resulting olefin polymer are generally lowered. According
to the olefin polymerization catalyst, an olefin polymer having a
melting point (Tm) of Tm2150°C and an intrinsic viscosity (in]) of
n] (d1/g)21.50 can be prepared even at a temperature at which
industrialization 1s possible.

20 [0300] The colefin polymer has a high melting point and
a high molecular weight (namely high intrinsic viscosity). BAs for
the melting point and the molecular welight of the olefin polymer,
Tm2150°C and [n] (dl/g)21.50 are preferable, Tm2151°C and

nl(dl/g)21.51 are more preferable, and Tm2151°C and [n] {dl/g)=21.52



20an intrinsic viscosity [hj of 1.93 dl/g, MFR of 1.65 g/10 min and Tm of 156.0C. [0351]Example 8
SF-2099%33- 2 diter 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 I/hr,
and the contents in the autoclave were maintained at 7000 for 20 minutes. On the other 5 hand, in a
side arm flask having an internal volume of 30 ml and having been thoroughly purged with nitrogen, a
magnetic stirrer was Ceﬁlc% , then r%.60 ol of @e catal;g&grﬁ,, 0.40 umol of the _catalyst (d) and

e

h Latie Qi BF TMAG-341 (available

1000.0 uftiof (Ilor‘?1 terms of a AUM atd .%’.46Tm%l}‘ﬁ?éﬁ
from Tosohé:inechem Corporation) were 10 placed in the flask, and subsequently the solvent A was
added, foitded By Etifing foF1h8hr. Fhis-Soltfibrwis Atded % thé miXed SoNeht 6y cidhexane
and n-heptane (ratio by volume = 1:1) in the stainless steel autoclave through which propylene had
been passed: ¥ iﬁﬁ%ﬁ%ﬁo%&ﬁ%ié’r{@ﬂ%&%ﬁ&, BB proptere A E6ReTISUsy Féd $6™15 maintain
the total pressure at 0.5 MPa-G, and polymerization was carried out at 70C for 1 hour. Generation of
heat in the®p iRz aton WaE eddiy ntidiied, Ko 4Rkt e pofynterEolitisl WASErestiniéd to be in a
homogeneous state during the polymerization. After the polymerization was completed, the pressure
was Telea<d¥tfth ordial lzi%ppess‘iﬁé VWHike tHe Rmp@iaturexwas stiff mamtsined attroc! Thereafter,
while the temperature was still maintained at 70C, unreacted propylene was purged off. Also by
opening & ¥Girpatéot Hié autodlavéana VistralBronseming the sthe STtRBHelanersolgidn in the
autoclave, it was confirmed that the polymer solution was in SE-2099134 a homogeneous state. The
resulting PeRFREESElLtaH th af (FemogehEbusistatewas irodgosd: b e hrged®aessisf methanol to
precipitate a polymer, and the polymer was vacuum dried at 80C for 12 hours. As a result, 36.91 g of a
‘polymer Was ebdipsdwEhalpolymdrizationtdattivity of polipropyleneddad 2B B kdgimaiol Zi-hr, and the
resulting polymer had an intrinsic viscosity [n] of 1.60 dl/g, MFR of 3.80 g/10 min and Tm of 151C.
[0352]Ex&kle 9= 10 astainkisssteebattociave havibg st interrisl velumeofdilter and having been
thoroughly purged with nitrogen, 150 ml of cyclohexane and 150 ml of the solvent A were placed, then
prob%en@roces sability.

[0301] The olefin polymer obtained by polymerizing an
olefin at a polymerization temperature of not lower than 40°C in the
presence of the aforesaid olefin polymerization catalyst preferably

further has the following characteristic.

pod
(8]

[0302] The number-average molecular weight (Mn} as
determined by gel permeation chromatography (GPC) is in the range
of preferably 50000 to 500000, more preferably 52500 to 500000, and
the weight-averagemolecular weight (Mw) is in the range of preferably
100000 teo 1000000, more preferably 110000 to 1000000. When Mn and
2C  Mware high, that is, in the case of Mn252500 and Mw2110000, the clefin
polymer exhibits favorable strength andmolding processability. The
value of melt flow rate (MFR) (g/10 min) is in the range of preferably
0.01 to 10, more preferably 0.0l to 7, still more preferably 0.01

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



was passed through the autoclave at a rate of 30 1/hr, and the contents in the autoclave were
maintainedrat50E€ for 20 minutes. On the other 15hand, in a side arm flask having an internal volume
of 30m1 and having been thoroughly purged with nitrogen, a magnetic stirrer as placed, then 0.25
pmol of the catalyst (b), 0.25 pmol of the catalyst (f) and 250.0 pmol (in terms of aluminum atom: 3.46
mol/liter) of a hexane slurry of TMAO-341 (available from Tosoh Finechem Corporation) were 20
placed in the flask, and subsequentl tEe solvent A was added, followed by stirring for 1 hour. This
Solution WES HURBT (5108 Fieall GCENE o5 CIHA AT A T GORGhER Oy YolurB e 111) in
the stainless steel autoclaye through which propylene had been passed, to initiate polymerization.
Thereafter. SR BropyiéTe s Corimudualy TP SH3083 14 tnataih thE Tt Brésslie ot 0.5
MPa-G, and polymerization was carried out at 50 C for 1 hour. Generation ofheat in the
polymeriZ5i50f Was- EadiRFcotrdiét: sditHat thé poR/ALT dolbition Wad presumdsd & a
homogeneous state during the polymerization. After the 5 polymerization was completed, the pressure
was releaSet-RPRGIHAITesEure-while thé tenfperattiié waSstiltmaiitiréd &t 86C. Thereafter, while
the temperature was still maintained at 50C, unreacted propylene was purged off. Also by opening a
top plate Of BT atifctave aRd Vistally Theeritg tHe state sty irier SoluR6FI0 7 85 autoclave,
it was confirmed that the polymer solution was in a homogeneous state. The resulting polymer solution
in a homogeneous state was introduced into a large excess of methanol to precipitate a polymer, and
the polymer was vacuum dried at 80C for 12 hours. As a result, 10.25 g of a polymer was obtained.
The poly/mé&rizaties

ro303] The present invention is further described with
reference to the following examples, but it should be construed that
10 the present invention is in no way limited to those examples.

[C304] Measuring methods

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

1%  described.

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

[0306] Intrinsic viscosity [n]

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

5ml of a decalin solvent to dilute the sclution, and then a specific



15 activity of polypropylene was 41.0 kg/mmol-Zr.hr, and the resulting polymer had an intrinsic .
viscosity §i]-of 208 dl/g and Tm of 160C. [0353]Example 10 In a stainless steel autoclave having an
internal volume of 20 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 60C for 20 minutes. On the other
hand, in %sidce arm flask havin anjnte&nal \@!ume of 30 ml and having SF-Z{%)QQEI:%% been thoroughly
purged With Nitrogen, & magnetic stirrer was placed. then'd 20 pcrotthe catatyst(h)™ 048 umol of
the catalyst (f ggnd 400.0flmo'h(in terms of aluminum atom: 3.46 mol/liter) of a hexane slurry of
TMAO-34P Availbietfont TosoR Fheehant Cofporation) wérd B Ihacet e K Eani Sibsequently
the solvent A was added, followed by stirring for 1 hour, This solution was added to the mixed solvent
of cyclohELEne AT tHe &6h@Mt & (S By VEItRTe & 49 15Tt Stamieds dfealatitddiavé through
which propylene had been passed, to initiate polymerization. Thereafter, only propylene was

continuod<ly 63 1610 maintain the total pressure at 0.5 MPa-G, and polymerization was carried out at
60C for 1 hour . Generation of heat in the polymerization was easily controlled, so that the polymer
solution was presumed tb B HEg Abmogeritous state during the polymerization. After the
polymerization was completed, the pressure was released to normal 15 pressure while the
temperat AAS S5 haiftale eS80 TYRe Migthi HERErDRY St R Inds e
unreacted propylene wa

observing'#i¢! State 6 , AUE LPD
was in 20 a homogeneous state. The resulting polymer solution in a homogeneous state was
‘introduced into a T&@ye'exeéds of rictdanbPicpracpitate. a polyMier , ahbaheupdlyrer was yacuum
dried at 80C for 12 hours. As a result, 8.42 g of a polymer was obtained. The polymerization activity of
polypropylehewds 21v6 kghhm¥kZr irdandaieclestlting SFi2099837tribution (Mw/Mn)

10 were measured in the following manner using a gel permeation
chromatograph Alliance GPC-2000 model manufactured by Waters
Corperation. As separation columns, two of TSKgel GNH6-HT and two
of TSKgel GNHG-HTL were used, and each of them had a column size of
a diameter of 7.5 mm and a length of 300 mm. The column temperature

15 was 140°C. As a mobile phase, o-dichlorobenzene (Wake Pure Chemical
Incdustries, Ltd.) was used, and as an antioxidant, BHT (Takeda
Pharmaceutical Co., Ltd.) of C.025% by weight was used, and the sample
was moved at 1.0 ml/min. The sample concentration was 15 mg/10 ml,
and the amount of the sample pouredwas 50C0microliters. Asadetector,

20 adifferential refractometerwasused. Asstandardpolystyrenehaving
a molecular weight of Mw<1000 and standard polystyrene having a
molecular weight of Mw>4x10%, those available from Tosch Corporation
were used, and as standard polystyrene having a molecular weight of

1000<Mws4x10°% polystyrene available from Pressure Chemical Company



polymer had an intrinsic viscosity [hl of 1.77 di/g, MFR of 2.9 g/10 min and Tm of 157.2C.
[0354|Example 44 In a stainless steel autoclave having an internal volume of 1 liter and having
been thoroughly purged with nitrogen, 150 ml of cyclohexane and 150 ml of n-heptane were placed,
then propylene was passed through the autoclave at a rate of 30 1/hr, and the contents in the
autoclave were maintained at 70C for 20minutes. On the other 10 hand, in a side arm flask having an
internal volume of 30 ml and_having been thorou ed with nitrogen, a magnetic stirrer was
placed, & £ H6 Imd: W&%&lﬁ%ﬁ 54700 amo ¥£f’ H%S&rﬁ%%%‘ﬂ@@ﬁ QfiGhaAterms of
aluminum atom: 3 . 46 mol/lltﬁ? of a hexane slurry of TMAO-341 (available from Tosoh Finechem
Corporatlo%%]er FEE BI&Ged th-the fiask! arft SabSeqberPHEYoITER AUNES abifed! Fdifbived by
stirring for 1 hour. This solution was added to the mixed solvent of cyclohexane and n-heptane (ratio
by volume™= 1°53RAB Ralftess R8I RuttHVE throtgASHHER bropyRBREh4&FbEBAPased, to initiate
polymerization. Thereafter, only propylene was contrnuousl ,fed to 20 malntam the total pressure at
0.5 MPa-&3nd polymerdZationivag ie: OF

polymerlzatlon was eaS|ly controlled SO that the ol mer solutlon WasPresumed to be ina

o

¢ e u’um silﬁ-l ZE nn lTr... f.llll ted the pressure
was released to normal SF 2099138 pressure whlle the temperature was still maintained at 70C.
Thereaftetr Wi theaahssraifrd Wad 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, #s4ag defirMedthat the pofymersolition waslibs HoméganBols states The resulting
polymer solution in a homogeneous state was ntroduced into a large excess of methanol to precipitate
-a polymetrapd therpsiphiaravas vacuupy drietkét 80CHfor 112 hotrsAs afesdle 28 56'g ofa polymer
was obtained. The polymerization 10 activity of polypropylene was 28.7 kg/mmol-Zr-hr, and the
resulting polyser imd-andpttirsic viscdsiy] ] ©f1.53td A MER be4. 9 epi@ enitrandTni6f £53.0C.
[0355]Polymerization conditions, properties of the  resulting polymers, etc. in Examples 6 to 11 are
setf6rth iatTalb1es MB63andi4s[0358L & was maintained at 30°C for 5 minutes and
then heated up to 200°C at 10°C/min. From the peak top of the
crystallization temperature peak in the cooling, a crystallization
temperature (Tc) was determined, and from the integrated value of
the peak, a quantity of heat of crystallization (AH{Tc) (J/qg)) was
i5 calculated. From the peak top of the crystal melting peak in the
heating of the second time, a melting point (T,) was determined, and
from the integrated value of the peak, a gquantity of heat of fusion
(AH(Tny (J/g)) was calculated.
[0308] When two peaks were cobserved with regard to the
20  preopylene-based polymers described in the examples, the peak on the
lower temperature side was taken as Tn, the pesak on the higher
temperature side was taken as Ty, and the Ty was defined as a melting

point (Ty) .

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

[0310] MFR (melt flow rate)

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

[0211] Solvent

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

Cyclohexane

n-Heptane

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

(02127 Catalyst

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

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

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

;...,l

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

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

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

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

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

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

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

ylfluorenyl)zirconium dichloride

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

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

[0314) Yield: 21.1 g, 76%

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

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

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

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

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

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

[C317] The results of identification of the desired

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

o

6H} ,

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

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

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

[0320] Yield: 3.7 g, 12%

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

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

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

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

[0322] Yield: 0.57 g, 40%

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

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

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

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

[0325] Yield: 167 mg, 38%

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

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

Synthesis Example 2

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

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

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

[(0327] Yield: 0.53 g, 80%

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

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

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

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

residue was separated by silica gel chromatography to obtain a desired

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

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

(11i) Synthesis of

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

To 0.72 g {0.92 mmol) of

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

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

[0332] Yield: 0.347 mg, 25%

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

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

Synthesis Example 3

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

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

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

product cf a white vellow powder.

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

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

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

yiiflucrenyl) zirconium dichloride
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In an atmosphere of nitrogen, 0.80 g (1.21 mmel) of
diphenylmethylene {cyclopentadienyl) (2, 7T-diphenyl-3, 6-di-tert~but
ylfluorene) and 60 ml of dehydrated diethyl ether were placed in a
100mi Schlenk flask, andtheywerestirred. Thismixedslurrysolution

5 wascooledjj1&nicebath,thenl.501ﬂ_(2.42mmol)ofaahexanesolution
of n-butyllithium having a concentration of 1.61 mol/liter was added,
and with slowly heating the resulting solution to room temperature,
the solution was stirred for 18 hours. This red reaction solution
was cocled to -78°C in a dry ice/methanol bath, and then 0.27 g (1.17

10 mmel) of zirconium tetrachloride was added. Thereafter, with slowly
heating the mixture to room temperature, the mixture was stirred for
20 hours to obtain a red orange suspension. After the solvent was
distilled off under reduced pressure, the residue was dissclved in
n-hexane in an atmosphere of nitrogen, and the resulting solution

15 was passed through a fritted glass funnel packed with Celite and then
washed with n-hexane. The orange powder which had not been dissclved
in,n;hexane was extracted with dichloromethane. The solvent of the
dichloromethane solution portion was digstilled off, and the residue
waswashedwithdiethyl ether/coldn-pentane. Theresultingsubstance

20  was dried to obtain a desired product as an orange powder.

[C337] Yield: 0.68 g, 70.9%

[C338] Identification of the desired product was carried
out by 'H-NMR and FD-MS spectrum.

[0339] 'H NMR (270 MHz, CDCls, TMS): &/ppm 1.10 (184},



SF-2099141 [0358]Examples 12 to 17 Reaction was carried out in the same manner as in
Example 4#-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. [0360] Polymerization activity
6401. 6Et 6'9L 9j7 EE'9L 122.97 no . a>

5.50 (2H), 6.29 (2H), 6.91-7.27 (22H), 8.28 {(2H); MS (FD): M/z 848

(M)

Example 1

5 Propylene polymerization

In a glass autoclave having an internal volume of 500 ml and
having been thoroughly purged with nitrogen, 400 ml of heptane was
placed, then propylene was passed through the autoclave at a rate
of 150 1/hr, and the contents in the autoclave were maintained at

10 50°C for 20 minutes. On the other hand, in a side arm flask having
an internal voiumé of 30 ml and having been thoroughly purged with
nitrogen, a magnetic stirrer was placed, then 5.00 mmol of a toluene
sclution of methylaluminoxane (Al = 1.53 mol/l), a toluene solution
of the catalyst (a) (amount of catalyst (a): 3.2 umol) and a toluene

15 solution of the catalyst (b) (amount of catalyst (b): 1.8 umol) were
placedintheflask, andtheywerestirred for20minutes. Thissolution
was added to the heptane in the glass autoclave through which propylene
had been passed, to initiate polymerization. Propylene gas was
continuously fed at a feed rate of 150 1/hr, and polymerization was

20  carried out at 50°C for 15 minutes at normal pressure. Thereafter,
a small amount of methanol was added to terminate the polymerization.
The polymer sclution was added to a large excess of methanol to
precipitate a polymer, and the polymer was vacuum dried at 80°C for

12 hours. As a result, 4.65 g of a polymer was obtained. The
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polymerizationactivity was 3.72 kg-PP/mmol-Zr-hr, and the resulting
pelymer had [n} of 3.82 dl/g, Mw of 254000, Mw/Mn of 2.33 and Tm of

153.5°C.

5 (03407 Example 2

Operations were carried out in the same manner as in Example

1, except that the catalysts were changed to a toluene soluticn of

the catalyst (a) (amount of catalyst (a): 4.0 umecl) and a toluene
solution of the catalyst (b) (amount of catalyst (b): 1.0 umol), and

10 the polymerization time was changed to 30 minutes. As a result, 2.61
g of a polymer was obtained. The polymerization activity was 1.04
kg-PP/mmol~Zr-hr, and the resulting polymer had [n] of 2.22 dl/g,

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

15 103417 Example 3

Operations were carried out in the same manner as in Example

1, except that the catalysts were changed to a toluene sclution of

the catalyst (b) {amount of catalyst (b): 4.0 pmol) and a toluene
solution of the catalyst (f) (amount of catalyst (£): 1.0 umol), and

20 the polymerization time was changed to 40 minutes. As a result, 9.87
g of a polymer was cbtained. The polymerization activity was 1.48
kg-PP/mmol-Zr-hr, and the resulting polymer had [nl of 1.92 dl/g,

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



temperature p 09 09 09 09 Og 1-07- Transition metal compound Molar ratio CIC/Z 6'Z0t

o

10

15

20

SF-2099 125

034271 Example 4

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

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

[0343] Example 5

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

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

153.6°C.

[0344] Comparative Example 1

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

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

[0345] Comparative Example 2

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

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

[0347]
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0349 Example 6

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

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

min and Tm of 158.7°C.

{03507 Example 7

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

of cyclohexane andthe sclvent A (raticobyvelume=1:1) inthe stainless
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steel autoclave through which propylene had been passed, to initiate
polymerization. Thereafter, only propylene was continuously fed to
maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat 60°Cforlhour. Generaticnofheatinthepolymerization
5 was easily controlled, so that the polymer solution was presumed to
be in a2 homogenecus state during the polymerization. After the
polymerization was compieted, the pressure was released to normal
pressure while the temperature was still maintained at 60°C.
Thereafter, while the temperature was still maintained at 60°C,
10  unreacted propylene was purged off. Also by opening a top plate of
the autoclave and visually chserving the state of The polymer sclution
in the autoclave, it was confirmed that the polymer solution was in
a homogeneous state. The resulting polymer solution in a homogeneous
state was introduced into a large excess of methanol to precipitate
i5 a polymer, and the polymer was vacuum dried at 80°C for 12 hours.
As a result, 17.81 g of & polymer was obtained. The polymerization
activity of polypropylene was 18.6 kg/mmol-Zr-hr, and the resulting
polypropylene had a number~average molecular weight Mn, as measured
by GPC, of 79800, a weight-average molecular weight Mw of 192121,
20  an intrinsic viscosity [n] of 1.93 dl/g, MFR of 1.65 g/10 min and

™Tm of 156.0°C.

[0351] Example 8

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

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

min and Tm of 151°C.

[0352] Example &

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

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

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

10353 Exampie 10

In a stainless steel autoclave having an internal volume of

20 1 liter and having been thoroughly purged with nitrogen, 150 ml of
cyclohexane and 150 ml of the solvent A were placed, then propylene

was passed through the autoclave at a rate of 30 1/hr, and the contents

in the autoclave were maintained at 60°C for 20 minutes. On the other

hand, in a side arm flask having an internal volume of 30 ml and having



SF-2099144 [0362]Example 18 In a SUS autoclave having an internal volume of 15 ml and
having been thigreughly purged with nitrogen, 3.9 4 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 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 inDa Schlenk flaakland disso vedtig 16{an of dehydrated toluene to 10 prepare a metallocene
solution 6 6?%6(5%% W I hent D48 i of & stisheReioh of Mo dified hethylaiitos@ne (R-hgkane solvent,
in terms %alunaingEn ato?: 4,08 M, 1.96 rgmol was added, and the mixture was stirred at room
temperature for I5 minutes t préSare’s tatilyst Solution A” IHE Uifférent SchiHEANSE, 3.6/mg
(molecular wejght: 315 877.15 g/mol) of the catalyst (a) was placed and dissolved in 20 ml of
dehydrat%@goﬁggn ' repare Sietafidcene soliifoR B8f 6 006 TP, THeh: 0245 SmissFai8uspension
ofmodifiedmethylalumoxane (n-hexane solvent, in terms of aluminum atom: 4.08 M, 1.71 mmol) was
added, andth&mdurBAvas stirredtl Gtroont femsdfat e for IS ARG SR PO TEpAFe déatalyst
solution B. In the autoclave, 0.2 ml (0.05 M, 10 pmol) of triisobutylaluminum, 0.14 ml (t{).00025 M,
© 0.035 privifERthéTchtyst $diutiBRA SB8RANRIB0G 1N, 3 LUEE b DriecataRst s8Rfion 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 p&lyniérzaticty SE-3009145 AfSHthe poijricizaasranas tamicd sut bt BDEIor 20tminutes, a
small amount of isobutyl alcohol was added to terminate the polymerization. To the resulting polymer,
SO ml of théthahBl&rd iesHhalFBmeGriveTa RytiFachipihy ¥6durfusdus sclutisreviérs adged, and 5
they were stirred at room temperature for 1 hour. The polymer was filtered and vacuum dried to obtain
10.5587 gFayhdistactiedpolypispylene’ THeresulnig poly et haga nasigiscaverage moketular weight
(Mw) of 214000 and a molecular weight distribution (Mw/Mn) of 2.49, and had an intrinsic viscosity [n]
of 1.82 di§ byitea hieltihgr0pBine (Pl @S measurad by BSCe of 156 1T {0368 Exaipletlo In a
SUS autoclave having an internal volume of 15 ml and having been thoroughly purged with nitrogen,
3.9l offeefriéed solvent of 15 cyelcioxare and thé sbRent A mra miringrrativ-eftd:.drwas placed,
followed by stirring at 600 rpm. The solution was heated to 50C, and subsequently the autoclave was
pressurized-with propydérned datithd totalpressere betamect bastin anlatmodpherel afnitrogen, 2.9 mg
(molecular weight: 917.98 g/mol) of the catalyst (b) was placed

was easlly controlled, so that the polymer solution was presumed to

be in a homogeneocus state during the polymerization. After the
polymerization was completed, the pressure was released to normal
15  pressure while the temperature was still maintained at 60°C.
Thereafter, while the temperature was still maintained at 60°C,
unreacted propylene was purged off. Also by opening a top plate of
the autoclave and visually observing the state of the polymer solution
in the autoclave, it was confirmed that the pclymer sclution was in
20 a homogeneous state. The resultingpolymer solution in a homogeneous
state was introduced into a large excess of methanol teo precipitate
a polymer, and the polymer was vacuum dried at 80°C for 12 heours.
As a result, 8.42 g of a polymer was obtained. The polymerization

activity of polypropylene was 21.0 kg/mmel-Zr-hr, and the resulting



20 in a Schlenk flask and dissolved in 13 ml of dehydrated toluene to prepare a metallocene solution
of 0.00024M: Then, 0.39 ml of a suspension of medified methylalumoxane (n-hexane solvent, in terms
of aluminum atom: 4.08 M, 1.59 mmol) was added, and the mixture was stirred at room temperature
for 15 minutes to prepare a catalyst SF-2099146 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, 0.42 ml of a suspension of
modified {H&gfﬂrﬂg%"ﬁ% (thEXEReS CoRent Hintetms S afurhinGim/&ort= X 68 M, ¥ 2 himol) was
added, and the mixture was stirred at room temperature for 15 minutes to prepare a catalyst solution
B. In the ButodaVe, B:2%hI (205M=10 pmol) of triisobutylaluminum, 0.12 ml (0.00025 M, 0.035 pmol)
of the catalyst solut onA, 0.12ml (0.00017M, 0.015 pmol) of the catalyst 10 solution B and 0.7 ml of a
mixed solvent of cyclohexane and the solvent A in a mixing ratio of 9:1 were placed to initiate
polymerization After he polymerization was carried out at 50C for 10 minutes, a small amount of
isobutyl altdhorWas added to tefﬁﬁ%ﬁﬁ&lﬁqé:ﬁolymerization. To the resulting polymer, 50 ml of
methanol and a 15 small amount of a hydrochloric acid aqueous solutionadded, and they were stirred
at room temperattiie Fof 1HOUS The PG et ivas fikdfed aid vacaun gfiedns bbtai o494 g of
syndiotactic polypropylene. The resulting polymer had a weight-average molecular weight (Mw) of
236000 and-a Tsletiffarweight distibutich-METNIH) PoBE 2 U4/ ik had@eimtrinsielviséosity [nl of
1.80 dl/g and a melting point (Tm), as measured by DSC, of 155.6C. [0364]Example 20 SF-2099197
been thorHN priFged avith Rittogens 3.8 hesftantixet solvéatreicy ¢ bhexanerand:tie saivent A in a
mixing ratio of 9:1 was placed, followed by stirring at 600 rpm. The solution was heated to 5000, and
subsequenthipthe Abtoolave Was préssurived witheprogygend unitills' the tetatiptéssurentsecarae 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 flasklahd dissoleet: inddSmkdindetiydrdted foliénéto pfepararagnetaliocéhe solution of
0.00022 M. Then, 0.40 ml of a suspension of modified methylalumoxane (n-hexane solvent, in terms
10 b¥ alutwiman atom =498 Myl{63 ainiol)wag added; andather mlixtureowas stitred atvoong
temperature for 15 minutes to prepare a catalyst solution A. Ina different Schlenk flask, 1.0 mg
(moleculareighth821:04ng/mol)afdbescatalysti(g) yeas placed andidissolved:in 20snl lof cehydrated
toluene to prepare a metallocene solution B of 0.00006

then 1.00 pmol of the catalyst (b), 1.00 pmol of the catalyst (f)

and 1000.0 pymol {in terms of aluminumatom: 3.46mol/liter) of a hexane
slurry of TMAO-341 (available from Tosoh Finechem Corporation) were
15  placedinthe flask, and subsequently the solvent Awas added, followed
by stirring for 1 hour. This solution was added to the mixed solvent
of cyclohexane and n-heptane (ratioc by volume = 1:1) in the stainless
steel autoclave through which propylene had been passed, to initiate
polymerization. Thereafter, only propylene was continuously fed to
20  maintain the total pressure at 0.5 MPa-G, and polymerization was
carriedoutat70°Cforlhour. Generationofheatinthepolymerization
was easily controlled, sc that the polymer solution was presumed to
be in a homogeneous state during the polymerization. After the

polymerization was completed, the pressure was released to normal



15 M. Then, 0. 15 ml of a suspension of modifiedmethylalumoxane (n-hexane solvent, in terms of
aluminung atgms4.08 M, 0.61 mmol) was addedang 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 pmol) of
triisobutylaluminum, 0.20 ml (0.00022 M, 0.044 pmol) of 20 the catalyst solutionA, O. 10m1
(0.00006M, 0. 006 pmol) ofthe catalyst solutionBand0.7ml of a mixed solvent of cyclohexane and the
solvent A in a mixing ratio of 9:1 were placed to initiate polymerization, After the polymerization was
carried otit ﬁfgﬁé%?’%lrﬁinttﬁés,tg@ﬁ%FﬁHﬂb%n‘t’BFis%*bi:li;! dldortianas ddded fg términate the
SF-2099148 polymerization. To the resulting polymer, 50 ml of methanol and a small amount of a
hydrochldfie B8 &GTeotiE $oRiItIbASWERIRABABH 14 Tey Wele stiffedrHtEoBRT tetpefatlire for 1 hour.
The polymer was filtered and vacuum dried to obtain 0.1714 g of syndiotactic 5 polypropylene. The
resulting ‘PoRAAEF RAdRF RRIGIFCAVE Y @ HiGIBEURY eight BIVYoPP2DODE dnd dFniotéciia? veight
distribution (Mw/Mn) of 2.70, and had an intrinsic viscosity [q] of 2.29 dI/g and a melting point (Tm), as
measure@ly SCCoRYSSAC VIGIOBELTERPEEIBIZLS [H'8 SOF 8 bdaverRaviig af GAteFAa volume of
15 ml and having been thoroughly purged with nitrogen, 3.8 ml of a mixed solvent of cyclohexane and
the solveht: A fiCadHixitig fatho of O: Yavasplddedigslidived By sty ae600orpt. e sotution was
heated to 50C, 15 and subsequently the autoclave was pressurized with propylene until the total
pressurehECATRET bakd s aat@mosSpisere of hitkogeny 2 8ueg {molécariweightr@tz:98y/mol) of the
catalyst (b) was placed in a Schlenk flask and dissolved in 16 ml of dehydrated toluene to prepare a
mecallocéhé soluton i 0:0001L8 M1 Ther: 0.359n ekaossudprasionof nodified methiylemoxane
(n-hexane solvent, in terms of aluminum atom: 4.08 M, 1.43 mmol) was added, and the mixture was
a polymer, and the polymer was vacuum dried at 80°C for 12 hours.

As a result, 28.66 g of a poiymer was obtained. The polymerization
10 activity of polypropylene was 28.7 kg/mmol-Zr-hr, and the resulting
polymer had an intrinsic viscosity [n] of 1.53 dl/g, MFR of 4.9 g/10
min and Tm of 153.0°C.
[0355] Polymerization conditions, properties of the
resulting polymers, etc. in Examples 6 to 11 are set forth in Tables
15 3 and 4.

(0356}



stirred at room temperature for 15 minutes to prepare a catalyst solution A. Ina different Schlenk flask,
1.0 mg (molecular eight: 821.04 g/mol) of the catalyst (g) was placed and dissolved in 20 ml
SE'-2099149 of dehydrated toluene to prepare a metallocene solution B of 0.00006 M. Then, 0.15 ml
of a suspension of modifiedmethylalumoxane (n-hexane solvent, in terms of aluminum atom: 4.08 M,
0.61 mmol) was added, and the mixture was stirred at room temperature for 15 minutes to 5 prepare a

catalyst solution.B..1n.th

autoclave, 0.2 ml (0,05 M. 10 pmol) of triiso

butylaluminum, 0.25 ml (0.00018

Limol) of the ca alyst solution B

he solvent Atin a njixing ratio of 9:1 were placed to
was carried ¢ut at $0C for O minutes, a small

To the resulting polymer, 50 mi
bn were added, and they were

red arld vacuum dried to obtain 0.1770

erage molecular weight (Mw) of

an intrinsic viscosity [n] of 2.13
56]Polymerization conditions,
forth in Table 7. [0367] UN/MN

M, 0.045 pmol) of the caialygtiolutio A, 0 .{08 mi {0.00006M, @. 005
and 0.7 ml of a mix¥ed solve#r df cyclghexane and
« aye . af o .
initiate polymerizagon. 10 Aj@er the pdlymerization
amount of isobutyfzalcohol Vigsia d toker ir{gteth@p Iylﬁeri a@n
of methanol and asmall amegurjt da hydrodhldhic acitfaquedug sdtéti
stirred at room temperatdy re:ﬁ)r 1 hour. The polymdr was L5 filtg
g of syndiotactic polypropylene| The resulting polyfner had a wdight-a
222000 and a molecular weight distribution {(Mw/Mp) of 2|76, arjd had
dl/ig and a melting Boint (Tm), as eeabuigd by BSC, & 158 §C.1 2R3
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[0358] Examples 12 to 17

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

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

[0360]
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09 09 OG.. "sl61'S OZ"x3 1Z "x3 SF-2099151 [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 was pressurized
with propylene until the total pressure became 7 bar. In an atmosphere of nitrogen, 3.3 mg (molecular

weight: 696.90 g/n
dehydrated toluen
modified methylalu

(&) was placed in a Schlenk flask and dissolved in 10 ml of
a metdllbcene solution of 0.00047 M. Then, 0.55 ml of a suspension of
solvent, in terms of aluminum atom: 4.08 M, 2.24 mmol) was

added, and the mi
A. In a different Sq
placed and dissolv
M. Then, 0. 38m14
atom: 4.08 M, 1.54
to 20 prepare a c

0.25 ml (0.00047

catalyst solution B
9:1 were placed to
50C for 10 minute

pbom temperature for 15 minutes to prepare a catalyst solution
molecular weight: 15 917.98 g/mol) of the catalyst (c) was
dehydrated toluene to prepare a metallocene solution B of 0.00033

ifiedme hylalumoxane (n-hexane solvent, in terms of aluminum

hnd the mixture was stirred at room temperature for 15 minutes

e autoclave, 0.2 ml (0.05 M, 10 pmol) of triisobutylaluminum,

catalyst sclutionA, 0.24ml (0.00033M, 0. 008 pmol) of the
d solvent of cyclohexane and the solvent A in a mixing ratio of
)n. SF-2099152 After the polymerization was carried out at

143

SF-2099
[0361]
Table 6

he catalysi
bpare
re-{n-hexane
b Was| stirred at r
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small amount of isobutyl alcohol was added to terminate the polymerization. To the resulting polymer,
50 ml of prethana and a small amount of a hydroehdoric acid aqueous solution were added, and 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 -
1.05dl/g melting oint (Tm), as measured by DSC, 0f145.6C. [0369]Comparative Example 4
The sam@g%grgtions as]}g) g L‘L% ¥ ive Example 3 were carried out, except that the solvent Awas
replaced with n-hexane . As a result, 15 1.7962 g of syndiotactic polypr py%ene was obtained. The
resulting polymer Rad %Higiﬁt?ﬁ\%?c?\ﬁggﬁﬁ?l[ﬁFo?gl.b%té}alﬁ d” gjrﬁg\%nog? poilttTHS: 48 FiéSsured by
DSC, of 145.4C, [0370]Comparative Example 5 20In a SUS autoclave having an internal volume of 15
ml and haVifg HEER trerougRTY Parged With RitFdgaRT3:9 Mol Miked SoREHt BP cy&BheXane and the
solvent A in a mixing ratio of 9:1 was_placed, followed by stirring at 600 rpm. The solution was heated
to 60C, dneF SibssqUEhty the Afitadave Was présstirizet With tbpyiene drtil "6F 2068383 the total
pressure became 7 bar. In an atmosphere of nitrogen, 2.7 mg (molecular weight: 917.98 g/mol) of the
catatyst (by WaS'Baded a Schiéhie a8k ArdPBissolved P12 mrsF daydiztéd folueneto prepare a
metallocene solution of 0.00025 M. Then, 0.36 ml of a 5 suspension of modified methylalumoxane
(n-hexan@'$bIVERE SAYERhS OFAIGNTRERT 4B Y308 M SE AT-mATS!) nas! deferely BAdthe fixture was
stirred at room temperature for 15 minutes to prepare a catalyst solution A. In an autoclave, 0.2 ml
(0.05 M, 4BprrdTEcf RirssHuRaIGRTRNS, 0.28%m| (00025 MG 0BHifiod ofthercsalyst 1Psolution A
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 p8ym&Zaion. Aftercthapolyhetizafion/was tavfiedsutam G600 $6r 10 mirfes @ serall amount
of isobutyl alcohol was added to terminate the polymerization. To the resulting polymer, 50 ml of
methanoland &5 lsthéll &Meintoia didrediisc Heid agueots selurenaiee 4dded¢randthey were
stirred at room temperature for 1 hour. The polymer was filtered and vacuum dried to obtain 0.1510 g
of syndiotacticapelypropyiens oThe sesulling polymér Ral HitintiinsiclVistosity: i ofll. 4L difg and a
melting point (Tm), as measured by DSC, of 158.8C.

suspension of modified methyvlalumoxane (n-hexane solvent, in terms

of aluminum atom: 4.08 M, 1.%26 mmol} was added, and the mixture was
stirred at rcoom temperature for 15 minutes to prepare a catalyst
seolution A. In a different Schlenk flask, 3.0 mg (mclecular weight:
15 877.15 g/mol} of the catalyst (a) was placed and dissolved in 20 ml
of dehydrated toluene to prepare a metallccene solution B of 0.00017
M. Then, 0.42mlof a2 suspensionofmodifiedmethylalumoxane (n—-hexane
sclvent, in terms of aluminum atom: 4.08 M, 1.71 mmol) was added,
and the mixture was stirred at room temperature for 15 minutes to
20 prepare a catalyst solution B. In the autoclave, 0.2 ml (0.05 M,
10 umol) of triiscbutvlaluminum, 0.14 ml (0.00025 M, 0.035 umel) of
the catalystsolutiond, 0.0%ml (0.00017M, 0.01%umol) of the catalyst
solution B and 0.7 ml of a mixed sclvent of cyclochexane and the solvent

A in a mixing ratio of 9:1 were placed to initiate polymerization.



20 [0371]Comparative Example 6 The same operations as in Comparative Example 5 were
carried ogt;-except that the polymerization temperature was changed to 65C. As a result, 0.0990 g of
syndiotactic polypropylene was obtained. SF-2099154 The resulting polymer had an intrinsic viscosity
[ni of 1.18 dI/g and a melting point (Tim), as measured by DSC, of 158.4C. [0372]Comparative
Example 7 5The same operations as in Comparative Example 5 were carried out, except that the
catalyst (E% was [ laced with the catalyst (g) and the polymerization temperature was changed to
50C. As & testlt, 1 0740 § B SyAdiota&tid polyprobyleheas tbtained. fte resiiting polymer had a
- weight-aver molecular weight (Mw) of 356000 and a 10 molecular weight distribution (Mw/Mn) of
2.39, and® Wﬁ ]Z FEHRY pSint 1T &€ maaSTise by BB G BteBd-PC- {3573t dinparative Example 8
The same operations as in Comparative Example 5 were carried 15 out, except that the catalyst (b)
was repl&ded With 'tha THiRlyst (). AS afesitt 676465 §BREyndidtaiticPolfFroiiite s Bbtained.
The resulting7 polymer had a weight-average molecular weight (Mw) of 102000 and a molecular weight
distributiGi {MwAIRY 511584 2andHaf Bhantrin Sie AR EGRIB S0P 2220 4G #1508 AIGRy poikt (Tm),

20as measured by DSC, of 156.0C.
5  they were stirred at room temperature for 1 hour. The polymer was

filtered and vacuum dried to obtain 0.5587 g of syndiotactic

polypropylene. The resulting polymer had a welght-average molecular
weight (Mw) of 214000 and a molecular weight distributicn (Mw/Mn)
of 2.49, and had an intrinsic viscosity [n] of 1.82 dl/g and a melting

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

[03€e3] Example 19

In a SUS autoclave having an internal velume of 15 ml and having

been thoroughly purged with nitrogen, 3.9 ml of a mixed sclvent of

15 cyclohexane and the solvent A in a mixing ratio of 9:1 was placed,
followed by stirring at 600 rpm. The solution was heated to 50°C,

and subsequently the autoclave was pressurized with propylene until

the total pressure became 7 bar. In an atmosphere of nitrogen, 2.9

mg (melecular weight: 817.98 g/mol} of the catalyst (b} was placed

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 medified methylalumoxane (n-hexane solvent, in terms

of aluminum aftom: 4.08 M, 1.59 mmol) was added, and the mixture was

stirred at room temperature for 15 minutes to prepare a catalyst



[0374]Polymerization conditions, properties of the resulting polymers, etc. in Comparative Examples 3
to 8 are sgtfortla in Table 8. [0375] AR/1Y7 I RH 4416E2 ,UN OOL6E 1 1 000614 FO0179T,

soluticn A. 1In a different Schlenk flask, 3.0 mg (molecular weight:

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

of dehydrated toluene to prepare a metallocene solution B of 0.00017

M. Then, 0.42mlofasuspensionofmodifiedmethylalumoxane (n—-hexane

5 solvent, in terms of aluminum atom: 4.08 M, 1.71 mmol) was added,

and the mixture was stlirred at room temperature for 15 minutes to

prepare a catalyst soluticn B. In the autoclave, 0.2 ml {0.05 ¥,

10 pmel) of triisobutylaluminum, 0.12 ml (0.00025 M, 0.035 pmol} of

thecatalyst solutionA, 0.12ml {C.00017M, 0.015umol) of the catalyst

10 solution B and 0.7 ml of a mixed sclvent of cyclohexane and the solvent

A din a mixing ratio of 9:1 were placed to initiate polymerization.

After the polymerization was carried out at 50°C for 10 minutes, a
small amcunt of iscbutyl alcohol was added te terminate the

polymerization. To the resulting polymer, 50 ml of methanol and a

15 small amount of a hydrochloric acid agueocus solution were added, and

they were stirred at room temperature for 1 hour. The polymer was
filtered and vacuum dried to obtain 0.35491 g of syndiotactic

polypropylene. The resultingpolymer hadawelght-average molecular

welght {(Mw) of 236000 and a mcolecular weight distribution (Mw/Mn)

20 of 2.44, and had an intrinsic viscosity [n] of 1.80dl/g and a melting

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

[0364] Example 20

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

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

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

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

small amount of iscbutyl alcochol was added to terminate the



8 VI not dissolved 33. (0.1.)H V 1617 , 9.6E 19 VE9 6'1E 8/9 (00)01 E176 0/6 1601 960 L'88 F-91707
SF-2089 148

polymerization. To the resulting polymer, 50 ml of methanol and a
‘small amount of a2 hydrochloric acid agueous sclution were added, and
they were stirred at room temperature for 1 hour. The polymer was
filtered and vacuum dried to obtain 0.1714 g of syndiotactic

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

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

10 [0365] Example 21

Ina SUS autoclave having an internal volume of 15 ml and having
been thoroughly purged with nitrogen, 3.8 ml of a mixed solvent of
cyciochexane and the solvent A in a mixing ratic of 9:1 was placed,
followed by stirring at 600 rpm. The solution was heated to 50°C,

15 and subseqguently the autoclave was pressurized with propylene until
the total pressure became 7 bar. In an atmosphere of nitrogen, 2.6
mg {molecular weight: 917.98 g/mol) of the catalyst (b) was placed
in a Schlenk flask and dissclved in 16 ml of dehydrated toluene to
prepare a metallocene solution of 0.00018 M. Then, 0.35 ml of =z

20 suspension of modified methylalumoxane (n-hexane sclvent, in terms
of aluminum atom: 4.08 M, 1.43 mmol) was added, and the mixture was
stirred at room temperature for 15 minutes to prepare a catalyst
solution A. In a different Schlenk flask, 1.0 mg {(molecular weight:

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

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

103e7]
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E 'dwoo TriThrri .dwoo G .x] -dwoo 9 -x9 .dwoo L 'X] -clwoo 8.x9 .dwoo SF-2099156 Industrial
Applicabtig-{©8Z6]Polymers having narrow molecalar weight distribution, high melting point and high
molecular weight give great merits to the olefin polymerization industry. For example, when

(03681 Comparative Example 3

In a SUS autoclave having an internal velume of 15ml and having
been thoroughly purged with nitrogen, 3.9 ml of a mixzed solvent of
cyclohexane and the solvent A in a mixing ratio of 9:1 was placed,

5 feollowed by stirring at 600 rpm. The scolution was heated to 50°C,
and subseguently the autoclave was pressurized with p;opylene until
the total pressure became 7 bar. In an atmosphere of nitrogen, 3.3
ng (molecular weight: 696.90 g/mol) of the catalyst (e) was placed

in a Schlenk flask and dissclved in 10 ml of dehydrated toluene to

fd
<D

prepare a metallocene solution of 0.00047 M. Then, 0.35 ml of a
suspension of modified methylalumoxane (n-hexane solvent, in terms
of aluminum atom: 4.08 M, 2.24 mmol) was added, and the mixture was
stirred at room temperature for 15 minutes to prepare a catalyst
solution A. In adifferent Schlenk flask, 3.0 mg (molecular weight:
15 917.98 g/mol} of the catalyst (¢) was placed and dissolved in 10 ml

of dehydrated toluene to prepare a metallocene solution B of 0.00033

M. Then, 0.38mlofasuspensionofmodifiedmethylalumoxane {n-hexane

solvent, in terms of aluminum atom: 4.08 M, 1.55 mmol) was added,

and the mixture was stirred at room temperature for 15 minutes to
20 prepare a catalyst solution B. In the autoclave, 0.2 ml (0.05 M,
10 uymol) of triisobutylaluminum, 0.25 ml (0.00047 M, 0.012 umcl) of
the catalyst soluticnd, 0.24ml (0.00033M, 0.008 umel) of the catalyst
solution B and 0.7 ml of a mixed solvent of cyclohexane and the solvent

A in a mixing ratio of 9:1 were placed to initiate polymerization.



5 propylene is used as a monomer in the present invention, the resulting propylene polymer has a
narrow rmelegukag weight distribution, a high melting point and a high molecular weight. When an olefin
polymerization catalyst comprising the aforesaid crosslinked metallocene compound is used,
polypropylene having a high melting 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 equivale ot higher than those of a polymer
obtained by ?ﬁg %hs% 5Fa Buiblichk Krowh Vfﬁesta(fl%%ﬁg%o%}qﬁoﬁﬁd%%%&b%% ﬁ?ef%r%‘é%efw TLAIMS

f1. A pro%g?ss Eor r%%%nlgegn‘oleﬂn alymer, omprising_p dg@lerlz‘lr)cge%}ng?gg% one monomer selected
rom a-o 0 o]

c%%]ﬁua gﬁwsa} erein ?ﬁe po ymerlzta?lon IS carrlea Ouktl%t a Stemperature

of not lower than 40 C.,in the presence of a catalyst comprising: a transition metal compound
compon@ﬁt]’éﬂ)eéﬁrﬁﬁﬁé'%'twg Or Thrd RS of ¢ aﬁﬁ%gﬁ?ﬁéta% %dﬁfpgétnﬁg Yé}f%ogre é)é)t@d by the

following formula [Al], and an organometallic compound component (B) comprising one or more kinds
of organdfitfetal ¢ Eompinds by seiécted fromthe fidRAMNG Bmpbafds'(B=D) AB=2F and®-3): 10(b-1)
an organoaluminum oxy-compound, (b-2) a compound which reacts with the transition metal
compourd ) tefsint AnisRpar, (B28) an Grg&aRGaithfinhit coniblind, propyténe’’Cotitiined in the
monomer, and the olefin polymer is an olefin polymer whose weight-average molecular weight (Mw)
and 15 ntihbEgGe g Watd\ﬁé%tt(ﬂﬂrﬁ?éﬁﬁéténﬁiﬁ% By §éI peffieatiér Ehfomatography
(GPC), satisfy the relationship of 1s(Mw/Mn)-53, and which has a melting point (Tm), as determined by
DSC, of Rt lwWerthbrnt50 & hnBeaintfingi & visdosityar] Rof Hiet TS ifaim £ S HhYS B0

weight (Mw) of 79800 and a molecular weight distribution (Mw/Mn} of
2.01, and had an intrinsic viscesity [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 1.7962 ¢ of syndioctactic polypropylene was cbtained. The resulting
polymer had an intrinsic viscosity [n] of 1.05 dl/g and a melting

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

[0370] Comparative Example 5

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

and subsequently the autoclave was pressurized with preopylene until



wherein R1 to IR12 are each independently a hydrogen atom, a halogen atom, a hydrocarbon group, a
halogen-g@ntairting hydrocarbon group, a nitrogé@-gontaining group, an oxygen- 25 containing group
or a silicon-containing group, two adjacent groups of R1 toR5 and R8 to IR12 may be bonded to form
a ring, R18 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 158 bonded to each other to
form a ring, M is Ti, Zr or Hf, ¥ isba silicom%om ora carbon atom, 0 is a halogen atom, %h;/drocarbon
5 e.tatﬁlffr ssure eqqx@ X ) ?F.aLmosﬁ§erfzg nYTrogen - :
group, an anionic ligand or a neutral igand ‘capable of being coordinated by aToné:jpafr, |'is an integer

of 1to 4, and when plural Q are present, they may he t me_as or different from each other,
Swherein 4t | %%%%eﬁ%h%%%%ﬂog %éﬁﬁ&%g&ﬂﬁ%ﬁgﬁ& ﬁ]aegﬁéxéitﬁor(?j rlne‘fglsc %%%%é\hd

component (A) is represented by the following farmul d[f«l- I[A1:2] 1 yvtler in Rib to R12b are each
independently é%@* rtral‘?je#L a?gr%,%néafglgsesrloétgb%i, é‘rﬁya/l rof:na%rb%Ln a%t}’p,“‘éa hgiggte -d5htainiig

hydrocarbon group, a nitrogen-containi roup, an gxygen- containing group-or a silicon-containing
group, tm%rgﬁgjg%lé%n? g%l}ﬁs%if) Ri'to Eéﬁ)%%f@f&f?fo%( b 2y bg%%%de%' f°fdfm &Tirdg with the
proviso that R K6h, ib, Feb and R12b are each a hydrogen atom, Ri3b and Fe4b are each
independEMiy 4T orgafic Grotp repreSehted By e Toibwig1exane solvent, in terms

of aluminum atom: 4.08 M, 1.47 mmol) was added, and the mixture was
stirred at room temperature for 15 minutes to prepare a catalyst
sclution A. In an autoclave, 0.2 ml (0.05 M, 10 umol} of
trilscbutylaluminum, 0.20 ml (0.00025 M, 0.05 umcl) of the catalyst
10 solutionAand 0.7 ml of amixed solvent of cyclchexane and the solvent
A in a mixing ratioc of 9:1 were placed to initiate polymerization.
After the polymerization was carried ocut at 60°C for 10 minutes, a
small amount of isobutyl alcohol was added to terminate the
polymerization. To the resulting polymer, 50 ml of methanol and a
15 small amount of a hydrochloric acid aquecus solution were added, and
they were stirred at room temperature for 1 hour. The polymer was
filtered and vacuum dried to obtain 0.1510 g of syndiotactic
polypropylene. The resulting polymer had an intrinsicviscosity [n]
of 1.41 dl/g and a melting point (Tm), as measured by DSC, of 158.8°C.
20

[G371] Comparative Example 6

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

As a result, 0.0990 g of syndiotactic polypropylene was obtained.



15 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
hydrocarbenr gneup, an anionic ligand or a neutral tigand capable of being coordinated by a lone pair, j
is an integer of 1 to 4, and when plural Q are present, they may be the same as or different from each
other, 159 [Al-2-1] (CH2)n

The resulting polymer had an intrinsic viscosity [n] of 1.18 dl/g

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

[0372] Comparative Example 7

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

10 molecular weight distribution (Mw/Mn) of 2.39, and had amelting point

(Tm), as measured by DSC, of 132.7°C.

[0373] Comparative Example 8

The same operations as in Comparative Example 5 were carried
15 cut, except that the catalyst (b} was replaced with the catalyst (d).
As a result, 0.6465 g of syndiotactic polypropylene was cbtained.
The resulting polymer had a weight-average molecular weight (Mw) of
102000 and a melecular weight distribution (Mw/Mn) of 1.84, and had
an intrinsic viscosity [n] of 1.22 dl/g and & melting point (Tm),
20  as measured by DSC, of 156.0°C.
[6374] Polymerizaticn conditions, properties of the
resulting pelymers, etc. in Comparative Examples 3 to 8 are set forth
in Table §.

[0375]



5wherein Ws' to R19 are each independently a hydrogen atom, a halogen atom, a hydroxyl group, a
hydrocarbon group of 1 to 14 carbon atoms, a halogen-containing hydrocarbon group of 1 to 14
carbon atoms, a sulfur-containing group, an oxygen-containing group or a silicon-containing group, two
adjacent groups of RlIsb to R19b may be bonded to form a ring, and nis 0 or 1. 102. The process for
preparing an olefin polymer as claimed in claim 1, wherein at least one of the transition metal

compounds (d) of fhe fransition mefal compound component (A) is represented by the following
formula [A1-1}; A1 -8 15 whereip REto 812" are each independently a hydrogen atom, a halogen
atom, a hydro pingroupp, a halogenr-centaining hydrocarbon group, a nitrogen-containing group, an
oxygen- contamng group ¢ra sittcgn=containing group, two adjacent groups of R1' to R58 and R8a to
Rfla 20 may bge p:on@ to form a ringw itithe proviso that Rla, R58, Rea and R128 are each
independently| sel¢cied from 'a hydrogeh gom, a hydrocarbon group and a silicon-containing group
and at least one of , RY', IR58 and R129 is selected from a hydrocarbon group and a
siIicon-contairTiw TRi3-andRid@arepach independently an organic group represented by the
following form JIaB[AIg 1], M is|Ti, Zr8r|HB Y is a silicon atom or a carbon atom, Q is a halogen atom,
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160 group, an ahionic ligand or a neutral ligand capable of being coordinated by a lone pair, j is an
integer of t+@ @9 and when plural Q are present,itBey may be the same as or different from each other,
[Al-1-1] (CH2)n

Industrial Applicability
[037¢6] Polymers having narrow melecular weight
distribution, highmelting point and high molecular weight give great
merits to the clefin polymerization industry. For example, when
S5 propylene isused as amonomer in the present invention, the resulting
propylene polymer has a narrow molecular weight distribution, a high
melting point and a high molecular weight. When an olefin
polymerization catalyst comprising the aforesaid crosslinked
metallocene compound is used, polypropylene having a high melting
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 mélting point and
a molecular weight eguivalent to or higher than those of a polymer

obtained by the use of a publicly known metallocene compound can be

15 prepared.



5 wherein Rma to R13a are each independently a hydrogen atom, a halogen atom, a hydroxyl
group, a hydrocarbon group of 1 to 14 carbon atoms, a halogen-containing hydrocarbon group of 1 to
1014 carbon atoms, a sulfur-containing group, an oxygen-containing group or a silicon-containing
group, two adjacent groups of R13a to R13a mayc?g ondedto formaring,andnisOQor1l. 3. The
process for preparing an olefin polymer as claime claim 2, wherein in the formula [Al-1], R1a and
R12 are each a hydrocarbon group of 1 to 40 carbon atoms or a silicon-containing 15group of 1 to 40
carbon atoms, and R3a and Fea are each a hydrogen atom. 4. The process for preparing an olefin
polymer as claimed in claim 1, wherein the transition metal compound (a) is a transition metal
compoufrd-H¥hich at least one of R3b and R13b in the formula [A1-2] is selected from a halogen
atom and.ashplegan-gentaining byshoganaopogiaun, @nspdansitionsmetal aokyownd imovibiebrat least
one of Rigle 1. FeR-iBRARDHiAdAN:R i SeaRiRd T alaledsn Alim:aselie Dalagen;cantaining
hydrocarbon group of 1 to 14 carbon atoms. 5. The process for preparing an olefin polymer as
claifed iergiitia ewhert e ihiRelz tiBie R eerieid & &iahghaemRsiEssure of 0.5 MPa to 10
MPa. 255 GrahRmqirosess forpaparinghaneetingotympriasctaimed ielaimds, sherenishanetal
polymerizaion s cauied out ysing. an nerludiaeathonaglient, 7. A mixed catalyst comprising
two or more 'kinds of transition metal compounds (a) represéented 30by the following formula HAI]:

an organometallic compound component {B) comprising one or more kinds of organometallic

compounds (b} selected from the following compeunds {b-1}, (b-2) and {b-3):

10 (b-1) an organocaluminum oxy-compound,

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

(b-3) an organcaluminum compound,

propylene is contained in the monomer, and

the olefin polymer is an olefin polymer whose weight-average molecular weight (Mw) and

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

difg,

20

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

group of 1 to 40 carbon atoms or a silicon-containing group of 1 to 40 carbon atoms and may be



161 [Al] 5wherein R1 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, two adjacent groups of Ri to Wand R8 to R12
maybe bonded to form a ring, R13 and R14 are each independently a hydrogen atom, a hydrocarbon
group of 1 to 40 carbon atoms or a silicon-containi@group of 1 to 40 carbon atoms and may be 10
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

nalogen aiasa ] WEIRCRIBER, aaHR: A ANRNS landoraseuligthaald srpablsHf Relnaeposdinated

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 TSR 1P BthBr YOG ARSI PR 8P GHECBICHE RSN SiBrRIdta) LeRRp i taplsheing
representestdiyaiad fgllaving dSformula fAds@1o{A 2] adéndreprine Rl todRI2boateteachay be
mdepengr?éwgg/n@e%dgpg%rgm%rﬁ Qgggq)%ptom a hydrocarbon group, a halogen-containing

hydrocarbon group, a nitrogen-containing group oxygen- containing group or a silicon-containing
o, HTHEA AR IS5 1R R driAR BB L2 i BeBRAGERIS FPAUANG with the
proviso it Rihdr8%: )R8l praddR:2lbataciaitbvanpyfdrogen atenn, Rub and R149 are each
independently an organic group represented by the following formula [A1-2-1], M is Ti, Zr or Hf, Y is a
silicon atom or a carbon atom, Q is a halogen atom, a hydrocarbon group,.an anionic ligand or a
neutral ligand capable of being coordinated by a | pair, j is an integer of 1 to 4, and when plural Q
are present, they may be the same as or differe om each other,

R?b R [

10 wherein R™ to R'™ are each independently a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogen-containing hydrocarbon group, a nitrogen-containing group, an oxygsen-
containing group or a silicon-containing group, two adjacent groups of R to R® and R¥ to R'*
may be bonded to form a ring with the proviso that R™, R®, R® and R' are each a hydrogen
atom, R™ and R' are each independently an organic group represented by the following

15 formula [A1-2-1], M is Ti, Zr or Hf, Y is a silicon atom or a carbon atom, Q is a halogen atom, a
hydrocarbon group, an anionic ligand or a neutral ligand capable of being coordinated by a lone
pair, j is an integer of 1 to 4, and when plural Q are present, they may be the same as or different

from each other,



[A1l-2-1] 15wherein IR19b to R191' areeach independently a hydrogen atom, a halogen atom, a
hydroxyl group, a hydrocarbon group of 1 to 14 carbon atoms, a halogen-containing hydrocarbon
group of 1 to 14 carbon atoms, a sulfur-containing group, an oxygen-containing group or a
silicon-containing group, two adjacent groups of R191' to Fen may be bonded to form a ring, and nis 0
or 1. 208. The mixed catalyst as claimed in claim 7 3%herein at least one of the transition metal
compounds (a) is represented by the following formula [A1-1]: 163 [A]-]] wherein Rla to R12 are each
independently a hydrogen atom, a halogen atom, a hydroc&gpﬁgq? group, a halogen-containing
hydrocarbgn greug, a nitiggen-con{aining group, an oxygen-containing group or a silicon-containing
group, two adjacent groyps of We t§ R5a and R58 to R12' may be bonded to form a ring with the

RACoN aining group and at least one of R1a, R5', IR5a and R12 is
ydrocarbon group and a silicon-containing group, 10 R13' and RTha are each

are present, they may be the same as or different from each other, 15 [A1-1-1]

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

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

10 2. The process for preparing an olefin polymer as claimed in claim 1, wherein at least one of the
transition metal compounds (a} of the fransition metal compound component (A) is represented

by the following formula [A1-1];

[Al.1]

15

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

1-1], M is Ti, Zr or Hf, Y is a silicon atom or a carbon atom, Q is a halogen atom, a hydrocarbon



164 14 carbon atoms, a sulfur-containing group, an oxygen-containing group or a silicon-containing
group, two adjacent groups of R15'to R15 may be bonded to form aring,andnisOor 1. 9. The
mixed catalyst as claimed in claim 8, wherein in the formula [A1-1], Rla and R128 are each 5a
hydrocarbon group of 1 to 40 carbon atoms or a silicon-containing group of 1 to 40 carbon atoms, and
R5a and Rae are each a hydrogen atom. 10. The Bixed catalyst as claimed in claim 7, wherein the
transition metal compound (a) is a transition metal compound in which at least one of IR3b and Rim' in

the fmmbﬂ&l&%@aﬁoﬁﬁéﬂ%ﬁﬁd 5P érﬂgb@ah AN aa-ANc:3; P&'Q&ﬁ&u‘?&ﬁ&a@%&&}’edk f%rgrc’“p

or a transition metal compound in which at least one of R15" to'R195 In't rmula [
selected"fF%?ﬁraPEél@gder?ﬁ‘ildm%{halﬁrﬂa%@'@rpfﬁﬁ?ﬁrﬁh% mRir8ednsotrt®ap o dfRrent Ea?bﬁﬁcﬁtoms
165 ABSHRACT [Problem] To efficiently obtain an a-olefin polymer having a high melting point and a
high molecular weight. [Solution to Problem] The process for preparing an olefin polymer of the
present invention 5 is a process for preparing an olefin pi}%/n'{e{ comprising polymerizing at least one
monomer elec]&qg} from ﬁ\lgleflns £ 2 or more carbon atdfis, wherein the polymerization is carried out
at a tempéerature of not Jower thand0C in the presence of a catalyst comprising a transition metal
prises two or more kinds of 10 transition metal compounds (a)
[Al] and an organometallic compound component (B) which

d (b), propylene is contained in the monomer, and the olefin

moleculax weigh (Mn), as 15 determined by gel permeation chromatography (GPC), satisfy the
relaionship of RgfMw/MRY¥ and which has a melting point (Tm), as determined by DSC, of not lower
than 150C and an intrinsic viscosity ([n]) of not less than 1.5 dl/g.
wherein R™® to R'® are each independently a hydrogen atom, a halogen atom, a hydroxyl group,
a hydrocarbon group of 1 to 14 carbon atoms, a halogen-containing hydrocarbonr group of 1 to
10 14 carbon atoms, a sulfur-containing group, an oxygen-containing group or a silicon-containing
group, two adjacent groups of R™ to R'® may be bonded to form a ring, and nis 0 or 1.

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

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

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

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

5. The process for preparing an olefin polymer as claimed in claim 1, wherein the polymerization
is carried out at a gauge pressure of 0.5 MPa to 10 MPa,

25
8. The process for preparing an olefin polymer as claimed in claim 1, wherein the polymerization

is carried out using an inert hydrocarbon solvent.

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

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

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

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

from each other,

RI&IJ R 1%k
Rz?b‘Q‘ Q\CHJ))—

R]ﬁb Rle

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

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

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

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

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

18z R19a
Rwa*‘ (CH-;);?}

R 16a R15a

[A1-1-1]

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

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

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

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

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

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

[Problem] To efficiently obtain an o-olefin polymer having a high
melting point and a high molecular weight. [Solution to Problem]
The process for preparing an clefin polymer of the present invention
is a process for preparing an olefin polymer, comprising polymerizing
at least cne monomer selected froma—-olefins of 2 or more carbon atoms,
wherein the polymerization is carried out at a temperature of not
lower than 40°C in the presence of a catalyst comprising a transition
metal compound compenent (A) which comprises two or more kinds of
transition metal compounds (a) represented by the following formula
[Al]l and an crganometallic compound component (B) which comprises
an organometallic compound (b}, propylene is contained in the monomer,
and the olefin polymer is an olefin polymer whose weight-average
molecular weight (Mw) and number-average molecular weight (Mn), as
determined by gel permeation chromatography (GPC), satisfy the

relationship of 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

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



