SF-1399 1 DESCRI PTI ON PROCESS FOR PRODUCI NG

PROPYLENE POLYMER Background Art The present
~gkoyepbion relates to a process for producing a

propyl ene pol yner. TechnicallFieId A propyl ene pol ynmer

is used as a thernoplastic resin or a nodifier for

thernoplastic resin in various applications. As a

pol ynmeri zation catal yst to produce a propyl ene

pol ymer, titaniun1cata$ﬁ§éRI%$?@ﬁlocene catal yst or
the like is known. However, en titaniumcatalyst is

used, the p I It of ~
propyl eneﬁgggﬁégsca%&geﬁ%@%m% é@ﬁ%@ggﬁlo&% t hat
the conmpatibility with other resin is insufficient due
to its generally broad nol ecul ar wei ght distribution.
On the other hand, when netall ocene catal yst is used,
Bipkgeoare Amdvant ages that an excel | ent
copolynerizability with a-olefin is obtained and the
pol yrigre patisenti snewat 1 @blre listdsheowd geckapgefo®bproducing
conposition, and alternatively there are al so probl ens
athwdpy Wed sdeymor ymeri zation tenperature is
i ncreased, the nolecular weight is difficult to be
rai sed, or that the acconplishnment of the |low cost is
difficult since the polynerization activity is |ow

TSRAE 2E‘ield
A propylene polymer is used as a thermoplastic resin or

amodifier for thermoplastic resin in various applications. As

a polymerization catalyst to produce a propylene polymer,

titanium catalyst, metallocene catalyst or the like is known.

However, when titaniumcatalyst is used, there are problems that
the compositiqn of propylene that can be iaroduced is limited,
and that the compatibility with other resin is insufficient due
to its generally broad molecular weight distribution. On the
other hand, when metallocene catalyst is used, there are

advantages that an excellent copolymerizability with a~olefin
is obtained and the polymerization is available in the wide range
of composition, and alternatively there are also problems that
when the polymerization temperature is increased, the molecular
weight is difficult to be raised, or that the accomplishment
of the low cost is difficult since the polymerization activity

is low.



For a process for polynmerizing a-olefin

stereoregularly wth the use of a netall ocene
sgoppeynd as a catalyst, extensive studies have been

actively carried out since WKam nsky et al report

reported an isotactic polynerization.

[ Angew. Chem I nt . Ed. Engl ., 24, 507(1985)] Fromthe

results of these studies, it has becone clear that in

the Hﬂ&ngékggé%QQKnpéouyarl zln§ %%e nnl%er%%% %ularly

npound ereor ecu

“HEh N Rae ot B EEr I R upETensive.

h as with or without a substituent on a
Vgﬂr%%e*iﬁ‘faedb@ﬁw afthgelpicanelad gatdsiprew thpmpinsky et al
W t hout a bridging bond between two cycl opent adi enyl
repegs. TeRo R latovirs atectiniquresl ywisindlz ardokedl y vary t he
stereoregularity, it has been reported that, for
[ Fexgaw! @ emiirt . Far .Gy lene 4,5 qyal1yereen)ilzedHr o t thé heegiskets of
of a netallocene compound having a ligand in which a

tieyed epetiadi enyl hdd bRk @ﬂelaa&omayl in MY pRiSmerization
bri dged, as a pol ynerization cat al yst for the

of?’%tle ?L%rf?%m & é% rget%gﬁ%e%n%/ﬁopﬁgu¥l 0%? %tglrﬁgregularlty

ylene I's pr

th | ene ) )
awiﬁr%wﬁ%ﬂme(lﬂ%%mtﬁl PEGhPTRLGEdR BPiLlyeer vary
[J. Am Chem Soc., 110, 6255(1988)]; hem i sotactic
map@?‘%ﬁdrﬁbrﬂﬂ lqgs OBy mgd.f,f@rleﬁl@ecégen@flecular structure
di met hyl et hyl ene( 3- net hyl cycl opent adi enyl ) (fl uorenyl)
sugly @ winituar diidihicort desuls hiltivemtaomet hytlepoupadienyl ring
i ntroduced in SF-1399 3
of the ligand, or with or without a bridging bond between two

cyclopentadienyl rings.

As the known techniques which markedly vary the
stereoregularity, it has been reported that, for example, when
propylene is polymerized with the use of a metallocene compound
having a ligand in which a cyclopentadienyl ring and a fluorenyl
ring are bridged, as a polymerization catalyst, for the
stereoregularity of the polymer, syndioctactic polypropylene
is produced in the case of using dimethylmethyleﬁe
(cyclopentadienyl) (fluorenyl) zirconium dichloride
[J.Aﬁ.Chem.Soc.,llO,6255(1988)];hemiisotacticpolypropylene
1s produced in the case of
dimethylmethylene (3-methylcyclopentadienyl) (fluorenyl) zirco

nium dichloride in which a methyl group is introduced in



3-position of a cyclopentadienyl ring [Japanese

Unexam ned Patent Application Publication No.
S§81§%§796]; and isotactic polypropylene is produced

In the case of dinethyl methy] ene(3:tert

but yl cycl opent adi enyl ) (fl uorenyl ) zirconi um di chl ori de

in which a tert-butyl group is introduced in

3-position of a cyclopentadi enyl ring [Japanese

. Pe bl i . . |
RGO R R 2N TR vnsaniaee
' kedl.y. t.h | | ' it h b .
UL AU o B, oL ol Vel gt L b e
hj gh nol ecul ar wei ght is  obtai ned when a bridging -
p%j_a\? T BNy B FRIBIREM ddi Sl F43fg ©fand a f1 uor enyl
dé&é%%&ih@ﬁhﬂ%ﬂ&ﬂkﬂf@%ﬁbpentadienyI)(fIuorenyl)zirconiu

m dichloride is replaced with a di phenyl net hyl ene

bt y Topec 1 ¢ plapeatisen dnexaid oreth yRatAc oAdpin eédichoBride in
Publ i cati on No. H2-274703]; isotactic-hemisotactic

wipDdly pf opsenithavigih g i ghemRcdan el ghtikSon of a
obt ai ned when a bridging part in

I t e - (2 I I tadieqyl ) (flLu,
oy T e ol S o ek RS h AR FR bl e on
iphenyl ne I i.dge [ Organonetal lics, 21,
Pékﬁﬁ%éﬁ%ﬁﬁ&ﬂzuﬁﬂﬁééyﬂﬁgractic pol ypr opyl ene having a
hi gh nol ecul ar wei ght is obtained when a nethyl group
i s al%bthartdRickantn &t pBsinwm spcAniques which markedly

cycl opentadienyl ring ini _. SF-1399
vary the molecular weight, it has been realized that
syndiotactic polypropylene having a high molecular weight is
obtained ﬁhen a bridging part bonding a cyclopentadienyl ring.
and a fluorenyl ring in
dimethylmethylene (cyclopentadienyl) (fluorenyl)zirconium
dichloride is replaced with a diphenylmethylene bridge
[Japanese Unexamined Patent Application Publication No.
H2-274703]; isotactic-hemiisotactic polypropylene having a
high molecular weight is obtained when a bridging part in
dimethylmethylene (3- (2-adamantyl)cyclopentadienyl) (fluoreny
1)zirconium dichloriae is replaced with a diphenylmefhylene
bridge {[Organometallics, 21, 934(2002)]; further, isotactic
polypropylene having a high molecular weight is obtained when

a methyl group is also introduced in 5-position of a

cyclopentadienyl ring in



4
dlnethylnethylene(B tert-butyl cycl opentadi enyl) (fluore
SE¥% irconiumdichloride [ PCT Japanese Transl ation
Publ i cati on No. 2001-526730]; and so on. In
addltlon it has been also Tealized that with the
dinethylnethylene(S-tert-butyI-2-nethy|cyc|opentadieny
1) (fl uorenyl)zirconiun1dich|oride and

dﬂjn ? P OB, hi’éz?é‘glg gﬁ.‘hé"rtdlbnect c\}AI]ﬁJpo %'pgﬁ){ éﬁ‘é g1)

I'F cont um 7o |
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nmo| ecul ar m5|ght i s_obtained as conpared with

P bbsatehen ptepdi08d -w26R30]; and so on. In addition, it has

di met hyl net hyl ene(3-tert-butyl-5-nethyl cycl opent adi eny
bé¢gy falseoremyd dod rideti whtdi diieor i de and

di phenyl nmet hyl ene( 3- net hyl cycl opent adi enyl ) (fl uorenyl)

d e €10y 1t ey Kb red| Drd e ~HigsRect-ineenyyl /RE pdaRaneshy1) (£
Transl ati on Patent Publicati on No. 2001-526730,

I t Publ t
o200, (gram r@escr. B eation publ calon
id t t f.t
o T R LD B e

rin | ugrenyl rjng are bonded by brid has
Ibfecaﬁl g&FBiPé&idPr tih @hbyhmktqfeltqetnq%atfﬁelr?%dqm into

reports on the effect of a substituent of a-position
thaBsoRcent pasBeaonadpacemyclorersradiging posot i pnypphene
a cycl opentadi enyl ring are few SF-1399
having a low molecular weight is obtained as compared with

propylene prepared with

dirnethylmethylene {3-tert—bﬁtyl—5—~methylcyclopentadienyl) (f1
uorenyl) zirconium dichloride and

diphenylmethylene (3-methylcyclopentadiényl) (fluorenyl)zirco
nium dichloride, respectively, [PCT Japanese Translation
Patent Publication No. 2001-526730, Japaneée Unexamined Pétent
Application Publication No. H10—226694J .

As described above, although the effect of bridge and
substituent of the metallocene compound having a 1igand in which
a cyclopentadienyl ring and a fluorenyl ring are bonded by bridge
has been elucidated little by little, it is the fact that reports
on the effect of a substituent of a-position carbon ( = carbon
adjacent to a bridging position) on a cyclopentadienyl ring are

few. .



5 Disclosure of the Invention The present inventors
have conducted extensive studies on a polynerization
spregggs for efficiently producing an isotactic

pol ypr opyl ene which is a nat§rial essential in many
industrial fields such as for car parts, appliance
parts, mcrowave container, lunch container, and the
i ke, and an isotactic propylene elastoner which is
the constituent of a thernoplastic polyolefin

el astoner, which is called as TPO, wth the use of

bove- nent. oned tall ocene compound having a

D%?g%%%uF% gﬁi%%egﬁEV%} f$8ht adi enyl ring and a

quorquI ring are bonded by bridging, and as a ,

r esul TN€ (ARSI  VERH@ Y EnRA Vet BRNeBFeed dipfd ve studies

achi eved by carrying out a polynerization under a
ORpRcPPl¥mevhchtion i fspedfiicientdgedroducing an

nmet al | ocene compound, that is the pol ynerization
isatatyst moyubcgiyign2 whitHges aelaglero@enges MPDANGin many

which is constituted by a cyclopentadienyl ring

iM@vstgispeeididgs ket idens ddy AMesi Wi iaRde parts,
y-position. Thus, they have conpleted thé” invention.

T ' | .nventi 1S racess faor oduycing an
m%(llgﬁt%ifénée p%%née??eelnvﬂwilgﬂléhncﬂ%lf%easl%ﬁgi’yﬁg‘ﬂ %iﬁlr?gli&#el’eggfi an
. one nmononer el ected from propyl ene, a-ol efins and
LERTy/EnES TIPRRCT Guantonest Gl 4% Sher GonglatRnt of a

ol ynerization conprising: (A) a bridged netallocene
eprrsleinled By et%@@tsmemgglhéch is called as TPO,

withthecmecxftheabove-mentionedn@tallocenecompoundhaving
a ligand in which a cyclopentadienyl ring and a fluorenyl ring
are bonded by bridging, and as a result, they have found that
the object can be achieved by carrying out a polymerization
under a specific condition using a specific bridged metallocene
compound, that is the polymerization catalyst comprisiné a
bridged metallocene compound which is constituted by a
cyclopentadienyl ring having specific substituents in
a-position and y-position. Thus, they have completed the
invention.

That is, the invention is a process for producing an olefin
polymer, which includes polymerizing at léast one monomer
selectedfrompropylene,a—oléfinsandpolyeneslethepresence
of a catalyst for olefin polymerization comprising:

(A) a bridged metallocene compound represented by the



follow ng General Formula [I]; and (B) one or nore
conpound(s) selected from (b-1) an organoal um nunoxy
sggﬂggynd (b-2) a conmpound which reacts with the _

ridged netall ocene conpound (A) to forman ion pair,
and (b-3) an organoal um nunY conpound. R2 R3 Rt Ra
RlaMOlL R12 R5 Rat e R10 RO R8 R7 In the
above-nmentioned General Fornula [I] , Rl and R3 each

j ' 4 each |s a group selected
f??%ﬁygﬁgﬂéﬁ?%gggggﬁﬂgggﬁp %%Ni 1 to 20 carbon

at on( and a silicon-contajning %roup having 1 to 20
car bort 'at YR F MGEF iSRRI SAb IS¢ L8R &K FFCBr oup

having 1 to 4 carbon atonm(s) . Each of R5, R6, R7,

R8, R9, Ri db—Ri1aan@rReERCcaMiménungxgetenpedndir om

hydr ogen, a hydrocarbon group and a silicon-containing
group, nmybbe)sanecapotintf @héoh Feastearvbtlt bes, bandyed
adj acent groups nmay be bonded to each other to forma
ring. EachmefaRidcand Rifipoohdl89P9 t6 tWhhhChniSon pair, and
sel ected froma hydrocarbon group and a _

si | i con-contakRi gy gg&ggpaﬁﬁ%%ggmsggﬁpgﬂngifferent

fromeach other, an J acent groups” hay be bonded to
~each ok@pr toF@prm

In'the above-mentioned General Formula [I] ' R! and R® each
is hydrogen, and R? and R® each is a group selected from a
hydrocarbon group having 1 to 20 carbon atom(s) and a
silicon-containing group flaving 1 to 20 carbon atom(s). R® is
preferably an alkyl group having 1 to 4 carbon atom(s). Each
of R®, RG, R, R®, R% R', RY and R, which is selected from
hydrogen, a hydrocarboln group and a silicon-containing group,
may be same or different from each other, and adjacent groups

may be bonded to each other to form a ring. Each of R'3 and R,



aring. Mis Ti, Zr or H. Y is a carbon atomor a

silicon atom and Qis selected froma hal ogen atom
sPA-{wek ocarbon group, an anionic ligand and a neutra

| i gand capabl e of coordinating with a |lone electron

pair, which may be selected in the sane conbination

or different conbination, and j is an integer of 1 to

4. In the production process of the invention, a

wPLE{ efd adh1 SIBOM SRR Of e AOLYIPLLERL! Rl 3 hat at

| east one mononer — selec rom pr pyI a-ol efins

ol es i.S a ( syst em of op n
AT B R SR al%&ﬁ%ﬁi Expg each
| ene or K 1-butene, and (3) a three-conponent
%ﬁs]ty'eﬁpgf agdy %%?Pérférma%maé/n e Aprnaech-ef fAChaRi Ry 4ooform
nmore carbon atons. Best Mdde for Carrying Qut the
a Eanent iMbAsHEk eiZmadt ¢if. aY Hest qrotbenf atom & §igig o atom,
the invention wll be described in detail. The
and@ens isorldct el fironesshd Dfgerpaadusi ﬂ@}&jﬁ%cﬁﬂ@;roup, an
pol ynmer, which includes polynerizing at |east one

arlfone! 1 §gh@eheda B@Q'E‘rﬁﬂ%){;}a@f&?caﬁa@i@B‘frhso@f&natlng with
pol yenes in the presence of a catalyst for ol efln

aF%Hd@“@fe%%&bﬁnﬁbqgnp%hih%gmaﬁtbésgglgﬁtgﬁolg'pﬂ 984

met al | ocené conpourid T eprese

cSore 0&2%O§%§%§¥%§Z%§ t£§&$¥%%# ?% f¥1 ﬂ(%% an integer of

or ganoal um nunmoxy conpound
1 tc94. y P

In the production process of the invention, a preferred
embodiment of the polymerization is that at least one monomer
selected from propylene, a-olefins and polyenes is any of (1)
g_system of propylene alone, (2) a two-component system of
propylene, and ethylene or l-butene, and (3} a three-component
system of propylene, ethylene.and ag~olefin having 4 or more

carbon atoms.

Best Mode for Carrying Out the Invention

Hereinafter, a best méde for carrying out the invention
will be described in detail. The invention is a process for
producing a propylene polymer, which includes polymerizing at

least one monomer selected from propylene, a-olefins and

‘polyenes in the presence of a catalyst for olefin polymerization

comprising:



(b-2) a conmpound which reacts with the bridged
net al | ocene conpound (A) to forman ion pair, and
S§b1§ggan or ganoal um num conpound. (Fbreipafter
process for producing prop¥gene pol ymer' nay be
abbrevi ated as "“pol ynerization process'.) Hereinafter,
a bridged netall ocene conpound related to the
i nvention, an olefin polynerization catal yst
ContQTn!leigﬁﬁ éa“ﬁé%%ﬁig%%ﬁk'88%”8u88”98§98 egt d.byv the
pol ynmeri zat1 on process in the prgsence SP L PRg BT R T
ol yner.izati catal.yst, a._characteristic of
ag?%%%ﬁ'qqle%jeo(fq:ﬁ{ée% Zgit%gﬁllé‘ 3!13|6yla€‘ﬁle pol ymer, and
the effect of the invention will be described in the
or der(B)( AneBATd §od svseaPPREnRE ) CoRpeahad( AYom bri dged
nmet al | ocene conpound represented by the
above- nent i(bnéd @energhnfal mmiaufdkyhasmpdend ol | owi ng
characteristics of the chem cal structural fornula,
[M] and [(BR2P) BrkbmPbuhbewhi®h! +8aPES, wONe 1% dridged
cycl opent adi enyl group having a substituent,

(hereinaft geraf @beEhEA-4RbASn@ (n)SYRSELIME S i§'£1_ f?é& 9ano‘t

cycl opent adi enyl group'), and the other Is a
fl uorenyl 0 .éénﬂ A transition netal Mn the
above-nent?%ngg ng%g?né o?%ﬁ?%ﬁ[???p%%% tituting a
tall acene conmpound_is titaniu zi rconi um _or
(4%%%ﬁqﬁﬁ%er ‘prggess for producing)propylene polymer’ may be

abbreviated as ‘polymerization process’.)

Hereinafter, a bridged metallocene compound related to
the invention, an olefin polymerization catalyst containing the
‘bridged metallocene compound, a polymerization process in the
presence of the olefin polymerization catalyst, a |
characteristic of‘properties of the obtainable propylene
polymer, and the effect of the invention will be described in
the order.

(A) Bridged Metallocene Compound

(A) A bridged metallocene compound represented by the
above—mentioned General Formula [I] has the following
gharacteristics of the chemical structural formula, [ml] and
[m2].

[ml] Of the two ligands, one is a cyclopentadienyl group
having a substituent, (hereinafter, referred to as a

‘substituted cyclopentadienyl group’), and the other is a



Herei nafter, chem cal structural features of the
bri dged netall ocene conmpound related to the

skoyegsion, such as a substituted cycl opentadi enyl
group, a fluorenyl group, agbridged part and the
other features will be described in the order of
precedence. Then, preferred bridged netall ocene
conmpounds havi ng these chem cal structural features

FWNbte el ggggwjified. [1] Substituted Cycl opent adi enyl
G oup For the parts of the substituted
cyclo t r the ¢ al structura
f or nu rgpfggéﬁgg'ggge%%féﬁgﬁn Pge[TTHBb%W% General

thIC i@H%s in.the E nerlzatlon process of the
PHUENt i RPNFHHTREL med 3y Ir@rGgeAmae v fendirgnium,
and R4 each is a hydrocarbon group (f1) having 1 to -

z ek e atasiumor a silicon- containing group (f2)
having 1 to 20 carbon atom (s) . The hydrocarbon group
(fl) Hendinp ftetry 2Rercbcdbtatonihl fewt uckes ofbgsd desdged
an al kyl group, an al kenyl group, an al kynyl group or

medt®e Bl ydergd Qebhpdiineh eansidd Wesrearnkernandnhydnegeds a
only, a hydrocarbon group containing hetero atons in

sWH S & e A o 0fp r?:%tcﬁ%q{aﬂg?g Itpom i GeLLY, Eo§g8g§go

t he carbon atom dups T's reprac

o RS e Bl & SFaégato%%atsfggev?tﬁ R drediBer oy the
oup, and roups in_which the two arbitrary hydrogen
l’%[ Ld %Fég%ﬂentcc? -eathe ot r@te%%r%%&ttftq&%dnqt@kwr{e

an allcycllc group. Exanpl es of the hydrocarbon group
cqmyounds having these chemical structural features will be

exemplified.

For the parts of the substituted cyclopentadienyl.grogp
in the chemical structural formula represented by General
- Formula [I] above, which is used in the polymerization process
of the invention, R! and R® each is a hydrogen atom, and R? and
R*each is a hydrocarbon group (£1) having 1 to 20 cat:bon atom(s)
orasilicon- containinggroup (£2) having 1l to 20 carbon atom(s}.

The hydrocarbon group (f1) having 1 to 20 carbon atom(s)
includes, besides an alkyl group, an alkenyl group, an alkynyl
group or an aryl group which gonstitutes carbon and hydrogen

only, a hydrocarbon group containing hetero atoms in which a

part of the hydrogen atom directly bonded to the carbon atom -

of the above groups is replaced by a halogen atom, an



i ncl ude a straight-chai ned hydrocarbon group such as a
met hyl group, an ethyl group, an n-propyl group, an
saliybggroup, an n-butyl group, an n-pentyl group, an
n-hexyl group, an n-heptyl ,group, an n-octyl group,
an n-nonyl group, an n-decanyl group; a branched

hydr ocar bon group such as an isopropyl group, a
tert-butyl group, an anyl group, a 3-nethyl pentyl

i ; t
Og%%%g?c%’laélﬁ%tr%ﬁ%@pr opy?ﬂ&%ﬂ%%grr é:%njca:!r_nqlrﬁebmﬁhgu ¥ a

0 t I et h h
ﬁ%ﬁwﬁﬁﬁwﬁﬁw% mﬁ%%EwWy
clic s urat hydr ocar ban roup such as a
PUTR AT POIBoH e CYel SO, BB, S Wy ey eyt Form
group a cyclooctyl grou a norbornyl group, an
an kR G Graupie a Bfempéeansst that bidhydavear bproup (£1)
group and the nucl ear substitution thereof such as a
imhbenye agstuplgha-nhphbas|hyiowms risomipleny sughcp,a methyl
phenant hryl group, an anthracenyl group; a saturated

giyals ocar kamyaogt-aupi, ngngﬁoypopwb@idﬂpl,t et kémq;rl ak¥lip, an

group, such as a benzyl group, a cumyl gro

nlEﬂ@§P@§%ﬁbCQﬁ{ﬁLBbﬂgggfﬂ&R%ﬁrQHquge oxég %u?n “heptyl

met hoxy group, an et

thyl a trifl th
it afoherrer s nge 1 R T e e RS Lﬁoercoaay&yaroup'
r . a af | uor ophenyl group. The
a %Haf dcgﬂ‘t O GEFSURaviRl 85t 8120 SEREBBH L agbAIP, @

(s) (f2) is for exanpl e, a group of which the cyclic
B Yon & oudy c lasp épvadigenyk . grodpmegithg¢ peytpdndsoup, a

covalently via a silicon
1,1-diethylpropyl group, a 1,l-dimethylbutyl group, a
1—methyl—l—propylbutyl group, a 1l,1l-propylbutyl group, a
l,1—dimethyl~2—methypropyl group, a
- l-methyl-l-isopropyl-2-methylpropyl group; a cyclic saturated
hydrocarbon group such as a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, a norbornyl
group, an adamantyl group; a cyclic unsaturated hydrocarbon
group and the nuclear substitution thereof such as a phenyl group,
a naphthyl group, a biphényl group, a phenanthryl group, an
anthfacenyl group; a saturated hydrocarbon-containing group
substituted by an aryl group, such as a benzyl group, a cumyl
groﬁp; a heteroatom—containing hydrocarbon group such as a

methoxy group, an ethoxy group, a phenoxy group, an

N—methylaminogroup,eatrifluoromethylgroup,eatribromometbyl



atom and specifically is an alkylsilyl group and an
arylsilyl group. The silicon-containing group (f2)
spaysbe exenplified by a trimethylsilyl group, a
triethylsilyl group, a trip ﬁnylsilyl group, or the
like. R2 is preferably a hydrocarbon group having 4 to
20 carbon atons. The hydrocarbon group having 4 to 20
carbon atons may be exenplified by the

g2beye- 4e h@fﬁﬂl@ﬁ'@é%%\%ﬁéﬁﬁ ’ dtaf tﬁ%\ﬁo%glreéa/%ogggup.

carpon atons except an e

and . 0 n_addition, R4 in the Genera

For s Pyt ghotBaes DRSS ok f i b S bapha PR (o)
(% o, 10. carbon atom (s) , and fromthe viewoint that
{Hhk Ho IS A Rdigh 8FCEReChoVyER Prodied ¢ e rhsa on a

increased, R4 is nore preferably an al kyl group having
cycerentadreyonl arerps)irdarl wrangbesown sty vgeaupilicon

an ethyl group, an n-propyl group, an isopropyl
agprou@ndanpachil ghl by aup anaal ky 3OOUW Y g r@i@uan@rarfarylsilyl

sec-butyl group, and particularly preferably a nethyl

gOFgup, TAB €L DYECHr8URL 91n By Ng RS OPYI £ 0" MR, HENExBRBY ifieq
preferred enbodi nent of (A)  a cycl opentadi"eny group

bpfa & binlAgra Setal | e co l.gt ed the
$ﬁ%ention ist atgﬁﬁﬁ&g % ﬁ%g%%%gpgéﬁ&grgéguﬁavﬁng 2
~ r atons _SF-13 12 .. and at the sane tine, R2
t%é?é%ﬁg}%%ykﬁﬂ%ﬁqqgheﬁF'%%ecgﬁﬁﬁ?ison with R2 such as
a terg-buﬁgl rouE, a nethylc%clohexyl group or a
met hyl ada ﬁf‘%raa B Y HEPER ALOR K- qudr he VY Kyt o mdangrbon

that the volume that the substituent occupies is
aqog}sge_The hydrocarbon group having 4 to 20 carbon atoms may

be exemplified by the above-mentioned hydrocarbon group (£1)
having 1 to 20 carbon atoms except a methyl group, an ethyl group
and a propyl group.

In addition, R? in the General Formula [I] is preferably
a hydrocarben group having 1 to 10 carbon atom(s), and from the
viewpoint that the molecular weight of the polymer produced can
be increased, R*! is more preferably an alkyl group having 1 to
4 carbon atom(s), for example, a methyl group, an ethyl group,
an n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group or a sec~butyl group, and particularlypreferably
a methyl group, an ethyl group or an n-propyl group.

The most preferred embodiment of (A) a cyclopentadieny
group of a bridged metallocene compound related to the invention

is that R? is a hydrocarbon group having 2 to 4 carbon atoms



[2] Fluorenyl group In the polynerization process of
the invention, R5, R6, R7, Re, RO, R', R11 and R12 in
sp_ftygrenyl group noiety of the bridged netallocene
compound represented by thel above-nmenti oned Genera
Formula [I], each may be an ?dentical atom or an
i dentical group selected from hydrogen, a hydrocarbon
group, and a silicon-containing group, and they may be
ang ch.otheg>t.q foO ring. t he . .
aﬁyggggg} gﬁﬁgigﬁp%’tﬁejgb o%giggn?ﬁgﬁ%gg ?%?65%F8%ﬁarlson
r.o fl) can b ntioned as the referre
B Reish Sna BeTERbvEr T eltutonm A9iNG Grdshe e aTow
above- menti oned silicon-containing group (f2) can be
ORerte ohetRdamantel grener r d¢ r&ianpte tRhe yrldivérmeans that
enbodi nent of the fluorenyl group is a fluorenyl
the coplwfe whihah the RO smid Rt areupiets Hydlager.at ons
at the same tine. Particularly preferred enbodi nent
is a fAuaeamtdergfloyroeip which the R6 and R11 are sane
atons other than hydrogen or sanme groups. [3]
Covalgptdne BiohdgieRd »Bak by T} fo@?é@'&f‘adﬂé Hg%tengltiohbeRE’ R®,
bond Iinking a“cycl opent adi eny group and a ftluofenyl
gredp Ls a,eovahent Ly dridgi ng, di val enc bond .whi ch
Réo%téi%§ 3%e'8§£b%%da on%%rasg ?%%ﬁPﬁﬁlﬁ%O FodEetyzg§ the

b13 i org t ééﬁrn in the polynerization of the
¥ ITOTEFSL AR PG FEEREsRRESSE PvhéhGoval ent Iy
bridging part in the above-mentioned General Formula
aqve g R eth feresalwhe ehuhayl I lbe esghemay ki feidantical
fromeach other. R13 and R14 each is an
atomor an identical group selected from hydrogen, a hydrocarbon
group, and a silicon-containing group, and they may be bonded
to each other to form a ring. As the hydrocarbon 'group, the
above-mentioned hydrocarbon group (f1) can be mentioned as the
preferred embodiment, and as the silicon-containing group, the
above-mentioned silicon-containing'group (f2) can be mentioned
as the preferred example. More preferred embodiment of the
fluorenyl group is a fluorenyl group of which the R® and R'? are
not hydrogen atoms at the same time. Particulariy preferred
embodiment is a fluorenyl group of which the R® and R are same
atoms other than hydrogen or same groups.
[3] Covalently Bridging Part
Themain-chainpart of the bond 1inking a cyclopentadienyl

group and a fluorenyl group is a covalently bridging divalency

bond which contains one carbon atom or sil'i_con atom. The



atomor a group selected froma hydrocarbon group
having 1 to 40 carbon aton(s) and a
spLhkggn-contai ning group having 1 to 40 carbon
aton(s), and may be bonded each other to forma
ring. The hydrocarbon group~and the silicon-containing
group can be exenplified by the above-nenti oned
hydrocarbon group (f1), the silicon-containing group
i&ﬁgitaﬁﬂgxﬁﬁﬁyﬁﬁ1&&3g@g&%erﬁgﬁtq%ﬂf8§§ﬂm9£89éh9'&Heﬁ§that
~nol ecules 1's repl ace an al'kyl” group, "a cycfoafkyl
.or an aryl grqup or the like. In.the produyction
@ R ERAEOg SO Y Bt 1O ORI Y REAC A B Cimy Thne
same or different fromeach other, may be an qLéI ‘
abBeBepeR t 1oReH F9naRedd FREPH1gr bbp. haHE e,anch R he which may
invention, the word "an aryl group” neans a group
be opame t @F el Bfezantarfomat ieacly iatgrecar bd and BN each is an
aromati ¢ hydrogen (sp2 type hydrogen) only, and the
awom b @ gubsbi seledtad Virgi aUpydrdcdebbhegréop rmewirapR to
obt ai ned when at | east one aromati c hydrogen (sp2 type
4YEHAGN )at drly AN adY b 8Y PURchScHRPL 8Ly Yr&¥HMPAng 1 to

ot her than hydrogen]. By introducing an aryl group “or
%[cg;'t ryl,_ar ridging at.am n
4% efl na%oﬁoﬁrg&rse}ﬁa\%n%gﬁéeh%ghbﬁg?ee(gu#gai?ea(%eiogﬁ%ler((:g]d Bf‘é‘)rm 2

effec&'ve$ roduced. Exanples _of the aryl group, or
TG TIPS YR RPARGT HHONR SPACH e G il SRIGALRNG group
constituted SF-1399 14 by an aromatic ring carbon and
Cah ke greamRl Wyl deh thep 2 mefFdosgen N YRagragbent group
18 carbon atons such as a phenyl group, a naphthyl
(rloug:heas iddcenylcogtedapion grphenait hy yAndyrouwpsadsd waich
substituted aryl group in which at | east one aromatic
tHydreeigen atom in these molecules is replaced by an alkyl
group, a cycloalkyl group, or an aryl group or the like.

In the production process of the invention, R*? and RY,
which may be same or different from each other, may be an aryl
group or a substituted aryl group. [Here, in the invention,
the word "an aryl group" means a group constituted by an aromatic
ring carbon and an aromatic hydrogen (sp2 type hydrogen) only,
and the word "a substituted aryl group" is defined for a group
obtained when at least one aromatic hydrogen {sp2 type hydrogen)
in an aryl group is replaced by a group other than hydrogen].
By introducing an aryl group or a substituted aryl group to the
bridging atom (Y), an olefin polymer having a high molecular

weight can be effectively produced. Examples of the aryl group

or the substituted aryl group include groups only constituted



(sp2 type hydrogen) is replaced by a substituent, that

is, an alkyl or aryl substituted aryl group having 7
sf013Pg carbon atons such as a tolyl group, a xylyl

group, a mnet hyl napht hyl groyp, a bi phenyl group or a

terphenyl group, a fluoroaryl group having 6 to 20

carbon atons such as a fluorophenyl group or a

di fl uorophenyl group, a chloroaryl group having 6 to

bR GrLakkear jat P:['ﬁ? S&ﬁbcﬁg d@dp ghoggﬁﬁgg%%ﬁ%%qgsgg type

di chl or ophenyl gr oup, ronoary
on _at.ons _suc s..a. braonophenyl. grou nd
SR et R ol L8 b AT PR, Biph Bt RheRvioszeue:
carbon atons such as an i odophenyl group and a
2 gk eRYPURyr G 2N hEWLoP BAER i TaryRh et Hal igggup/ and
to 40 carbon atons such as a (trichloronethyl)phenyl
a gibgplantedpiryt g¥ehp drovei dy latphenstt ogecupmmatic hydrogen
bronoal kyl aryl group having 7 to 40 carbon atons such

(52 & yte hiybrogenethy | )gdilerydd byr aupulssidi ttuent, that is, an
bi s(tri brononet hyl ) phenyl group, an iodoal kyl aryl

algfPuUp rham NGust O+ 40 8HPANGRLAPTSMHY A% A30 carbon atoms
(triiodomethyl) phenyl group and a

I R S R

group 040 ca
trifluorqnmethyl)phenyl grpup and a Eis étriﬁ )
@ PUBPSHLE AT Cie Ry T b BBy T AEOPBy 4 ALUCHBSEY L GraiRapgYLng
SF-1399 15 group, a substituted phenyl group of which
6 % lssete AL OB SHCES 3Sn andL ROEBRNERBA GEOUP or a
para-position is preferable. R13 and R14 is preferably
diffdaiqurophenydl eroen, fa cmlamoalcky| groum g viiag Agd 20oc&rbon
carbon aton(s), a phenyl group, the
atoms such as a chlorophenyl group and a dichlorophenyl group,
a bromoaryl group having 6 to 20 carbon atoms such as a
bromophenyl group and a dibromophenyl group, an iodoaryl group
h'aving 6 to 20 carbon atoms such as an iodophenyl group and a
diiodophenyl group, a chloroalkylaryl group having 7 to 40
carbon atoms such as a (trichloromethyl)phenyl group and
bis(trichloromethyl)phenyl group, a bromoalkj/laryl group
having 7 to 40 carbon atoms such as a (tribromomethyl)phenyl
group and a bis(tribromomethyl)phenyl group, an iodoalkylaryl
group having 7 to 40 carbon atoms such as a (triiodomethyl)phenyl
group and a bis(triiodomethyl)phenyl group, a fluoroalkylaryl
group having 7 to 40 carbon atoms such as a

(trifluoromethyl) phenyl group and a

bis(trifluoromethyl)phenyl group. As for the substitutedaryl



substituted phenyl having 6 to 10 carbon atons, and
more preferably a group selected froma nethyl gr oup,

sELphynyl group, a tolyl group (= a nethyl phenyl
group) and a (trifluoronmetfyl)phenyl group. In
addition, in the production process of the invention,
when R4 of the substituted cycl opentadienyl group is a
nmet hyl group, fromthe viewpoint of producing a

gMﬁ’,ﬂE‘a{ NBLNG 2 %’?\ P%' b&ﬁgppggf hiéh bflhggglgbstltuent

met al | ocene conpoun whi’c and

ed .to _each other. to forman_ al hat
R A Rt e Pl adgy 8 moREH SoPRE CH 81 6F n%oaﬁfergole
allphgglc rinng, is preferably used, and in qorder to
achi éve23dnRg mr@éﬂrﬁfﬁbly\,\é%@[ﬂr% ﬁEFPC*é%dtﬁi@%F‘ﬁhalkyl
mel ting p0|nt a bridged netall ocene conpound of
IR i@ oR13 tand Rasbare abomisa, sabpkenyi egrawyl the
group is preferably used. Wen R4 is an ethyl group,
silrsimtiited whewyd hiavihgaéhiteviiOgcarboghatohegudmd more
wei ght according to the polynerization of the

prdReaRid19Na ga ol SWPs- ey %'rbﬁ@ﬁ@tﬁ?ﬂ@%&ﬁﬂ) fonaahgroup,

the R13 and R14 are an aryl group or a substltuted

2 3ol hegr AR - LNRCSAYELHD | 5oRLS] ciably used

for the easi n eparation of the

ound, generally, ones with
trlré Ygrgn Eﬁﬁ Rhegy rggg}'lgbly used. SF-1399 16 [4]
O her. Structural Features for Bridged Metall ocene
ConpSHnFTHE 1 Prer dBolee RIFRAWHEPTCRRRFEFS FOT HiPat 1 YFL MDY,
is Ti, Zr or Hf, preferably Zr or H. Qis sel ected

whierof a:f]«,@h@ggnbatgmlted cyclopentadienyl group is a methyl

group, from the viewpoint of producing a polymer having a high
" melting point, a bridged metallocene compound of which the R®
and R’ are bonded to each other to form an. aliphatic ring and
R and R' are bonded to each other to form an aliphatic ring
is preferably uéed, and in order to achieve a high molecular
weight as well as the high melting point, a bridged metallocene
compound of which the R'® and R!'* are both a substituted aryl
group is preferably used. When R* is an ethyl group, from the
viewpoint of achieving a high molecular weight according to the
polymerization of the invention, a bridgedmetallocene compound
of which the R*® and R are an aryl group or a substituted aryl
group at the same time is preferably used. Furthermore, for
the easiness of preparation of the bridgedmetallocene compound,

generally, ones with same R' and RY is preferably used.



a hydrocarbon group having 1 to 10 carbon aton(s), a

neutral, conjugated or non-conjugated di ene having 10
spriiees carbon atoms, an anionic |igand and a neutra

| i gand capabl e of coordlnai ng with a |l one el ectron

pair, in the sane conblnatlon or different

conbi nation. Specific exanples of the hal ogen atom

include a fluorine atom a chlorine atons, a brom ne

at om[ 4N /i %@ﬁ%ﬁ&gm Fea@uaegcmcgﬁmgy& eﬁe‘?%lig'c.eene

hydrocarbon group 1 nclude net

%agﬂ[ 2- nethylpropyl 11- dlnethylpropyl
¢ élnethylpropyl diethylpropy,

1-et %%_L nmet h I 1,1,2, 2- tetraneth¥ Fr%F

sec- e gk eﬁﬁﬁ?? 1ongd GefgralhonmtyR, 11 is' Ti, 2Zr

1,1, 3- trlneth{lbutyl neopentyl, cyclohexylnethyl .
o% Vil opERGerahl yethplr- K £ cy Bl bhesileciied fhem 4 jhedogen atom, |

Speci fic exanples of the neutral, conjugated or

arhmdng@mrbgatgdodbe@&whaynngolm00¢afﬁﬁﬁaﬁ@mb@n,ahOﬂSutral,
i nclude s-cis- or s-trans-14-1, 3-but adi ene, s-cis- or

cdhjdgyﬁ%d|d%fhdh43dﬂ@%%ﬁkea 3ibHtadhengq §ch§ 185s carbon
s-trans- T14- 3- net hyl 3- pent adi ene, s-cis-

atonld, a8y Hidohids QF%%QQY'né 3 th@gbfnfiggngléapgﬁle of

s-trans- 114-2 4- he i ene -
nt adi.en SF 1399 17 Ci s-
e iRE b e ] L EPR R R S s i e tlgeaagﬂe gpmbination
s-trans-,14-1,4-bis(trinmethylsilyl)-1, butadlene and
o i fitieggnt §ﬁ§‘&lﬂaél@%arrp$£e%cloﬁlq @aamlcﬁﬁ ©f jtdgndpalogen
include an al koxy group such as methoxy, tert-butoxy
atgidipaéndsye fducaribexgtame agycbdprine atoms, a bromine atom

and an iodine atom, and specific examples of the hydrocarbon
group include ﬁethyl, ethyl, n-propyl, isopropyl,
2-methylpropyl, 1,1-dimethylpropyl, 2,2-dimethylpropyl,
l,l—diethylpropy,ll—ethyl—l—methylpropyl,
1,1,2,2—tetramethylpropyl,-sec—butyl, tert-butyl,
1,1-dimethylbutyl, 1,1,3-trimethylbutyl, neopentyl,
cyclohéxylmethyl, cyclohexyl, l-methyl-l-cyclohexyl and the
like. Specific examples of the neutral, conjugated or
non-conjugated diene having 10 or less carbon atoms include
s-cis- or s-trans-n’-1,3-butadiene, s-cis- or
s—trans—nq—l,4-diphenyl~l,3—butadiene, s-cis- or
s-trans-n4-3-methyl-1, 3-pentadiene, s-cis- or
s—trans—n4—l,4¥dibenzy;—l,3—butadiene, s—-cis- or

s-trans-n‘-2, 4-hexadiene, s-cis- or s-trans-n’-1, 3-pentadiene,



such as acetate and benzoate; a sulfonate group such
as nesylate and tosilate; and the like. Specific
xagpbes of the neutral [|igand capable of
coordinating with a | one elggtron pair include an

or gani ¢ phosphorous conpound ‘'such as
trimet hyl phosphine, triethyl phosphine, triphenyl
phosphi ne and di phenyl nethyl phosphine; ethers such

as. letrahydrof uran, .diethyl ether, I pxgne and ,
S G ok b et o L s Tnley, - PulEBngh Garetar o
to 4, and when j is 2 or nore, Q may be sane or _
STTFHA7 O~ i orn e TERHeR S 1871) EladpPESAGk oPF emel Fleel 1ike
Bri dged Metal | ocene Conpound Hereinafter, specific
Se&Ghpt @ £X53MDes pettdiel deépric dégsadntne bpde eona bty group
t he above-nentioned General Formula [I] w Il be
syemtdsomedhobyt, taetibwenty amd pheoboxtye decddbmstseldhtien group
scope by those:

stclopsopyd t dienahd-beidodnl y h-Dretdhd 1@y 6+ oRE RN £0Wekl1ate
fluorenyl)zirconi umdichl ori de,

ah@ Ry OP ddene(Brher i1 PUt Y lsR gty gxglhggﬁgt@fii}g@/ hhG2ral

, 7-di  -tert-butylfluorenyl)zirconium ori

' ' - t-butyl - 5-ethyl I t adi l,
G OB B o R AT e PPl S e R thtTude
SF-1399 18
A SHRABPYT PROTESIPES SBIPGEDS. 8RRy | 25 dHoipeaitngh BRgFRLane,
,6-di _-tert-butyl-2,7-di nethylfluorenyl)zirconi um
tfiei ok PAesphine, triphenyl phosphine and diphenyl methyl

i sopropylidene(3-tert-butyl-5-ethylcycl opentadienyl) (2
phosmhiinavetdiyefdauenmty lajgz itetaninyirdifalraarn | deethylether,
dioxane and 1,2-dimethoxyethan; and the like. “3” is integer
of 1 to 4, and when j is 2 or more, Q may be same or different
from each other.

[5] Examples of Preferred Bridged Metallocene Compound

Hereinafter, specific examples of the metallocene
compound represented by the above-mentioned General Formula [I]
will be mentioned, but the invention is not to be limited in
scope by those:

Isopropylidene (3~tert-butyl-5-ethylecyclopentadienyl) (
fluorenyl)zirconium dichloride;
isopropylidene(3—tert—butyl—S—ethylcyclopentadienyl)(2,7-di
'—tert-butylfluorenyl)zirconium dichleride,
isppropylidene(3—tert—butyl—Sﬁethylcyciopentadienyl)(3,6—di

~tert-butylfluorenyl) zirconium dichloride,_'



i sopropylidene(3-tert-butyl-5-ethylcycl opentadienyl) (2
, 7-di  phenyl fl uorenyl ) zi rconi um di chl ori de,

sksopuopyl i dene(3-tert-butyl-5-ethyl cycl opentadi enyl) (2
, 7-di (nesityl)fluorenyl)zhgconiun1dich|oride,
i sopropylidene(3-tert-butyl-5-ethylcycl opentadienyl) (o
ctanme thyl octahydrodi benzofl uorenyl) zirconi um
di chl ori de,

1s§9§5@pyiaékgw%£%éfﬁlbd%§bd55%6HJDHJEMH§%%%%5§@59E¥'é(% dai
é&&ﬂﬁ@?ﬂ%ﬂ%ﬁﬂ@%ﬂﬁ%& it $QLEI%LAEL

oni um
0 | dene( 3-tert-butyl -5-ethyl cycl opent adi en 3
1!5‘39 Jc‘lé‘??e E{Jt’iﬁrtz‘bﬁfréé]guﬁ ﬁtf}]YL%?rY p)e% tedd gy (E( 7-di

di ch] ori de,
meElyyt By FereAll Bl reaniusutdiicre-catifigl, cy cl opent adi enyl ) (2
3,6, 7-tetranethylfluorenyl)zirconiumdichloride,
i$@Emwmwgddenﬁmﬁ{bamﬁibdnth54bﬂﬂy$ﬂycl©b@meﬁﬂadhgmyk?(2—di
, 3,6, 7-tetra-tert-butylfluorenyl)zirconium
phbm#ﬂfﬂmdkbnyl )zirconium dichloride,
(met hyl ) (phenyl ) net hyl ene(3-tert - butyl 5- et hyl cycl open

1§@%&p¥mée)r( We%\db)x{e 10— i bg&h%gﬂ PRIPRYL) §2eha

net h )(phenyl)nethyle -ter

%ﬁ%ﬁﬁ?n{%ggéf%nyfyszgghf%ﬁ &1ch %&?g&l)2|r00niUm

met hyl hen I neth ene(3-tert-butyl-5-ethyl cycl open
é <§¥ )&%§§93ﬁ& rt- utyl( S5-ethylcyc opentad%en%l)(gctame
nyl)(3,6-di-tert-butylfluorenyl)zirconium dichloride,

t R AhADYEIesHyonRetH onsay3 ) Eércobatpl dbcbibhyldgel open

l;éggé;YMldﬁna&aﬂbdmmaﬂut&JFSéemhymyyﬁaupéﬁnyalénymDnlun)3
di chl ori de,

6,8,8-hexamethyl~1H, 8H~dicyclopenta[b, H] fluorenyl) zirconium

dichloride,

isopropylidene (3-tert-~butyl-5-ethylcyclopentadienyl) (3, 6-di

—tert~butyl—2,7~mesitylfluorenyl)zirconium dichloride,

isopropylidene (3-tert=butyl-5-ethylcyclopentadienyl) (2,3, 6,

7—tetramethylfluorenyl)zirconium dichloride,

isopropylidene(3—tert-butyl~5—ethylcyclopentadienyl}(2,3,6,

7wtetré—tert~butylfluorenyl)zircoﬁium dichloride,

(methyl) (phenyl)methylene (3-tert-butyl-5-ethylcyclopentadie

nyl) (fluorenyl)zirconium dichloride,

(methyl) (phenyl)methylene (3-tert-butyi-5-ethylcyclopentadie

nyl) (2, 7-di-tert-butylfluorenyl) zirconium dichloride,

(methyl) (phenyl)methylene (3-tert-butyl-5-ethylcyclopentadie



(et hyl ) (phenyl ) net hyl ene(3-tert-butyl-5-ethyl cycl open
tadie nyl)(2,7-dinmethylfluorenyl)zirconium

sditidoride
(et hyl ) (phenyl ) net hyl ene(3r§ert-butyl-5-ethylcycl open
tadie nyl)(2,7-di phenyl fluorenyl)zirconi um
di chl ori de, _
(et hyl ) (phenyl ) net hyl ene(3-tert-butyl -5- ethylcyclopen
nBdi B, 64 MGt LflidyESidolehihyor epwh) g 69RhUBY i de,

di chl ori de,

B >F;1@aem'naé{%tﬁsen%w%c%:e&%tmwax'5-_éasg,msyg¢g&e;aie
o4 St AT astavdr dienz el b uorenyl) 2 ooni um,,
dééﬁﬁéyggéphenyl)nethylene(3-tert-buty|-5-ethy|cyc|open

nyl) (1,1, 3, 6,8, 8-hexanet hyl - 1H, 8H di cycl openta[ b, h]flu
(el ) (Pheinvddmiedrnydiecls! (Sr-tedet-butyl-5-ethylcyclopentadie

(met hyl) (phenyl ) net hyl ene(3-tert-butyl-5-ethyl cycl open
nytladizs 7-dimethylfluorenyl) zirconium dichloride,

nyl)(3,6-di-tert-butyl-2,7-nmesitylfluorenyl)zirconium

(nlitGR)10r nyl)methylene(3 tert-butyl-5 eth¥ clopentadie
(met'hyl ) (phényl ) nethyl ene(3-tert-butyl - hyT cycl open

oA 7 @ggng%ﬁfﬁmrgﬁmqmmuaoaﬁexhz% seoni um

u$%§ﬁgxl)%_%§H¥EL"%F %% %(geggr Eyg -&th T¥§ gég‘tadle

yI)(2 3,6, 7-tetra-tert-butyl fluorenyl)zirconi um
nydj} dﬁ|arﬂdéme31tyl fluorenyl¥21rcon1um dichloride,

di phenyl net hyl ene(3-tert-butyl -5-ethyl cycl opent adi enyl
(metfind ) SEhe399 ) 2@ thydengl( Bzt econbubydl-6hebhyteyclopentadie

di phenyl et hyl ene(3-tert-butyl-5-ethyl cycl opent adi enyl
nyl( 2ot tamdithiyepicthtyvi-bluberny k) abrenni ypi dechiani de,

di phenyl met hyl ene(3-tert-butyl -5-ethyl cycl opent adi enyl
dik%ﬁo@ide,
(methyl) (phenyl)methylene (3-tert-butyl-5-ethylcyclopentadie
hyl)(1,1,3,6,8,8—hexamethyl—1H,8H~dicyclopenta{b,h]fluoreny
l)zirconium dichloride,
(methyl)(phenyl)methylene(3—tert~butyl—5—ethylcydlopentadie
nyl) (3, 6-di-tert-butyl~2, 7-mesitylfluorenyl) zirconium
dichloride,
(methyl) (phenyl)methylene (3-tert-butyl-5-ethylcyclopentadie
nyl) (2,3,6,7-tetramethylfluorenyl)zirconium dichloride, -
{methyl) (phenyl)methylene (3-tert-butyl~5-ethylcyclopentadie

nyl) (2,3,6,7-tetra-tert-butylfluorenyl)zirconium dichloride,

diphenylmethylene(3ftertfbutyl—5-ethylcyclopentadienyl}(flu



-di-tert-butyl fluorenyl)zirconiumdichloride,

di phenyl net hyl ene(3-tert-butyl -5-ethyl cycl opent adi enyl
sp{Bs®y -di-tert-butyl-2,7-dimethylfluorenyl)zirconium

di chl ori de,

di phenyl et hyl ene(3-tert- bu%yl 5- et hyl cycl opent adi enyl

)(2,7 dinethyifluorenyl)zirconiumdichloride,

di phenyl met hyl ene(3-tert-butyl-5-ethyl cycl opent adi enyl

'094 7) 2 fhahienyl f uorenyldezi rconi um di chiori de,
enylnethylene(s tert butyl 5 ethylcyclopentadlenyl
Slt oren ni.um di chl rlde
d%é*?%%% LT ey CPEpERT AT BhY 12/
(oct nethyloctahydrodlbenzofluorenyl)2|rconlum
%ﬁﬂﬂé fluorenyl)zirconium dichloride,

phen | met hyl ene(3-tert-butyl -5-ethyl cycl opent adi enyl
gq@gqy methylene (3-tert-butyl-5-ethylcyclopentadienyl} (3,6

, 3, 6, 8, 8-hexanet hyl -1 H, BH—dicycIopenta[b h] fl uorenyl)z

"dlftﬂrtﬁbunyﬂﬁﬂﬂdﬂenyi yzirconium dichloride,
di phenyl net hyl ene(3-tert-butyl-5- ethylcyclopentadlenyl

d%;lﬁgahrlgglrx?@hﬁ@de tdrt2phRasistelhlderenybrzt £ 8904 Y1 (3

-ﬂ%mwm%}w'zenﬁlﬁnﬁ%m?m ﬁ)ﬁ") Qx'rexﬁ'ls %@Qis ¥de,

)(2,3 t et’r amet uoreny 2|rcon|um

aHBIy *“%”te'éfené%ﬁr LRy bR Ly Y Spahen a&'@w(zv
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di met hyl net hyl ene( 3- ( 2- net hyl'- 2- adamant yl ) - 5- net hyl cyc
| open
tadienyl)(2,3,6,7-tetramet hyl fl uorenyl ) zirconi um

d?%%bﬁ%%ﬂ%ﬁ?mﬁéey%zr.nﬁ@w%-z@%admw3&@%&%@@@%
teHaraN  PETATEE Y LPEL BV O BeRA SRR IO RARA G

oni um dichloride,

ddrheeRyFfret hyl ene( 3- (2- met hyl - 2- adamant yl ) - 5- met hyl cyc

| open _ '
dimdibpyiny{Bybede{Be 2-hetlyy 22 Tadasd ity ) tomerHylzivicd@pen
nium dichloride, '

tdapbepy) el byb et 38 LR RBhoYh y 2- Bl IR i Yo 1R @idMIC ¥ £1u

| open

osseg'y@wu&é}nﬁaﬂggisﬂwﬁaj -2, 7-dimethyl fluorenyl)zirc

oni um dichlori ,
o fhBEDYRIBADYLELS 3 S 5 Y] 2 5 SO s SR DS pen

t gdi eny| ) (oct anet hyl oct ahydr odi benzof | uorenyl ) zirconiu
t lapz¥ & iae§,7—tetramethylfluorenyl}21rcon1um dichioride,

QiphenXInethXIene(S-(Z-nEthyl-2-adananty|)-5-nethy|cyc

dp@g@hy methylene (3~ (2Z-methyl-2-adamantyl)-5-methylcyclopen
tadienyl) (1,1, 3,6, 8, 8 hexanet hyl - 1H, 8H di cycl opent a[ b,

tafii oyl pf 2n§td i+t eonibun @i-eh Drdidthenylfluorenyl) zirconium
di phenyl net hyl ene( 3- ( 2- net hyl - 2- adamant yl ) - 5- net hyl cyc

di opesr 5= 1399 68
tadienyl)(2,3,6,7-tetramet hyl fl uorenyl ) zirconi um

dShebh PTh&eEn 1 —{(2- —2- 5
e EL e (352 rethyl 2 adapant yl) <5-methyl cyclopen

R T e S e e AR N LA ST R
aPHH; ge,
diphenylmethylene (3~ (2-methyl-2-adamantyl)-5-methylcyclopen
tadienyl) (3, 6-di-tert-butyl-2, 7-dimethylfluorenyl)zirconium
dichloride,
diphenylmethylene(3~(2-methyl—é—adamantyl)-5—methylcyclopen
tadienyl)(octamethyloctéhydrodibenzofluorenyl)zirconium
dichloride,
diphenylmethylene(S—(2—methyl—2;adamantyl)—S—methylcyclopen

tadienyl) (1,1, 3,6,8,8-hexamethyl-1H, 8H~dicyclopenta[b,h]flu

orenyl)zirconium dichloride,

diphenylmethylene (3- (2-methyl-2-adamantyl)-5-methylcyclopen



di chl ori de,
di phenyl net hyl ene( 3- ( 2- net hyl - 2- adamant yl ) - 5- net hyl cyc

-0
Sta ﬁgﬁyl)(B 6-di-tert- butyle% 7-mesityl fluorenyl)zirco

nium dichl ori de,
(met hyl ) (phenyl ) net hyl ene( 3- ( 2- net hyl - 2- adamant yl ) - 5- m
et hyl

t%%ﬁf%@%nH%g??g%&é%gﬁfageaﬂﬁi%lgg}gnygf21§%5E¥u léléﬁiorlde,

dégﬁ$h¥ Rg@ﬁ Egn£?§£h¥l§2§ (E—QEQQgAtﬁia%&ﬁ%ﬁﬁgfc;%lopen
c cIopentad|enyl)(octanethyloctahydrod|benzofluorenyl)
tgﬁﬂ@gylﬁ|Qﬁﬁdgéhp@rtdbutyl 2,7-diphenylfluorenyl)zirconium
(met hyl) (phenyl ) net hyl ene( 3- ( 2- net hyl - 2- adamant yl ) - 5- m
dachybride,

cycl opent adi enyl ) (1, 1, 3, 6, 8, 8- hexanet hyl - 1H, 8H di cycl o

dmpnéayl&ethyﬂén@«snyt)metﬁpn¢2wa@hﬁﬁﬁ i085-methyleyclopen
(met hyl) (phenyl ) net hyl ene( 3- ( 2- net hyl - 2 adamant yl ) - 5-m

t8BR%hy1) (3, 6-di-tert—butyl-2, 7-
cycl opent adi en:)L/I )%3?: 3, % % tet rarﬁ%%%wjfﬁlu%or%enyyl) zzllrrccéjrﬂlum

d#ﬁégﬁy??%gaggsl)nethylene(3 (2- nethyl 2-adamantyl ) - 5-m
(B Eispe APRERERY S Far oo L -ty 2 s e by L
nyl)z irconiumdichloride,
CYReORGN T phenyl ) fdt frydlieried Bt (u it 13/ -2 iaurhantillyorsnyl ) z
igggﬁgpmndadhb@yidés,6-di-tert-butyl-2,7-nesity|f|uoren
yl)zi SF-1399 69 rconiumdichloride,
(ﬂg?ﬁgybXb@eﬁpiyméﬂﬁyhaﬁ@nﬁ(@E%ﬁ%ﬁﬁ?ﬂ%ﬂ;é&éMgﬁﬂyﬁndﬁuﬁéthyl
cg%@%}@ﬂ@aafgﬁfﬁyl&é@m@éﬂ&yf&éﬁamryddi%e%z@ﬂ%}@nfm%rco
nium dichloride,
(methyl)(phenyl)methylene(3—(2*methyl;2—adamantyl)-5-methyl
cyclopentadienyl) (1,1, 3, 6,8, 8-hexamethyl-1H, 8H-dicyclopenta
[b,h]lfluorenyl)zirconium dichloride,
(meth?l)(phényl)methylene(3~(2—methyl-2~adamantyl)—5~methyl
cyclopentadienyl)(2,3,6,7—tetramethylfluqrenyl)zirconium
dichloride,
(methyl) (phenyl)methylene (3- (2-methyl-2-adamantyl}~5-methyl
_ cyclopentadienyl)(3,6—di—tert-butylu2,7—diphenylfluorenyl)z
irconium dichloride,

(methyl) (phenyl)methylene (3- (2-methyl-2-adamantyl)~5~methyl

cyclopentadienyl) (3, 6-di-tert-butyl-2, 7-mesitylfluorenyl) zi



zi rconi um di chl ori de,

(met hyl) (p-tol yl) et hyl ene(3-(2-net hyl - 2-adamant yl ) - 5-
t
c§2¥€pentadlenyl)(octanethyloctahydrod|benzofluorenyl

)zirc oniumdichloride,
(met hyl) (p-tol yl) et hyl ene(3-(2-net hyl - 2-adamant yl ) - 5-
net hy

p Leny 1)(1,1, 3,6, 8, 8- hexanet hyl - 1H, 8H di cycl
Eé@ﬁ%ﬁ% %ﬁgﬁg 8 enyl ) zi rconi um di chl ori de,

%& I)(p tgl{ ) et h Iene 3 2-net h -2-adananﬁ¥ ) - 5-
i —tolyl)methylene ~methy -2-adamantyl) -5-methy

Icyclopentadlen gz 3,6, 7-tetramet hyl fl uorenyl ) zircon
Lqmﬁlo@ﬁ@ﬁadpﬁﬂy 6~di-tert-butyl~2, 7-dimethylfluorenyl)
(met hyl) (p-tol yl) et hyl ene(3-(2-net hyl - 2-adamant yl ) - 5-
Zigclynium dichloride,

| cycl opent adi enyl ) (3, 6-di-tert-butyl-2,7-di phenyl fl uor

(@ytih)1) 2 L@@m}yuﬁr}nétﬁgh@ﬁw@r{2—meth¥]1 -2 adamantyl) 5-methy
(et hyl) (p-tolyl) et hyl ene(3-(2- et - 2- adamantyl) - 5-

e psa s aiPBiy 0 a s YA BSOS e W e
n1d|chlor|de

OFnE%hQFFEEOHé ﬁthyl)nethylene(S (2- met hyl - 2- adamant yl )
frwma BpERL ¥4I BAYRY {806 L 31 (2 epethydt v4 -adanan gl infA-methy

uoren yl)zirconiumdichloride,
l@ﬁ@ﬂﬁpﬁptadmaphthyl)heBhﬁL%n%f8e$@m¢mﬁywﬁlH}&HkﬂmHHqMQPent
-5-ne
atfbyh¢ythopenvaflz engbi { aat abeh hytoaé ahydr odi benzof | uore
nyl)z SF-1399 70 irconiumdichloride,

| ((n@ehpy Xb2tB82pht Ryt peLhy | enes 3nd2n Bt d aRnAfamntalne t hy

15%315@1199&95391?@1 3(8; 7 BerdneiprARS M vl 3 AE M Gm
dichloride,
(methyl)(p—tolyl)methylene(S—(2-methyl—2—adamantyl5—5—methy
lcyclopentadienyl)(3,6—di—tert—butyl-2,7—diphenylfluorenyl)
zirconium dichloride,

(methyl) (p-tolyl)methylene (3-(2-methyl-2-adamantyl)-5-methy
lcyclopentadienyl)(3,6—di—tert—butyl—2,7—mesitylfluorenyi)z
irconium dichloride,

(methyl) (2-naphthyl)methylene (3- (2-methyl-2-adamantyl)-5-me
thylcyclopentadienyl) (3, 6-di~tert-butyl-2, 7-dimethylfluoren
yl)zirconium dichloride,

(methyl) (2-naphthyl)methylene (3~ (2-methyl-2-adamantyl)-5-me

thylcyclopentadienyl) (octamethyloctahydrodibenzofluorenyl) z



enta[ b, h] f 1 uorenyl ) zirconi um di chl ori de,
(met hyl) (2- napht hyl ) et hyl ene( 3- (2- et hyl - 2- adamant yl )

ST-AIH

thylcyclopentadlenyl)(z 3,6~ tetramet hyl fl uorenyl)zir
coniu mdichloride,

(met hyl) (2- napht hyl ) et hyl ene( 3- ( 2- nethyl 2- adamant yl )
-5-ne

lgéggfaﬁphgggqgQQH%nyl)(3 6-di-tert-butyl-2,7-di phenyl fl
uoren )Z|rcon|un1d|chlor|de

&QX btnap%%% HXmet ?gL%Z eggyfyk ad5%55t§EP”§ -me

th | cycl opent adi en di-tert-but 7-mesitylflu
thﬁﬁé¥ {Offglﬁ@éﬁpu Xdﬁcﬁkérﬁdé hexamgthyl 1H, 8H~dicyclop
(et hyl) (phenyl) met hyl ene( 3- (2- net hyl - 2- adamant yl ) - 5- e
entipflog hlfluorenyl) zirconium dichloride,
ycl opent adi enyl ) (3, 6-di -tert-butyl -2, 7-di net hyl fl uoren
(mﬂﬁh@l)(Qe@abhﬁh@ﬂGhb@hydene(S-(2~methyl“2—adamantyl)—5—me
(et hyl) (phenyl) met hyl ene( 3- (2- net hyl - 2- adamant yl ) - 5- e
tﬂylﬂy&lopentadlen 1)(2,3,6,7 tetramethylfluorenyl)21rconlu
ycl opent adi enyl ) octanethyloctahydrodlbenzofluorenyl)
m di chl ori de,
f%%ﬁﬁPfégggnyl)nethylene(3 (2- met hyl - 2- adamant yl ) - 5- ne
t hyl
tmfg%gég,s@aa@gwye-imftgvéegeéBEéaawm—awmmw- e
ental . b, h]flu oren% %Z|rcon|un1d|chlor|de
th@fétcwllppﬁﬁ AL ERYLhYPeAsE B EOT FEPRYY L 22 afdaritsn Y1 Blypren
thyl c
vlyeiopeniani dagh)le2iges, 7-tetranet hyl fl uorenyl)zirconiu
m SF-1399 71 dichloride,
(n(eﬁh:.wl) Xephepiithpet hptepeese (2- (BHhyt h 2t akleamartym )y D-+B-me
thyl c
thXJF.;CQEQBbéﬁitEBYE)}QQ’) G3db-tertepuiyht g1 72 dv Phemd §1 talany
yl) zi

1) zirconium dichloride,
(ethyl) (phenyl)methylene (3-(2-methyl-2-adamantyl)-5-methylc
yclopentadienyl) (3, 6-di-tert-butyl-2, 7-dimethylfluorenyl)zi

rconium dichloride,

- {ethyl) (phenyl)methylene (3~ (2-methyl-2-adamantyl)-5-methylc

yclopentadienyl) (octamethyloctahydrodibenzofluorenyl) zircon
ium dichloride,

(ethyl) (phenyl)methylene (3~ {2-methyl-2-adamantyl)-5-methylc
yclopentadienyl)(1,l,3,6,8,8—hexaﬁethyl—lH,8H—dicyclopenta[
b,h]fluorenyl)zirconium dichloride,

(ethyl) (phenyl)methylene (3~ (2-methyl-2-adamantyl)-5-methylc

yclopentadienyl) (2,3, 6,7-tetramethylfluorenyl) zirconium



rconi um di chl ori de,
(et hyl) (phenyl ) net hyl ene( 3- ( 2- net hyl - 2- adanmant yl ) - 5- ne

h
S§c?(%%%ntadienyl)(3,6-di-tert]-lbutyl-2,7-mssity|f|uoreny_
[ )zir coniumdichloride,

(methyl) (p-trifluoronethyl)nethyl ene(3-(2-nethyl-2-ada
mant y

= yl cycl opent adi enyl ) (3, 6-di-tert-butyl -2, 7-di m
d%%%g?PE{iFUorenyl)zirconiumdichloride,
fl uoronet met hyl ene( 3- ( 2- net hyl - 2- ada

(%gﬁ%@ykgﬁgﬂ§£;me%%ylene{%ﬂ22—methyl—2—adamantyl -5-methylc

11-S-nethylcyclo ent adi enyl ) (oct anet hyl oct ahydr odi benz
Yot PRV ER@BGNY E) Lo it thitortivde;2, 7-diphenylfluorenyl) zi
(methyl) (p-trifluoronethyl)nethyl ene(3-(2-nethyl -2-ada
rpemiym dichloride,
l)-5-nmet hyl cycl opent adi enyl ) (1, 1, 3, 6, 8, 8- hexanet hyl - 1H

(eBﬁ?ﬂ)(ﬁﬁdﬁypfméﬁﬁﬁihﬂg(34%¥4HBHHEQJ23§aaHEhQ?QWL@thﬁhylc
(methyl) (p-trifluoronethyl)nethylene(3-(2-nefhyl-2-ada

e A P S i SR Y 8 T PSeA v Ry PE RIS b2
i r.conium di chl ori de,
Q?%%Iﬁj?ﬁ?%r??%&%uoronethyl)nethylene(3-(2-nethy|-2-ada
t ) .
RS Eh Dty ek asamesn e by Lo CrePr byl -2-7dampnty
henyl fluorenyl)zirconiumdichloride,
L reemsthy el dnerdrashisrmll) ) (e Brgliete3-bRtgdt-Ay [ -@imdahyl
mant y

£ Worsmpet )had oyl iope rtiadilemylde( 3, 6-di -tert - butyl -2, 7- nes
itylf SF-1399 72 |luorenyl) zirconiumdichloride, and

(ridtth 1 K@~ {diE Thfron@RoNa-) FRRhiaBed (3ANPORBER Y1 -2-adamant y
oct armet hyl oct ahydr of | uorene' "is an abbrevi ati on of
1)-5-methylcyclopentadienyl) (octamethyloctahydrodibenzofluo
renyl) zirconium dichloride,
(methyl)(p~trifluoromethyl)methylene(3~(2—methyl~2—adamanty
l)-5—methylcyclopentadienyl)(1,1,3,6,8,8—hexamethyl—lH,8H—d
icyclopenta[b,h]fluorenyl) zirconium dichloride,
(methyl)(p—trifluoromethyl)methylene{3—(2~methyl—2—adaﬁanty
l)—5~methylcyclopentadienyl)(2,3,6,7—tetiamethylfluorenyl)z
irconium dichloride,
(methyl)(p—trifluoromethyl)methylene(3-(2~methyl—2~adamanty
l)~5—methylcyclopentadienyl)(3,6—di—tert—butyl—2,7~diphenyl
fluorenyl) zirconium dichidride,
{methyl)(p—triflugromethyl)methylene(3—(2—methyl—2—adamanty

l)—5—methylcyclopentadienyl)(3,6mdi—tert—butyl—2,7—mesitylf



‘1,1,4,4,7,7,10,10-octanethyloctahydrodibenzo[b,h]fluo

rene' Further, conpounds obtained by replacing the
Sﬁi;ggglun1 of the above compounds nenti oned above by

afnifumor titanium and aIIocene conmpounds

obt ai ned by replacing the d| hloride to difluoride,

di brom de or diiodide, or to dinethyl or nethylethyl,

are al so exanpl es of the net al | ocene conpounds

f h
LG B A A B 5 o
accordin |nvent|on can be prepared b

ah&%‘éﬁmmﬁ%’?h%%e CRmEREnd Sor e [RERNSSRY &P@&é@yd@%%?rene
particularly limted. As the known production -

anyryelesavisapiorexapl e, ones disclosed in WO 2001/27124
and WD 2004/ 087775 filed by the present applicant can

*bel nend i dnedl 0, THe-abewestipritd arggd drelddideacene, h] fluorene’
conmpounds may be used independently or in conbination

.pof two or nore kinds. Jdefin Polynerization Catalyst
Next, a preferred enbodi nent when using the

f qﬂpgg d I :
e e
f the invention [,| _be des ed. SF-1399
O%%%Vééﬁ"? R AR B S D Yo i et Lanium,
vent| n is used as_an_ ol efin polynerization

Lpdtl OCPRE CRRRAYRES OE’BﬁﬁaﬁérﬁY E6RBFEDNE e Ajchloride

brld net al | ocene conpound represented by the
tQﬁQﬂéﬁﬁ#ﬁ#dﬁwuﬂﬂ?ﬂﬂmmﬂe Rar mili@dide, emdtEBjimethyl or

methylethyl, are also examples of the metallocene compounds
related to the olefin polymerization process of the invention.

The {(A) bridged metallocene compound according to the
invention can be prepared by the known method, and its
preparation process is not particularly limited. As the known
production process, for example, ones disclosed in WO
2001/27124 and WO 2004/087775 filed by the present applicant
can be mentioned.

The above-mentioned metallocene compounds may be used
independently or in combination of two or more kinds.

Olefin Polymerization Catalyst

Next, a preferred embodiment when using the
aforementioned (A) bridged metallocene compound as a
polymerization catalyst for the olefin polymerization process

of the invention will be described.



one or nore conpound(s) selected from(b-1) an

or ganoal um nunoxy conpound, (b-2) a conpound which

SF§?§§§ with the bridged netall ocene conpound (A) to
orman ion pair, and (b- 3)7 an organoal um num
conpound. Hereinafter, each éon‘ponent will be
specifically described. (b-1) Organoal um nunoxy
Compound As the (b-1) organoal um nunmoxy conpound

rel at tq,the .i.nvention,.a known al um noxane can_be, .
i redl Ty (Lo E388! 1 EarHiochS R Paprgentagntion
. by the following General Formula [II]: R- -Al OAR2
TANYPOT TRt £lﬁ%dﬂnﬂo&mqqﬂza§P-%§@t?4YSir-éhﬁ cRteipst
t he above-nentioned General Forrmulae [I1] and [II11], R
CoapPRaRiht @ons tytdrtesar Bon ayhsupideal imedallpgene camponnd
aton(s), nis an integer of 2 or nore) can be
reprtsonee biynt partionsremnt i ometdhgéad bl moxand aof I Whiztd (B)
the Ris a nmethyl group and nis 3 or nore,

o e ermdtey ddhfudi(g iseldsedd Iarokhgpahynppoxane,
sone anount of an organoal um nunoxy conpound may get

B B SShBELSE] o WS R eqg i
t§§Qﬁ%ﬂﬁﬁ*ﬁ%@%%?hgcgﬁgag&gﬁg@%gUHBX¥O form an ion pair, and
(b-3) an organcaluminum compound.

Hereinafter, each component will be specifically
described.

As'the'(b—l) organoaluminumoxy compound related to the
invention, a known aluminoxane can be directly used.

Specifically, a compound represented by the following General

Formula [II]:

R—{A1—0 J—AIR,

R W

and/or General Formula [III]



conmpound nentioned in Japanese Unexam ned Pat ent
Application Publication No. H2-78687 can be al so
3 pféégd. An or ganoal um nunmoxy conpound described in
apanese Unexam ned Patent_Application Publication
No. H2-167305, al um noxane 7ﬁaving an al kyl group of 2
or nore kinds described in Japanese Unexam ned Patent
Application Publication Nos. H2-24701, H3-103407, and
the |like are also preferably used. The
"benzene-i nsol ubl e" organoal um nunoxy conpound used in
the p ' ' f the invention neans
' l'y soluble ingﬁﬂnzene.
ound di ssol ves~t“n benzene
QdUAL 0 ess, SF-1399 75
oor | ess,fparticularly preferably 2 % or
of Al atom In addition, as the
or ganoal um n xy conpound useful in the invention,
nodi fi ed net al um noxane and the |ike such as the
followwng [IV] can also be nentioned. -(I11 -0+ - -1 -0
({8 r@qeRa(M%r-%d&ti%ﬁe%Pre%%%%g Forngeanhen ghguPrrry, r
h atom(s) , and mand n ea

aving 1 to 10 carbon
represents an.integer of 2 or_ mare. ). The nodified
e ISR Bl AGHAE Pen (R G Dy dudl g 10 Sazbon Sfom(s),
t.ri met hyl al um num and al kyl al um num except .
N 5 AR ARSAGPRUMCT BEER) compAMBEPEYPned. gdieParfjcular,

called as MVAO. MWD can be prepared by the processes
mefi hytlladsed nog ainee ofawbi chstys MAB0878ethyl group and n is 3

't £2at 1T UTI [JI ULCT OO
i nsol uble or po
The AlI| conponent of the

~ preferabl
less in ter

or more, preferably 10 or more is used. In the aluminoxane,
someamountofeulorganoaluminumoxycompoundmaygetndxed. The
charac#eristic feature in the polymerization process of the
invention is that the benzene-insoluble organocaluminumoxy
compound mentioned in Japanese Unexamined Patent Application
Publication No. H2-78687 can be also applied. An
organoaluminumoxy compound described in Japanese Unexamined
Patent Application Publication No. H2-167305, aluminoxane
having an alkyl group of 2 or more kinds described in Japanese
Unexamined Pétent Application Publication Nos. H2-24701,
'H3-103407, and the like are also preferably used. The
"benzene-insoluble" organcaluminumoxy compound used in the
polymerization process of the invention means that it is
insoluble or poorly soluble in benzene. The Al component of the

compound dissolves in benzene at 60°C is generally 10 % or less,



and US 5041584. In addition, the conmpounds in which
the Ris an isobutyl group prepared by using
SE[iﬁgg][ahyl al um num and triisobutylal um numare al so
0 cially produced by Tosoh Fi nechem Corporation
and the |ike under the prod@ét name of MVAO or TMAQO
Such MMAO i s an al um noxane inproved in solubility in
vari ous solvents and preservation stability, and

specifically is different fromthose [I1] an [11] .
oRBEFHORER S Yol clSan cRaia ChlaBI S e G TR0 iy Ss¥A e 1n

in benzene and it has a characteristic of being
teHRELPE 2h &F9Phati ¢ hydrocarbon and alicyclic

hydr ocar bon. Al so, when the polynerization SF-1399 76

pr oc elys agfl itheni nve rithieoor gan cal uradmyty comphenflorsmfofl in

a solution polynerization described bel ow, the MVAO

the Dorsemi@nt Inodisddd merhher alasiibLane and the like such
or ganoal um nunoxy conpound useful in the

a§OLYEBF & ZBL DYy Pf BELSSarPTa 1P e YRk Qe gaN

or ganoal um nunbxy ‘conpound contal ni ng boron
represen%e y t fol l ow ng Cén ral  Formula [V] can
al so be on }IE N{%Eaa Rd 1V] (In the
formula, R|represents a hydrocar group having 1 to
10 carbon om(s) - Rd, ich may be sane..ar..di-f{R/Ent
from each £€her, represdhts a hydrogen atom a
hal ogen atom or a hydrocarbon group having 1 to 10
hydr ocarbon atom(s).) (b-2) Conpound which reacts wth :
(whgr&ﬁm,d@embpmsadﬂman@drmmmdgfd\)p havfiagn an I®Maarbon
pair :
atom(s), and m and n each represents an integer of 2 or more.)
The modified methyl aluminoxane is prepared by using
trimethylaluminumand alkyl aluminum except trimethylaluminum.
Such compound [IV] is generally called as MMAO. MMMO can be
prepared by the processes disclosed in the gazettes US 4960878
and US 5041584. 1In addition, the compounds in which the R is
an isobutyl group prepared by using trimethylaluminum and
triisobutylaluminum are also commercially produced by Tosch
Finechem Corporation and the like under the product name of MMAO
or TMAO. Such MMAO is an aluminoxane improved in sclubility
in various solvents and preservation stability, and
specifically is different from thdse [II] and [III] mentioned
above which are insoluble or poorly soluble in benzene and it

~has a characteristic of being soluble in aliphatic hydrocarbon

and alicyclic hydrocarbon. Also, when the polymerization



As the (b-2) conpound which reacts with the bridged

net al | ocene conpound (A) to forman ion pair
Sﬁbﬁggbnafter may be referred to as "ionic conpound'),

eWw S acids, ionic conpounds, borane conmpounds, and

car bor ane conpounds di scl 0sé@ in PCT Japanese

Transl ati on Patent Publication Nos. H1-501950 and

H1- 502036, Japanese Unexam ned Patent Application

' i on Nos. H3-179005, H3-179006, H3-207703, ,
PEHEL 65 3500 BT enttpa e aks T shi1 g imERh oF 4 solution
ntioped., In addition, a heteropoly conmpound and an

p?ﬁwﬁwmaﬂﬁ@%ﬁeaw% ghe! 1P comvRbrely used.

The ionic conmpound preferably used in the invention is

t he conpdeid reprles enmgedoby uheufokyovenppu@ehesakul in the

Formula [MM] R RRf-$-Rh R ----__ _ [VI] In the
pé bymeit BzaRedn pavdes sesemid fin@dnby ohty, am@ GRRGAL UM numoxy
~cation, an oxonium cation, an amonium cation, a
CHNOSRIO RickFa 163hy0bréh §¥p-eReptyhiyy eRyl f&f"f[duﬁr}l Beneral

ferroceniumcation having a transitl on neta coﬁ%oung
FOFmb 18 E‘L]kecah aldd ?e m%\élti'o%e%e. same or different

from each other, and each T7s an ‘organic group

preferably an arw group. Specific exanples of the

af or erR%ti oned r beni uqut&ti on include a

trisubsfh&utﬁd ggaemA#ﬂcation such as a
Y N V]

(In the formula, R® represents a hydrocarbon group having 1 to
10 carbon atom(s). Rd, which may be same or different from each
other, represents a hydrogen atom, a halogen atom or a

hydrocarbon group having 1 to 10 hydrocarbon atom(s).)

As the (b-2) compound which reacts with the bridged
metallocene compound (A) to form an ion pair (hereinafter may
be referred to as ‘ionic compound’), Lewis acids, ionic
compounds, borane compounds, and carborane compounds disclosed
- in PCT Japanese Translation Patent Publication Nos. H1-501950
and H1-502036, Japanese Unexamined Patent Application
Publication Nos. H3-179005, H3-179006, H3-207703, H3-207704,
and US Patent No. 5321106 can be mentioned. In addition, a

heteropoly compound and an isopoly compound can also be



tri phenyl car beni um cation, a

tris(net hyl phenyl)carbenium cation, a
Sgtgggginethylphenyl)carbeniun1cation and the like.

pecitic exanples of the aforenmenti oned anmoni um

cation include a trialkyl arffoni um cation such as a
trinmethyl ammoni um cation, a triethylanmoni um cati on,

a tri(n-propyl)anmonium cation, a
m&r%lso &opylannonlun1cat|on a tri(n-butyl) anmoni um

F8RT%and a triisobutyl ammoni um cation; an

N, N-di al kyl ani i nium cation such-as an

N, N- df et hiqamawnd exefenaban ReaHdlettiyg dmvsntiiom 1s
cation, and an SF-1399 78
the Romppugdpoee aeed iy dubiyl the dol¢awing Gemeral Formula [VI].
di al kyl ammoni um cation such as a dii sopropyl anmoni um.
cation and a dicycl ohexyl anmoni um cati on; and the

i ke. Specific é?inpres of the phosphoni um cation

i nclude a trlar I phosphoniun1cation such as a

triphem p R%hcatlon
tris(mRfyl sphoni um cation, a
trls(dlnethylphe yl)phosphonlun1 on, and the |iKke.

Re+ is preferablR a carBéeniumcatli¥feh, an anmoni um
cation and the like, and particularly preferably a

trlphenélcarbenlun1 cation, an N, N-di nethyl anilinium
cati o 4h8 Eermniav diest B3 &s BkaMDALEaed iy HSpecichirbenium
exanpl es of the carbeniumsalt include

catiphersyl carchdmimureatébnaphenyhmdoiwh esation, a phosphonium
tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) bor at e,

c%%q?g,era/l @arlhgdpaiedr ik i a1, 1 iaf lreererehhvikhbBeRYbn
having a transition metal compound or the like. R to R! may
be same or different fj:om each other, and each is an organic
group, preferably an aryl group.

Specific examples of the aforementioned carbenium cation
include .a trisubstituted carbenium cation such as a
triphenylcarbenium cation, a tris(methylphenyl)carbenium
cation, a tris{dimethylphenyl)carbenium cation and the like.

Specific examples of the aforementioned ammonium cation
include a trialkylammonium cation such as a trimethylammonium
cation, a triethylammonium cation, .a tri(n-propyl)ammonium
cation, a triisopropylammonium cation, a tri(n-butyl)ammonium
cation, and a triisobutylammonium cation; an

N,N-dialkylanilinium cation such as an N,N~dimethylanilinium

cation, an N,N-diethylanilinium cation, and an



te,
tris(4-nmethyl phenyl ) carbeni unt etraki s(pent af | uor opheny

dp-A%59 ate,

trlsgg 5- d|nethylphenyl)carq%pluntetrakis(pentafluorop
henyl )borate and the |ike.""Exanpl es of the amoni um
salt include a trialkyl-substituted anmonium salt, an
N, N-di al kyl anilinium salt, a dial kylamonium salt and

| iyk es._of the
% 2 oy Bt B ATRa o eropy aotiaypytanmontum
i n¢l ude, L ri_ethyl amoni unt et raphenyl
Borafe Suchy PBr apgﬁamﬁpam%mm%h@mawra@
tri(n-butyl)anmmoni untetraphenyl borate,
diCyRe PR R ARBAPDAEE Fakielp- 2ot ythe bbike e,
trimet hyl ammoni unt etraki s(o-tolyl) borate,

tri (nSbetyfcaerenplet ed f attis (gresdmfdniomoplaaiiydn) include a
borate, triethyl amoniuntetrakis(pentafl uorophenyl)

thokaye, phbsbRbARYANEPNLH NS SN aks S{ p@fli;%é
borate, tripropylamoniuntetrakis(2,4 dlnethylphenyl)

TR T RSP P ST R 7 i 3
tg%ﬁ?ﬂ%é??éﬁég?ﬁxy?%??%%%%tijp%nmd B didee-
tri(n-butyl)anmoni unt etrakis(3,5-dif|uoronethyl phenyl)

bor at %e tl.su REBEFSPIY AFBAPERE BRI G 5qb- B FTROBbAICET1on

di oct adecyl met hyl anmoni unt et r aphenyl bor at e,
and the like, and particularly preferably a trlphenylcarbenlum

cation, an N,N—dimethylanilinium_cation and an
N,N-diethylanilinium cation.

~Specific examples of the carbenium salt include
triphenylcarbenium tetraphenyl borate,
triphenylcarbeniumtetrakis (pentafluorophenyl)berate,
triphenylcarbeniumtetrakis (3, 5-ditrifluoromethylphenyl)bora
te,
tris(4—methylphenyl)éarbeniumtetrakis(pentafluorophenyl)bor
ate,
tris (3, 5-dimethylphenyl)carbeniumtetrakis (pentafluorophenyl
Jborate and the like.

Examples of the ammonium salt include a
trialkyl-substituted ammonium salt, an N,N-dialkylanilinium
'salt, a dialkylammonium salt and the like.

Specific examples of the trialkyl-substituted ammonium



di oct adecyl net hyl anmoni unt et r aki s(p-tolyl) borate,
_ dioctadecylnethylannoniuntetrakis(o tolyl) borate,
5 ?gégdecylnﬁthylannnn|untetrak|s(pentafluorophenyl)

ora
dloctadecylnethylannnnlunte??akls(z 4- di met hyl phenyl)

bor at e,
di oct adecyl net hyl anmoni unt et r aki s( 3, 5- di net hyl phenyl)

sef5 EhEhucsr AspFamRbS Gt 8 PURRERDLPIE P LbRRNRR AL PRREC
Q% borate . SF-1399 80
tﬂ¥ WA eRrshamtletoRater3, 5-ditri f | uor onet hy
Iphen yl borate di oct adecyl nmet hyl anmoni um and t he
13 ketb XﬁmmpnﬁumﬁﬁhﬁﬁpﬂémﬂhaHun&hﬂ,alkyIaniIinium
salt include, for exanple, N, N-dinethylanilinium

ttietedphemyhon bowiadtesakis (p-tolyl) borate,
N, N- di et hyl ani | i ni unt et raki s( pent af | uor ophenyl ) bor at e

trimethylammoniumtetrakis (o~tol borate
N, N—d|nethylanlI|n|untetrak|sgé 5- dltrlfluoronethylphe

tfsyﬁauarﬂtﬁmﬁlwe%mﬂ?ﬁw ﬁg&@ ?g%@

et"hyl ani 11 niumetrak penta or a
di.et h Ianll I u etrak s%ﬁgg di r|fI onethylphen
ey e gt S i ﬁwi}ﬁpwﬂﬁ kRFate:
tetraphenyl borate
E I BN OBy lamnseiin et a PenSRdAuereRkesypenbaratier ophe
nyl)b orate and the like. Specific exanples of the
t dips o lammm T inmtedina kilsd Pudedimethylphenyl) borate,
di (1- propyl ) amoni unt et r aki s( pent af | uor ophenyl ) bor at e,
tri(n—butyl)ammoniumtetrakis(3,5—dimethylphenyl)'borate,
_tri(n—butyl)ammoniumtetrakis(4—trifluoromethylphenyl)
borate,
tri(n-butyl)ammoniumtetrakis (3, 5-difluoromethylphenyl)
borate, tri(n-butyl)ammoniumtetrakis(o-tolyl) borate,
dioctadecylmethylammoniumtetraphenyl borate,
dioctadecylmethylammoniumtetrakis (p-tolyl) borate,
dioctadecylmethylammoniumtetrakis (o-tolyl) borate,
dioctadecylmethylammoniumtetrakis (pentafluorophenyl) borate,
dioctadecylmethylammoniumtetrakis (2, 4-dimethylphenyl)
borate,
dioctadecylmethylammoniumtetrakis (3, 5-dimethylphenyl)
borate,

dioctadecylmethylammoniumtetrakis (4-trifluoromethylphenyl)

borate,




di cycl ohexyl ammoni um t et raphenyl borate, and the Iike.
In addition, ionic conpounds disclosed by the present

Sépg%%éant (Japanese Unexam ned Patent Application

u ation No. 2004-51676) can be used w t hout
linmitation. The above-menti 8fed ionic conmpounds (b-2)
can be used in conbination of two or nore Kkinds.
(b-3) Organoal um num Conpound The (b-3) organoal um num

conpound constituting an ol efin | ynmeri.zati on
d%%?ﬁ?@%@@&%%%%%%wsa , -&&ﬁaafiﬁpﬁawwethylphen
SF-1399 81 conpound represented by the follow ng
Y B P 5t t For et §dn gy ime tiduRpmEe rd/Ukalandott her ddfer
metal and al um numrepresented by the follow ng
Cener@pedotimulexdmpillels] oforthehd, Ni-kdéalk@lexi)iaium-salt
[VUW PXq (In the formula, Ra and Ro nay be sane or
it ide@s enfof reamslcd) olhrFdinBgheashilepl @seidSraphenyl
hydr ocarbon group having 1 to 15, preferably 1 to 4
b&24Hon aton(s), X represents a halogen atom mis a
nunber satisfying O < nk- 3, n is a nunber satisfying

N QF0Y Snede |5 & r..sat.i sfyi r¥ﬂ_<-p <. 3 |s_a
VR P Ryt s et el opbapy T h 8k r F e
ampl e f the conpound include tri , n-al kylal um num

N ey ARt hy AR L 13 SRR SAPAGRTSCbFipheny1) b
n-butylal um num_trihexylal um num trioctylalum num

. o%gte, g dinthiat-toHan ldindpm tefinamhnesydh basate,
triisopropylalumnum triisobutylalumnum tri

N, e doast hyyt 2 ruindi imuimm ttertir a kiesr (odmitayfll alowrooheny 1t borate,
2-met hyl butyl al umi num tri

N,N-diethylaniliniumtetrakis (3,5-ditrifluoromethylphenyl)bo

rate, N,N,-2,4,6-pentamethylanilinium tetraphenyl borate,

N,N,-2,4, 6-pentamethylaniliniumtetrakis (pentafluorophenyl)b

orate and the like.

Specific examples of the dialkylammonium salt include
di{l-propyl)ammoniumtetrakis (pentafluorophenyl)borate,
dicyclohexylammonium tetraphenyl borate, and the like.

In addition, ionic compounds disclosed by the present
applicant (Japanese Unexamined Patent Application Publication
No. 2004-51676) can be used without limitation.

The above-mentioned ionic compounds (b-2) can be used in
combination of two or more kinds.

The (b-3) organcaluminum compound constituting an olefin

~polymerizationcatalyst canbe exemplifiedby an organoaluminum



3- nmet hyl hexyl al umi num tri 2-ethyl hexyl al um num
tricycl oal kyl al um num such as tricycl ohexyl al um num
%[h ﬁélooctylaluninunl triarylal um num such as
S r'g nyl al um num tritolylalum num dialkylal um num
hydri de” such as diisopropyBal uni num hydri de,

di i sobutyl al um num hydri de; al kenyl al um num whi ch can
be represented by general formula

i - CAH9) xAl y( C5H10 (wher ei X, and z each is a
c&EbTang B eRRT T E3himge to aaiad £5e fa Ciarmd o (viT),
i soprenyl al um num al kyl al um nunal koxi de such as
CP@BEQMJ&M b RO Xttt al pedbat Yy WhiraRFEERBRPELY the
di al kyl al um numal koxi de such as

fdi rew hpd aGeme ralmiads troxi alel VI et hydralthes duidet.hoxi de,
di but yl al um nunbut oxi de; al kyl al um nunsesqui al koxi de
such asa et hyl al um nunsesqui et hoxi de,
but yl A hoxi de;_. ially al koxi di zed
alkylthnin E?mh h*has an aver%ﬁﬁg conposi tion
represented by general fornula

| . j d Ro . def i ned
2, R LB o P R S L0 o

al kyl al um num aryl oxi de such as dietﬁglaluninun1_ )
e‘ﬁﬁ]@n@i}?%’ and each represents a hydrocarbon group having 1

di et hyl al um num( 2, 6-di -t - butyl - 4- met hyl phenoxi de) ;
tdilal kprafanpbliaticde caudipragtom(s), X represents a halogen
di met hyl al um nunthl ori de, diethyl al um nunthl ori de,
atiblptyi alaufimibeE Blaeriisdeingdd et i 3) vM Hunbifsé deatisfying
di i sobutyl al um nuncthl ori de; al kyl al um nunsesqui hal i de

0 SUCh BSy 18t hAb MPIAHTRESAWLHLY kB8, g is a value satisfying
but yl al um nunmsesqui chl or i de,
0 £ g <3, and mtn+p+g=3).

Specific examples of the compound include tri
n-alkylaluminum such as trimethylaluminum, triethylaluminum,
tri n-butylaluminum, trihexylaluminum, trioctylaluminum; tri
branched—chain- alkylaluminum such as triisopropylaluminum,
triisobutylaluminum, tri sec-butylaluminum, tri
tert-butylaluminum, tri 2-methylbutylaluminum, tri
3-methylhexylaluminum, tri Z—ethylhexylaluminum;
tr'icycloalkylaluminum such as tricyclohexylaluminum,
tricyclooctylaluminum; triarylaluminum such as
triphenylaluminum, tritolylaluminum; dialkylaluminum hydride
such as diisopropylaluminum hydride, diisobutylaluminum

‘hydride; alkenylaluminum which can be represented by general

formula (i—C4H9)xAiy(C5H10)z (wherein, X, vy and z each is a



et hyl al um nunsesqui brom de; partially hal ogenat ed
al kyl al um num such as al kyl al m nundi hal i de e. g.,
g}f*%fluninundichloride; di al kyl al um num hydri de such
et hyl al um num hydri de, di butyl al um num hydri de;
other partially hydrogenat%% al kyl al um num such as
al kyl al um num di hydride e.g., ethylal um num
di hydri de, propylal um num dihydride; partially
aIkOX|d|ze or hal ogenated al kyl al um num SF- 1399 83
PYRH Ll lﬁﬂdntﬁnsetzﬁokyéHFBr PéelSBRFGR A AhERtmNT/
buthoxychlorlde et hyl al um num et hoxybr om de; and the
alkyla lupimpalkoxide such as. ispRutylalhirni REReEhexide,
M2 represents Li, Na or K, Ra represents a
1 srylelrintla bon rgmsih dxavdenrg di afldyls lupiefimedbbyidet sugh as
carbon aton(s)). Such conpound can be exenplified by

dirhell {y32HRml nuntreAHAEAHES) 4:erhivha luinkaumdAt Borpaand
S|n1lar to the conpound represented by the

dﬂﬂﬂﬂdﬂ%ﬂ%ﬂg%ﬁﬂéalafﬁﬁﬂykémiﬂ%&éésQ@Ehf%é%héEEsuch as

use and for exanple an organoalun1nun1conpoun to

eﬂm%?%%é% é% uf@ﬁ#yfyﬁg C%GQggggémgﬁg ﬁﬁ9b¥£ﬁ0%lde;

ment pec

C%;%g?ﬂ?’AlaﬁK ¢ be g e@?ﬁg’:%g‘fl eco’ﬂ‘“%l‘?é‘ml "RECPERBH FRe2VETage

vi ewpoi nt of pol ynerization performance and easy
C%ﬂﬁﬂﬁ%ﬂ%qﬂ1§ﬁpﬁﬂﬁ?nG§£BPYbQ§@ﬁééﬁuﬁpﬁ@ﬁﬂéonpounds used

are preferably trlnethylalun1nun1 triethylal um num

anal(OR )o.5 (wherein R® and R® are same as defined in the

aforementioned General Formula[VII]); alkylaluminum aryloxide
such as diethylaluminum phenoxide,

diethylaluminum(2, é-di~t-butyl-4-methylphenoxide)};
dialkylaluminumhalide such as dimethylaluminumchloride,
diethylaluminumchloride, dibutylaluminumchloride,
diethylaluminumbromide, diiscobutylaluminumchloride;
alkylaluminumsesquihalide such as
ethylaluminumsesquichloride, butylaluminumseéquichloride,
ethylaluminumsesquibromide; partially halogenated
alkylaluminum such as alkylalminumdihalide e.g.,
ethylaluminumdichloride; dialkylalumindm hydride such as
diethylaluminum hydride, dibutylaluminum hydride; other
partially hydrogenated alkylaluminﬁm such as alkylaluminﬁm
dihydride e.g., ethylaluminum dihydride, propylaluminum

dihydride; partially alkoxidized or halogenated alkylaluminum



triisobutylalum num In the polynerization process of
the invention, the above-nentioned olefin
Egl} rization catalyst nay be supported on a

ulate carrier(C) to be _used. Particularly, 1in a
bul k pol ynerization using a®supported catal yst, which
wll be descried later, a formof supporting on the

particul ate SF-1399 84 carri er (C) is preferably
used. Th iculate carri S an i norganic or
“drat ce%agﬁ%%%nu%n%t Qieihakide B tyAriredraPe

solid t hese, the inorganic conmpound is preferabl ,
b%@%&gch%%b%e’ | Pleh et wniiain e haxyiy ondidgy ni2Rer 5beoﬂv~lke
.ion exchangeabl e |ayer conmpound. As the porous
oxi des, specifically, Si02, A1203, MO, ZrO Ti 02,
B203, qqﬁﬁggg BaQL_Ingzmaqqqgge i ke, or a conplex

or mXxture containing the exanpl e, a natural or
synthetic zeolite, Si2-MO Si 2-A1203, Si02-Ti 2,

( 5h 02n &/ 268y L2 resen®d- 1 PyMQ-apd ghe ddkents a
can be used. Anong ese, SIO2 A1203 as a main

?@P&%‘re@én gif’céﬁeé }PJX? n% blty li%ed e{f%r%%?. el”‘E]Bt i4°839bon

nor gani ¢ ih & 'sha nt o
car ohat e, sulfate nltrate or oxi de conponent such
bOO3, K208, CaCOB, MyOOB, Na2SO4, Al2 (SO4) 3,
Bascn KNGS, Ng(hDS)Z Al (NGB) 3, Na20, K20, Li20G
etc. SNCh ROMnRIEGhMe o %@@plwgeg ngTBiLQl Fl 2 |
MBr2 and the |ike are used. The inorganic halide may
Lkl Uséds)di mectthe, Like.

A compound similar to the compound represented by the
above-mentioned General Formula [VIII] can alsc be used, and
for example, an organcaluminum compound to which 2 or more
aluminum compounds are bonded via nitrogen atoms can be
mentioned. Specifically, such compound can be exemplified by
(C2Hs) 2AIN (CoHs) AL (CoHs), or the like.

From the viewpoint of polymerization performance ahd easy
availability, the (b-3) organoaluminum compounds used are
preferably trimethylaluminum, triethylaluminum and
triisobutylaluminum.

In the polymerization process of the invention, the
above-mentioned olefin polymerization catalyst may be
supported on a particulate carrier (C) to be used. Pérticularly,
in a bulk polymerization using a supported catalyst, wh.ich will

be descried later, a form of supporting on the particulate



or may be used after being pulverized by the use of a
ball mll or vibrating mll. In addition, the
S%Q9é9§nic hal i des produced by dissolving in a solvent
suc s al cohol and then prggipitating in particul ates
using a precipitating agent “Can al so be used. The
clay generally constitutes a clay mneral as the nmain
SF- 1399 85 conponent. The ion exchangeabl e | ayer
ng.j s, a _compou having a crystal structure of
C§§$£%¥tﬂgip+% e%?cﬁﬁéﬁﬁXLﬁﬁf by ionic bonding are
piled up to one another in parallel with a weak )
bondi REIGHH, 2 6 SR e ilend e dRPEPABECCAR BEIARIC
exchanged. Most of the clay minerals are an ion
Cenppangeadt@ 13 oy Frajohpourid parvrictilayse, selldg-mneral s
and i on exchangeabl e |ayer conpounds, ones
synt heSitZesbegr tiHfe diraldgardan campoubel usegrefietrhbliy porous
being limted to the natural products. In addition,
ok h@e clia¥rgahay WAl c1andcl 80 nrehangaabl 6n ckav@hgeable
conpound can be exenplified by clays, clay mnerals,

1£§E& o ﬁﬁ%@ﬂ&jne i on conmpounds having a | ayered
crystal structure such as a hexagonal cl ose-packed

structu anti nonyl .type 12 e .é?lé type. o
the T1KERe SR OR Y hemacy tard 18 g ey 180, zzo,
j ncl ude kaolin, bentonite, kibushi clay, gairone
TPy B8 Sitton&nhi eRgemifPe, angyilsphyiig e & @ cgmplex or
group, nontnorillonite group, vermculite, phyllite ‘
nploups qElbpdoviski ttéemkadbirnekamphacrad tregtutiagkiore synthetic
hal | oysite, and the |ike. Exanples of the ion
zﬁxl:i’ﬂam,g@&hﬂgeMgO, Si0,-A1,04, SiOz—TiOZ, 8i0,-V305, Si0;-Crz0s,
S1i02~Ti0;-Mg0 and the 1ike, can be used. Among these, 5i0; and/or
Al;0; as a main component are/is preferably used.

The above-mentioned inorganic oxides may contain a small
amount of carbonate, sulfate, nitrate or oxide component such
as NapCO;, K,CO3;, CaCOs, MgCO;, NaySO,, Al,{S04)3, BaSQ;, KNOs,
Mg (NO3)2, Al(NO3)3, Na,0, K0, Lizo, aetc.

As the inorganic halides, MgCl;, MgBrz, MnCl,, MnBr; and
the like are used. The inorganic halide may be used directly,
or may be used after being pulverized by the use of a ball mill
or vibratingmill. In addition, the inorganic halides produced
by dissolving in a solvent such as alcohol and then
precipitating in particulates using a precipitating agent can

also be used.

The clay generally constitutes a clay mineral as the main



| ayer conpound include a crystalline acid salt of
mul tivalent netal such as a-Zr(HAsO4) 2H20,
Sg:%g% PO4) 2, a-Zr (KPOQ) 2. 3H2O, a-Ti (HPO4) 2,
- T M) 2H20, a- Sn( HPO4) 2H20, y- Zr (HPO4) 2,
y-Ti (HPO4) 2, y-Ti (NHAPO4) 2H2B, and the like. Such
clay, clay mneral or ion exchangeable |ayer conpound
has the pore volunme with 20 A radius or nore neasured

by nmercury, SF-1399 8 orqsimetry of preferably 0.1
TR roFBe hifa TS | ybar ePEBrYG P foogtpound
cc/g or nore. Herein, the pore volume is neasured for
NIWIHGr ErvadnrdsSWeptare d whdge bhreplanes cenpditated by
according to the nmercury porosinetry techni que using
iemic bardingy aper pdilest ep. tWhene aamcetrvé erithpeimag lefewith a
pore volune with 20 A radius or nore of 0.1 cc/g or

we s shorsdtsedst Adieftth | S WhERte ey ibak cbh@Bined can be
pol yneri zation activity is hardly obtained. The cl ay

eReKheday, Mupstabs it RIIeRehahky-34bl £180 1@ 8xchangeable
chemccal treatnent. Any of the chem cal treatnent such

f th
LE0e0 RHREERE, o8 T vs "L LD EREaR p R A L88ppngpante
on the créstal structure of the cla t he

, anﬁ L ke,

L2YGF GETHSHACS SRBAT FEnERaTHTE 25T LEhE Chai Calf 2150 be used

treatment  include an acid treatnment, an al kal
withatrdining limddiatefo witeh nagaired, pPaogReaement with

organi c conmpound and the |ike. The acid treatnent

r enoVgsaddpuion i edheonlay s urlfeyoe] newwll Aksd icmrceeabesgeable

the surface area by eluting a positive ion such as Al,
ldsr MBmpound can be exemplified by clays, clay minerals, and
crystalline ion compounds having a layered crystal structure
such as a hexagonal close-packed structure, antimonyl type,
CdCl; type, CdI, type or the like.

Examples of the clay and clay mineral include kaoclin,
bentonite, kibushi clay, gairome clay, allophone, hisingerite,
pyrophyllite, mica group, montmorillonite group, vermiculite,
phyllite group, palygorskite, kaolinite, nacrite, dickite,

halloysite, and the like. Exzamples of the ion exchén'geable
layer compound include a crystalline acid salt of multivalent
metal such as a-Zr {HAsO,) .- H.0, ron—Zr(HPO‘;)z, a-Zr (KPOy) 2+ 3H,0,
o—T1 (HPOs) 2, o-Ti (HASO4);-Hz0, «-Sn(HPO4)z-H0, y—Zr (HPO4)»,
.y—Ti(HPolg)z, y-Ti (NH4POs) 2 H20, and the like.

Such clay, claymineral or ion exchangeable layer compound

has the pore volume with 20 A radius or more measured by mercury



etc. in the crystal structure. The al kali treatnent
destroys the crystal structure of the clay, and
Sp_rj'tﬂggs a structural change in the clay. The treatnent
Wi salts and the treatnent _with organic conpound
forman ion conpl ex, nolec @ conpl ex, organic
derivative or the like, and can change the surface
area and the SF-1399 87 interlayer distance. The ion

exchangeabl e | ayer ¢ ound may be a | ayer _.conpound
p%?%&f%er}i r?%eﬂ%%g?:agﬂﬁaﬁggac#yg X S ’nﬁngnpggtlcularly
exchangeabl e ion_inside the layer to the other bulky
P#%ﬁcﬁ%gﬂfyg 0.3 §0j PsCHOH Bx ER&Rgedbt ey, HFcROBEI KLlimp is
pl ays a supportive role to support a |layer structure,
megrhies] gemethkl poral tath ws wa thilhl ahe BMsge dhéd to 3 x 10°
_introduction of other substance to the inside |ayer of
A tdmdmajiery teopeuned ichirknewtodsmeheyi akentdyadi @Ping the
Exanpl es of the guest conpound for intercal ation

me AE] MA@ A JRA%iddewe i on inorganic conpound such as
Ti C14 and ZrCl4, a netal al koxide (where Ris a

YO ABRR0AN AR rOhablg | L KOIo SUE L ARl OB 28: 4% aas
(OR) 4, P% f%%? %r an %tl( )p ,a néﬁma ﬁy roxi_zae adius
I Qn _suc s,[A11304 (OH) 24] " [ég%é(}J)M]Z',
o PEI& Bgo%)%?/fg, Und Sete Fi ReSITHRY T dpGuhfldehgy that
be used independently or in conbination of two or nore
high el ymeg Igddiaroactaményi hfeheafayi Agtehnse-
conpounds, a polynmer obtained by hydrol yzi ng netal
al ko¥hgecl{®viand dyadr sdarbsh group;efaraktlhe sibkertsdche a
as SiI(OR)4, AI(OR)3 or Ge(OR) 4, a coll oidal
chemical treatment.

Any of the chemical treatment such as a surface treatment
which removes impurities attached on the surface, treatments
giving an effect on the crystal structure of the clay and the
like, can beused. Specific examples of the chemical treatment
include an acid treatment, an alkali treatment, a treatment with
salts, a treatment with organic compound and the like. The acid
treatment removes impurities on a surface, and also increases
the surface area by eluting a positive ion such as A1, Fe, Mg,
etc. in the crystal structure. The alkali treatment destroys
the crystal structure of the clay, and brings a structural
change in the clay.

The treatment with salts and the treatment with organic

compound form an ion complex, molecule complex, organic

derivative or the like, and can change the surface area and the




i norgani ¢ conpound such as Si02 or the |like can be

coexisted. As the pillar, oxides produced by carrying
spuizdhermal dehydration after intercalating the

above-nentioned netal hydr §ide ion to the | ayer

i nside can be nentioned. The clay, clay mnerals,

i on- exchangeabl e | ayer conpounds may be used

directly, or after being subjected to a SF-1399 88

iﬁ{éﬁﬁg@ggvégéﬁggggl mll, screening or the |ike, or

al ternati may be used after being added with
wat er,and soaked, or iubjected to the thernal
dehy&?ﬁﬁi%ﬁptﬁﬁéhﬁﬁﬂﬁép STHEY Shay OBBOHBENAY oRe dridyer
conbi nati on of two or nore kinds. \When using an
COTPRERE Hahigeable sl aviar exlaragsi hy erebanghng an
exchangeabl e property and | ayer structure in addition
exenangralflmdionohnasda War Lagercan tteduteetrheulisedon using
anount of an organoal um nunoxy conpound such as al kyl

ited ummaoxadteangdebildity.exchangeabl e | ayer silicate as
natural product is mainly obtained as a main

CO”DQN@%ibQﬁk?:ﬁh@ﬁlﬁ}gg{%hprQEi@@Sﬂ%ggﬁéé%u%E?%%Stlayer

artificially synthesized product can

Qi e f b Ty By o Re 8 By TheRer dltosundhe

exanpl €s’ o ay,
. i,on _exchangeabl | ayer. silicate include kaolinite,
ST R ,%%%%ﬂ%?e tRemMonnfedesiagy pe the layer
vermculite, tainiolite, synthetic mca, synthetic
CHBG] L& Epei If¢ LhrelntRrcadmgdrinc cBrpoohes cahthe guest
exenplified by a granule solid or a particulate solid
camppivmg they partsircallac idhadeténdenat hesitive ion inorganic
compound such as TiCly and ZrCl,, a metal alkoxide {where R is
a hydrocarbon group or the like) such as Ti (OR)4, Zxr (OR) 4, PO(OR) 3,
and B(OR)3;, a metal hydroxide ion such as [Al1304(0H),4]"",
[Zr4 (OH) 14]%", [Fe;0(OCOCH3)6]*, and the like. These compounds
'may be used independently or in combination of two or more kinds.
In addition, when intercalating those compounds, a polymer
.obtainedkurhydrolyzingmetalalkoxide(Riseahydrocarbongroup,
or the like) such as Si(OR)4, B1(OR)3; or Ge{OR)s, a colloidal
inorganic compound such as Si0O; or the like can be coexisted.
As the pillar, oxides produced by carrying out thermal
dehydration after intercalating the above-mentioned metal
hydroxide ion to the layer inside can be mentioned.

The clay, clay minerals, ion-exchangeable layer

compounds may be used directly, or after being subjected to a



range of 5 to 300 gm Specific exanples include a (co)
pol ynmer produced froman a-olefin having 2 to 14
spafbgp atonms such as ethylene, propylene, 1-butene,
and 4-nethyl -1-pentene as t mai n conponent; a (co)
pol ynmer produced from vinyl cycl ohexane, styrene as
the main conponent; and a pol yner or nodified
substance having a polar functional group obtained by

t%a@ﬁgﬁt%tﬁom%m 1Zi ng r@{ tgrp%'wé'f&r ihgi ng.a

pol ar nonomer ‘suc acry acrylic éster or

anh drlde al.ymer, or. a
{%ﬁ%’?ég%ar?f%m% i c%r%ﬁee#sa%a%f 3E &dqeﬁld&}%ﬁdﬁn% and
in conbination of two or nore kinds. The ol e
S‘]?)%]F??rer‘?% af HioHe CER Al R tE N doYediTivg: td@hwéfatllﬁ@eﬁﬂeaﬁment
may contain the particul ar organi ¢ conpound conponent
They may heeyesdarlond ot he ¢oniemnaihon fetwpganimore kinds.
conmpound conponent (D) is wused, if necessary, for the
pur pd’ﬁﬁemﬁlsiimfgram/iib@—bh@haﬂ@leﬁhﬂéi rajdoBipechoepatiang the
and properties of the produced polynmer. Exanples of

i@@%ﬁm@amw&%ﬂt@chﬁeela eehgtﬁuctlpf@mqi ls@idition to
conmpounds, carboxylic acids, phosphor conpounds,

tﬁé‘lfﬁ?@ﬁfg‘na@g gh:,ea flkeq:' CPQ‘{ X:@Hdc%atl:'h%n us?e(&cﬁﬁl%unt of an

According to the po ymerization process 0

i nvent t he nmeri.zation cat al containin .
oY S e BRmb SR bty ar oy acb Attt BpReRe © The Lon
above-nenti oned General Forrmula [1] @ satisfactorily

SRXMPTIRL thel HYh Sieriisritaice Naduiade profact 1s mainly

obtained as a main component of a clay mineral, but also the
artificially synthesized producﬁ can be used without being
particularly limited to the natural product. Specific
examples of the clay, the clay mineral, and ion exchangeable
layer silicate include kaolinite, montmorillonite, hectorite,
bentonite, smectite, vermiculite, tainiolite, synthetic mica,
synthetic hectorite and the like.

The organic compound can be exemplified by a granule solid
or a particulate solid having the particular diameter in the
range of 5 to 300 pm. Specific examples include a (co)polymer

produced from an a~olefin having 2 to 14 carbon atoms such as

_ethylene, propylene, l-butene, and 4-methyl-l-pentene as the

main component; a (co)polymer produced from vinylcyclohexane,
styrene as the main component; and a polymer or modified

substance having a polar functional group obtained by



pol ynerization is carried out using |liquid nononmer as
a solvent (hereinafter this polynerization may be
S€ﬁ1§%§ed to as "bulk polynerization') in the form of
the pol yneri zation csgalyst is supported to the
above-nentioned particul ate”~“carrier which is so
call ed “supported catalyst' and [b] when the
pol ymeri zation is carried out in the formof solution
F-1399 90. (hereinaftter . this.polynerization_may be
o7 DR 1% SR bt PRAVEST U RePY AT oinY SR UEn PR 22
catal yst is not _supported. That is, in any process, of
gy K QA fer iFRNIGE S edolAnt Mer Sp6l PRéFi 2abyeRidepénto a
pol ymer having a hi gher nol ecul ar weight can be
Cmﬁﬁiﬂt@d ogohpatstere diest hertknohate i myirisriszagy dre used
system In the follow ngs, a bul k polynerization
ipdepesderarid; ar Sol wWdntinpalivme itz awoobrpmocesiinds.
according to preferable enbodiments of the invention
are descidikedni @oﬁ%@'r'i;za'ﬁ@%véétallgrgﬁ ReLYPBIh&atd Ofhe

processes of the invention are not Timted to these

. | tho ' venti !
1YL ﬁéggﬁsﬁgglnzglfel E%¥gggh99r%%a%q_caé&gpcﬁ%% )l;glqponent

or other rocesses “such as s
( ol ymerization. Additionally, the bul k polynerization
%%b $9FHerabl y used to mainly produce the
crystalline propylene polynmer, while the solution ,
pol yriér L2t 1BYL s HRRes £1q LIRS aPTPOURG FIWRANH D) 1is
produce a propylene elastonmer. [1] Common condition
ugeyaridl esscesisapol, y o tée purposees$ ifproving the

| polymerization performance and properties of the produced
peolymer. Examples of the organic compound include alcohols,
phenclic compounds, carboxylic acids, phosphor compounds,
sulfonates and the like.

Polymerization Process

According to the polymerization process of the invention,
the polymerization catalyst containing bridged metallocene
compound represented by the above-mentioned General Formula [I]
satisfactorily exhibits the high performance [a] when the
polymerization is carried out using liquid monomer as a solvent
.‘(he.rerinafter this polymerization may be referred to as ‘bulk
polymeriz_ation’) in the form of which the polymerization
catalyst 1s supported to the above-mentioned particulate
carrier which is so called ‘supported catalyst’ and [b] when

the polymerization is carried out in the form of solution



In the invention, olefin supplied to a polynerization
reaction is at | east one kind of nononmer selected from
r %ene, a-ol efins and propylenes. In the

i nvention, a-olefinis def%&ed as a-ol efins except
propyl ene. That is, the a-ofefin of the invention

i ncl udes ethylene. Therefore, the a-olefin of the
invention is constituted by ethylene, a-olefin having

= L. 9 .carbon_at ans . except propyl ene_and
R e P S kP By P B o FRE R b 27
.the a-olefin having 3 or nore carbon atons except
Pt Bh & EHdE iR’ Rt “RaCRe 8D6r CBEaR¥REGLS nOt
a-olefin having 4 to 20 carbon atons, preferably 4 to
SURPErasbn Thednss, suchniredraend, belbpodyaerization and
1-pentene, 3-nethyl-I-butene, 1-hexene,
sof-uteitdiy pell ypeni eaeion 3-tiet hyl yihe pértveme, a hiatieeneelecular
1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene,

weli it adecenre optid nbeiceapaned tbddhli eBBbLYkn&¥anpl es

of the a-olefin having 3 or nore carbon atons except

pd R 1eng iidclude gyclic olefin having 5 to 30 carbon
atons, preferably 5 to 20 atons, such as cycl opentene,

cycl ohept en ,orborneneq a-net | - 2--nor bar nene
t et r"g%yc %df;%]ejg%%%n%%d &' kh)]ﬂotﬂzmerlzatlon protess and a
, 4,5, 8-di_net hano- 1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr onapht hal e
Sqt 1050 PRl YRSHIEit 1 ORo PLELERPI 8CCard3ngnkat ¥ at epble
carboxylic acid such as acrylic acid, methacrylic
empiddmengsa? ¥ ¢hecl avemnl @ e reats s widigdit ndistditlac odeever,
acid, itaconic acid anhydri de and
the pptiméRi2at)ob-heptens oF dheat bhoxytien areydotdeimited
and
to these two processes and the invention can be also applied
for other polymerization processes such as slurry
polymerization. Additionally, the bulk polymerization
process is preferably used to mainly produce the crystalline
propylene polymer, while the solution polymerization process
is preferably used to mainly produce a propylene elastomer.
[1] Common condition regardless of polymerization process
form
In the invention, olefin supplied to a polymerization
reaction is at least one kind of menomer selected from propylene,
o-olefins and propylenes. In the invention, o-olefin is
defined as o-olefins except propylene. That is, the a-olefin

of the invention includes ethylene. Therefore, the a-olefin

of the invention is constituted by ethylene, a-olefin having



metal salt thereof such as sodiumsalt, potassium
salt, lithium salt, zinc salt, nagnesiumsalt,
S§§1%'§n1salt and alum num salt; a, n-unsaturated
carboxylic ester such as negh acryl ate, ethyl
acrylate, n-propyl acryl ate; |sopropyl acryl ate,
n-butyl acrylate, isobutyl acrylate, tert-butyl
acrylate 2- et hyl hexyl acryl ate, nethyl net hacryl at e,
et h SF-1399 92 nethacryl ate, n met hacry] at e,
3% Od’p;?itoﬁ’ét ﬁﬁE??FaQ%OPYIX? And %PEE%F?I%?F%%“ or iore
|sobutyl nmet hacryl at e; V|nylester such as vinyl
CRERATEE OMi- ny EX D BE B 19dt Bhe wiplle fiapharieg 3/pAyore carbon
caprate, vinyl laurate, vinyl stearate and vinyl
a kN | QrreRic arERRY 1 ants dnalatdsd sgingdigthyg-cdadhedsor branched
glycidyl acrylate, glycidyl nethacryl ate,
o FONOFH ry ¢zt Ing 1§ acORat € rbdliReLN b Es £ N BX AP €9 8hrbon
a-olefin having 3 or nore carbon atons except

aPsRPy | Lnen 1 €| ude; @RI Gan, qopravadesuch as
V|nylcyclohexane di ene and polyene for exanple

_3%’%@3 STyrene. e e« e A PRy PR, S,

Ist ren et hyl styrene, H | styrene,
p e ‘Hﬁﬂr ﬁ nest?r&?%‘an@erl &’%/elc\%‘ coﬁn EP }\é é
functlonal group such as net hoxy tyrene, ethoxy
1shrane C%T}enyl1Wf§@t®n%ﬂﬁﬂct@ﬁﬁwn5enéaaté elgpagne.
benzyl acetate, hydroxy styrene, o-chlorostyrene,
Agulighil oraolslty,r ememphdsdd & ithyl abehzébe;handg 3 or more carbon
3- phenyl propyl ene,  4-phenyl propyl ene and a- net hyl
atsing ensceptn dritp yreoeedsicflodepcgdicicnglafphopytreng 5 to 30
pol ymer accordi ng
carbon atoms, preferably 5 to 20 atoms, such as cyclopentene,
cycloheptene, norbornene, .5-methyl-2-norbornene,
tetracyclododecene and 2-methyl
1,4{5,8~dimethano~l,2,3,4,4a,5,8,8a—octahydronaphthalene;
polar moncmer, for example, d,B-unsaturated carboxylic acid
such as acrylic acid, methacrylic acid, fumaric acid, maleic
acid anhydride, itaconic acid, itaconic acid anhydride and
bicyclo(2,2,1)~5—heptene—2,3~dicarbokylic anhydride, and

metal salt therecof such as sodium salt, potassium salt, lithium
salt, zinc salt, magnesium salt, calcium salt and aluminum salt;
o,B-unsaturated carboxylic ester such as methyl acrylate, ethyl
acrylate, n-propyl acrylate, isopropyl acrylate, n-butyl
acrylate, iscbutyl acrylate, tert-butyl acrylate, |

2~-ethylhexyl acrylate, methyl methacrylate, ethyl



to the invention, at |east one kind of the nononer is
propyl ene. Wen two or nore kinds of nononer are
ghsedggit is preferable that propylene is 50 % by nole

or nofre of the total anDuntggf nononer. As a

preferabl e nonomer conpositién, (1) a systemof which
propyl ene is independently used, (2) a two-conponent
system of propyl ene and et hyl ene or 1-butene, and (3)

= 3.1 -.C tem of pr | en n

R T ARETana " ey et moe DSk Rs R tace,
can,be used. Ho ol opyl ene her ei nafter ,
il A TR L R R R é%f%%flraﬁ)e ij ginylester
preferably produced from (1); propylene/ethylene _
SEEPR Y NePY L (T tor Fppvé ey it et coFenyiefap PRR)e, vinyl
propyl ene/ et hyl ene random copol yner (random PP), or
capopyt enelmy hyl ®ameathd ockincopdigarert o RinackiPR)L i s
preferably produced from (2); and
t p1 DDy b eoed €f duyd ened St e SO pPl peRyy 1 REBR @fs BBERY don
the like 1is preferably produced from(3). Wen two or

a8PyBake NAs1 R i DB 5 &FE dised 'mcﬁldylry%i@' f @Lﬁ;_%kalgﬁate.

nmonomer conposition strongly depends on the kinds of

th ol ymer .to be produced. In the process_for
P I 1 SRR PERA o o TO b T B2 it phfiore carbon
ol yene nmay be used together as a nonomer,. Pol yene is
aﬁ?%¥ AR E’é‘P%&Ef%@ef WeREOBRTHF e/t REPPYNd such as
preferably contained in the range fromO to 20 % by
VY ECY St itopy | Eifne pold mal o aifiey solepede, shyrene,

propyl ene polyner contains a propylene pol yner

mePpbieht t yrertdherramiyes bty B9t @-r® shbh% by -meahe l sagrene,

a-ol efin conmponent in the range of 0 to 45 by nol e,
m-methylstyrene, p-methylstyrene, o,p-dimethylstyrene,

o—ethylstyrene, m-ethylstyrene, p-ethylstyrene; styrene
derivative containing a functional group such as methoxy
styrene,ethoxystyrene,vinylbenzoate,methylvinylbenzéate,
vinYl benzyl acetate, hydroxy styrene, o-chlorostyrene,
p-chlorostyrene and divinyl benzene;'and 3—pheny1propylene,
4-phenylpropylene and a-methyl styrene.
Intheproceésforproducingapmopylenepolymeraccording
to the invention, at least one kind of the monomer is propylene.
When two or more kinds of monomer are used, it is preferable
that propylene is 50 % by mole or more of the total amount of
monomer. As a preferable monomer composition, (1) a system of

which propylene is independently used, (2) a two-component

.system of propylene and ethylene or l-butene, and (3) a



and a pol yene conponent in the range of 0.01 to 20 %
by nole. (Herein, the total anmount of the propyl ene
sfompggent, the a-olefin conmponent and. the pol yene
coinponent is 100 % by nole. _Additionally, for
exanpl e, "~ propyl ene conponeﬁ? nmeans

propyl ene-deri ved backbone contained in a propylene
polyner ) Specific exanpl es of the diene include

oncon ated SF-1399 di ene suc .
ek e 2V tema T aor el one sty boRe and o-olefin
1 4 oc adi ene,
havEngct & BRES1CBERRE Al U CRI7PECE IR endlomopolypropylene
1, 9- decadi ene, ethylidene norbornene, vinyl
h@?%bffhﬁ@ﬁ%r Rﬁl@@mm@ﬁr@| ésesimply referred to as PP) is
7-nmet hyl -1, 6- oct adi ene, 4-ethylidene-8-nethyl-1 and
p¥efienaldl enerodntkd dijamgat ©d i reneyl esiegle tay leutadiopnéymer
and i soprene. Anong these, diene having a norbornene

(PERKPOfLomh Bl e LAl edt € . c PN gyﬂéxc @Ry gfroﬁfyﬂeﬁé/ethylene

triene include nOI’]COI’]j ugat e triene such

r§m&&ndé5ﬁ{}?ﬂeﬂ' (@ Cfg{:}rg%t”oernppropylene/ethylene block

di ne 1, 4, 8- triene

c%p%l%i‘l%ng: %oc}_’k 4563?3 Sﬁlgsggqtﬁrgl %‘féably produced from {(2); and
6, 8, 9- trlne | -1,5,8-decatriene,

PHORY H A% elﬁﬂ/bllf?f?- GRBEAMRPF ofREBR or PBER) or the like
4- et hyl i dene-1, 6- oct adi ene,

ig- mfmamlmmdm«;b -fragn ocd)adi Bhen ty4oepr more kinds of
hyl i dene- 8- net hyl -1, 7- nonadi ene( EM\D) ,

mdrnond hyd el -wetdyl iadezn:e:—el Jratenatileneonomer composition

strongly depends on the kinds of the polymer to be produced.

In the process for producing a propylene polymer of the
invention, polyene may be used together as a monomer. Polyene
is preferably selected from diene or triene, and is preferably
contained in the range from 0 to 20 % by mole When propylene

polymer contains polyene, the propylene polymer contains a

e

propylene polymer component in the. range of 99.99 to 55 % by
mole, an a-olefin component in the range of 0 to 45 % by mole,
and a polyene component in the range of 0.01 to 20 % by mole.
(Herein, the total amount of the propylene component, the
a-olefin component and the polyene component is 100 % by mole.
Additionally, for example, ‘propylene component’ means
propylene~derived backbone contained in a propylene polymer. )}

Specific examples of the diene include nonconjugated



7-ethyl -4-ethylidene-1, 6-nonadi ene,
6, 7-di net hyl - 4- et hyl i dene-1, 6- oct adi ene,
, /= di et hyl - 4-et hyl i dene- 1, 6- nonadi ene,
Sﬁfg%ﬁglidene-l,6-decadiene,
7-met hyl - 4- et hyl i dene- 1, 6- d@tadi ene,
7-met hyl - 6- propyl - 4-et hyl i dene-1, 6- oct adi ene, SF-1399
95 4-ethylidene-1, 7- nonadi ene,

.8-net hyl -4-ethy| i dene- 1, 7- nonadi ene, and ,
A Gt o SR e dndecorLagar od EFheradiene,
such as_ 1, 3,5-hexatriene. Anong these,
14§Ep%ﬁqﬁgqﬂ@k]}ﬂgquﬁﬁggqqeeﬁeﬁ—gﬁ@adiene,l,7—octadiene,
4-et hyl i dene- 8- net hyl -1, 7- nonadi ene(EM\D) are
1 p?ederabl ene Sucth i iste comanbiceme nee ntvilayd d natbeenanyg,
be used independently, or in conbination of two or
d oy el dpdrtisad1dhe adtitd 011 1, ieene tadd «tisene may be
conbi ned for a use. Anbng these polyenes,

4 PSERY L A d Yo -RAIENE BAYI Nth Sh NMTIHY SRR c&@ﬁlﬂ;f%ﬁ'b% BSene

preferabl e. The i0di ne nunber of a propyl ene pol yner

' fa ; S t bovg i .
008 LRSI U BRLYEHES PR ALOUR LS naving »
referably 5 to 60., The pol rization tenperature of
n%#%ﬁ???%%i Kqﬂp§ﬂ%ﬁi9¥e%ﬁ%€ﬁ€rization catal yst is
generally within the range from-50 to +200C, .
pr ef SRS IT emarples2@Cthrotsipnef éngbhgef opraniugated

180C, and particularly preferably from40 to 150C. The
triene such as 6,10-dimethyl~1,5, 9-undecatriene,

4,8-dimethyl-1,4,8-decatriene,
5,9~dimethyl-1, 4, 8-decatriene,
6,9-dimethyl~1,5,8-decatriene,
6,8,9-trimethyl-1,5,8~decatriene,
6-ethyl-10-methyl-1,5, 9-undecatriene,
4—ethylidene—l,6—octadiene,
7-methyl-4-ethylidene-1, 6~octadiene,
4—ethylidene—8;methyl~1,7—nonadiene(EMND),
7-methyl-4-ethylidene~-1, 6~nonadiene,
7-~ethyl-4-ethylidene-1, 6-nonadiene,

6, 7-dimethyl-4-ethylidene-1, 6-octadiene,
6, 7-diethyl-4-ethylidene~-1, 6-nonadiene,
4-ethylidene-1, 6-decadiene,
7-methyl-4-ethylidene-1, 6~decadiene,

7-methyl-6-propyl-4-ethylidene-1, 6-octadiene,



pol yneri zation pressure is under the condition of
generally from normal pressure to 10 MPa gage
sgrgﬁﬁ% preferably fromnormal pressure to 5 MPa
ressure and the polyperization reaction can be
carried out either batchw se; sem continuously or
conti nuously. The polynerization can be carried out by
di viding the process into two or nore stages having
dlﬁ{ rent SFk- 1ﬁ99 96,. reaction conditions. The
morBcu A et ght BP Y& esul ting  propyl ene pol yner
can be al so regulated by all owi ng hydrogen to exist
B A G- PoT SN 0Tt Sy SCBROGEFar PPy ¢ he
pol yneri zation tenperature. Mreover, the nol ecule
4 vedi hghlt 1 deire - be! Tt catde g ngc c endi wgrﬁ@gtahedammﬁneowch as
t he conponent (B) used. When addi ng hydrogen, the
1,53 3abdentaminad . t Ambeg atligdeskej s from about 0.001 to
100 NL per 1 kg of olefin. [2] Typical polynerization

4 cpndlinid 1ty f-or, P -Kde RAINIRIE, Zakhicon Wien the _
polynerlzatlon process of the invention is used in

s 3dve, Jordupf_ (igﬁ%ﬂ]} PR Z e?gfa’t\l%zsh%spﬁl:gf?ﬁable.

co onent hé ‘conmponén enera
particul at arrler sed. e_of. usage, of

The t
P ach ST SHERE Rird A6k AUERY OO BePoaY SaaaR, Bonitibnt

is arbitrarily selected, and not particularly
indspanaen it St ézom&én@érwph@faw%@romaé? sindgacHn

conponent, the follow ng process is nmentioned. [i] The
adsiiddany dmﬁﬂﬂeswdaddieng nhy bat abtysinednponentusg.A) Among

supported on the carrier (C, and the conponent (B) to
tHd®e polyenes, particularly, polyene having a norbornene
backbone 1s preferable.

The iodine number of a propylene polymer obtained using
such polyenes mentioned above is generally 0 to 80, preferably
1l to 80, more preferably 5 to 60.

The polymerization temperature of olefinusing the olefin
polymerization catalyst is generally within the range from -50
to +200°C, preferably from 0 to 200°C, more preferably from 40
to 180°C, and particularly preferably from 40 to 150°C. The
polymerization pressure is under the condition of generally from
normal pressure to 10 MPa gage pressure, preferably from normal
pressure to 5 MPa gage pressure, and the polymerization reaction
can be carried out either batchwise, semicontinucusly or

continuously. The polymerization can be carried out by

dividing the process into two or more stages having different



pol yneri zation vessel in the arbitrary order. [ii] The
process conpri ses addi ng the catal yst conponent (B)
S? ggg ted on the carrier (C), and the conponent (A) to
h %olynerlzatlon vessel |n the arbitrary order.
[iii] The process conprises?&dding the catalyst
conponent (A) and the conponent (B) both supported on
the carrier SF-1399 97 (C), to the polynerization
vessel . In the above-pentioned. process, at_|east 2 ar
TRETeI0n GARHLC LIS yELCCBRUBRBARE niyL BT CoRt HeR ckFqt ting
advance. In each process of the above-nentioned kll]
PTPPYIeRe R\ FarcbRpahent reBilated suppdloadnot hedrogen
conmponent (B) that is not supported nay be -added in
tehexasbi tmarlye gralame i fz aieices sargter ot hiasydagethehe
conponent (B) may either be sane or different. As the

pSDymélri gat by skmperpenest iMb YW, bR aRIRRNEBlWd At can
is supported on the above- ment i oned conmponent (CQ),

b@&%dUY%ﬁéHb@cS?&?ﬁ%%&atﬁQQBﬁﬂﬁﬂ;oquﬁ@b%ﬁgkﬁgnt used.

conponent (A) and the conponent ported
whde L d npon nt (g
T AR B R0 4 SR AN e oY KPR aeBfisbrignt rom
pported on the sol d catal, st conponent
et 1B Ak pet dihrite © t he
pol ymerization of olefin is carried out by using such
ol ef i I# pdiymiealz aclomesdratjon gonmbhiponédrabevk, the
conmponent (A) is used in such anbunt so as to be
poeyrezal gt forom 10-8 to 10"2 nole, and preferably from
10-7 to 10-3 nole per a
When the polymerization process of the invention is used
in the form of the bulk polymerization, besides the component
(A) and the component (B), generally the particulate carrier
(C) is used. The type of usage of each component and the adding
order of each component is arbitrarily selected, and not
particularly limited. For example, as for the adding order of
each component, the following process is mentioned.
[i] The process comprises adding the catalyst component
(A) supported on the carrier (C), and the component (B) to the
polymerization vessel in the arbitrary order.
[ii] The process comprises adding the catalyst component
(B) supported on the carrier (C), and the component (A) to the
polymerization vessel in the arbitrary order.

[iii] The process comprises adding the catalyst

component (A) and the component (B) both supportedon the carrier



reaction volunme of 1 L. The conponent (b-1) is used in
such anmount that the nolar ratio [(b-1)/M of an
S]Eal gﬂégum atomin the conponent (b-1) to the entire
tion netal (M in the _conmponent (A) is

generally from 10 to 5,000, ?preferably from 20 to

2,000. The conponent (b-2) is used in such anount that
the nolar ratio [(b-2)/M of the conponent (b-2) to

é e SF#’;QQ 918 transition ma%ﬁ1 atom (M in the

e AR AT 1 to 500, preferably

from lto 100 The corrponent (b-3) is used in such
ampunt® FRaERIYE Wendr ongd Br¢ess) AN L est ReowBABBRENEach
(b-3) to the entire transition nmetal atom (M in the
czionboie rbnpeAEnt sagehe cahltpctedm0adtatoe 5, GQ0sach process
preferably fromO0.05 to 2,000. The anount of the
of wmoaebdiret-henusetets[generaliiy 3@ #RicH, €0 Hrdynent (B)
wei ght, preferably 20 to 200 % by weight of the

1§QﬂHﬁﬂﬁﬂicﬁAkhémE%ﬁ BH%n%0W§9n€H£t(£§ Aot drted may be

CorTbl nat i on, Cor‘r'ponent | S Used | n tne anount
t t ( )
aédé%]era ?befromf‘%*%o e, L‘Er dogaddit] In Ship cags (the

CQ%OH%W F afB rﬁ‘fggfl(%)e/r( bseztf?ﬁﬁggggﬁéfgﬂfé& rohe0tBe pglid
10, preferably fromO,1 to 5 when the conponent (B)
catR ket cormponent in-ohich &ie ceaponkatnbhhrly gupgorted on
[(D)/(b-3)] is generally fromO0.01 to 10, preferably
tliak')%t;csze]:-mantﬁqne@ ddmpotemponént, @By ithet helidoaopoaknst
cémponént in which the component (A) and the component (B) is
supported in the above-mentioned component (C), olefin may be
pelymerized in advance, and further catalyst component may be
supported on the solid catalyst component which is polymerized
in advance.

When the polymerization of olefin is carried out by using
such olefin polymerization catalyst as mentioned above, the
component (A) is used in such amount so as to be generally from
10™® to 1072 mole, and preferably from 1077 to 107° mole per a
reaction volume of 1 L. The component (b-1) is used in such
amount that the molar ratio [(b-1}/M] of an aluminum atom in
the component (b-1) to the entire transition metal (M) in the
component (A) is generally from 10 to 5,000, preferably from

20 to 2,000. The component (b-2) is used in such amount that

the molar ratio [(b-2)/M] of the component (b-2) to the



[3] Typical Polynerization Condition for Solution
Pol ynmeri zati on The preferred enbodi nent when the
Sgg#- rization process in the invention is carried
i the formof the solufion polynerization wll
be described. In the sol utidh pol yneri zati on sol vent
is normal ly used. The solvent used in SF-1399 99 the
sol ution polynerization is generally an inactive

AR SERIR SR e o BB 2P s
of from50 Cto C.  Specific exanples of the

148 vEht Hl’ﬁcﬁ%ﬂéﬂaﬂ ifﬁﬁlaﬁ £0 M oFRpBEIRPoRGE AR-3) is used
pent ane, hexane, heptane, octane, decane, dodecane

imrrhdte ABSENE: tlavd tals wy & hi cratyidy ddarBorMs uzh the component
cycl opent ane, cycl ohexane and net hyl cycl opentane. In

(l€l8lj tdioonheaswirht¢ ¢ daydriedanhbnacsucdtas (Menzente component
tol uene and xyl ene, and hal ogenat ed hydrocarbon such

(A5 # pdrene 19l ericdeo . oehtorobemzen, Al rably from 0.05 to
d|chloronethane are also inciuded in the category of

2‘@@@ i nacti ve hydrocarbon solvent' according to the
po nerlzatlon process related to the invention, and

its IS n ted. Wen .t sol uti on
ol yriZi ZHEEB PE The HEPBERE (ke UedponanezAl s 10 to
used in such anmobunt so as to be ¢ enerallﬁ from 10-9
Lt Q00 Prhorsel 9igre REedigiplyod016o8 208 $0bz weiehpepfathe
reaction volunme of 1 L. The conponent (b i) is used
compangstt affount that the nol ar

When the component (D) is used in combination, the
component (D) is used in the amount such that the molar ratio
[(D)/(b~1)] is generally from 0.005 to 2, preferably from 0.01
to 1 when the component (B) is the component (b-1), that the
molar ratio [(D)/{b-2)] is generally from 0.01 to 10, preferably
from 0.1 to 5 when the component (B) is the component (b-2),
and that the molar ratio [(D)/(b-3}1 is general_ly from 0.01 to
10, preferably from 0.1 to 5 when the component {(B) is the
component (b-3).

[3] Typical Polymerization Condition for Solution
Polymerization

The preferred embodiment when the polymerization process
in the invention is carried out in the form of the .solution
polymerization will be described. In the solution

polymerization solvent is normally used. The solvent used in



ratio [(b-1)/M of the conponent (b-1) to the entire
transition netal atom (M in the conponent (A) is
Sgggggglly fromO0.01 to 5,000, preferably fromO0.05 to
The conponent (b 2) |3 used in such anount
that the nolar ratio (b-2¥°/M of an alum num atom
in the conponent (b-2) to the entire transition netal

(M' in the conmponent (A) is generally from1 to
tgéooo ﬁrgfer§§w¥ SF-1399 100 from.,5 to_ 1,000

¢onpd %% Ot o FUEd T Sudf y aPhéPaFﬁévﬁDIar

ratio - of the conponent - to

hﬁiﬁﬂ%ﬁ}?% %{V@lﬂtat%wﬁ 1) P¥%f?ﬁ%b%bﬁp%%@h¥a¥% hygrocarbon
generally from 0.01 to 10,000, preferably from 0. 05

hamiﬁgd@@ilimgtﬁuinxobuthonm@blynes$mf&s(mf fgeneb@l 9G/,tc 200
the [ above-nentioned hydrocarbon solvent is used,

°*chut speol f kNeBYp1 He oI5 ethaSsEl vty eHolubRe aliphatic
copol ynmeri zati on reaction can be carried out by

%f@@ér@o@@tﬁw 88 PeRlRod, PExSnEOMRUAHS 6@55[]:@ decane,

en the solution polynerlzatlon is carried out by a

d&%&%ﬂ%sgn ”]?éﬂ?genet heanct?récl%_rgafcfitfcorﬂly%fro% bon Fuch as

cene COﬂ"pOUﬂd meri-zat1 on sy

%?%9%%%5?@”? SHEIODS 570 55 1m*c§,gpegtane In

yneri zation volune of 1 L. Additionally, the

a@%ﬂa%%%n ¥ A {ithi i oC 3 b P Ucks iage ke 2ePPme tPAUERE and
case that the polynerization is carried out by a

xybené naodishake e t et pedds cambbhes wondist ¢ oy sarchcad oride,
the catalyst concentration and the polynerization

clh bopeseat ze, atitdichloromethane are alsc included in the

category of ‘the inactive hydrocarbon solvent’ according to the

polymerization process related to the invention, and its use

is not limited.

When the sclution polymerization is carried out, the
component (A) is used in such amount so as to be generally from
107° to 10 mole, preferably from 107 to 107 mole per a reaction
volume of 1 L.

The component (b~1) is used in such amount that the molar
ratio [(b-1)/M] of the component (b-1) to the entire transition
metal atom (M) in the component (A) is generally from 0.01 to
5,000, preferably from 0.05 to 2,000. The component (b-2) is
used in such amount that the molar ratio [ (b-2)/M] of an aluminum

atom in the component (b-2) to the entire transition metal (M)

in the component (A) is genera_lly froxﬁ 1 to 5,000, preferably



generally 5 mnutes to 3 hours, preferably about 10
mnutes to 1.5 hours. Propyl ene polyner The propyl ene
Sggt%gﬁr obt ai ned by the production process of the
ion is constituted by at |east one kind of
propyl ene, a-olefins and enes. The propyl ene
pol yner obtained by the polynerization process of the
invention is commonly SF- 1399 101 characterized in

t hat th lecul ar wei

1 fiadts A BPeofbyaratfedihs éﬁ% 1 aQsegﬂ&nsquﬁeammt
irre bondi ng derive 1-insertion and

thag B 5 onc g G511 M 6% che' FoMSERT giyHers the
will be divided into the propylene polynmer [P1]

topnad eeh wRtRe atvm pY) vimerheardmpensintt b)) ilsveengoml 1y Srom
carried out in the formof the bul k pol ynerizati on,

0 abt tdel 0 ol O/ err  FeHakaht airved OMTE e d 13¢ 0901, ut i on
pol ynerization is carried out, and the properties of

t he Qﬁ?ﬁ&kﬁ@d@dﬂﬂwwk@ﬂgme@zﬁ%&an bbn@@a@@§0ftﬁéd
As the propyl ene pol yner Pl] , melt flowrate (NFR

8.4 f 2 16k f
ARl e Rt iedafl oy 10Kl 110 00k A oney
t f f O 05 to, 5009/ 10
of T Eete T T FaFL 00153?318%%&*%3? g 7 e
from0.1 to 10 dI/g preferably from 0.2 to 8 dl/g,

CHOF EEPPRE BYab} 5T B S TSRS, omecw%w%%method

content of the propylene polyner [Pl] is
When the solution polymerization is carried out by a batchwise

méthod, the concentration of the metallocene compound in the
polymerization systemused is generally from 0.00005 to 1 mmole,
and preferably from 0.0001 to 0.50 mmole per a polymerization
volume of 1 L.

Additionlally, the reaction time (which is amean residence
time in the case that the polymerization is carried.out by a
continuous method) depends on the condition such as the catalyst
concentration and the polymerization temperature, but is
generally 5 minutes to 3 hours, pr-eferablyrabout 10 minutes to
1.5 hours.

Propylene polymer

The propylene polymer obtained by the production process
of the invention is constitutedbyat least one kind of propylene,

a-olefins and polyenes. The propylene polymer obtained by the

polymerization process of the invention is commonly



in the range of from100 to 70 % by nole, preferably
S%d%$ to 80 % by nole, nore preferably from 100 to
y nole. The a-olefin of t he propyl ene pol ymer
[P1] is preferably selectédlfrom for exanple,
et hyl ene, 1-butene, 4-nethyl-I-pentene, 1-hexene and
1-octene, and these are desirably contained in the

ran of ., from0t03 % referabl fromO_to
S b LS RC pf b GBIy EHOREOTE Ger. B ST092) rhe
10 96by nDIe The neltlng point (Tm_ of the propyl ene
isphafnteic ppereckedelredtyyl Dsahidigeer and 3 the 1opegwlar
175 C, preferably from 105 to 170 C, nore preferably
bandimaderived 6§ G. 1Ay tive pnofjylBenespotymeris §Rtemely
the ethylene content of the propylene / ethylene
laopol ymer (PER) is in the range of from 10 % by nol e
to 90 % by nole, preferably from15 to 80 % by nol e,

nor e ARl ebe18Pk Y J5 M A 160p%0 Qi’qu?éc‘? 4 ke t'h%t wq%fene

viscosity [r)] of the PERis. gener fromO
f fr nor e ferably, .
ofbits (B FBEa ka0 ehe Boniale iyt of LAV on
ly [P2 the den |ty is in the range
1 oFa%&ﬁaoO‘g 6% §h. éfelamg%ﬂf@e B &k gtbime L 1435 mh0s. - s45d the
to 0. 900 g/cnB, nore preferably from 0.84555 to 0.890
PO VER, ,Rédu pPbAANEY, whegemshe Fhoutierer¢Mrer ETM @ is
1238, 230 C, a load of 2. 16kg) is from0.01 to 500
qurm@dnbmmbespdpth&epabbﬁrtﬁeenbﬁ.ﬁEetpréﬁ@géﬂDe propylene
m nutes, nore preferably from0.05 to 80g/ 10
polymer will be described.
As the propylene polymer [Pl], melt flow rate (MFR; ASTM

.D 1238, 230 °C, a load bf 2.16kg) is from 0.01 to 3,000 g/l10
minutes, preferably from 0.02 to 2,000g/10 minutes, more
preferably from 0.05 to 500g/10 minutes, and an intrinsic
viscosity [n] is generally from 0.1 to 10 dl/g, preferably from
0.2 to 8 dl/g, more preferably from 0.3 to 6. dl/g.

The propylene content of the propylene polymer [P1l] is
in the range of from 100 to 70 % by mole, preferably from 100
to 80 % by'mole, more preferably from 100 to 90 % by mole.

The a~olefin of the propylene polymer [P1] is preferably
selected from, for example, ethylene, l-butene,
4-methyl-1-pentene, 1;hexene and l-octene, and these are

desirably contained in the range of from 0 to 30 % by mole,

preferably from 0 to 20 % by mole, more preferably from 0 to



m nutes and the intrinsic viscosity [r]] is generally
85-103{35 to 10 dl /g, preferablyfrom0.4to 8. dl/g,
pr eferably from 38 6 dl/g. The nol ecul ar
wei ght distribution of the Er opyl ene pol ynmer [P2]
measured by GPC (Mv Mh, in terns of polystyrene, Mw
vvei ght average nol ecul ar wei ght, M: nunber average
%cul ar. W€I ght) is 4 or less, preferably 3.0 or
essY é propyl ene content of the propyl ene pol ymer
[P2] |s SF- 1399 103 in the range of from95 % by nole
to 5596, B¢LlhaPg, PpLefef &b yoff%%@m&sblesrse BB o P1]
nore preferably from90 to 60 % by nole. The a-olefin
megfsuriee py A0 2aeyge natdry EP@Ih 1 poefer &bl prefelrebl gdf rom
fromfor exanple, ethylene, 1-butene,
104 et ylo- Pe pefib egeprdf dexsne mﬁn Lractene,esand. t hese
are desirably contained in the range of fromb5 to 45

% by anBhs, th@rﬁc%iaﬁlt@gﬁé %g@gﬁnégst PeAp, q@@eﬁﬁb?en@%cﬁltent

preferably from by rml e. For the propyl ene

RN Fighihine ERLERASIE: (PRI 15 e ponce o
frﬁ%‘?grél nterv (ti\ﬂ:’g)l Ogm%%i 600 %VP%% %3515 fo 80 &

MPa) or |ess. Advantage of t he Inventl on The
YpIF‘ %s@ofr@rp’é?éﬁ’aébhi{j g6y be gy PBrie byorgher dhethetrinsic

invention is a process for polynerizing at |east one
visopsity [gél et edef PAR propyhenslla-dHrefii sl ansd 10 dl/g,

pol yenes in the presence of a catalyst for
predeyabliyz&koandwli th @mﬂ/&gj,nmdrléepreferably from 1.0 to 8
dl/g.

On the other hand, as the propylene polymer [P2], the
density is in the range of from 0.840 to 0.904 Q/cm3, preferably
from 0.845 to 0.900 g/cm’, more preferably from 0.84555 to 0.890
g/.cm3. Additionally, the melt flow rate (MFR; ASTM D 1238, 230
°C, aloadof 2.16kg) is from 0.01 to 500 g/10 minutes, preferably
from0.05to 100g/10 minutes, more preferably from0.05 to 80g/10
minut.es, and the intrinsic viscosity [n] is generally from 0.3
to 10 dl/g, preferably from 0.4 to 8. dl/g, more preferably from
0.5 to 6 dl/g. The mole.cular' weight distribution of the
propylene polymer [P2] measured by GPC {(Mw/Mn, in terms of
polystyrene, Mw: weight average molecular weight, Mn: number

average molecular weight) is 4 or less, preferably 3.0 or less.

The propylene content of the propylene polymer [P2] is



af orenenti oned specific (A) bridged netall ocene

S nd. A major characteristic of using the
pol'ymeri zati on process of ﬁgs invention is that, as
cl ear from Exanpl es shown er, the nolecular meight
of the polynmer produced can be hlghly increased in
conparison Wi th the case where a pol ynerization

I copt ai a taI ocen qQnpound. ot her
o EER 5hge GE R bt Bt Sopcund Pl BoRE toredarebly
nvgﬁtlog is used, Further SF-1399 104 characteristic
Pyhi¥i B2t ¢ oAOFEoRES S B he LRy R Hioph0 % By mole.
that a polyner having a high stereoregularity
(i soThetcole Bipulodr th e )pranpd lexta poklyelkoi?ontamteDérably
i rregul ar bonding can be obtained by the
segelogrer ifzamm dorpegempdcpf ethglengent+otend nce a
propyl ene pol ymer having a high nol ecul ar wei ght
4-ptayned -RentbaecpollyABkEzat bAA PLoscesse Of afdechese are
invention shows an excellent rigidity and I npact

de%@.%'a%ﬁ.@’n‘é%ntatlﬁeaxEﬁngﬁg H3f eI gfvfférﬁl‘@ ’&gdAPSStJ' mole,

ds”is expected. In add t for pr opyl

PrB%e EREL L FLbR S B8 Bt B e %?ﬁ%a?fw%&%ﬁa'ﬁéﬁ@ﬁgﬁ to

g Eolynerlzatlon tenperature) can be changed to
tﬁe ¥oRgiEi ons appropriate for a production on the
| arge scale by using the polynerization catalyst
cont BPHi hlget hreopn)enr  pigladneret BR2 hcare heonjiogndensile

according to the invention, and thus the effect on the

motndust (ASTe-D+HMAMh R 30 e Adsdisng FUEENSF 2 .10”&/min, a span.
pol ymeri zation process of the invention has a

inebavatt efi 51| Gmhhats t60® @Ry ere1e585PORSE £ Ae W REMPa)
of ethylene being taken as an

or less, more preferably 400(MPa) or less.

Advantage of the Invention

The process for producing polypropyléne polymer of the
invention is a process for polymerizing at least one monomer
selected from propylene, a-olefins and polyenes in the presence
of a catalyst for polymerization which contains the
aforementioned specific (A) bridged metallocene compound. A
maj‘or characteristic of using the polymerization process of the
invention is that, as clear from Examples shown later, the
molecular welght of the polymer produced can be highly increased
in comparison with the case wﬁere a polymerization catalysf
containing a metallocene compound other than the (A) bridged

metallocene compound related to the invention is used. Further



ethylene deri ved backbone in a propyl ene pol ynmer

u£ $§ pol ymeri zation) is highly favorable, when
et ylene is used as a paré of nononers. This

excel | ent et hyl ene respons 06roperty, for exanpl e,
|l eads to a rel axation of design pressure of
polynerization apparatus and thus it is expected to

’%—inatl o s Bl B AR P e e RE PORC, ] CBE Lvention

%grlbed in nore detail with reference_to Exanp

1$HUthhe iRRAeMSToRdvVd o hllﬁf‘eﬁ&@&ePSeEBlPFﬁH’eél%?/taCtlc
t hose Exanples. For Exanple nunbers bel ow, Exanples

refppqed ¥ erd et oame he leWgbentreimed ofi deregulse bonding can
Exanpl e nunber are exanples that the polynerization

beracesisnnaf byt e pedntrieand zes iappbiredete afbth& invention.
pol ymeri zation using a supported catal yst, and

s esrdigneined peitierSha®inhhe hight moméBQl§kdﬁeP§ht
t he Exanple nunber are exanples that th

t t
B W%h@ga&e@fﬁeza?%n&ﬂeﬁge@n%ﬁ“asﬂuez&zl&%ég%n Brous
{ t | t.hods .l
g R Loy P o e PR o op LY oPes (i) FibsRged use
, vViscosity ratio rasgimas determ ned _in decalin at 135C

I EPRYOHA disiaiiad vietesiityerrastedng Wppadatien, for the
VNR- 053PC manufactured by Rigo Co. Ltd. and inproved
praamslicare pelvhbe heMdog adapit & sepeviszorepdmoliarular weight
calculate the intrinsic viscosity according to the
td dHeowixig texpr eediyerr, the production conditions (e.g.,
polymerization temperature) can be changed to the conditions
appropriate for a production on the large scale by using the
polymerization catalyst containing the (A) bridged metallocene
compound according to the invention, and thus the effect on the
industry is thought be enormous. Further, the polymerization
process of the invention has a characteristic that the ethylene
response (a degree of ethylene being taken as an
ethylene-derived backbone in a propylene polymer during
polymerization) is highly favorable, when ethylene is used as
a part of monomers. This excellent ethylene response property,
for example, leads to a relaxation of design pressure of

polymerization apparatus and thus it is expected to contribute

in the cost reduction of the appatatus.



[rI '] =1lisp/ {C(1 + Krlsp) } (C solution
SEg_oﬂﬂqe tration [g/dl], K constant nunber) [2] Wi ght
vetage nol ecul ar wei ght (My), Nunber average
nol ecul ar wei ght (Mh) - - 105 - ... The
measurenent was carried out by transferring 500 1 of
sanple solution with 0.1 w% concentration at a flow
‘rate SF-139% 106 gf 1.0 M/mn using A liance GPC
2000 Ff&fafadtared thy WavERsiotovilithe dmectiberidy more
pol ystyrene made by Tosoh Corporation was used and
defaidulvbited red stwacealtcb Ezeae lesl ebuk athaeighenbion ebg mot
pol ymer. Columm for separation: TSKgel GVH6- HT and
irfSKglEld GvHGe Himi tedwoy fidroseaErampllaan hewi Egatbéei maatsers
di aneter of 7.5 mmand the length of 300 nm are used)
bdladwnexinppesaderieted 40t "Mpbbh & Hh2868ht hand side of the
o-di chl orobenzene Detector: differential

Ed R 1ChORBLEard %l(ag{gh.te.bn&f@itﬁ'é %Jﬁmépgigtﬁoﬂ@rggess of

thé sanpl e was heat to 200C in trogen

t e (20 m /m.n si ng i s1,manuf act ured b

oo, TRV Rt 48 BEpTeBh 1B AP RI b BOARRCE hERHLSE utto =
down to 30C ~at a rate of 10 Cnmin. After the sanﬁle ,

SUPEIOTG SKepRERBY S B ANfLESSMPARS 3RO #iditht I'oh AashBoRkaht
fromthe top peak of the crystalline nelting peak

hagist gilded okhéhehE&zemrdet hembanpheet examples that the

polymerization process of the invention is applied to a solution
polymerization using a non-supported catalyst.
Analytical methods employed in the invention are as

follows.

The viscosity ratio ns was determined in decalin at 135°C
using an automatic viscosity measuring apparatus VNR-053PC
manufactured by Rigo Co. Ltd. and improved version of Ubbelohde
capillary viscometer, to calculate the intrinsic viscosity
according to the following expression.

[Nl = nsp / {C{l + Kngp)} (C: solution concentration

[g/dl], K: constant number)

The measurement was carried out by transferring 500 ul

of sample solution with 0.1 wt% concentration at a flow rate



200C at a rate of 10 Cmn. [4] Butene content and
SEEggylene content The contents were determ ned
a 5¥hing to an ordinary method of 13C- NWVR spectrum

[5] Mesopentad Fraction (n&Rf) A 13C- NVR spectrum of a
pol ynmer was neasured by using an A500 nucl ear
magneti ¢ resonance manufactured by Japan El ectron

E- 1399 .107 tics. Laboratory Co., Ltd. in a 5/1
o DAL 4TI Bt S bRO S B2 o1 Gise P00 mARH EaBLE SpALIE Waters
benzene, at 120C, under the conditions of a pul se
CanirdbRdef The stemdagdpppsgstepent tiasgdte tiymBosoh Corpamtion
and integration tines of 16,000. [6] Triad
walssusadtandltgalculated as. the.calibrated molecular weight of
----------------- The 13C- NMR spectrum neasur enent was
eacdr ho@gmewt. in a hexachl or obut adi ene sol ution, and
the triad isotactic was calculated fromthe intensity

L2 BLEOE OSSR e A S OB

(mesotriad region Sl
3,12 fot i.nt ity S bt ai b
(BEoEPherrah RrNfAOTT i % S e baSER 30 (oot and

f | hyl _ m agEPP 39 to
QP Thngb ROt 968! oLy gg; [Synthesi's Bxanple

di phenyl net hyl ene(3-tert-butyl -5-ethyl cycl opent adi enyl
) (f1golerenyemperaowrem MeEhTGri de

Mobile phase: o-dichlorobenzene

Detector: differential refractometer

About 5 mg of the sample was heated to 200°C in a nitrogen
atmosphere (20 ml/min} using Pyrisl manufactured by
Perkin-Elmer, kept for 10 minutes, and then cooled down to 30°C
at arateof 10 °C/min. After the sample being kept for 5 minutes
at 30°C, calculation was done from the top peak of the
crystalline melting peak obtained when heating the sample to
200°C at a rate of 10 °C/min.

The contents were determined according to an ordinary
method of '°C~NMR spectrum.

A *C-NMR spectrum of a polymer was measured by using an

A500 nuclear magnetic resonance manufactured by Japan Electron



1) 1-ethyl-3-tert-butyl-cycl opentadiene To a 200 m
hree-neck flask equi pped with a magnetic stirrer
%And a three-way cock, 50 nml of dehydrated diethyl
ether and 59 m (180 nmol) 187 diethyl ether sol ution
of 3.0 M ethyl nagnesium brom de were charged under a
nitrogen atnosphere. In the ice-water bath, 21.4 g
(155mml ) of 3-tert-butyl cycl opentenone was_added
© P RATHOTY Sur. Like 1nesuPrdnmizsrutpbricenhsot
stirred at roomtenperature for 16 hours, SF-1399 108
oHiEh herphane ansasnidote vt xa f eh bsas epeur @d 1HI6,100dgir the
of 3N hydrochloric acid. The organic | ayer was
caepariairetdorangul Be wialleedss | BU8EcWasSpeXbE aGdRd ittWicFet ime
with 50 ml of ether. The obtalned organic |ayers were
o£ T Nath WRENReH QG Wit R 1desSakEURSL 8Epaqueous
sol uti on of sodi um hydrogencarbonate, twice wth

wateqﬁga@qi%ﬁc%sgkgg §§&g ated brine, and dried over
' ané"

magnesi-um-sul-f-ate- irstilled off under reduced

pressure 1t tain 15.3 of a pale yellowy, i
tranzglreﬁgﬁggrﬁﬁ%ﬁ{r g%ﬁﬁﬁﬁTﬂa swég FﬂgﬁﬁﬁﬁieﬁFibﬂ a
was done by 'H NVR spectrum The neasurenment results

hegachlfrab e disneowe l vt oRvRapd7 Oez trEpE1 Bsotstic was
standard): S 6.19+6.05+5. 81+5. 77 ( mrmtm+m

ciulnteEt-Zres (hemntBdsit 2 ra84i2. @7 qhm iRMppsitiSelds@Bved
(s+s+m 12H) (2) Synthesis of

at3-20erst tautzpl. 0l ppihyhe 6o 6r dh@heayl sl uenBasdd 8n280msthine
three-neck fl ask equi pped with a magnetic stirrer

(EEHH)PpRtk 8obbEeedVay TPCK pPmlbg €84 Z0PEHY:0f s, obtained

by subtracting methine (EPE: 33.12 ppm and EPP 30 to 31 ppm)

(
t
s

from total methylenes.

[Synthesis Example 1}

Synthesis of

diphenylmethylene(3—tert~butyl-5—ethylcyclopentadienyl}(flu

orenyl)zirconium dichloride

To a 200 mi three-neck flask equipped with a magnetic
stirrer chip and a three-way cock, 50 ml of dehydrated diethyl
ether and 59 ml (180 mmol} of diethyl ether'solution of 3.0 M
ethyl magnesiumbromide were charged under a nitrogen atmosphere.
In the ice-water bath, 21.4 g (155mmol) of
3-tert-butylcyclopentenone was added dropwise over 1 hour. The

resultant solutionwas stirred at room temperature for 16 hours,



l-ethyl-3-tert-butyl-cycl opentadi ene and 100 m of THE
€ charged under a nitrogen atnosphere. In the
Y% hanol bath 14 mi l&%ém’ml) of 1. 58M
n-butyl |'i thi um hexane sol uti*on was added dropw se
over 45 mnutes and stirred for 4 hours. Thereto, 8
m of hexanet hyl phosphoric triam de, subsequently 5.85
benzo none were char,ged, and th
arg%ltfﬁnon]t oo Bra ROE 1% Hhar ot SHoshio "L00 'HE of o
rature. The reaction solution was poured into
h%‘b@ Lo D RAGr obhE REGRTHEG d.2YPre W@iSgaRParaEedgoand the
109 | ayer was separated, and the aqueous | ayer was
agygquctledes vias 30 reicteld swhee. wihb b6Btminefl etigani cThe
| ayers were conbi ned, washed with a saturated aqueous
ok irtd o R refard edilayelrgd wegencamnbanatie, washetd ande with a
saturat ed aqueous sol ution of sodiumchloride, and

sdtiu e Qv eFuBEBABEsd UM S3H it §odhdnthRir n‘é%%o‘f\@%e, twice
distilled off, and purified by colum chromat ography

X e

neasurenegéfige§¥%%s %%ﬁ&32%5 s%é l%%ﬁ%ﬂ¥x%%ﬁ§essure to

, (m 1.70+1.85 (q, , 1.15 %
o]:g:ﬁ)l,nnlﬁ 85 g ?f ,a gap.Be ng)llgymw%ﬁﬁen solutlon The yield
di phenyl nmet hyl ene(3-tert-butyl-5-ethyl cycl opent adi enyl
wag fa5u §.or kg )i @00ion wadw elenedly fHabKRegpeppedmwi The
a magnetic stirrer
measurement results are shown as follows.

'H-NMR (270MHz, CDCl3, TMS standard): &
6.19+6.05+5.81+5.77 (m+tm+m+m, 2H}, 2.91+2.85 (m+m, 2H},

2.48-2.27 (m, 2H), 1.15-1.08 {(s+s+m, 12H)

To a 200 ml three-neck flask equipped with a magnetic
stirrer chip and a three-way cock, 3.l6g (21.2mmom) of
l-ethyl~3~tert-butyl-cyclopentadiene and 100 ml of THF were
charged under a nitrogen atmosphere. In the ice/methanol bath,
14 ml (22mmol) of 1.58M n-butyllithiumhexane solution was added
dropwise over 45 minutes and stirred for 4 hours. Thereto, 8
ml of hexamethylphosphoric triamide, subsequently 5.85 ¢
(32.1mmol) of benzophenone were charged, and the solution was
stirred for 27 hours at room temperature. The reaction solution

was poured into 400 ml of 2N hydrochloric acid. The organic



chip and a three-way cock was thoroughly purged with
nitrogen, and 1.94 g of fluorene (11.7 nmmol) was
Sk ved in 40 m of deh dr at ed dlethyl et her under
a nitrogen atnosphere. RE€ solution in an
ice-bath, 7.8 m of n-butyl ['ithium hexane sol ution
(1.59M 12.4mmol ) was added sIomAy dropwi se, and then
stirred at roomtenperature over night. To the
aryeea’%f"’laénsegﬁF%F?ﬁn rgizpémegagpeous layer was extracted with
3-tert-but I-I-ethyl 6- di phenyl ful vene (11.1 mmol)
Litarlagdegthand sthe r@f-am@ei orefnigx legere ways.campbined,
SF-1399 110 30 nl of aqueous sol ution of hydrochloric
watiedl (WiNh a2 tsheureaetd equeniuxt spbeéuvasnaddedodi an y
dropwi se to the solution in an ice-bath, and then

‘hyidatceimenates added, ahaesgtg§8k6d|éﬁﬁéoﬁ@ssolutlon of

separated, and washed with distilled water and

sdﬁﬂﬁ%[%%ﬁ%rQH!neaﬁEh%rllgaHbE§ng 8g§sgﬁhegu9¥§£e and the

anhydrous magnesi um sul fate an esi ccant
filtered ent i Sti
U eﬂ‘r’%%ﬁceaﬁ‘?tsgs%?e SRPERES PR P Lt BE R Fogarphy
Iﬁ% lid. The solid mas purified by colum .
r‘§ Bh{ €& 28pC&RRYE. islgdof Télepam@wemaéww %.
solid. The yield was 21 96 I dentification was done by
Ldeptifdsasiany vps spset bymH-PMAVBpectihm . nelbereaesurenent
results are shown as follows. FD-MS: nf z=480(M+) (4)
reSyrittlsesire shodinphenybi®bhyl ene(3-tert-butyl-5-et yyl.y
| opentadienyl)(flu orenyl)zirconiumdichloride A 30

m Seqplgnk fdasL£0ebeRsd st Br3nARIAGL i 7SbLA @, 10m),
6.3 (m, 1H),I 5.7 (m, 1H), 1.70+1.85 (g, 2H}, 1.15 (s, 9H), 0.85
(t, 3H)

(3) Synth651s of

A 200 ml three-neck flask equipped with a magnetic stirrer
chip and a three-way cock was thoroughly purged with nitrogen,
and 1.94 g of fluorene (11.7 mmol) was dissolved in 40 ml of
dehydrated diethyl ether under a nitrogen atmosphere. To the
solution in an ice-bath, 7.8 ml of n-butyl lithium/hexane

solution (1.59M: 12.4mmol) was added slowly dropwise, and then

. stirred at room temperature over night. To the reaction

solution, 3.49 g of 3-tert-butyl-l-ethyl-6, 6-diphenylfulvene

(11.1 mmol) was added, and stirred under reflux for 6 days. To



chip and a three-way cock was thoroughly purged with
Sﬂitr en, and 0.491 g of
dﬁ&ﬁ nyl met hyl ene(3-tert-butyl-5-ethyl cycl opent adi enyl
)(flu “orenyi)(1.02 nmol) w8 dissolved in 20 m of
dehydrated diethylether under a nitrogen atnosphere.
To the solution in an ice-bath, 1.35 mM (2.15 mmol)
of. 1. 59 M n-bu .l ithium hexane , sol uti ~added .
SRS THUBE SO P PR TG o SO brrge R Ao
over night. The reaction solution was_thoroughly
MIEUTegdR g pgded 5diced v fr Py Se tedheet hlitol OhbaR RN kRr-bath,
then 0.200 g of zirconium tetrachloride (0.857mmuol)
angashenidégthlyéesher WwHrcaddddl itbe weaganist layed weerseparated,
days while gradually el evating back to room
aricempehaduwd thaad sthenetiheasekvent wasudaséd |beithawayhe
under reduced pressure. The resulting product was

réﬁ@ﬁtﬁh&e%aﬁndQ%éﬁngveraQHh?&kéﬁéeﬂa&ﬂe@ium sulfate and
diatomte-filled glass filter. Ared pink solid on

Ll Lt : ' it of, .
I SR B ot hans ot Pho’ SBIYSHE nab ansris shokidged avay
nder r.educed ressure fromt filtrate. The
U REHCFEP B AR | 1 TP Thee ti £R GbERLR Ted black
amount_of diethyl ether, and dried under reduced
sodiflss Ui 1P bt d1af 260 if 90 MoE keI chrogataggaphy to
conmpound as a red pink solid. Identification was done
obipp INHINMR gspéctr palange FDowassl adal Jhies ydpédt wam 2Thé.
nmeasurenent results are shown as follows. 'H NWR
Idepeditd uene ( 2R0ME ,dddaCh 3, FOMm s aiidand)is sPe8t #6m (SED-MS) .
1H), 8.13 (s, 1H), 8.01+7.987 (mrm 1H), 7.96-7.93 (m
Th@Hheasurement results are shown as follows.

FD-MS: m/z=480 (M+)

A 30 ml Schlenk flask equipped with a magnetic stirrer
chip and a three-way cock was thoroughly purged with nitrogeh,
and 0.491 g of
diphenylmethylene(3—tert~butyl—5—ethyl¢yclopentadienyl)(flu
orenyl) (1.02 mmol) was dissolved in 20 ml of dehydrated
‘diéthylether under a nitrogen atmosphere. To the solution in
an ice-bath, 1.35ml (2.15mmol) of 1.59 Mn-butyl lithium hexane
solution was added slowly dropwise, and then stirred at room

temperature over night. The reaction solution was thoroughly



7.79-7.75 (m 1H), 7.56-7.21 (m 8H), 7.05-7.03 (m
sg )399 6. 94+6. 91+6. 88 (mrmrm 1H), 6. 31+6. 30+6. 29+6. 26
(s s+s+s 2H), 5.67 (d, 1H), 2.28+2.08 (qui+qui, 2H)

1.13(s, 9H), 1.07 (t, 3H) BB M5 m z=640( M)
[ Synthesis Exanple 2] Synthesis of
|sopropylldene(3 tert-butyl -5-ethyl cycl opentadienyl) (1

-°°flred§ A %6;’0%1‘3?/%%%“&& BAGHr sithERSB[% 200 ¢ o ém?aium
teltrlaciﬂil?’lrglrgﬁ Iig 40! BB Ry 1asiieshtr Bl DenFBE 15 H i ies was

rene was synthesized in accordance with WO 01/ 27124.
stimresi T -bglayls- Whéilky lbredeadiliyeehpiialivgneack to room
----------- To a 100 m three-neck flask equi pped with
tempraagieide; a8id rtheh chiep sandcatt Raeedneyitdeld, avatlufder

(20.8 mmol ) of 1-ethyl -3-tert-butylcycl opentadiene,

re¥hddd pfeﬁﬁﬁf@nohhe]ﬁ%s‘ﬂltﬁ{? ﬁﬁ@&@@@wQEQe%Qu@reafln hexane,

pyrrolidi ne were charged under a nitrogen atnosphere,

arﬁ'ﬁ% Sittlerfe%fjlbg?tl rSEPH’CBI%E’PSLJ?%Ed %108;%8 Sﬁyf'?e%ﬂ% red pink

reaction so on was poure

i B gdaEorayar RASOEx PSR BRI besfoRRE GF1 1

100 n1 of ether. The obtained organic Iayers wer e
dichipreme thrasros Bh%é%weﬁtaﬂ%%ﬂeﬁméae@qwéwmder reduced

sol uti on of sodi um hydrogencarbonate, twice with
prgsserre dwdmofnbe filtrate. The obtained red pink solid was

washed with a small amount of diethyl ether, and dried under
reduced pressure to obtain 260 mg (0.406 mmol) of a target
compound as a red pink solid. Identification was done by *H-NMR
spectrum and FD-mass analysis spectrum. The measurement
reéults are shown as follows.

'H-NMR spectrum (270MHz., CDC1l;, TMS standard): & 8.16 (s,
1H), 8.13 (s, 1H), 8.0147.987 (m+m, 1H), 7.96-7.93 (m, 2H),
7.79-7.75 (m, 1H), 7.56-7.21 {(m, 8H), 7.05-7.03 {(m, 2H),
6.94+6.91+6.88(m+m+m,lH),6.31+6;30+6.29+6.26(s+s+s+sr2H},
5.67 (d, 1H), 2.284+2.08 (qui+qui, 2H), 1.13(s, 9H), 1.07 (t,
3H)

FD~-MS: m/z=640 (M+)

[Synthesis Exampie 2]

Synthesis of

isopropylidene (3-tert-butyl-5-ethylcyclopentadienyl) (1,1, 4,




with saturated brine, dried over magnesi um sul fate,

s pg ggrified by col um chromat ography to obtain 2.91
@ 7 orange solution. The yield was 74 %
Identification was done by X% NVR spectrum The
measurenent results are shown as follows. 'H NWVR
spectrum (270MHz, CDO 3, TMs standard) : 8 7. 40-7. 15

5 1H)

fe0Y

L gu-2) 7 e typgl ook adyyclr oga begzg (s '
_(s+s+m_12H) (2) Synthesis of ---------- ..., T
i@%dﬁﬁﬂﬁyﬂﬁg%he(S-tert-butyl45-ethy|cyc|opentadienyl)(l
, 1,4, SF-1399 113
4,7, 1,,10,4.6@- ¢ t7adét, Hpoctampdhodbbear pfibo bl Hénos Bmnyh ) £1luo
To a 100 M three-neck flask equi pped with a magnetic
r@’#é el Shithedite il eRova6eekwidh’Rog 012221000!)

0

y 1 - 7—1 ’ O.' 11 | . b, h fl
3 ST sl 1 o
it here. Th 1m _(12.8. mol)_of .
1. 50 0 R BCYRL R G Ring L 28FuCFORPHES. Bhaqe madnetic

dropwi se for 20 minutes in the dry ice/nmethanol bath,

St Sol THiFoRNad Hitees#2iorCo5ks Shddrg WAPHE mmol) of
gradual ly el evating back to roomtenperature. THE

1 1ut] ot tefr t2 bgt vg cyes opemeidieoe, 30 ml of methanol, 19 ml
3-tert-butyl-l-ethyl-6,6-trinmethylful vene was added

oft heetooe anadl 2 Trlacepgrecbat hnewereléhatgud aadeThenitrogen
reactant solution was stirred for 22 hours while

at@icapiairey ehavathingeBagk L8ohOLEhpd LIPSFALLE L, 6 as. The
then the reaction solution was poured into 200

reaction solution was poured into 200 ml of 2N hydrochloric acid.

1 haircon

The organic layer was separated, and the agueous layer was
extracted three times with 100 ml of ether. The obtainedorganic
layers were combined, washed once with a saturated aqueous
solution of sodiumhydrogencarbonate, twice with water, and once
with saturatedbrine, dried over magnesium sulfate, andpurified
by column chromatography to obtain 2.91 g of a orange solution.
‘The yield was 74 5. Identification was done by 'H-NMR spectrum.
' .:The Iﬁe.asureﬁént' résﬁlts are shown as follows. |

'H-NMR spectrum (270MHz, CDC1s, TMS standard): §7.40-7.15
(m, 5H), 6.32+6.17 (m+m, 1H), 6.10+5.44 (d+d, 1H), 2.92+2.76

{a+q, 2H), 2.56+1.33 (d+d, 3H), 1.19-1.00 (s+s+m, 12H)




m of 1N hydrochloric acid. The organic |ayer was
separated, and the aqueous |ayer was extracted three
SEThE¥ with 100 i of diethyl ether. The obtained
organic layers were conbi nédd3 washed once with a
saturat ed aqueous sol ution of sodi um

hydr ogencar bonate, twice with water and once with
saturat ed brine, and dried over magnesium sul fate and

J Sl nddimoatase tivdoateay dspaibanacpy hi £ &doBsnEbl um

chromat ography (60 g of silica gel, hexane) . The

sol vémt awa® 0dimdt itl.’nlred—oét:k ﬁﬂ:dstchequbppadm@ﬂt}scﬁ inchgrees- Lc
washed with nmethanol to obtain 5.42 g of a white

stpiovter chlfpe yhel d vwasedtwhgesdik) calidng was? dorendly of
SF-1399 114 1H NWR spectrum and FD-nmass anal ysi s

1 Specty,umy The lmra%%%wyloE%%HBzH%o@E_BeﬁEQK% ﬁffluorene
ol 'ows.” 1H NVR spectrum andard

L TIRE i
aric}_l) Stgd 'ED(OS mZ_L %41' }f }E ihigg u& % 16:)6t <§gen
297( ,265 4 (m2|—|) 168 brs 1H)
%? Hj@helie or (81 53112294 mol) 031y, 58 M3 (g
3H), 19118 (m 15H), 121 (s, 3H, 1.06 (s, 3H),
niblztafl(lslthawﬂ IrEX avES Sl aEEgB (RIs)addes) dsyRvhesferi0 minutes
i soropylidene(3-tert-butyl-5-ethylcycl opentadienyl) (11
imthe dry7 ite/metbenaisbdti ocThbysylodi renwagbstirred for 5.5
_h]fluorenyl) -zircon iumdichloride .
hours while gradually elevating back to room temperature. THF
~-solution of 2.91 g (15.3 mmol) of
3-tert-butyl-l-ethyl-6, 6-trimethylfulvene was added thereto
in ice/aceton_e bath over 10 minutes. The reactant solution was
stirred for 22 hours while gradually elevating back to room
‘temperature, and then the reaction solution was poured into 200
ml of 1IN hydrochloric acid. The organic layer was separated,
and the agueous layer was extracted three times with 100 ml of
diethyl ether. The obtained organic layers were combined,
washed once with a saturated aqueous solution of sodium
‘hydrogencarbonate, twice with water and once with saturated
brine, and dried over magnesium sulfate and the solvent was
distilled off, and purified by column chromatography (60 g of
silica gel, hexane). The solvent was distilled off, and the

obtained solid was washed with methancl to obtain 5.42 g of a

white powder. The yield was 77 $. Identification was done by



To a 30 mM Schl enk tube equi pped with a magnetic
stirrer chip, 15 mM of dehydrated diethyl ether and
SH-13P%Y (1.98 mol)  of
i sopropylidene(3-tert-butyll3-ethyl cycl opent adi enyl ) (1
4,7,7,10, 10- oct anet hyl oct ahydr odi benzo[ b, h] f| uor enyl
L.were charged under a nitrogen atnosphere. To the
"Hs§MBtSRAET W%ﬁnﬁc@-ma@@e@@ﬁgy%$ pegtrsmy The meagmwrgment
of 1. 58M n-butyl |ithium hexane solution was added,
refid tshearsstihravad #orfo2doweurs whil e gradual |y
el evating back to roomterrperature After cooling the
sol utioRMRI spdderirc gLagaiiona-at.h, Tis 688 r&al-d) 95 MBk) (s
of zirconium tetrachloride was added t hereto, and
1H>)t' 7.6d fer &) houns wailg)SF-1399 (115 ,0r %dlz%'esyls (s+s,
el evati ng back to roomferrperature The so vent was
i sl Ll ff, l e r trac t
}ﬂextgngz‘i‘i %3 sol ugﬁJ gg\/\eigy\?e%o% stﬁytlg?l’%'g‘r’_2'48
f|| ratio e he | ution was_concentrated to
6%@6&2 gﬁt Tngedﬁ%r'y&( §I07 PheCHst ut r3 was &8or el 4f
-16C for 3 days, and then the supernatant sol ution
3Hias 1r-érdwed 3 rdécéﬁrétl%n mTheb bt di-7dd (erysSHal wa®6 (s,
washed with pentane, and then dried under reduced
3fireds@3e (tso 3®Wtain 70 ny of a red crystal. The yield
was 4.8% ldentification was done by 'H NVR spectrum
- and FD-mgssmaralbysi(g+)spectrum The neasurenent
resul ts are shown as follows. 1'H NVR spectrum

2@9,5@;1%@@%;}; ™G standard) : 5 7.96 (s, - 1H), 7.93
81( 1H), 7.62 (s, 1H) 609(d 1H

To a 30 ml Schlenk tube equipped with a magnetic stirrer
chip, 15 ml of dehydrated diethylether and 1.14 g (1.98 mmol)
of
isopropylidene (3—tert—butyl—S-ethylcycloéentadienyl) (1,1,4,
4, 7, 7,10, 10—octamethjflocta_hydrodibenzo [b,h]fluorenyl were
charged under a nitrdgen atmosphere. To the solution inan ice/
acetone bath, 2.75ml (4.4 mmol) of 1.58M n-butyl lithium hexane
solution was added, and then stirred for 24 hours while gradually
elevating back to room temperature. After cooling the solution
in the ice/acetone bath, 0.688 g (2.95 mmol) of zirconium

tetrachloride was added thereto, and stirred for 24 hours while



2.36(s, 3H, 1.72 (m 8H), 1.53 (s, 3H), 1.45 (s,
I—? 1.40 (s, 3H, 1.39 (s, 3H), 1.36 (s, 3H, 1.27
13%%) . 1.25 (s, 3H), 1.22 (s, 3H), 1.09 (s, 9H),

O 88 (s 3H FD-Ms: m z=736(IM+) [Synthesis Exanple 3]
Synt hesi s of
(phenyl)(nethyl)nethylene(3 tert-butyl-5-ethyl cycl open

g%ﬁﬂiﬁliln e4 exatring iigr Ao Loc apBt RS-0 I R FLO[MS I Was
fluor enyl)zirconiumdichloride (1)

dizteltebotyl -dndthyl s@lyhlerivedenet tid fadd/eheh Tex@rQ0and
m three-neck flask equi pped with a magnetic SF-1399

tHd GindoBibIgLrweald refidtredl W ee-AiAY re@6kn . 2.7TH: :a3mel
nmol ) of potassi um hydroxi de pul verized in nortar,

s ddi h (hsS32oreRhr reted8e s r%ﬁ@%&oa@e@fcrystal The

dehydrated THE were charged ‘under a nltrogen
npspher e. wat, e bat h,
SThT bR ioa%%§| 20 Folt 95T opdth eF b At agaeEent
O%h‘é W|se over tes, and stirred for 4 hours.
K Feforenmed ede arthations HheopPbRkh e rENGTE L was
dropwi se over 8 minutes, and stirred for 20 hours at
wa A feifePantiree amnd Gihed Hodes under reduqed pressure to

reaction solution was poured into 100 m of 2N
olfyadirocHl ard ©f acireéd Twestrdani Thé ayerl dasssdpdzat ed,

and the aqueous |ayer was extracted with 150 m of
Icdrielrf i chel debiak RGO g 2R TMRAYSS Sc r WL Bd FUHAARAanalysis

washed with a saturated aqueous sol ution of
spectrum. The measurement results are shown as follows.
1H—NMRspectrum(27OMHz, CDCls, TMS standard): & 7.96 (s,
1H), 7.93 (s, 1H), 7.81 (s, 1H), 7.62 {s, 1H), 6.09 (d, 1H,
J=3.0Hz), 5.55 (d, 1H, J=3.0Hz), 2.88 (gui, 1H), 3.88 (s+ qui,
4H), 2.36({s, 3H), 1.72 (m, 8H), 1.53 (é, 3H), 1.45 {s, 3H), 1.40
(s, 3H), 1.39 (s, 3H), 1.36.(5, 3H), 1.27 (s, 3H), 1.25 (=, 3H),
1.22 (s, 3H), 1.09 (s, 9H), 0.88 (s, 3H)
FD-MS: m/z=736(M+)

[Synthesis Example 3]

Synthesis of

{phenyl) (methyl)methylene (3-tert-butyl-5-ethylcyclopentadie

nyl){1,1,4,4,7,7,10,10-octamethyloctahydrodibenzo[b,h] fluor

enyl) zirconium dichloride

To a 200 ml three-neck flask equipped with & magnetic



sodi um hydr ogencar bonate, water and saturated aqueous
solution of sodiumchloride. After the solution was
SEr3EYP over nmgnesium sul fate, the sol vent was
distilled away, and purlfléd6by col um chromat ogr aphy
to obtain 1.38 g of a red orange liquid. The vyield
was 25 % ldentification was done by 'H NVR spectrum
The neasurenent results are shown as follows. 1H NWR
stixrmsmHEhiepens, aThBreeaw@ar §Pck,S 7.40-7.28 (m 4H)
7.21-7.17 (m 1H), 6.32+6.17 (mm 1H), 6.10+5. 44
2 (g, (3H)] mmel p b2pPEasgign ro:2.d36pdl @3rized in3rrtar,
1.19+40.85 (s+m 12H) (2) Synthesis of
1 (1™ kenyl. B6nribY) ) Bt hytenef3-4 eqrid B0t il 5f dehydrated THF
et hyl cycl opent adi e SF-1399 117
we’}:\él Yhbrded dnded Q-Qlll'gfdb‘grﬁ%hgﬁbﬁgkéhv@rk@'&@%ﬂ[ b Jﬂalter

luor ~ enXl) To a 100 t hree-neck flask equi pped

ba\/{i%h ! 5t Iq; g% shipo lzjmgfa three-way cock, 1.80 g
bl LS S

charged under a nitrogen atnosphere. Thereto,
MITMLE S BPY HFinresd Gar A-bewss | ThEuRe Hesdere Wl atiifi@ﬁ with

was added dropwi se for 3 mnutes in the ice /acetone
1Dt ml Pheaset ophemonasdsopwiss dwar 30mSnhbess amfi $elrred

gradual |y el evating back to roomtenperature. Thereto,

fcrtenlxa;:unca?ﬁsd adi ebbyl t@tbperasoraitarenret 4 g (AJEF reflux.
nmo 0

'I'h% FehEt bt Woleathya 8-hiernd lﬁtﬁ@hﬁ%f’@ﬂ%y@ﬁochlorlc

added over
acid. The organic layer was separated, and the aqueous layer

was extracted with 150 mi of ether. The obtained organic layers
were combined, washed with a saturated aquecus solution of
sodium hydrogencarbonate, water and saturated aqueous solution
of sodium chloride. After the soclutionwas dried over magnesium
sulfate, the solvent was distilled away, and purified by column
chromatography to obtain 1.38 g of a red orange liquid. The
yield was 25 %. Identification was done by 'H-NMR spectrum.
The measurement results are shown as followé.

H-NMR (270MHz, CDCl13, TMS standard): 6 7.40~7.28 (m, 4H),
7.21-7.17 (m, 1H), 6.32+6.17 {(m+tm, 1H), 6.10+5.44 (d+d, 1H),
2.91+2.76 (g+qg, 2H), 2.36+1.33 (d+d, 3H), 1.194+0.85 (s+m, 12H)

(2) Synthesis of




10 mnutes. After stirring for 136 hours under refl ux,
the reaction solution was poured into 200 m of 2N
ShyiBoxhl oric acid. The organic |ayer was separated,
and the aqueous |ayer was 1axtracted twce with 75 n
of diethyl ether. The obtained organic |ayers were
conbi ned, washed once with a saturated aqueous
solution of sodi um hydrogencar bonat e, tmﬁce with water

sulfate The sol vent was distilled off, and the
al ned solid was washed w th ethanol to obtain as

'”2'07 g of a pale orange powder. The yield mas 70

| dentyi f écleg an We@%c@%l%ﬁ]e(% y en&aﬁt ey tllrrer chip

FD- mass anal ySi s spectrum ts are

A8S folloms SE- "H N ctrum
a.?gfo FEONE3 SOV Qtz]aa dgr(ll(]ll% 68“?‘0@ C 64 (m
1 7.55-7. 49 2 7..38-
l,dﬂg_q)tl 7.6 2‘ng ('_I@( %t@i;%etl"glgfc(cghygrgmilbsnge ?Sh§fluorene
: , 5.03 (s, 0.5H), 5.48 (s, 0.5H), 3.22-2.85 (m
arpH)50 2@16@1f2.d4a@1y(d¢1atﬂ¢) dizthgl2 ezder( wereHrhaiges- undsr a
(m 8H), 1.36-0.84 (m 39H) FD-Ms: nmf z=638(Mt) (3)

niSyrddeesistmefsphehreny | Tiersty) )3Et hnl (4.9 mmol) of 1.59 M
| ene(3-tert-butyl-5-ethylycl opentadie

n-BU s kAt Heladd, s&ﬁ%@é@ﬁh@%ﬁ%&@@@ﬁ%@ Rifhtes
quor enyl)2|rcon|un1d|chlon
while gradually elevating back to room temperature. Thereto,
dehydrated diethyl ether solution of 1.38 g (4.77 mmol) of
3-tert-butyl-l-ethyl-6~phenyl-6-methylfulvene was added over
10 minutes. After stirring for 136 hours under reflux, the
reaction solution was poured into 200 ml of 2N hydrochloric acid.
The organic layef was separated, and the aqueous layer was
extracted twice with 75 ml of diethyl ether. The obtained

organic layers were combined, washed once with a saturated

. aqueous solution of sodium hydrogencarbonate, twice with water

and 6nce with saturated brine, dried over magnesium sulfate.
The solvent was distilled off, and the obtained solid was washed
with ethanol to obtain as 2.07 g of a pale orange. powder. The
yield was 70 $. Identification was done by 'H-NMR spectrum and
FD-mass analysis spectrum. The measurement results are shown

as follows.



(phenyl) (et hyl ) net hyl ene(3-tert-butyl -5-ethyl cycl open

[

SEIrTaﬁ)g?gl, 1,4,4,7,7,10, 10- oct apet hyl oct ahydr odi benzo[ b, h]
fluor enyl) and 15 m of &I%ﬁydrat ed di et hyl ether were
charged under a nitrogen atnosphere. To the sol ution
in an ice/ acetone bath, 1.75 m (2.77 mmol) of 1.58M
n-butyl 1ithi um hexane solution was added, and the
oti rricFR EPSR ki & | Mfer CRObI S shandagrut ifohr §47 - 64
the ice/acetone bath, O. 54982 (2.36 rmolz) of

(mai LBONi (a2 ot rEEHitor £HYr vias Sadred tRer #Eby, %dd 6113 el /

~ for 18 hours while gradually elevating back to room

6.2émper dt LhtB., AfOar (st e 580l veng 6 wees i SHI | 15 Dfi, Guldl) ,
t he sol ubles were extracted w th hexane, and the

5.ia8s 0t pldl .esi)epe2zeppyedrhy2@) f id.tg0aRi.an. (m,The)sat vent2. 20
was distilled off, and the resulting product was

(nf,eamyst al lggzad gwi th dehydr at ed_gi ghhyh, esbgy. The
obtai ned SF-1399 119 crystal was washed with pentane
to ohtajR.4 ed crystal. The yield was 4.1%
Iden??fpgét%légg\ﬁgé(g%e by 1H NVR spectrum and
FD- mas anal ysi s spectrum The neasurenent results are

(3 SWRERESESI.Pdws. ' H NVR spectrum (270MHz, CDCL3, TMS
standard) : 8 7.99 (s, 1I—2., 7.96 (s, 1H), 7.92-7.86

.(.P(f.?m{?yél-}l){m?}m’i)_E.?GS‘.YE_L_E‘E?_’L%.,_EER:JB‘AEY..__SQ:_%_hﬁ%Y.hHS.l.QRQRFQQ&Q
7.41-7.37 (m 2H), 7.26 (s, 1H), 6.16 (d, 1H), 5.42
1.63-1.53 (m 4H), 1.50 (s, 3H), 1.48 (s, 3H), 1.46

@n@i__,)__?ahﬂ):oniﬁm4aiﬁﬁl03‘5.'&16 1.37 (S! 3H)! 1.32 (S! 3H)!
1.25-1.718(m 6H), " 1.05 (s, 9H), 0.83 (s, 3H), 0.78

(S, 86)a 30 ml Schlenk tube, 0.808 g (1.26 mmol) of

(phenyl) (methyl)methylene {3-tert-butyl-5-ethylcyclopentadie
nyl)(1,1,4,4,7,7,10,lO~octamethyloctahydrodibenzo[b,h}fluor
enyl) and 15 ml of dehydrated diethylether were charged under-
a nitrogen atmosphere. To the solution in an ice/ acetone bath,
1.75 ml (2.77 mmol) of 1.58M n-butyl 1ithium hexane solution
was added, and then stirred for 24 hours. After cooling the
solution in the ice/acetone bath, 0.549 g (2.36 mmol) of

zirconium tetrachloride was added thereto, and stirred for 18
hourswhilegraduallyelevatingbacktoroomtemperature. After
the solvent was distilled off, and the sclubles were extracted
with hexane, and the insolubles were removed by a filtration.
The solvent was distilled off, and the resulting product was

recrystallized with dehydrated diethyl ether. The obtained



FD-M5: m z=798(M+) [Synthesis Exanple 4] Synthesis
of :
Skt phehyl net hyl ene(3-tert-butyl -5-ethyl cycl opent adi enyl
)(2,7 -di-tert-butylfluorényg)zirconiumdichloride
(1) 1-ethyl-3-tert-but yl-cycl opentadi ene To a 300 mn
three-neck flask equi pped with a magnetic stirrer
chip and a three-way cock, 200 m of dehydrated
c i Sty Wa setdrerecandt b pemit ahe5do wimtle)i nof 1 digetthylrest beystal.
solution of 3.0 M ethyl nmagnesi um brom de were
Tiehgtiged woser. 1a& .ni 1dQgent sdInspheee. dodd biyei-INR apdct rum
wat er bath, 17.8 g (129 mmol) of
r?d tEf il ydr%ﬁ%}s%%e%tp%'&%'}%mwasr@éj%@aﬂ%r&e RNl are
hour. The resultant solution was stirred at room
t 20 hours, SF-1399 120 and then the
S%@ﬁtl%nf%o% I'on was poured into 100 mM of 2N
hydrqchlorlc acid. The organic |ayer was separated
and t He"MBRR&RIS Yhy &1 ONHE  xRG keot BYS tshidgdlakiddh &0 -9° (s,
of ether. The obtained organlc | ayers were conbi ned,
1Hashed & wive Milth 7a 9254t Beatad 3@&@0@37§0 7ufpommef 1H) ,
sodi um hydr ogencar bonate, twice wth water, and tw ce
7 Va4 S umat ééll)brWnél—ana’f‘dtmedzfdw,er?.Zfagmesilﬂm, 6.16 (d,
sulfate and distilled off the sol vent under reduced
1Hpr.essyee(d,Thenead 1 ®8 (mf, hEHY £SUITON NG+RS ABYGL1WAS (brs, 4H),
purified by colum chromatography to obtain 20.2 ¢
1.(Cpwd ty, 79%) , 0& Qop% f' | DV t@”%@ﬁ}f et 4¢ (8 39

sol ution. The yield was I'dentifi'cati on was
1.5 " i MR speckruny  The ?Ef?’é'ieﬁse,mm , 1.25-1.18 (m, 6H),
1.05 (s, 9H), 0.83 (s, 3H), 0.78 (s, 3H)
FD-MS: m/z=798 (M+)
[Synthesis Example 4]

Synthesis of-

diphenylmethylene (3-tert-butyl-5-ethylcyclopentadienyl) (2,7

—di-tert-butylfluorenyl)zirconium dichloride

(1) l=-ethyl-3-tert-butyl-cyclopentadiene

To a 300 ml three-neck flask equipped with a magnetic
stirrer chip and a three-~way cock, 200 ml of dehydrated diethyl
ether and 52 ml (154 mmol) of diethyl ether solution of 3.0 M
ethylmagnesiumbromidewereehargedunderanitrogenatmosphere.
In the ice and water bath, 17.8 g (i29 mmol) of
3-tert-butylcyclopentencone was added dropwise over 1 hour. The

resultant solution was stirred at room temperature for 20 hours,



results are shown as follows. 1H NVR (270MHz, CDC13,
TMS standard): S 6.19+6. 05+5. 81+5. 77 (mtm+m+m  2H),
SF>19P$2.85 (mrm 2H), 2.48-2.27 (m 2H), 1.15-1.08
(s+s+m 12H) (2) Synthesislaf
3-tert-butyl-I-ethyl-6, 6-di phenXl ful vene To a 300 n
t hree-neck flask equi pped with a nagnetic stirrer
chip and a three-way cock, 5.11 g (23.9 nmol)
angurtiep thsogeartiont ﬁyrugl@@rwa@u@wr%@crrbfp%rﬂt%|H€ﬂé>f 2N
and 150 ml of THE were charged under a nitrogen
hyatroesiloeie. athdt h&hdr prigee/icetharol what bepdtanéd( 281 the
nmmol ) of 1.56M n-butyllithium hexane sol ution was
ac@leadisalibycaddad dropubsedanditbenichisoam &f ¢QwM. The
tenperature for 20 hours. To the obtained reaction

b|t'qlr'r"§]d'ﬂ:§§”1}8l:%%mb d, hed t th a
M glﬁg ﬁyp -?n?gagolldlnone %%glséwa%ﬁi dggnggéd

ool nz phe one

Saiﬁ%ra%s g Cb G RN RS de e
hour s under refl ux. The reactlon sol ytion

with §2t66  npngf TWARChYUFBCRRERTREERI RF18%e W@éﬁ?
| ayer was separated, and the aqueous |ayer was

nagresiomedui fnte and His0 1ML egf o hbxdire SOteNntsupdpateafiuced
organic | ayers were conbi ned, washed with a saturated

pragseces stlandaoiteof, b umslm;ldtriugepo:adbonatr% matefied by
and saturated aqueous sol ution of sodium chloride,

cod_ﬁlh@dc@ﬂ@ﬁat?‘@@ﬁ_?_ﬂﬁj umsddiat eo . ang (Chensol menbshast a pale

distilled of resul ting product was purified by

ye%‘i' | t%ﬁggglakegeaeayuwonobwen Ved 0wk 38 @range

Identification was done by 'H~NMR spectrum. The measurement

over

results are shown as follows.

lH-NMR (270MHz, CDCl;, TMS standard): &
6.19+6.05+5.81+5.77 (m+m+m+m, 2B), 2.91+2.85 (m+m, 2H),

2.48-2.27 (m, 2H), 1.15-1.08 (s+s+m, 12ZH)

To a 300 ml three-neck flask equipped with a magnetic
stirrer chip and a three-way cock, 5.11 g (23.9 mmol) (GC purity
75%) of 1-ethyl-3—feft-butyl—cyclopentadiene and 150 ml of THF
were charged under a nitrogen atmosphere. In the dry
ice/methanol bath, 16 ml (25.2 mmol) of 1.56M n-butyilithium
hexaﬁe'solution was gradually added dropwise and then stirred
at room temperature for 20 hours. To the obtained reaction

ligquid, 3.1 ml (28.8 mmol) of 1,3-dimethyl-2-imidazolidincne



I dentification was done by 'H NVR spectrum The
measurenent results are shown as follows. 1H NWVR
MHz, CDC13, TMS standard) : 8 7.2-7.4(m 10H)
6.3(m 1H), 5.7 (m 1H), 1126+1.85 (g, 2H), 1.15 (s,
9H), 0.85 (t, 3H) (3) Synthesis of
di phenyl net hyl ene(3-tert-butyl -5-ethyl cXcl opent adi enyl
%4202 -di-tert-butylfluoren&%? A 200 ml three-neck
WY 38RCEqut ppet (it i BMRAgRE IRETAARREONecHRD SiHpeuently
t hree-way cock was thoroughly purged wth nitrogen,
chag@egl, ggndf tRe7resulvant miadtiqomase stizreandpy dashours
di ssolved in 80 m of dehydrated diethyl ether under
urgen redfenr. atiies pheceionToo el @owatsi pouradaimtacalandl of
water bath, 9.2 m of n-butyl SF-1399 122
2N h{ 8+ 66h hexXane cSel. Ut 110 orka2@M 1 dvke 3 wERDs dp yest &fdedd the

slowy dropw se, and then stirred at roomfor 100

3 _légtegrﬁﬁ_sg?%g[:%g?%@ojc# &%;}T:lfté'[t 5@ of fzf exane. The

-tert _ di phe vene ( nmol )
= e B RS et b o S DS e

solution_of 2N hydrochloric acid in an ice-bath.
aqpRerSafPét 1anePhy FREAER RHdr OGRS LAPRI? he B Yamid

| ayer was separated. The aqueous |ayer was extracted
sattwiresedi eusoum soflutiienhgf ecHéwn Theoxkpew aiwiked over

organi c | ayers were conbi ned, washed with a saturated
maggeedus sa0fdtepnanl shdi ol bhydt oges i Hildie] off.eThe

and saturated
resulting product was purified by column chroma_tdgraphy to
obtain 4.2 g of an orange solid. The yield was 56 %.
Identification was done by 'H-NMR spectrum. The measurement
results are shown as follows.

‘H-NMR (270MHz, CDCls, TMS standard): & 7.2-7.4 (m, 10H),
6.3(m, 1H), 5.7 (m, 1H), 1.70+1.85 (q, 2H), 1.15 (s, 9H), 0.85
(t, 3H)

(3) Synthesis of

A 200 ml three-neck flask equipped with a magnetic stirrer
chip and a three-way cock was thoroughly purged with nitrogen,
and 3.8 gof 2, 7-di-tert-butylfluorene (13.7 mmol) was dissolved
in 80ml of dehydrated diethyl ether under a nitrogen atmosphere.

To the solution in an ice and water bath, 2.2 ml of n-butyl




aqueous sol ution of sodiumchloride, dried over
magnesi um sul fate, and the solvent was distilled off.
S Hesul ting product was purified by col um
chromat ography to obtain 4122g of a white solid. The
yield was 53 % Ildentification was done by FD nass
anal ysis spectrum The neasurenent results are shown
as follows. FD-MS: m z=592(M+) (4) Synthesis of
l1@m5w@ﬁ@pﬁ@pﬁy5@ﬁgggopeﬂ@ botl: 14.3 mmol) was added slowly
yl -5-et hyl cycl opentadienXl') (2,7
drdipwtieet, - butly thienosenylkdi atonbom fochl @F i eurs .100onthe
Schl enk flask equi pped with a magnetic stirrer chip
reakd iant Roeatway,cack, gwas thoroughly purged with
nitrogen, and 1.0 g of SF-1399 123

3-@&*&&%3&}&%% 35t gtp gﬁea{{ﬁ? g&éwécvf& ‘%ﬁﬁc%i e

tert utyr ren

solv in_4 drated th Ieth und a
ad%. ool 8 s hseararatir, PERLtk SEFE PN € g BafR e Pon
3.4 mmol) of 1.56 Mn-butyl [|ithium hexane

SO 8|terf>Po a@agoaaa@d 1gEgw§o d%pwﬁ SRAUSHIS t RGN Gl dN
at roomtenperature for 28 hours. The reaction

hysigoghilonicvpsid horsuits yadol e@heneal ey, ddethwirghelr was
bath, and then 0.39 g of zirconiumtetrachloride

ad@édﬁ8ﬂﬂ@l@hamasqaﬁdedlah@ra&nas@beraseﬂLnimMQ agseous layer
stirred for 48 hours while gradually el evating back

walsOe X 004 £ SRS idleUiy 81 h Fml hen gt Be hgol e r Wahe separated
distilled away under reduced pressure. The resulting
orBaATHCE s VB5s RSl ddh®9 ned, washed with a saturated aqueous
solution of sodium hydrogencarbonate, water and saturated
agqueous solution of sodium chloride, dried over magnesium
sulfate, and the solvent was distilled off. The resulting
product was purified by column chromatography to obtain 4.2 g
of a white solid. The yield was 53 %. Identification was done
by FD-mass analysis spectrum. The measuremeni resulis are

shown as follows.

FD-MS: m/z=592 (M+)

A 100 ml Schlenk flask equipped with a magnetic stirrer
chip and a three-~way cock, was thoroughly purged with nitrogen,

and 1.0 g of



in hexane, and filtered by a diatomte-filled gl ass
filter. A brown solid on the filter was extracted
SHitIPh snmal |l amount of dichl oronet hane and separat ed
by filtration. For each of 12Be obtai ned hexane
solution and di chl oronmet hane sol ution, the solvent
was distilled away under reduced pressure. A dark
orange solid was washed with a snall anpunt of pentane
digiee ot latehily Lesten@r-teantd bt ivdd Sursdby legdlepanpraseuy e) (2,7
to obtain 140 ng (0.186 mmol) of a target conpound as
- cin-tor g tS,al i Jdho rethent) i (fli. 68t il ) wass daseohyddHiINMR ml of
spectrum and FD-nmass anal ysis spectrum . The

AdBASAH I M1 @Sl $ie2 Bn8BoVWe AStFOGLAWmodpNMYR . To the
spectrun1(270N+h? CSClS? TNVS standa?d) : 8 7.90-8.07

o4y 1 i g 5. 70 0 iy 01,8530 by
R s S R R BB chen

Lsopropzlidene(3-tert-buty|-5-nethy|c%plopentadienyl)(‘
stlJ;rEe4:1 at room temperature £for 28 hours. he reaction sdélation

4,7,7,10, 10- oct anmet hyl oct ahydr odi benzo[ b, h] fl uorenyl )z
wadg tborpiaghlsi oddlmd de a dry ice/methanol bath, and then 0.39

1-tert-butyl -3-nethyl cycl opent adi ene,
g 3f tzAmtcdidtunl £dt Badh gttt hyl 6amene whsl added thereto. The
1,1,4,4,7,7,10, 10- oct anet hyl oct ahydr odi benzo[ b, h] fl uor

s 1 ML Es %)t'ltr*%f%%i #8504 B AGGORRANE § rWdtiB 1 16 e 1 A AR back

(1) Synthesis o
to room temperature, and then the solvent was distilled away

under reduced pressure. The resulting product was reslurried
in hexane, and fiitered by a diatomite~filled glass filter. A
brown solid on ‘;he filter was extracted wit.h a small amount of
~ dichloromethane and separated by filtration. For each of the
obtained hexane solution and dichloromethane soclution, the
solvent was distilled away under reduced pressure. A dark
orange solid was washedwith a small amount of pentane anddiethyl -
ether, and dried under reduced pressure to obtain 140 mg (0.186
mmol) of a target compound as an orange solid. Identification
was done by H-NMR spectrum and FD—mass analysis spectrum.. The
measurement results are shown as follows.

'E-NMR spectrum (270MHz, CDCl;, TMS standard): 8 7.90-8.07
(m, DH), 7.75 (m, 1H), 7.15—7.60 {m, 8H), 6.93 (m, 1H), 6.15-6.25

{m, 2H), 5.6 (d, 1H), 2.0542.25 (g, 2H), 0.95-1.15 (s+t+s, 30H)



i sopropylidene(3-tert-butyl-5-nmethyl cycl opentadi enyl) (

1,1,

SE-43P% 10, 10- oct anet hyl oct ahydr odi benzo[ b, h] f | uor enyl )
To a 100 M three-neck flask4equi pped with a stirrer
chip and a three-way cock, 5.05 g (13.1 nmol) of
1,1,4,4,7,7, 10, 10- oct anet hyl oct ahydr odi benzo[ b, h] fl uor
ene and 40 nl of dehydrated diethyl ether 100 mM were
charé@dMﬁﬁd@/z*35ﬁKMf¥gen at nosphere. Thereto, 9.0 n
(14.2 mol ) of 1.58 M n-butyllithium hexane sol ution

[ Syas-hadded Edeopiieself or 5 ninutes in the dry
i ce/ met hanol bath. The solution was stirred for 5.5

Syhes ishidfe gradual |y el evating to room tenperature.
Thereto, THE solution of 3.19 g (18.0 mmol) of

1 s dr®; 1&@&%@-%—§e§tebﬁx 1LBLH€EH hE EY@ EnVRSi (1,1,4

.into,2 n1 of 1N hydrochlorlc aC|d The organlc | ayer
EM%&:E@%Qﬁ&E&&E and the aqueous | ayer was extracted
three tines wth 100 m of diethyl ether. The '
obt alné@rérgahyé-Paperbyheyelopenbaditenemashed once
Wi th a saturated aqueous sol ution of sodium
3+tpedrtopertgdrionate Lt rimeteyMEtithveateandand once with
saturated brine, dried over magnesium sul fate and
1,y 4,69 7hy 0, coluam agbEByRbEgEBPRY od TDEN 261 18) MELL @t d ik
was washed with nethanol to obtained 4.22 g of pale

wet® lsQtpWdsky Iﬂeaﬁbgkganﬁ@sw§zh@%oyd@ﬂ??fi?@t'0” Was
done “by 1H—NNR spectrun1 The neasurenment results are

To a 100 ml three-neck flask equipped with a stirrer chip and
a three-way cock, 5.05 g (13.1 mmol) of

1,1,4,4,7,7,10, 10-octamethyloctahydrodiben.zo [b,h]fluorene
and 40 ml of dehydrated diethyl ether 100 ml were charged under
a nitrogen atmosphere. Thereto, 9.0 ml (14.2 mmol) of 1.58 M
n-butyllithium hexane solution was added dropwise for 5 minutes
in the dry ice/methancl bath. The solution was stirred for 5.5
hours while gradually elevating to room temperature. Thereto,
THF solution of 3.19 g (18.0 mmol) of

3-tert-butyl-1,6, 6—ethyl-trimethylfulvene was added over 5

minutes in the ice/acetone bath. After stirring for 17.5 hours



1H NMR spectrum (270MHz, CDCl13, TMS standard) : S 7.54
(s, 2H), 7.19+7.12 (s, 2H), 6.30+5.97 (s, 1H),
SA-P5x4. 16 (s, 1H), 3.04 (s, 2H), 1.99+1.96 (s, 3H)
1.69 (brs, 8H), 1.37 (s, 6Hps 1.33 (s, 6H), 1.25 (s,
3H), 1.24 (s, 3H), 1.22 (s, 9H), 1.21 (s, 3H), 1.19
(s, 3H, 1.09 (s, 6H) (2) Synthesis of
i sopropyl i dene(3-tent-but yl-5-net
wihyle pdleopenhgdi @ myploy dedpdrature, the reaction solution was
4,7,7,10, 10- oct anet hyl oct ahydr odi benzo[ b, h] fl uorenyl )z
pol €Ly iRt dbGhl e dR H—ﬁiﬁo@r@ldﬂic&é@i@mk T rghdidl layer
of dehydrated diethylether and 0.84 g (1.5 mmol) of

wél S %%%%%lt'eﬁ? NSty haUbYL Byt BulsCy el PPEN 2dheRY! § {res
, 10, 10- oc t hyl oct drodi henzo[ b, h] fl yoren
wiidh $obmR seor SSEATE BRRS Lo B AT DGR At FrggRaFehere
To the solution in an ice/ acetone bath, 1.9 m (3.0
CoRRINeDf ESSEH B With ehiseriretsdeaqe6Puti sAlwason of
added, and then stirred for 24 hours while gradually
s ed javathi iy dggekcanp anedm, t évpercawdth. wAteer 8bdl bngetkith

solution in the ice/acetone bath, 0.402 g (1.72 mmol)

safuzd teeDBictife, t 8F £ a8 it dagnes iadded] thes edry pagdfied by
stirred for 24 hours while gradually elevating back

cd P RARRY ALY . AhlebpthRenesokyent; was dhshid! ®dch
off, the solublesS were extracted with hexane, and the

' bl.es V. YA Lk Lt hop. T hexanpe
méso u #o%%mgg%égﬁégg?fa?eﬁ %%Paslgpg%g%gwo%? aellnr'edﬁlg yield
ofiystal o The sLucry, sas cooled at ~16GLor 3 days: e

measurement results are shown as follows.

'H-NMR spectrum (270MHz, CDCls;, TMS standard): & 7.54 (s,
2H), 7.19+7.12 (s, 2H), 6.30+5.97 (s, 1H), 4.25+4.16 (s, 1H),
3.04 (s, 2H), 1.99+41.96 (s, 3H), 1.69 (brs, 8H5, 1.37 (s, 6H),
1.33 (s, 6H), 1.25 (s, 3H), 1.24 (s, 3H), 1.22 (s, 9H), 1.21

(s, 3H), 1.19 (s, 3H), 1.09 (s, 6H)

To a 30 ml Schlenk tube, 15 ml of dehydrated diethylether and
0.84 g (1.5 mmol} of
isopropylidene (3-tert-butyl-5-methylcyclopentadienyl) (1,1,4

¢ 4,7,7,10,10~-octamethyloctahydrodibenzo[b,h]fluorenyl) were



supernat ant solution was renoved by decantation. The

obtai ned crystal was washed with pentane, and then
silixxh under reduced pressure to obtain 133 ng of a

red crystal. The yield was122% Identification was

done by 'H NVR spectrum and FD-nmass anal ysis spectrum

(FD-M5). The neasurenent results are shown as

follows. 1H NWR spectrum (270MHz, CDC13, TMS st andard)
chafyell 9dés.a n1thogdn Y4mbsphéde,. THEhéSsolllion/i®dn ice/

(s, 1H), 6.00 (d, 1H  J=3.0CHz), 5.24 (d, 1H

ac]et%rg'%éthz §49 fn§. ?F@ &1 3% £ S, 53 n-bit ¢ 168 hidhexane
. 1.45 (s, 3H) . 1.43 (s,

(m 8hH), (s, 3H),
Soﬁsﬁitlﬁ%l\«’dgg f&?&d??ﬁ%ﬁ&%é f(:ggr?abfcb%& EEB.(J%E v\?h@l’e &rgéually
ln%}ffﬁ:?q.}éé( NH% %E)_ %gc?rg t%ﬂzn;er rJ}teheSI er ng!].lng the solution

henyl met hyl ) net hyl ene(3-tert-butyl-5-nmethyl cycl ope
1%?% ylc)e(/aceton)e ba ¥1 S}OZ g (1. 72ymmol) ofyz:Lgconfum

enyl)(1,1,4,4,7,7,10, 10- oct anet hyl oct ahydr odi benzo[ b, h
tdtfdanhloremd yas ragiriduthdietd praindestdyred for 24 hours while
3-tert-butyl -6-phenyl -1, 6-di met hxl -ful vene To a 100 ni

ghdiiee-IReek flaadshgedaichped wobh 8enpengtiite. Stiftk@l the
chip and a three-way cock, 1.50 g (25.8 nmol) of

sPAQNRSS B 'Ei)i‘%ﬁ:%'l%% B%EVeEhéegthﬁFQEt@ére OxPdadted with
(3.44 mol) 8-crown-6 and 45 THE were
he%!é[ rege% nd Qﬁ'g ;7{5‘5& S LAEN, AMORRNCLE by BN A iBn. The
ath :
hexane solution was concentrated to separate out a red crystal.
The slurry was cooled at ~16°C for 3 days, and then the
supernatant solution was removed by decantation. The obtained
crystal was washed with pentane, and then dried under reduced
pressure to obtain 133 mg of a red crystal. The yield was 12%.
Identification was done by H~NMR spectrum and FD-mass analysis
spectrum (FD-MS). The measurement results are shown as

follows,

'H-NMR spectrum {270MHz, CDCls, TMS standard): & 7.97 (s,

1H)Y, 7.94 (s, 1H), 7.56 (s, 1H), 7.62 (s, 1H), 6.00 (d, 1H,

J=3.0Hz), 5.24 (d, 1H, J=3.0Hz), 2.54 (s, 3H), 2.35 (s, 3H),
2.29 (s, 3H), 1.73 (m, 8H), 1.54 (s, 3H), 1.45 (s, 3H), 1.43
(s, 3H)., 1.39 (s, 3H), 1.36 (s, 3H), 1.28 (s, 3H), 1.25 (s, 3H},
1.22 (s, 3H}), 1.08 (s, 9H)

FD-MS: m/z=722 (M+)



(16.0 mmol ) of 1-tert-butyl-3-nethylcycl opentadi ene
was added dropwi se over 10 mnutes and stirred for 3
SHOW%® The solution was added with 11.33 g (94. 3
mmol ) of acetophenone dropwiSe over 10 minutes, and
stirred for 22 hours. The reaction solution was
poured into 100 mM of 2N hydrochloric acid. The
organic layer was separated, and the aqueous | ayer
[ Saay heaisadizedelwi 6@ with 200 Ml of hexane. The
separated organic | ayers were conbined, washed with a
Sygethersdtseddfagueous sol uti on of sodi um
hydr ogencar bonate, water, and saturated aqueous
(pHRIt1HOmetth v 19 et ehkanidertAbLer: L Bemsohyil & POl ¥@Sntadi

dried over magnesium sulfate, tThe obtalned product

eiAS @uni T4 9d 7by Gol Yam ehCoMRtL0gEAaPIY L0 9DEAL 1 & 38) S uo

r l.d r}t i.f iccat.i on wa; %or:nL by ' H NVR spectrum and SF-1399
—%—%M&@%—éﬁﬁectrum The result of the
"H_NWR spectrum_ proved that the obtained conpounds
(lar @ rhegtmbatal -tsoheny 1 -no-daBashvdneRt VeRR Ul ts are
shown as follows. 1H NWR (270MHz, CDC13, TMS standard)
S To32- 1080minthzep-neck, £1agk2eqeiprdd)vwish 3BMRrEELic
(mm 1H), 6.17+6.11 (d+d, 1H),” 2.50+2.41 (s+s, 3H),
stAr3atr]l .36 p( @18l alldhred-48v1cOtk(s+s, 9H) (2)
Synt hesi s of

1 -F?Q?W-‘mm et Pyt 888 amtifdrdiae pat vt Nyd & Y6l RPLPar,
0 .]%?]y 52)( 1,44 m%@bﬁglg%%%?&{l@g%m '4%%?*%1 QA Q%g%g%ﬁ’ai‘ged

ren hr.ee-neck tlask equi

un e&haan§£££&g£ gg%égphere. Thereto in a water bath, 2.70 ¢

(16.01mnol) of 1-tert-butyl-3-methylcyclopentadiene was added
dropwise over 10 minutes and stirred foii&hours. The solution
wasaddedwithll.33§;(94.3mmol)ofacetophenonedropwiseover
10 minutes, and stirred for 22 hours. The reaction solution
was poured into 100 ml of 2N hydrochloric acid. The organic
layer was separated, and the aqueous layer was extracted twice
with 200 ml of hexane. The separated organic layers were
combined, washed with a saturated agueous solution of sodium
hydrogencarbonate, water, and saturated aqueous solution of
sodium chloride. After the solution was dried over magnesium
sulfate, the obtained product was purified by column
chromatography to obtain 1.98 g of a red orange liquid. The

vield was 52 $. Identification was done by 'H-NMR spectrum and



and a three-way cock, 2.73 g (7.06 mmol) of
1,1,4,4,7,7, 10, 10- oct anet hyl oct ahydr odi benzo[ b, h] fl uor
Skne3%9%nd 50 ml of dehydrated ether were charged.
Thereto, 4.6 m (7.31 molip8of 1.59 M n-butyllithium
hexane sol uti on was added dropwi se for 3 mnutes in
the icel/acetone bath. The solution was stirred for 26
hours while gradually elevating to room tenperature.
FDRwersst enadehydr apedtdimet hifheerhenlsobfittifom "HFNMR, §8=qf rum
(8.31 mmol ) of
p>>vert thbhtutiyte obphengd- dovpchmed ylel mi venee was iaddeds. The
over 10 mnutes. After stirring for 136 hours under

md&flrdhenitheesiaact bea sabuWhi 88 ¥8s18RYred into 200 m
of 2N hydrochlorlc aC|d T e organic |ayer was

with tﬁgﬁ" &% Hae e Brn s ¥ﬁ‘8d86?‘&rﬁ8éd'%g?3§@ 1‘2941“
7?&&?&%'”83&& C3SP b B e g et 19+8L0T fava, 1),

SE%flrogencarbonate twice with water, and once Mﬁth

ér-dledshEr ntlland -dr4tdd 36 6P+ Aaghbsi dmidfil-&le (s+The?H)
solvent was distilled off, and the obtained solid was

(Aayedhesiish odt hanol to obtain 2.92 g of a pale orange

powder . The yield was 66 2 ldentification was done by

_ggg;ﬂgﬂggg?Qﬁnoqnﬁé a0 ol XhEER 95ct§9g§£§dlﬂ@ﬁzo[p“gﬂﬁlgg
HEASUT AT 1 8SUT T4~ ar & Shown He 161

gtrun1(27ON+E CDO 3, TMs standard) : S 7.65 (s,
%ﬁ@ 7.56-7.49 (m 3H), 7.42-7.24 (m 4H), 7.01+6.69

%o a 200 ml three~neck flask equipped with a stirrer chip

and a three-way cock, 2.73 g (7.06 mmol) of
1,1,4,4,7,7,10,10-éctamethyloctahydrodibenzo[b,h]fluorene
and 50 ml of dehydrated ether were charged. Thereto, 4.6 ml
(7.31 mmol) of 1.59 M n—butyllithium hexane solution was added
dropwise for 3 minutes in the ice/acetone bath. The solution
was stirred for 26 hours while gradually elevating to room
temperature. Thereto, dehydrated diethyl ether solution of
1.88 g (8.3%1 mmol) of |
3-tert-butyl-6-phenyl-1, 6-dimethylfulvene was added over 10.
minutes. After stirring for 136 hours under reflux( the
reaction solutionwas poured into 200 ml of 2N hydrochloricacid.
The organic layer was separated, and the agqueous layer was

extracted twice with 75 ml of diethyl ether. The obtained



6.17+5.88 (s+s, 1H), 5.02+4.88 (s+s, 1H),

3.09+3. 01+2.93+2.85 (s+s+s+s, 2H), 2.08+1.94 (s+s,
SB1)329.68-1.50 (m 8H), 1.36 (s, 3H), 1.34 (s, 6H),

1.28+1.26 (s+s, 3H), 1.22+1221 (s+s, 9H),

1.13+41.10+1.06 (s+s+s, 9H), 0.95+0.91 (s+s, 3H),

0.85+0.82 (s+s, 3H FD-Ms: mz=624(M+) (3) SXnthesis

of . ,

ORgFHEY 1 HAMfEtsh M9kt aPpened3- asheBuppreswieh hy| 23fehepecd
nt adi

a@mduy 40ludidn ?7sddi dhpdtagenbytoct ahedtediberdtd| water,
]fluo renyl)zirconiumdichloride To a 30 m Schl enk

andibacewi%34sgt(1tad8dmmine 8hd dried over magnesium sulfate.
(phenyl) (et hyl ) net hyl ene(3-tert-butyl -5-met hyl cycl ope

THY 881 vent was distilled off, and the obtai L d hed
enyl)(1,1,4,4,7,7, 10? 18— octag}ret ?I%ctaalhnyeéjr g%%%eﬁ?&[%ﬁ] ©

4
wﬂcﬁﬂegg§?tg?%3t%go%§9in r2e.|§)él %o%nd %%”&ﬁh%gg%&’é%f ecl‘he yield

cl
er were charge and&r-%a i n

at here. _To the, solution in_an ice/, acetone bath,
wag 3‘%511% %3. OIQ-JL‘E%HE FaRioNE HRARA BY ¢ HriNRheRgfEr Ut and
solution was added, and then stirred for 25 hours
Fiwmass gnadygareysepebaunng ThsacksudtrobrthenbeNdRespectrum
After cooling the solution in the ice/acetone bath,
pr@vAQbthat 2t He olnelinedf canpcwmd simreethl achkoerdfdé somags. The
added thereto, and stirred for 65 hours while

me@¥sadiédleny relseMals RgebaskwhoakognLtgpperature. After
the solvent was distilled off, the sol ubles were

FIE R R S E
147,17 8R97L 08 [FSUA) NG RLO9USY YRS [ Crythald 1688Ys, 1),
6.17+5.88 (s+s, 1H), 5.02+4.88 (sts, 1H), 3.0043.01+2.93+2.85
(sts+s+s, 2H), 2.08+1.94 (s+s, 3H), 1.68-1.50 (m, 8H), 1.36 (s,
3H), 1.34 (s, 6H), 1.28+1.26 (s+s, 3H), 1.22+1.21 (s+s, 9H),
1.13+1.10+1.06 (s+s+s, OH), 0.95+0.91 (s+s, 3H), 0.85+0.82 (s+s,
3H)

FD-MS: m/z=624 (M+)

To a 30 ml Schlenk tube, 0.934 g (1.49 mmol) of
(phenyl) (methyl)methylene (3-tert-butyi-5-methylcyclopentadi

enyl)(1,1,4,4,7,7,10, 10—octamet'hyloctahydrodibenzo [b,h]fluo



with diethyl ether to obtain 0.20 g of a red crystal
The yield was 16% Identification was done by
SEH39YRspect rum and FD-nass anal ysi s spectrum The
measurement results are shédd as follows. 1H NMVR
spectrum (270MHz, CDCl13, TMS standard) : 8 8.01 (s,
1H), 7.96 (s, 1H), 7.91-7.88 (m 2H), 7.70-7.64 (m
1H), 7.64-7.54 (m 1H), 7.39 (m 2{%, 6.07 (d, 1H,
renyd ) opy, 23 mdgo £ (dehypifptes! dpefylafhey ¥prgphargegpnder
(s, 3H), 2.40 (s, 3H), 1.77 (m 4H), 1.64-1.50 (m
a dHjroded @ tfespBEre. 1. Myths ,s@BHtioh 44 an(sce BpFetongpath,
(s, 3H), 1.33 (s, 3H), 1.28 (s, 3H), 1.05 (s, 9H),
1.0. 83 (3.0 3o1)00F9 (M 3HbulkPIMB: tihl dm FZapMtyolution was
[ Synthesis Exanple 71 SF-1399 131 Synthesis of

add@d{,g Ahbri fdAeronebhyt phenyhdh FBLY @1 eEdahel l y it ating
- rr‘e .
bafhCXE PREAL AL SIVLY (v el Thrb8L! cBYE ¥AS 1Y 8BYLEEbRCRR  che
um ~di chlori ? ':)1 _
., 1-methyl -3-tert-b | -cycl.opent adiene To .a 500 ni .
1 G PEE REBOT s - Eéﬁﬁp%&%ﬁwi b e ol ghloride
chip and a three-way cock, 100 ml of dehydrated
wadi eddpd theretoanang7shiirredofanofy beuss ethide dradually
solution of 3.0 M nethyl nmagnesium brom de were
elevarded baddr ta mobtmogempeattosphe®d telm thike sbdwebat Was
19.6 g (142 mmol ) of 3-tert-butylcycl opentenone was
diaddad «dr 699 TR0¥OIuBlé®uierel@Ltracted with hexane, and the
insolubles were removed by a filtration. The solvent was
distilled off, and the resulting product was re-crystallized
with diethyl ether to obtain 0.20 g of a red crystal. The yield
was 16%. Identificationwasdpnebylﬂ—NMRspectrumandED—mass
analysis spectrum. The measurement results are shown as
follows.
lH-NMR spectrum (270MHz, CDCl;, TMS standard): & 8.01 (s,
i#), 7.96 (s, 1H), 7.91-7.88 {(m, 2H), 7.70-7.64 (m, 1lH),
7.64-7.54 (m, 1H), 7.39 (m, 2H), 6.07 (d, 1H, j=3.0Hz), 5.99
(s, 1H), 5.39 (d, 1H, j=3.0Hz), 2.70 (s, 3H), 2.40 (s, 3H), 1.77
(m, 4H), 1.64-1.50 (m, 4H), 1.48 (s, 3H), 1.47 (s, 3H), 1.44
(s, 3H), 1.37 (s, 3H), 1.33 (s, 3H), 1.28 (s, 3H), 1.05 (s, 9H),
0.83 (s, 3H), 0.79 (s, 3H)
FD-MS: m/z=782 (M+)

[Synthesis Example 7]



resultant solution was stirred at roomtenperature for
20 hours, and then the reaction solution was poured
SEF+13P400 m of 2N hydrochloric acid. The organic
| ayer was separated, and the1l aqueous | ayer was
extracted twice with 50 m of ether. The obtained
organic | ayers were conbi ned, washed twice with a
sat urat ed aqueous sol ution of sodi um
Sywidhemencalr bonate, twice with water, and twice with
saturated brine and dried over magnesium sulfate and
[ dhesaol Memtuormedinsiliphleed 1 ) Thehedfieae (3-t Bt -butyl-5-meth
purification was conducted by distillTation under

vI %nﬂcﬁlﬁlgﬁ §t29 72R i rJCS-'b%tgl?%un@,rQﬁk/? ) Y8k LOWYum

. 70
diﬂﬁntifécation was done by 1H NMR spectrum The
nt results are shown as follows. 'H NWR
(270MHz, CDC13, TMS standard): 8 SF-1399 132
(3. 1o ignsls Slegtrputwlmoyehorentadseas (m 1H), 2.82
(m 1H), 2.05+1.94 (d+m 3H), 1.13-1.15 (s+s, 9H) (2)
Synt Hexsias 560 3lt éhrepungickl fieshykasippddl with a magnetic
(mtriflluoronethyl phenyl)fuly ene To a 300 ml
stirme: padlk dldaktlened pped ctdk) acmagnef idehgidatresl diethyl
chip and a three-way cock, 3.78 g (27.75 mmol) of
ethd®tad 53-hertrhuts10y Jropestadh esenan 200 in &ff 3.0 M

THE were charged under a nitrogen atnosphere. In the

mér::{%uﬂt g‘ﬁq‘[ﬁ]ﬁ%m ro%‘i:l%’ w%%emch(a?r%gg:l m%}a?f nltgé%n

I 'um hexane sol ution S gradually a
atdrr{oo§pvl\'/|1esree.angnt _eg 1S<ge|: rkgaet ’atl§_0é)rg (142 mmol) of

3-tert-butylcyclopentenone was added dropwise over 1 hour. The

resultant solution was stirred at room temperature for 20 hours,
and then the reaction solution was poured into 100 ml of 2N
hydrochloric acid. The organic layer was separated, and the
aqueous layer was extracted twice with 50 ml of ether. The
obtained organic layers were combined, washed twice with a
saturated aqueous sclution of sodium hydrogencarbonate, twice
with water, and twice with séturated brine and dried over
magnesium sulfate and the solvent was distillied. Thereafter,
the purification was conducted by distillation under reduced
pressure to obtain 13.5 g of a pale yellowy transparent liquid.
The yield was 70 $. Identification was done by *H-NMR spectrumn.
The measurement results are shown as follows.

'H-NMR (270MHz, CDCls;, TMS standard): &



tenperature for 20 hours. To the obtained reaction
solution, 3.6 mM (33.3 mml) of
SH-BH - met hyl - 2-i mi dazol i di none was added,
subsequently 10.6 g (33.3 m¥al ) of
3,3 -di-trifluoromethyl benzophenone were changed, and
the resultant solution was stirred for 18 hours under.
reflux. The reaction solution was poured into 100 n
6 ok 92N Qychr-&dHiSoriSc (mehdm+nTHd Jor gafil clhayds ,was82 (m, 1H),
separated, and the aqueous |ayer was extracted tw ce
2 v 3 B0 nid+of, BeXagnd.. 1B .dépdsatedsdlgani ¢ | ayers
wer e conbi ned, washed with a saturated aqueous
(@plsﬁtﬂmsi@‘ o¥odi um hydr ogencar bonate, water, and

saturatéd aguéous solution of sodiumchloride and

LSBT RGNS AL 0200 e SOLXERL S ) e

e@ﬁrified by col um chromat ography to obtain 10.1
=5F-1399 133 g of an orange solid. The yield was 81 %
I dentification_was done by 'H NMR spectrum The )
neasUdrPeferl0r Bduftbsegraeskohhags uvlPees. vith NvRragnetic
(270MHz, CDCl13, TMS standard) : 6 7.38-7.64 (m 8H)
sBLgey chipHpnd 8. thresd-wal) cock, 4.78, g3Kp7,73. maolk, of
9H) (3) Sxnthesis of
1 e tHyi-3Htel e bamstindyal1epeh - haeehyl ene (360 etlt JfuriE-bere
-meth ylcYcl opentadi enyl) (2, 7-di-tert_butyl fluoreny,)

crha rfdY Thdkkr genneskqadh admapHRed W tdha 3FRINBE/fethanol

stirrer chip and a three-way cock was thoroughly

o g P By R LoF e (BT ohAGT P i gy soiution
was gradually added dropwise and then stirred at room
temperature for 20 hours. To the obtained reaction solution,
3.6ml (33.3mmol) of1,3—di—methyl—2éimidazélidinonexmasadded,
subsequently 10.6 g (33.3 mmol) of
3,3’4di—trifluoromethylbenzophenone were changed, and the
resultant solutidnAwas stirred for 18 hours under reflux. The
reaction solution was poured into 100 ml of 2N hydrochloric acid.
The organic layer was separated, and the aqueous layer was
extracted twice with 50 mi of hexane. The separated organic
layers were combined, washed with a saturated agueous solution
of sodium hydrogencarbonate, water, and saturated agqueous
solution of sodium chloride and dried over magnesium sulfate

and the solvent was distilled off. Thereafter, the resulting

product was purified by column chromatography to obtain 10.1



in 60 mM of dehydrated diethyl ether under a nitrogen
at nosphere. To the solution in an ice-bath, 6.0 nml of
SbiRY] |ithium hexane solution (1.54M 9.2 nmol) was
added slowy dropwi se, andlBBBen stirred at room
tenperature for 100 hours. To the reaction solution,
4.2 g of
3-tert-butyl-I-methyl-6,6-di-(mtrifluoronethyl phenyl)
g fafl va onang9.solmrbl ) Thasysmmldbdiasafd $ti Idettafdertion was
reflux for 24 hours. After the reaction solution was
douibgd H-NNR E@@criruafl, athe ows suselehitonesfil 2Nare shown as
hydrochloric acid in an ice bath, diethylether was
fEhdegs to separate the organic |layer, and the aqueous
| ayer was extracted twce wth 50 ml of diethyl

%Qﬁié-&ﬂﬁhf?@é@&fg?%%rf?\%%%&é%%ﬁzﬁ?‘éﬁ-%Eg’g%@i e 85>,
r r r an u - 4
6'gqﬂeﬁﬁgqg‘gl’ug;?ne@’mgggi’uﬁrghﬁ%f'i 535 :n&'gri 2d %%Er

magnesi um_sul fate and the solvent was distilled off.
:whgﬁﬁﬁﬂﬁﬁﬂfiﬁﬁé, resulting product was purified by
col um chromat ography to obtain 4.7 g of a white
Lot (-t xTHd upizesing thayd phenydl ) [ denbiyL eoel Bohenasbaonk- hymeth

FD-mass anal ysis spectrum (FD-M5) The neasur enent
yIeailldreenateelishoan (@s 7-ali-ewst -ERt VB 1abzeddd M) (4)

Synt hesi's “of

{ gi_ ;Tgtra c{] & o | HF QBRI BDLOY ol TRV @Nel 3Rt ¥ i rrer
ol ¥k opRALAdl oY) Lo Gl hBLbuBH Y S HRL P LhZAL £08den,

| ori

and2.47gof 2,7~di~-tert-butylfluorene (8.9mmol) was dissolved
in 60 ml of dehydrated diethyl ether under a nitrogen atmosphere.
To the solution in an ice-~bath, 6.0 ml of n-butyl lithium/hexane
solution (1.54M: 9.2 mmol) was added slowly dropwise, and then
stirred at room temperature for 100 hours. To the reaction
solution, 4.2 g of

3-tert-butyl-l-methyl-6, 6~-di- {m-trifluoromethylphenyl)fulve
ne (9.2 mmol) was added, and stirred under reflux for 24 hours.
After the reaction solution was poufed into 100 ml of agueocus
solution of 2N hydrochloric acid in an ice bath, diethylether
was added to separate the organic layer, and the aqueous layer
was extracted twice with 50 mi of diethyl ether. The separated
organic layers were combined, washéd with a saturated agqueous

solution of sodium hydrogencarbonate, water and saturated



----------------------- A 30 m Schl enk flask equi pped
Wth a magnetic stirrer chip and a three-way cock was
SET&%%%ghly purged with nitrogen, and 2.0 g of
di - (mtrifluoromethyl phenyPPmet hyl ene(3-tert-butyl - 5-
nmet hy
i cycl opent adi enyl ) (2, 7-di-tert-butyl fluorenyl) (2. 8mol
was dissaolved in 30 nl of dehydrated diethylether |
a%HﬁRHSzFQ%Wﬁ%ﬂyeﬁf 2PABEP el LOT SE taned SBIigE BNt Magnesium
ice-bath, 3.7 m (5.7 mol) of 1.54 Mn-butyl [ithium
s Hehedrre ayul dthioosodaenaddes sliewiyledr opfi s&hensafitleen the
- stirred at roomtenperature for 20 hours. The
raseddtinon realdidtowasaputridiedg blyy cetaedchpomatibyraphy to
i ce/ met hanol bath, and then 0.65 g of zirconium
optetirachlord der o g8 temalbo) ivwas Aeldegh dhengio.74The
solution was stirred for 24 hours while gradually
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en the solvent was away r uced

i eSsur e. Th% resgltin% product maz ﬁislurried in
fe XA UL T ISP ed 5o t8 SEPHPoRCt E9FTPFEd gl ass
filter. A brown_solid on the filter was extracted
wi t h ER 81961 m/&m3dAtMSY  di chl or omet hane and  separ at ed
by filtration. For each of the obtai ned hexane
{(49olSritdye sdysd ofi_chl or onet hane sol ution, the sol vent was

distilled away under reduced pressure. A dark orange

diethyl "ether, "and "dried under reduced pressure to
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A 30 ml Schlenk flask equipped with a magnetic stirrer
chip and a three-way cock was thoroughly purged with nitrogen,
and 2.0 g of
di- (m—trifluoromethylphenyl) imethylene (3-tert-butyl-5-methy
lcyclopentadienyl)(2,7—di—tert~butylfluorenyl)(2.8nmmﬂJ was
dissolved in 30 ml of dehydrated diethylether under a nitrogen
atmosphere. To the solution in an ice-bath, 3.7 ml (5.7 mmol)
of 1.54 M n-butyl lithium hexane solution was added slowly
dropwise, and then stirred at room temperature for 20 hours.
The reaction scolution was thoroughly cooied in a dry
ice/methanol bath, and then 0.65 g of zirconium tetrachloride
(2.8 mmol} was added thereto. The solution was stirred for 24

hours while gradually elevating back to room temperature, and



by 1H NWVR spectrum and FD-mass anal ysis spectrum The
measurenent results are shown as follows. 1H NWVR
SEKpett® um (270MHz, CDC13, TMS standard) : 5 7. 90-8. 22
(s+d+d, 6H), 7.52 (m 6H), 16573 (s, 1H),
5.92+5.99+46. 11 (s+s+s, 2H), 5.52 (m 1H), 1.79 (s,
3H), 0.92+1.01+1.05 (s+s+s, 27H), FD-MsS: nl z=874( M)
nt hesi.s Exanple, 8] .. t hesi s of
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enyl) (2,7-di-tert-butylfluorenyl)zirconium
refiefliony geodurt wagtnaa lurniad tpuhgkaeyclapbitiddieasd by a
To a 500 m three-neck flask equi pped with a magnetic
distiamidgre-chilleandlasshfeetway cokkord@0 swllicf on the filter
dehydrated diethyl ether and 57 ml (170 nmol ) of
wal efdtracideryisal ut kea1af azoldnk SE- 438014 36me PBRERY | and

magnesi um bronm de were charged under a nitrogen
s%a{paso@?frb% il ttReibae bath, o4& gndigc]ﬁ'#‘l%ﬂﬂgqln)ecpfhexane
-tert-butyl cycl opentenone was adde ropw se over 1
Qur.. The , resultant lLutian s stirred at _room
s e ice ol 58 hsnPae' 3RatEReR | hhE adrpdh has
sol ution was poured into 100 m of 2N  hydrochl oric,
dighiid. 1 eFhavay ganied Fayereddys asiydicat el dagkorrge solid was
aqueous | ayer was extracted twice with 50 m of ether.
waEied oiitdi gegmet jarheun iyl Dagdrane e degthhspeder, and
twice with a saturated aqueous solution of sodium
drhydl agercarbonat@ pred 0ere wid bbwat ar 30 Gumdy t(W.8d 3wainbl) of
- saturated brine and dried over

a target compound as an orange solid. Identification was done
by 'H-NMR spectrum and FD-mass analysis spectrum. The
measurement results are shown as follows.

'H-NMR spectrum (270MHz, CDCls, TMS standard): 8 7.90-8.22
(s+d+d, 6H), 7.52 (m, 6H), 6.73 (s, 1H), 5.92+5.99+6.11 (s+s+s,
2H), 5.52 (m, 1H), 1.79 (s, 3H), 0.92+1.01+1.05 (s+s+s, 27H),

FD-MS: m/z=874 (M+)

[Synthesis Example 8]

Synthesis of

di (p-tolyl)methylene (3-tert-butyl-5-methylcyclopentadienyl)

(2,7-di-tert-butylfluorenyl)zirconium dichloride

To a 500 ml three-neck flask equipped with a magnetic
stirrer chip and a three-way cock, 100 ml of dehydrated diethyl -

ether and 57 ml (170 mmol) of diethyl ether sclution of 3.0 M



magnesi um sul fate and the solvent was distilled off.
Thereafter, the purification was conducted by
SEils%% 1 ati on under reduced pressure to obtain 13.5 g
of a pale yellow transparéafP liquid. The yield
constant was 70 % ldentification was done by 1H NMWR
spectrum The neasurenent results are shown as ,
foll.ows. 1H NVR (270MHz, CDCl3, TMS standard) : S
meg-nyd+ §2ge 85 1804+ B 9B Ry HRRRnTh2FYed Jurdey g Nifrogengy
(m 1H), 2.05+1.94 (d+m 3H), 1.13-1.15 (s+s, 9H) (2)
at ies ofn the ice bath, 19.6 g (142 mmol) of
3-tert-butyl-I-methyl-6,6-di-(p-tolyl)ful vene ------
3—-tert-blayacdblopbntbnenenackaddlas Mregui ppedrar 1 hoar. The
magnetic stirrer chip and a three-way cock, 4,5 g
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and 150 m of THE were charged under a nitrogen
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reaction solution, 4.3 m (39.6muol) of
agpegugi la¥eRyres- et gashbefdribhe Whkh adgawl of ether. The
subsequently 8.3 g (39.6 mol ) of
obtajnedi omgahytbéayeophenone combienefangethedrtvide with a
resultant solution was stirred for 120 hours under
satefrbited ddvedencilan i9e) Of | o Mas hpdubgencarbohB0e, Mwice
of 2N hydrochloric acid. The organic | ayer was

wit@pakated, anandyibe AYUROYSthAYEEd WS eXt 4 et @l dM GRer
with 50 m of hexane.
magnesiumsulfate and the solventwasdistiliedoff. Thereafter,
the purification was conducted by distillation under reduced
pressure to obtain 13.5 g of a pale yellowy transparent liquid.
The yield constant was 70 %. Identificatioh was done by 'H-NMR
spectrum. The measurement results are shown as follows.
'H-NMR (270MHz, CDCls, TMS standard): &

©.194+6.05+5.81+5.75 (m+mt+m+m, 2B}, 2.91 {m, 1H), 2.82 {m, 1H),

2.05+1.94 (d+m, 3H), 1.13-1.15 (s+s, 9H}

To a 300 ml three-neck flask equipped with a magnetic
stirrer chip and a three-way cock, 4.5 g (33.0 mmol) of
l-methyl-3-tert-butyl-cyclopentadiene and 150 ml of THF were

charged under a nitrogen atmosphere. In the dry ice/methanol



The separated organic |ayers were conbi ned, washed

W th a saturated aqueous sol ution of sodium
SHnddP8gencar bonate, water and saturated aqueous

sol ution of sodiumchloridé37and dried over nagnesium

‘sulfate and the solvent was distilled off.

Thereafter, the resulting product was purified by

colum _chromato raphX to obtain 6.2 g of an orange
baddl-i d2-Fhalyiléld’ waslbeobs 11 atht ptipelyd bhtlagn dwransy

"H NVR spectrum The neasurenent results are shown as
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(m 84 , 6.32 (m 1H), 5.71 (d, 1H), 2.33 (d, 6H),
tehpd@atare3thr 20 Hbuss. 9F) tHs3bbdyAnkRESkF8abtion solution,
di (p-tolyl)nmethylene(3 tert-but yl-5-nmnethyl
4.1 8@@0%%%@%% 1,3—ai-—m(=-_%h}1db'—%ﬁ&&éﬁ&!uﬁiﬁéﬂﬁé @R¥%ldaded,
A 200 ml three-neck flask equi pped with a magnetic
LI hiLp~and, g, t hr ee- cpck, was_t hor hl
e e by ¢ P oy 185t SRE-he PN dopnenone
of 2, 7-di-tert-hut ylfluorene(12.6muol) was di ssol ved
Werg gB2RPegr @R yﬁ?étl’e‘%ﬁ‘ﬂ]i%t’}ﬁlsoéﬁﬁéronuwéérSB%F?? 120
at nosphere. To the solution in an ice-bath, 8. 6 m
hogfsnupdey |r9 il unfhexzarct issl geivhien. waMmpopzeg kg )100
was added slowy dropwi se, and then stirred at room
mlt e pd¥ atyde dharo WO alvawl. s. THe drivenrieadtiyen wseladpargted,
4.3 g of 3-tert-butyl-Il-nethyl-6,6-di-(p-tolyl)ful vene
an@lhe alfielons Wageadiadexanrdcsbirtwicanden s@iluys frdxane.
24 hours. After the

The separated organic layers were combined, washed with a
saturated agqueous solution of sodium hydrogencarbonate, water
and saturated aqueous solution of sodium chloride, and dried
over magnesium sulfate and the solvent was distilled off.

Thereafter, the resulting product was purified by column

chromatography to obtain 6.2 g of an orange solid. The yield

was 56 %. Identification was done by 'H-NMR spectrum. The
measurement results are shown as follows.

'H-NMR (270MHz, CDCls;, TMS standard): 8 7.1 (m, 8H), 6.32

(m, 1H), 5.71 {d, 1H), 2.33 (d, 6H), 1.48 (s, 3H), 1.13 (s, 9H)

" A200ml three-neck flask equipped with a magnetic stirrer

chip and a three~way cock was thoroughly purged with nitrogen,



reaction solution was poured into 100 mM of aqueous
solution of 2N hydrochloric acid in an ice bath,
SgEEhyl et her was added to separate the organic |ayer,
and the aqueous |ayer was 188t racted twice with 50 n
of diethyl ether. The separated organic |ayers were
conbi ned, washed with a saturated aqueous solution of
sodi um hydr ogencar bonate, water and saturated aqueous
ardBubimot &f 'sddi-tierthbotydéluanendr(iied 6overl Jmegmdssaml ved
sul fate and the solvent was distilled off. Thereafter,

it 66 mI 68 Wdhyrg apkadiicit WAHSe tlee £ ingikald hzefoyet Btmosphere.
acetonitrile to obtain 6.3 g of a white solid. The

T ik @kds ¥Bg: 82701 n AWeBLELELERT i0M5 WS QDL PY1 EPLABSS /hexane
anal ysi s spectrum (FD-MS). The neasurenent results
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SF-1399 139 A 50 ml Schlenk flask equipped with a
Soregne?Rc 4t3r9e@f chip and a three-way cock was
t horoughly purged with nitrogen, and 3.0 gg of
3t p-hot yl ] et iy ere(B-dier (p-tatiyll-) Sudwehel (Y6l 8pembd)
dieny 1) (2,7-dibutylfluorenyl) (5.0 mml) was

wib seeoed dnd 4t idredf undehydeates doet byl gbhes. undeerathe
ni trogen atnosphere. To the solution in an ice-bath,

r& & Bn (dOde BRI OhohPed MiPabiiylnl of aqueous solution
of 2N hydrochloric acid in an ice bath, diethylether was added |
to separate the organic layer, and the aqueous layer was
extracted twice with 50 ml of diethyl ether. The separated
organic layers were combined, washed with a saturated aqueous
solution of sodium hydrogencarbonate, water and saturated
aqueous solution of sodium chloride, and dried over magnesium
sulfate and the solvent was distilled off. Thereafter, the
- resulting product was re-crystallized with acetonitrile to
obtain 6.3 g of a white solid. The yield was 82%.
Identification was done by FD-mass analysis spectrum (FD-MS).
The measurement results are shown as follows.

FD-MS: m/z=606 (M+)

(4) Synthesis of




['ithium hexane sol ution was added sl owy dropw se, and

then stirred at roomtenperature for 30 hours. The
SKF-elat?? on solution was thoroughly cooled in a dry

i ce/ met hanol bath, and thed3B. 15 g of zirconium

tetrachloride (5.0 nmmol) was added thereto. The

solution was stirred for 48 hours while gradually

el evating back to roomtenperature, and then the

sol véntoOnag 8rbkiénk etll avlaye quiriesd nadiicedmpgassirestirrer

The resulting product was reslurried in hexane, and _
cHipg beded Hhree-diagt ootk erds thedoglgddy putded wikh hiowsgen,

solid on the filter was extracted with a small anount
arf 3.4 oy} gyonet hane and separated by filtration. For

each of the obtained hexane sol ution and
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4 392 mmol) of a target congound as an orange
dedhf J%Ptqdd@ﬁﬁtMYégttbeﬁ UW§§rdén@ FOIRP NNRNGTRI rm fdthe

FD- mass anal ysis spectrum The neasurenent results
scEng ighrovim as foetoaish, S-6.3099 (1401 mkb NVR K ddctdr Mrm-butyl
(270MHz, CDC13, TMS standard): S 7.91 (d, 2H), 7.76
1i(dd,unB e xaheb spdait ibH) wad. dddedt s123KLy 8r96wis®; 7add then
(s+m 5H), 6.14 (s, 1H), 6.05 (d, 1H), 5.56 (d, 1H),
stz:Ll_rll)Z,’c‘bc( St rBte é?at(lfﬁe gb‘i 30lnO3ré S+§‘he]:%@ot1Q>r9§oi§tlon

D-Ms: nmlz=766(M+) [Synthesis Exanple

wa@@hgfﬁhéhﬁ( cooled in a dry ice/methanol bath, and then 1.15
g of zirconium tetrachloride (5.0 mmol) was added thereto. The
solution was stirred for 48 hours while gradually elevating back
to room ﬁemperature, and then the so.lvent was distilled away
under redqced pressure. The resulting product was reslurried
in he%ane, andl filtered by a diatomite~filled glass filter. A
brown solid on the filter was extracted with a émall amount of
dichloromethane and separated by filtration. For each of the
obtalned hexane solution and dichloromethane solution, the

solvenfc was distilled away under reduced pressure. A dark

orange solid was washedwith a small amount of pentane and diethyl
ether, and dried under reduced pressure to obtain 300 mg (0.392
mmol) of a target compound as an orange solid. Identifilcation

was done by 'H~NMR spectrum and FD-mass analysis spectrum. The

measurement results are shown as follows.



[di (mtrifluoronethyl phenyl)]nmethylene(3-tert-butyl-
n pro pylcycl opentadi enyl) (fluorenyl)zirconium
il %ride (1) 1-n-propyl-3-tert-butyl cycl opentadi ene
To a 300 M three-neck flagkOequi pped with a magnetic
stirrer chip and a three-way cock, 120 m of
dehydrated diethyl ether and 89 m (178 mml) of
tetr?hydrofuran solution of 2. OM n-propyl nmagnesium
br oni deNie seesiange 42 UHY8r - &Dﬂhvﬁéﬁ%ﬁﬁd@pﬁépé THAL (4,
the ice bath, 20.6 g (149 mol) of
2H3-1t ér 6b(dd/d @yrldlfoﬁeﬁt edrdné H)was - dddett de8pwi §e9overC47.17
hour. The resultant solution was stirred at room
{d+emypeHat useld ors 20 Hqures 0sand, t hep, thes g gagt Lan, 2.24 (4,
sol ution was poured into 100 m of 2N hydrochloric

6G d. gBhe s, 0RgaNi @ haygk1wasgapar gt ed, (§nd9lfme
aqueous | ayer was extracted “tw ce W th

et her e a gani c |layers were conblned,
vvashng E\%i'cﬁ%' I7E%gMQZ\tur ated aqueous sol ution of
%chmhy carbonate, twce with water and tw ce
[ymhesda |x eb|9 i‘ne, and dried over nmagnesium

sul fate and the SF-1399 141 solvent was distilled

- Syarthestiseodafter, the resulting product was purified

by col um chrormtography to obtain 16.8 g (GC purity
[ B29-tafi fd upabmeyblyll.phvenyl ahspahghent i Jut ert Thret yl-ebdh-pro -
was 57 % . ldentification was done by 'H NVR spectrum
pylRg dIRashtadeshyl) €5albbseare) showonasmf @l ERVSride H NVR
(2/0MHz, CDC13, TMS standard) 8

(1) I-n-propyl-3-tert-butylcyclopentadiene

To a 300 ml three-neck flask equipped with a magnetic
stirrer chip and a three-way cock, 120 ml of dehydrated diethyl
ether
and 89ml (178 mmol) of tetrahyvdrofuran solutionof 2.0Mn-propyl
magnesimnbrémidewerechargedunderarﬁirogenatmosphere. In
the ice bath, 20.6 g (149 mmol) of 3~tert-butylcyclopentenone

was added dropwise over 1 hour. The resultant solution was

stirred at room temperature for 20 hours, and then the reaction

solution was poured into 100 ml of 2N hydrochloric acid. The
organic layer was separated, and the aqueous layer was extracted
twice with 50 ml of ether. The obtained organic layers were

combined, washed twice with a saturated agueous solution of

- sodium hydrogencarbonate, twice with water and twice with

saturated brine, and dried over magnesium sulfate and the



6. 16+6. 02+5. 75+5. 78 (mrmtm+tm 2H), 2.81+2.89 (mtm
2H), 2.21-2.37 (t, 2H), 1.48-1.61 (m 2H), 1.05-1.18
S{sb3x9%99H), 0.8-1.0 (t, 3H) (2) Synthesis of
3-tert-butyl-1-n-propyl-6,64di-(mtrif
| uor onet hyl phenyl )ful vene To a 300 m three-neck
flask equi pped with a magnetic stirrer chip and a
three-way cock, 6.1 g (30.4 nmol) (GC purity 82% of
sdlvprpr oppl d3stétieBue§f cyThepeatadrenchandst0@iny pfoduct
THE were charged under a nitrogen atnosphere. In the
wah guri ceéaeyhasialmbah bom@Bodtafdy £ Jpmlin Db . 8-g5@EM purity

n-butyllithium hexane solution was gradually added

82*%)06‘6‘ §_9Faqrédyémﬁgw§tﬂfaﬁ%ba3?én€ 99&11&8”73%@ giﬁ%&%as?%?

hours. obt ai ned reaction Iiquid

) d| th | [ d|none added
I%%E%}if§?§§€§ @F)ofﬁ %b mﬁd@iﬁ spectrum. mﬁﬁe meafTrement
i-trifluorone enzophenone was subsequently
r Fedre HPHThEs d8dC¥5 sol ution was stirred for
100 hours under reflux. The reaction solution was
pour éH-NMRo (200MbE, 0EDON,/hytSocttlapdiae dSE- 8399 142
~acid. The organic |ayer was separated, and the aqueous
6 | lebyter. O 2w 7Téxtor. a6t dai+imine e, W2HN , 50 . All+2f 8 hexane, e,
separated organic |ayers were conbi ned, washed with a
2 sAtyr.@7ed tgquegys 1salguti.gn (af 20dium 05-1.18 (s+s, 9H),
hydr ogencar bonat e, water and saturated aqueous
0 5Qlutg on ofspgodi um chloride, and dried over magnesium
sulfate an the solvent was distilled off.

%&%% O@e resul ting

To a 300 ml three-neck flask equipped with a magnetic
| stirrer chip and a three-way cock, 6.1 g (30.4 mmolj(GC purity
82%) of 1—n-propyl¥3—tert—butylcyclOpentadiene and 100 ml of
THF were charged under a nitrogen atmosphere. In the dry
ice/methanol bath, 20 ml (32.0 mmol) of 1.56M n-butyllithium
hexane solution was gradually added dropwise and then stirred
at room temperature for 24 hours. To the obtdined reaction
liquid, 3.9 ml (36.5 mmol) of 1,3-dimethyl-2-imidazolidinone
was added, 11.6 g (36.5 mmol) of
3,3'-di-trifluoromethylbenzophenone was subsequently charged,
andtheresultantsolutionwasstirredforIOOhoursunderreflux.

The reaction solution was poured into 100 ml of 2N hydrochloric



product was purified by colum chromat ography to
obtain 6.8 g of an orange solid. The yield was 49 %
9%ication was done g 1H NMR spectrum The
maasur ement results are shé#® as follows. 1H NWVR
(270MHz, CDCl 3, TMS standard): 8 7.3-7.7 (m 8H)
6.34 (d, 1H), 5 53 (d 1H), 1.65 (t, 2H), 1.22 (m
ac[%g?’(n,%}é%iquf Jd‘hé‘lan wagtsepg?: 1&321 S}nn h Sel gqueous layer
henyl )] met hyl ene(3-tert-butyl -5-n-pro
wasy pEy ER epeattadicenyd t it SOUbY edyiigxane 20BhaisapRredefeeRganic
flask equi pped with a magnetic stirrer chip and a
lawreewnay cookinas whehedghl th pus gedrat¢d aguerageselution
and 2.9 g of fluorene (17.6 mmol) was dissolved in 100

- ofMscefi und elyidicateed agbehlyk , etvaeerundar sat &£ &geiqueous
atm)sphere To the solution in an ice-bath, 11.6 m

Al RHb ¥l sdd 44 wan Bexgpe ar‘?t@aili'tleﬁno&ér &M n%giﬁmr@@iﬁate,

vvas added sl ovvly dropvvl seé, then sti rred at room
arfePepk00cNOHRS 19 4N 1 PRSI AT STit9Beed, Lend Slsuiting

3tert but I-I- %gropl- - (mtrifluoronmeth hegy
PHOFIAL WeEnRUEREL rﬁ‘bblc)omé’él gaa@@ataaaa@w e )éﬁc}
ref lux for 170 hours. The reaction solution was
ofpaeganiont 2 higd- nThefyisdubvas 490t ut Tgantdfigation was done
hydrochl oric acid in an ice-bath. Thereafter,
bydi'Bt RMRebhect was. adtied meand revenar gaaud:tlsayee paswn as
separated. The aqueous |ayer was extracted twice with
fAQ s .of di ethyl ether.

'H-NMR (270MHz, CDCl;, TMS standard): & 7.3-7.7 {(m, B8H),
6.34 (d, 1H), 5.53 (d, 1H}, 1.65 (t, 2H), 1.22 (m, 2H), 1.12

(s, 9H) 0.57 (t, 3H)

A 200ml three-neck flask equipped with a magnetic stirrer
chip and a three-way cock was thoroughly purged with nitrogen,
and 2.9 g of fiuorene (17.6 mmol) was dissolved in 100 ml of
dehydrated diethyl ether under a nitrogen atmosphere. To the
solution in an ice-bath, 11.6 ml of n-butyl lifhium/hexane
solution (1.6M: 18.5 mmol) was added slowly dropwise, and then
stirred at room for lOQ hours. To the reaction solution, 4.1

g of



The separated organic |ayers were conbi ned, washed

Wth a saturated aqueous sol ution of sodium
S%‘)ﬂd%%%encarbonate, wat er and saturated aqueous

sol ution of sodiumchloridéd?43and dried over magnesium

sul fate, and the solvent was distilled off.

Thereafter, the resulting product was purified by

colum chromat ography tao obtain [

1.88 of a white
3R T PO -1 TORIA 9 Ordem T AT BT QRS CABABRBYYL) Ful

FD-mass anal ysis spectrum (FD-M5) . The neasurenent
venss (Bt § mnod ) teswmddsd f enkdaiisl rrerumaer weZEe3dEw) 7 { gpurs.
Synt hesi s of

THelresrt ibhlaednanetrhys plpenyde)d) et ¢y 06mel( 3ftentedud ybidtion
n-pro pyl cycl opentadi enyl ) (fl uorenyl)zirconium
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magneti c stirrer chip and a three-way cock was
9 it hopigt e ; & 10 o2 ted.
P et nai TR oarsrEne et BB uespagsse
-pro | cycl opent adj en f | uarenyl . I
i e 3Brotn e H AL FEEAS G area R RO st SATee e
ni trogen atnosphere. To SF-1399 144 the solutiaqn in
The seatphad o3agmic @§¥?ﬁﬁnM9FeoF°T96nﬁﬂn-HGF?Fd with a
I ithium hexane sol uti on was added sl owly dropw se, and
satharateyl poneduatsebom e miesatune Hysirogernvanoonalige water
reaction solution was thoroughly cooled in a dry

and e/amiare shatbpnsandlttheéanOobGodiwd chiloadrieymend dried
tetrachloride (2.6mmol) was added thereto. The

o} Uhd b dvam S8, end24hRoWwss vehi! fagr adyaiiYed off.
el evat1 ng back : _

Thereafter, the resulting product was purified by column

chromatography to obtain 1.88 g of a white solid. The yield

was 34 . Identification was done by FD-mass analysis spectrum

-(FD—MS) . The measurement results are shown as follows.

FD-MS: m/z=630{M+)

A 100 ml Schlenk flask equipped with a magnetic stirrer
chip and a three-way cock was thoroughly purged with nitrogen,
and 1.6 g of
di (m-trifluoromethylphenyl) imethylene (3~tert-butyl-5-n-prop
ylcyclopentadienyl) {(fluorenyl) (2.6 mmol) was dissolved in 50

ml of dehydrated diethylether under a nitrogen atmosphere. To



to roomtenperature, and then the solvent was

distilled away under reduced pressure. The resulting
Skhrlaffct was reslurried in hexane, and filtered by a

diatomte-filled glass filt1ed. The solvent of the

obt ai ned hexane solution was distilled away under

reduced pressure. An obtai ned dark orange solid was

di ssolved in pentane and the solid deposited by
tlopebilngivasimeineticendech, reduréd( presswle ©0 lokf Him-Adyl

mg (0.088 mmol ) of a target conpound as an orange
lisiivh hleg@ilel fsicQatiion was dasedbylokl NMRrspecEE Hnandnthen

FD- mass anal ysis spectrum The neasurenent results are

sthowy 28 +Hek ﬁ%’iﬁIpera{%Mféqut 1‘1&5'1}4 279 reag%qjo’i)’r sJi\@uon
standard): S 8

%hégkggﬁ% o(o%dl"% Ei%r%{dldé rv_ﬁt%’%x%isp %h, rﬂ}é "}é\eB 0.60
g EQ%@W%%(@WW%@%& & @aﬁbwsla@des&%ﬁregq onfhe
of a Supported Catalyst To a 100 t hr ee- neck fl ask,

S QA e nhigass Eéeﬁrteﬁoﬁmaﬁlfwsﬁm@gbe mgduséﬂg@iwattnng back
nitrogen, a stirrer rod was equi pped and 1.07 g of

tsidocratsuppoatedepeshy| ahenn tiox and viehlt wabddbswi ¥) edasvay
added. Thereto, 10 m of dehydrated tol uene was added

urfélilergQ@HhcféQ eéSd e, 2lemteshlaid@lgrenmolbti 8sDirried
ng of t

l@ﬁggﬁﬁagggtgw RIS boT tapé%%{\iéegffﬂéa/ 19pe a8y Irhe
yl') zirconium di chlori synt eS|zed by t
soeipf%\ﬁ% gf@hl o&atalned hexane solution was distilled away under
reduced pressure. An obtained dark orange solid was dissolved
in pentane and the solid deposited by cooling was dried under
reducedpressuretoobtain?Omg(Q.OBBmmol)ofatargetcompound
as an orange solid. Identification was done.bylﬂ—NMR.spectrum
and_FD—mass analysis spectrum. The measurement results are
shown as follows.

TH-NMR spectrum (270MHz, CDCls, TMS standard): 8 8.1-8.3
(m, 5H), 7.8-7.9 (m, 1H), 7.57 (m, 5H), 7.45 (m, 1H), 6.09 (t,
iH), 6.80-7.0 (m, 2H), 6.34 {dd, 1H), 6.11 (dd, 1H), 5.58(d,
1H), 2.06 (m, 2H), 1.57 (m, 2H), 1.1 (s,s, 9H), 0.77 (dt, 3H)

FD~MS: m/z=790 (M+)
[Synthesis Example 17]

| -Preparation of a Supported Catalyst-

To a 100 ml three-neck flask, which had been thoroughly



Synthesis Exanple 1 was added as a transition netal
conpound under stirring, and stirred for 1 hour. The
Sksbt3di%hed slurry was filtered, and powder on the
filter was washed once with420 nl of dehydrated
tol uene, and subsequently washed three tines wth 10
m of dehydrated hexane. The washed powder was dried
under reduced pressure for 2 hours to obtain 1.03
PYEIRdel 1 thTeC BRE R nEd ShorbieF XRd WiiskeduaPPRd AT aeﬂa
oil to obtain a slurry of 10.0 wt% [Synthesis
- siExaepiseipdr telfr mpah gl & bembiome B p(@dr Felid CatltysvaFadded.
100 m three-neck flask, which had been thoroughly
Thaldeged WMot Rinice egeydratstli EbetiehedwiBSaeaed PPe dr eud
0.978 g of silica-supported nethylal um noxane (AL=

te%é)ler%\ﬁu()@e,v\@?@ added. » Thengehe. s49uptoRf odehyds gﬁ@g)f the

tol uene was added at room tenperature, 20 m
tQl [yt of_ _20. 0 .
A e T er o P 8 sk R ager boRmrsa I 71
cta L hyl oct ahydr odi benzof | uorenyl ) zi rconj um ,
© “é’ﬁﬁ&ﬂir nlé%ﬁ%%%}r%djeoﬁyﬁ%e%%%%- #erts eheyementioned

Synt hesi s Exanple 2 was added SF-1399 146 as a
Sythesiis Sxamplal lcvapordedirider $riapsiligonanatal i gerepund
for 1 hour. The obtained slurry was filtered, and
urpedert iorinke ahdl seirvas fashechance TheholiBaitedfslurry
dehydrat ed tol uene, and subsequently washed three
was AEStWrbl, 1dhdlpidedeby dited ed 1hexanas wddteedashkedwith 10
powder was dried under reduced pressure for 2 hours

m1t Bfocg’é%c?‘%&eg%lglé?{e JPand el I0e, Obt A N HRAWHRE e ¥BSi me s

m Xe
with 10 ml of dehydrated hexane. The washed powder was dried

of
|g of

under reduced pressure for 2 hours to cbtain 1.03 g of powder.
The obtained powder was mixed with a mineral oil to obtain a
slurry of 10.0 wt%.

[Synthesis Example 2']

-Preparation of a Supported Catalyst-

To a 100 ml three-~neck flask, which had been thoroughly
purged with nitrogen, a stirrer rod was equipped and 0.978 g
ofsilica—supportedn@thylaluminoxane(AL==16.9w£%)wasadded.
Thereto, 10 ml of dehydrated toluene was added at room |
temperature, 20 ml of a toluene solution of 20.1 mg of the
isoPropylidene(3—tert—butyl—5—ethylcyclopentadienyl)(octame
thyloctahydrodibenzofluorenyl)zirconium dichloride

synthesiZedknztheabove—mentionedSynthesisExamplelzwasadded



a mneral oil to obtain a slurry of 10.0 wt %

&é?ﬂthesis Exanple 3'] -Preparation of a Supported

S %ﬂ%st To a 100 m three-neck flask, which had been
thoroughly purged with nitf8gen, a stirrer rod was
equi pped and 0.980 g of silica-supported
nmet hyl al um noxane (AL =16. 9w %9 was added. Thereto, 10
m of dehydrated tol uene was added at room .

3% AT LY E°1 F6 AL PR RRY e s BELEF HRT or2rsh SEigrgegitor
t he

1 hetveny| Theeeisa et Bivers 3@se il b, 5avd hypeger openthe
tadi e

finHen eetsameshgboctadydi odi e nrlofdfudkeeyyl-p z Edconti ueme, and
di chl ori de synthesi zed by the above-nenti oned

sUBBHIRSIS v frXsHed €h3ewas rdG0edr RS 0ant bankihidaR Rl Réxzane .
compound under stirring, and stirred for 1 hour. The

PSP BN A, R P L 2 o
, i i 1 .
o hEIE 8, BUERATLLY gl R QL Mg

under reduced pressure for 2 hours to obtain 0.908 ¢

a2 GRLOSEAdeCL ITRE 6BtaiRed SHBWEEr OhadOnd x€E®with a

mneral oil to obtain a slurry of 10.0 SF-1399 147
[ Simrdzhefsdyn tkesicd cERANpl e 4'] -Preparation of a

Supported Catalyst To a 100 m three-neck flask, which

had beerptlitataoghby apsugedrwedhCatdIvpgen, a stirrer

rod was equi pped and 0.996 g of silica-supported

et hybak unp onarereblnzdh. SY4 40, Wasi @dd8d. been thoroughly
purged with nitrogen, a stirrer rod was equipped and 0.980 g
of silica-supportedmethylaluminoxane (AL=16.9wt%) was added.
Thereto, 10 ml of dehydrated toluene was added at room
| temperature, 20 ml of a toluene solution of 20.1 mg of the
{phenyl) (methyl)methyliene (3~tert-butyl-5-ethylcyclopentadie
nyl) {octamethyloctahydrodibenzofluorenyl)zirconium
dichloride synthesized by the above-mentioned Synthesis
Example 3 was added as a transitionmetal compound under stirring,
and stirred for 1 hour. The obtainedAslurfy'Was filtered, and
powder on the filter was washed once with 10 ml of dehydrated
toluene, and subsequently washed three times with 10 ml of
dehydrated hexane. The washed powder was dried under reduced

pressure for 2 hours to obtain 0.908 g of powder. The obtained

powder was mixed with a mineral oil to obtain a slurry of 10.C



Thereto, 30 ml of dehydrated tol uene was added at room
Ste ggature, 20 m of a toluene solution of 20.0 ng of

di phenyl net hyl ene(3-tert-bdtéyl - 5- et hyl cycl opent adi enyl
)(2,7 -di-tert-butylfluorenyl)zirconiumdichloride
synt hesi zed by the above-nentioned Synthesis Exanple
4 was added as a transition metal conpound under

wistirring, and stirred for 1 hour. The obtained slurry
was filtered, and powder on the filter was washed

[ Sretehas tsh EeGmplleofd’dehydr at ed t ol uene, and
subsequently washed three tinmes with 10 m of

dehy dirateed rhexane o r The sugpbed edpondel ywas dried under
reduced pressure for 2 hours to obtain 0. 917 g of

IOOqufo alNEp apt %Hl%‘é-@f@@@&l‘é@% X fn\"}‘iatd‘ Rl ESBﬁbughly
oil to obtain a slurry of 10.0 W % nt hesi s Exanpl e

Pr.epa f e
pL%fwéreede "ljnle [H?L ggeg\/\h?c%ﬁgge e]g% for od%uhﬁp% = %% g1 -9%6 g
.nitro a sti was e U|ppe and
opidi frchs %%’b%?‘?@athé’iﬁ%ﬁr’-aﬁf“%? ;k\g & 163 W%/@gded
was added. Thereto, 10 m of dehydrated t ol uene was
Thesede rat3 & d8mosFaedosirased fterperat wre, addeg abf rgom
tol uene solution of 19.4 ng of the
t éngppradpte , d &fe (13- odr - lullyplens- weflhykioycbbp2at Adingnyf) the
octam et hyl oct ahydrodi benzof | uorenyl ) zi rconi um

didiret yamede @ enkhesiczed by tihe sabewei apal bpagdadienyl) (2,7
Synthesis Exanple 5 was added as a transition netal

-opmw%t@q%u%trbwm&u%%lﬁm a&em£95de1 ?HHﬁesﬂ‘@d by
obt ai ned slurry was [tered, and powder on The

the above-mentioned Synthesis Example 4 was added as a
transitionmetal compound under stirring, and stirred for 1 hour.
The obtained slurry was filtered, and powder on the filter was
washed once with 10 ml ofﬂ dehydrated toluene, and subsequently
washed three times with 10 ml of dehydrated hexane. The washed
powder was dried under reduced pressure for 2 hours to obtain
0.917 g of powder. The obtained powder was mixed with a mineral
0il to obtain a slurry of 10.0 wt%. |
[Synthesis Exzample 5']

-Preparation of a Supported Catalyst-

To a 100 ml three-neck flask, which had been thoroughly
-purged with nitrogen, a stirrer rod was equipped and 0.950 g

of silica-supportedmethylaluminoxane (AL=16.1wt%) was added.

Thereto, 10 ml of dehydrated toluene was added at room .



filter was washed once with 10 m of dehydrated
tol uene, and subsequently washed three tines with 10
SKt1339 dehydr at ed hexane. The washed powder was dri ed
under reduced pressure for 1Z8hours to obtain 0. 929 g
of powder. The obtai ned powder was mxed with a
nineral oil to obtain a slurry of 10.0 wt% [ Synthesis
Exanple 6'] -Preparation of a Supported Catal yst To a
tamRe At i ifeesthatk i gsikolwsineh skadtBeanothdPebghpyor the
purged with nitrogen, a stirrer rod was equi pped and
1 o8ty 1 defmes( 34 teastsUpporlt-edmeehiyy kgclnbroxadeéAlzl ) (octam
=14. 6w % was added. Thereto, 10 ml of dehydrated
eﬁWmhﬁﬁﬁ:cﬁdﬂﬁﬁnzﬁiflﬁﬁﬁ:@nyﬂqfﬁQb@h&h% d26nmbrofea
t ol uene solution of 20.0 ng of the

pﬁlﬁ{y& (AL By ohZel i SRl T ilda S e o FBLA¥HEY 6 AReMded

adi en

yl) h Io h drodlb nzo | uoren zirc

a‘%?%égggis%n egi§8dp8 L Ta ﬁéﬁ% od@dQS%lrrEd tor
nt hesi s |l e 6 was added as a transition netal

1 unﬁh%n%‘ing 89 S HYETY P dtilted@FoAne REWASTTRR the
obtained slurry was filtered, and powder on the

£¥}qqe magayashsieaneaceinnt K0 10l Mt ofehdelrpdeat §dluene, and
SF-1399 149 toluene, and subsequently washed three

subgegianttlly ¢89shdd ahredetinratvédhidxanef déteydwstethexane.
powder was dried under reduced pressure for 1 hour to

THPabRel. S3fddr Gfa P . urlder MiRiJedr rpovdes ﬁ/&52 hours
mxed wwth a mneral oil to obtain a sFurry of 10.0

td"'&ﬁ{%aﬁg)@@gsgl@ﬂ powder. The obtained powder was mixed with
a mineral oil to obtain a slurry of 10.0 wt%.
[Synthesis Example 6]

-Preparation of a Supported Cdtalyst—

To a 100 Iﬁl three-neck flask, which had been thoroughly
purged with nitrogen, a stirrer rod was equipped and 0.980 g
of silica-supportedmethylaluminoxane (AL=14.6wt%) was added.

Thereto, 10 ml of dehydrated toluene was added at room

temperature, 20 ml of a toluene solution of 20.0 mg of the

‘ pheriyl (methyl)methylene (3-tert-butyl-5-methylcyclopentadien

yl) (octamethyloctahydrodibenzofluorenyl) zirconium

~dichloride synthesized by the above-mentioned Synthesis

Example 6 was added as a transitionmetal compound under stirring,
and stirred for 1 hour. The obtained slurry was filtered, and

powder on the filter was washed once with 10 ml of dehydrated



- Propyl ene Bul k Pol ynerization To a 50 ml side-arm

flask thoroughly purged with nitrogen, a nagnetic
SEt13%%r chip was placed, and 1.02 g of a supported

catal yst slurry prepared i n4%he above-nenti oned

Synthesis Exanple 1', 1.0 nmol of hexane sol ution

(Al=l.OM of triisobutylalmniumand 5.0 m of

dehydr at ed hexane were added. The resultant m xture
tozenan rasvlicatb sasuan tSuSwastie dadhoekavémehavihy 1henl of

i nternal volume of 2000 m thoroughly purged with
dehitadmogesd hExemeafl t Biie walheg pbwbieguivds piipd eneewaseduced

charged thereto. After the polynerization was carried
poiisite FOrC1IRbur 4Q BLRHLES). $DE AULOELAYEL WaTHe08hesined

and propyl ene was purged to stop the polynerization.

: I ed. u r Sur

P o s B R L PEL i BT e Ay B0 o

Isotactic pol ypropyl ene and the pol ynerization

activity was 27.9 kg-pp/ mmol -Zrhr. The pol yner

anal ysis resulted that [rl1]=3.37 dl/g, Mw=565, 000,
[BtG™Wh-3. 1P land Tme137.8 C. [Exanpl e 2b] - Propyl ene

Bul k Pol yneri zation SF-1399 150 The pol ynerization

was cdnopydeset BuddePoflmesarmetionndi tion as in the

above Exanple | b, except that 340 ng of a supported

cat alfysd 59Imir By dprepRrrad sikn: idieo@doMe pieBEH Wit nitrogen,

Synt hesis Exanple 1' was used and that 0.30 NL of
a maghegse wasrraddegl @fjAy aRR6E Ngna0P, & & Je QUidoported

propyl ene. The obtained polynmer was 53.4 g of the

cd 30! tiéid%?nyﬁ%%%E%Heiﬁngh%hgbovewmentioned Synthesis
Example 1’, 1.0 mmol of hexane solution (Al=1.0M) of
triisobutylalminiumand 5.0 ml of dehydrated hexane were added.
The resultant mixture_was introduced to an SUS-made autoclave
having the internal volume of 2000 ml thoroughly purged with
nitrogen. Thereafter, 500 g of.liquid propylene was charged
thereto. After the polymerization was carried out at 70 °C for
40 minutes, the autoclave was cooled and propylene was purged
to stop the polymerization. Thepolyﬁerwasdriedunderreduced
pressure at 80 °C for 10 hours. The obtained polymer was 58.5
goftheisotacticpoly@ropyleneandthepolymerizationactivity
was 27.9'kg—pp/mmol~Zr-hr. The polymer analysis resulted that
In1=3.37 d1/g, Mw=565,000, Mw/Mn=3.0 and Tﬁ=137.8 °C.
[Example 2b]

~Propylene Bulk Polymerization-



pol yneri zation activity was 76.2 kg-pp/ mol -Zrhr. The

Sﬁat%ggr analysis resulted that the [rj]=0.84 dl/qg,

, 000, MW M1=2.5 and Tm=140.2 C. [ Exanple 3b]
- Propyl ene Bul k Pol yrmeri zati%nh The pol yneri zation was
carried out under the same condition as in the above
Exanple I'b, except that 1.03. g of a supported

catal yst slurry .prepared in the ahove-nenti oned

Synt a8 FAVIILETS" CRa8 2o EaT THRE BBF aPHREF Pl reame

was 12.2 g of the isotactic polypropylene and the
RV At iL8nthetake 'ty Exarple 1bkgeppepiothatr 40 mgeof e

pol ymer analysis resulted that [rl1]=2.87 dl/g,
S URPAIE D0 LAy Nh=s2uZ rang rEpatet. inCthpExhoptendhiioned

- Propyl ene Bul k Pol yneri zati on The pol yneri zati on was
Syetrtie £ik @xampleel ’ Wi 388 af@nchdd on 38SNL bt hgdabera was

Exanpl e I'b, except that 341 ng of a supported

G Rlaysle rSLUHRRY 1 REE i1t he ; Abgyea i on ,
o ioa ey B9t 2 o 1 A BP0 Vg O Bl cneained

P T (02, Hho 15BLAaa PROFRRErY bEee 1997 1l

e B S B B ETS SadA T BT A"
analysis resulted that [rl]=1.10 dl/g, Ma=116, 000,

PN =214 1y9d sTHes 88t 4d CChahet e slojert.&d ddAgertw=85, 000,
(mmm) obtained by 13C-NWR spectrumwas 95.3 % The

Mu /Mre@ulBarandniTn=140.2 °C.

[Example 3b]

-Propylene Bulk Polymerization-

The polymerization was carried out under the same
condition as in the above Example 1b, except that 1.03 g of a
supported catalyst slurry prepared in the above-mentioned
Synthesis Example 2’ was used. The obtained polymer was 12.2
| g of the isotacticpolypropylene and the polymerizationactivity
was 8.1 kg-pp/mmol-Zr-hr. .The polymer analysis resulted that
(n]1=2.87 dl/g, Mw=430,000, Mw/Mn=2.7 and Tm=151.1 °C.
[Example 4b] |

~Propylene Bulk Polymerization-

The polymerization was carried out under the same
condition as in the above Example 1b, except that 341 mg of a

supported catalyst slurry prepared in the above-mentioned

Synthesis Example 2’ was used and that 0.30 NL of hydrogen was



derived from2, 1l-insertion and 1, 3-insertion was not
geieg ed [ Exanpl e 5b] -Propylene Bul k Pol yneri zation
he pol yneri zation was carr 3_ out under the sane
condition as in the above nple | b, except that 1.04
g of a supported catalyst slurry prepared in the
above- nenti oned Synthesis Exanple 3" was used. The

[ t,he isofactic
2 P PR RS S R Dt BreP RS (gngogotained
/ |- Zr hr. The pol ymer analysis resulted
P?]ﬁﬂﬁ?er[ %FB‘%) 33 -d Pg OtMie%268 5660 Ct iy RRLYP5aPYL §RR 130d 1the
C [ Exanpl e 6b] -Propylene Bul k Polynerization The

P%Jovrs&\@rﬁaztd{qno@qmgl@afr Wiagd 289t Sukdeppthmotahe - hr. The
condition as in the above Exanple | b, except that 342

paiyredr anaAWBAer reduldial ¥eahtsl[yn ey, poegargd mMwu=1be, 000,
above-nmentioned Synthesis Exanple 3' was used and

vl Had=20. 8GN Tet18¢dnogen was n@@%@n@‘éhe&oﬁbéﬁe' PEmRRP
g of liquid propylene. The obtained SF 13

ol:ﬂf%l:)ﬁ@%f BARS3aMR G od 8, LEQ agl, fz 5Ol HpI Oﬂfgmﬂ]qmlt

t he polynerlzatlo act|V|ty was

bl 2o o gl a0l oot Aok
The q&h%&ﬁatad cont ent (nnnn) obt ai ned by 13C NWR

s 95.4 % The irregular unit derived from

2 l-insertion and 1, 3-insertion was not detected.
-Propylene Bulk Polymerization-

The polymerization was carried out under the same
condition as in the above Example 1b, except that 1.04 g of a
.supported catalyst slurry prepared in the above-mentioned
Synthesis Example 3’ was used. The obtained polymer was 20.0
g of the isotactic polypropylene and the polymerization
activity was 12.5 kg-pp/mmol-Zr-hr. The polymer analysis
'resultedthat[n]=2.72dl/g,Mw=426,000,Mw/Mn=2.9andTm=154.1
OC. |
[Example 6b]

—Propylene Bulk Polymerization-

The polymerization was cafried out under the same
condition as in the above Example 1lb, except that 342 mg of a
supported catalyst slurry prepared in-the above-mentioned
Synthesis Example 3’ was used.and that 0.30 NL of hydrogen was

added after charging 500 g of liquid propylene. The obtained



[ Exanpl e 7b] - Propyl ene/ Et hyl ene Copol yneri zation To
an _SUS- nade autocl ave having an internal vol une of
SBOP° m t horoughly purged with nitrogen, 300 g of
liquid propyl ene was chargéd, then heated to 55C
under sufficient stirring, and the inside of the
autocl ave was pressurized with ethylene gas to 30
kg/chG. Subsequently to a pot for charging catal
Hg &% i/9r-dr a0ty Shemd sefagh im PP%PﬁG@ME?“%u@ e
mnth nitrogen, which is attached on the autoclave, a
P Wrari@addlont iagH 1 VATt v4 wels éﬂ4déhydrapémmhéx&nehandTbe
m -of hexane solution (Al=1. 0 M of
pd Iyneaobuayhali gnresmives added[nard.changed, tawihes, 000,
aut ocl ave whil e pressuri zing mnth nitrogen. Next, to

MJ}}@H@OM aher zghars@' RY-gat @'h%S&nes%p%n%ét %ﬁtg t%M

a supporte catalyst slurry p epared in

kﬁ%%ane S Uﬁqg\ﬁdiﬁﬁwﬁ ‘aga i sobﬁfﬁq?ajrum rrauﬁiausnlt

added, .and rged ta the cl.ave whi

e Vses%FF%r%ng R SRS ER L T HiNee QPhas not detected.

ol ymeri_zation. After carrying out the polynerization
[EPHMPEE fdut es, a snal | SF-1399 153  anount of

nmet hanol was added to stop the polynerization. The

pol ymBropascnddBthybenn Espesgmert hanbbn-added with
~hydrochloric ] acid to carry out deashing. The

r esulrbant Spelyaee s cIeRardethg By friddrail 081 uwas&f 2000

then dried at 80C for 10 hours under reduced

m1PE8SSHLEN1 ¢ PiPr e @ iithe nRekKERh, Va0 APt AgdyiaNgréfiene
was charged, then heated to 55°C under sufficient stirring, and
the inside of the autoclave was pressurized with ethylene gas
to 30 kg/cm®G. Subsequently, to a pot for charging catalyst
having an internal volume of 3‘O'ml thoroughly purged with
nitrogen, which ié attached on the autoclav_e, amixture solution
of 4 ml of dehydfated hexane and 1 ml of hexane solution (A1=1.0
M) of -triisobutyléluminum was added, and charged to the
autoclave while pressurizing with nitrogen. Next,. to the pot
for charging cataiyst, the mixture of 340 mg of a supported
.c.atalyst slurry prepared in the above-mentioned Synthesis
Example 1’ and 1.0 mmol of hexane solution (Al=1.0 M) of
triisobutylaluminum was added, and charged to the autoclave

while pressurizingwithnitrogen to initiate the polymerization.

After carrying out the polymerization for 11 minutes, a small



pol ymeri zation activity was 101.5
Sg%i-P%lyner/nnnl-Zrhr. The polyner analysis resulted

tHar et hyl ene content of the_polymer= 38 % by nol e,

[rj]= 4.17 dl/g, Ma= 397, 0663 Mw/ Mh= 2.7. [Exanple 8D]

- Propyl ene/ Et hyl ene Copol yneri zati on The

pol yneri zati on was carried out under the sane

condi ti_on i n,the abov anpl e 7b, except ,that the
R Br ERRRO Lt RACE S PrES s Fon TRBEHEBEhgT ondhe
as to 35 ﬁ%{CﬁQG, and the polynerization was carried
Pogwﬂeﬁfovaq@ Hutedn TreesHPEINFES lpalgae W ikkshpgrarhy oric
and the polynerization activity was 165.3
adigt Pobgney/antotieZshing Th& hgotgsmel t amabyd ymer esul semhrated
that ethylene content of the polyner= 48 % by nvol e,

byl £1)=da®don dlarg tMarSl1e009: d0d cMé M192hSurd Bxasp! teduced
9b] - Propyl ene/ Et hyl ene Copol yneri zati on The

priR@lsyRri zabi gngWes £RE NSl il JHUIhd 1§ RAMING the
condition as in the above 'Exanple 7b, except that 342

P Raa naa - & oY HES 4 Ve anbp P 5L Thas el kg The
oo AL ST 08 SE 208 oA, RS PU 00 08
pol yneri zation activity was 83.8 kg- Pol yner/ muol - Zr hr.
38TRebyompder dmaFy4i §7reb{yi vt 7 100, ehe/Mpenteitt of
the polynmer= 23 %by nole, [71] =0.98 dl/g, Mw=75,
[Eee@plenébiiv Mh=2.4 . [Exanple 10b]

-Propylene/Ethylene Copolymerization-—

The polymerization was carried out under the same
condition as in the above Example 7b, except that the inside
oftheautoclavewaspressurizedwithethylénegasto35kg/cm%L
and the polymerization was carried out for 10 minutes. The
obtained polymer was 28.9 g and the polymerization activity was
165f3 kg-Polymer/mmol-Zr-hr. The polymer analysis resulted.
that ethylene content of the polymer= 48 % by mole, [n]=4.24
dl/g, Mw=517,000 and Mw/Mn=2.3.

[Example 9b]

-Propylene/Ethylene Copolymerization-

The polymerization was carriéd out under the same
condition as in the above Exampie 7b, except that 342 mg of a

supported catalyst slurry prepared in the above-mentioned

Synthesis Example 2’ was used, and the polymerization was



- Propyl ene/ Et hyl ene Copol yneri zati on The
pol yneri zati on was carried out under the sane
- Skohd#??ion as in the above Exanple 7b, except that the
inside [ of the autoclave Mels pressurized with
et hyl ene gas to 35 kg/cn2G 340 ng of a supported
catal yst slurry prepared in the above-nenti oned
Synthesi s Exanple 2' was used and the polymerization
capel edretteE wutl 5f sinnoesi nutks . ot rolst gicdeterpwkgndb.6 g
was 8.6 g and the polynerization activity was 69.7
arkd)t Rel tyoreyrianinid a tArdyr a c Thed pplwares 3 af &lgy-Piod yhegdninet-zZr - hr.
that ethylene content of the polynmer= 39 % by nol e,

THe | iy S HrlysiM2R200Qa and tMutMYT2na. chbEXan®! 8f the
[ b - Propyl ene/ Et hyl ene Copol yneri zati on The

pRTEL b2 g e SRICLEdsON B IB08oE L g .

%T?f a (?t?u]gported catal yst slurry prepared in the
Freh ned Synthesis Exanple 3' was used, and

the pol ynerization was carried out for 15 m nutes.

The GREAMEENSERER cigs CoPo2 vgeraRatife-

pol ymeri zation activity was 62.2 kg-Pol yner/ mmol - Zr hr.

SF- 139¢ 188 yniEhe zpshipnewaanabysiedr estl tedet hilte same

et hyl ene content of the polyner= 25 %by nole, [r)]
cordiAAal /a3 iMvEL802D60: BREMME M52 .icedtEtaap! ehd2bhside

- Propyl ene/ Et hyl ene Copol yneri zation The .
o POh¥MRIt FAld R WwAE D reds ik edeauli tHdehyi bee §898 6 35 kg/cm’G,
340 mg of a supported catalyst slurry prepared in the
above-mentioned Synthesis Example 2’ was used and the
polymerization was carried out for 10 minutes. The obtained
polymer was 8.6 g and the polymerization activity was 69.7
kg-Polymer/mmol-Zr-hr. The polymer analysis resulted that
ethylene content of the polymer= 39 % by mole, [n]=1.08 di/qg,
Mw=89, 000, and Mw/Mn=2.5.
[Example 1lb]

—~Propylene/Ethylene Copolymerization-

The polymerization was carried out under the same
condition as in the above Example 7b, except that 341 mg of a
supported catalyst slurry prepared in the above-mentioned
Synthesis Example 3’ was used, and the polymerization was

carried out for 15 minutes. The obtained polymer was 12.2 g

and the polymerization activity was 62.2 kg-Polymer/mmol~Zr-hr.



condition as in the above Exanple 7b, except that the
inside of the autoclave was pressurized with ethyl ene

Sgaks3?®d 35 kg/cnG 340 ng of a supported catal yst
slurry prepared in the abovdésnenti oned Synt hesi s
Exanple 3' was used, and the polynerization was
carried out for 10 mnutes. The obtained polyner was
12.6 g and the polynerization activity was 96.5

T Iy -l e /anedly-sZshire sTHé egolthmtr eshalgsescortant edf the
that ethylene content of the polynmer= 40 % by nol e,

pdlyier= 78 by ol eMGEBS, 00041 agd M N0T808, drkxanphe=2.2.
13b] - Propyl ene Bul k Pol ynerization To a 50 n

[ Sty mAdjask thoroughly purged with nitrogen, a
magnetic stirrer chip was placed, and 1.03 g of a

SuPbarkahySAEAk IS Sl LU gRBE 0 LIRS
hexane sol ution, (Al =l . of trii,sobutylal m nium and
Qe GAEGoReX a0 CREF SeHanat, T HE TRt T8k
m xture was introduced to an SUS-nade autocl ave o
CORAA PR 7S ilht EPRaPLOBRURERBPL200D AXaSkGr Slighl Fhe inside
purged with nitrogen. Thereafter, 500 g of |iquid
optbpyduse e wimpged sSEi 1869 ikF6ethhkenst gasAfd 8b kighem’G,
pol yneri zation was carried out at 70 C for 40 _
340 g e, 4 happdiréeldave tedyseoeled rgngrepapytiens was
purged to stop the polynerization. The pol yner was

awx}@%éﬁtQ%erde@%%%esarse@%%glat 380,Gsf QEed0 BRY' e
The obtai ned polyner was 68. g of the i sofactic

p5¥vﬁ@¥¥¥3@fa%ewﬁgdcgggieglXﬂﬁrkéﬁtiénhfﬁﬁﬂég.tyThe cbtained
polymer was 12.6 g and the polymerization activity was 96.5

kg-Polymer/mmol~Zr+hr. The polymer analysis resulted that

ethylene content of the polymer= 40 % by mole, [n]=1.78 dl/g,

Mw=188, 000, and Mw/Mn=3.2.

- [Example 13b]

-Propylene Bulk Polymerization-

Toai50mlside—armflaskthoroughlypurgedwithnitrogen,
a magnetic stirrer chip was placed, and 1.03 g of a supported
catalyst slurry prepared in the above-mentioned Synthesis
Example 4', 1.0 mmol of hexane solution (Al=1.0M) of
triisobutylalminium and 5.0 ml of dehydrated hexane were added.
The resultant mixture was introduced to an SUS~méde autoclave
having the internal volume of 2000 ml thoroughly purged with

nitrogen. Thereafter, 500 g of liquid propylene was charged



was 38.4 kg-pp/ nmmol -Zrhr. The pol ymer anal ysis

resulted that [1]=3.51 dl/g, Mw=595, 000, Mwv WMh=2.8
SEfP?Pn=142. 8 C. [Exanpl e 14b] - Propyl ene Bul k

Pol yneri zati on The pol ynmerL2&tion was carried out

under the sane condition as in the above Exanple 13b,

except that 348 ng of a supported catalyst slurry

prepared in the above-nmentioned Synthesis Exanple 4'

tse P HRK thet POl IBe NLz 1oy deggenr wasd awddad & ferfor

charging 500 g of liquid propylene. The obtained
4Ghaiprspswahd 2utoql asfe whe ceotedtdnsd poiopylepyl eas runped

the polynerization activity was 201.0

tckgt ppiiegicldmyr i ZHte orpol Y@ poapaky siss desad iedetrhadduced
[1]=1.12 dl /g, Mw=113,000, M Mh=2.3 and Trn¥145.3 C.

preEsarRl &t 1oploc- E’%?pﬂ) L@.hyfl?@%b%‘l%%%%ﬂﬁékg\?ag%B .9

an SUS- nade autocl ave having an interna

3000, "E'otta*&%&%#%‘i P eﬁf&"‘%ﬁ@ti o '%t%%' %(t' it
gquuid’propyle e %%§H5 aré% , tﬁSE&hgggﬁa' o%é? ctivity

under ,sufficient sticrin and. the insjde of th
we ot HePRAET PSPy s PirUPRG UL G Se5455ed that

157 to 30 kg/cnmRG Subsequently, to a pot for
[ndrar §ilnglédr aMyst 95hA0PngMaAMiaz ef nahd VBE2 of °80 ni

t horoughly purged with nitrogen, which is attached on
[Exleerdgt débdve, a mixture solution of 4 m of

dehydrat ed hexane and 1 m of hexane solution (Al=1. O

M ofPtopysehat Bhak upd vite wesaBidsted, and charged to

t he

The polymerization was carried out under the same

condition as in the above Example 13b, except that 348 mg of
a supported catalyst slurry prepared in the above-mentioned
Synthesis Example 4’ was used and that 0.15 NL of hydrogen was
added after charging 500 g of liquid propylene. The obtained
polymer was 122.2 g of the isotactic polypropylene and the

polymerization activity was 201.0 kg-pp/mmol-Zr-hr. The
polymer analysis resulted that [n]=1.12 dl1/g, Mw=113,000,
Mw/Mn=2.3 and Tm=145.3 °C.
[Example 15b]
-'mPropylene/Ethylene Copolymerization-

To an SUS-made autoclave having an internal volume of 2000
ml thoroughly purged with nitrogen, 300 g of liquid propylene
was charged, then.heated11355°C1under sufficient stirring, and

the inside of the autoclave was pressurized with ethylene gas



aut ocl ave while pressurizing with nitrogen. Next, to
the pot for charging catalyst, the m xture of 348 ny
Sofl3¥PXSupported catalyst slurry prepared in the
above-nenti oned Synthesis 1BXanple 4' and 1.0 nmol of
hexane solution (Al=1.0 M of triisobutylalum num was
added, and charged to the autoclave while
pressurizing with nitrogen to initiate the
taal ) tar/icmiBi onSubggquantdanr iong ewt e pbayg@ngz@at@wst-
for 10 mnutes, a small anount of nethanol was added
hawing(ﬁmtﬂnanﬂaﬂnmdlma@ioﬁ.3Whml pabysaghigspadged #pth
an excess net hanol added with hydrochloric acid, and

nitheyd5ashi B 1%ost €a¢Kd8n e adhEc1 864 E\QﬁﬂxtﬂPﬂeyg@Iut ion
was separated by filtration, and then dried at 80C for

ofQ n‘i@kﬁsde Pétécﬁ%%%ﬁe%ﬁfﬁ%f ofTHS 9RL aédl%@l%%' gﬁgll 0

€ po yrrerlzatlon ac IVIty was

ner .,/ Zr hr The r anal ysis resul t.ed
g T o T s, MR B2HE T 0P8 stésdi) i o
Lg ]-477d|/g Mrv= 633, 000, Mw/ Mh= 22 [ Exanpl e
1531 avisy Wiyl enBr £ BYT BRI CHIGHY RAEIrPgENen N, to the pot

pol yneri zation was carried out under the sane
fomdiatticemaasate yvise , abbeentExanpeecf5B48emgept & hautppdmweted
i nside SF-1399 158 of the autoclave was pressurized
catiallyset yheney gaspbaedsikgtaeR&bovdbhenfgiohed@ Synthesis
supported catalyst slurry prepared in the

E:ahgve- nentienad OS%&bﬁe§ESh5§§HE| Sofut\WBs Ve a@q\q)t her
pol yneri zati on was carried out for 10 m nutes.

tﬁklts%'bﬁ &laﬁ%lrr%gl%@ Was %ﬁdédg Qﬂg Eﬁgrggby%rf:}%@té%clave

activit

while pressurizingwithnitrogen to initiate the polymerization.
After carrying out the polymerization for 10 minutes, a small
amount of methanol was added to stop the polymerization. The
polymer was added to an excess meth.anol added with hydrochloric
acid, and then deashing was carried out. The resultant polymer
was separated by filtration, and then dried at 80°C for 10 hours
under reduced pressure. The obtained polymer was 20.7 g and
the polymerization activity was 135.6 kg-Polymer/mmol-Zr-hr.
The polymer analysis resulted that ethylene content of the
pelymer= 31 ¢ by mole, [n]=4.77 dl/g, Mw= 633,000, Mw/Mn= 2.2.
[Example 16b]

_Prbpylene/Ethylene Copolymerization-

The polymerization was carried out under the same

condition as in the above Example 15b, except that the inside



kg- Pol ynmer/ mmol - Zrhr. The pol yner anal ysis resulted
that ethylene content of the polynmer= 38 % by nol e,

SP113%%. 12 dl /g, Mw=694,000 and MV Mh=2. 2. [Exanple
17b] -Propyl ene Bul k Pol ymarigzati on To a 50 mi
side-arm fl ask thoroughly purged with nitrogen, a
magnetic stirrer chip was placed, and 1.02 g of a
supported catalyst slurry prepared in the

o fabbeautemtliaseda Sprehesirs zeBxainp! etBy]ene gamhd 3bkg/cm’G,
hexane solution (Al=l.0OV of triisobutylalmnium and

38l Gngrlodfa deippdrrateed chexanpe twerneragdedepatbe festhéant
m xture was introduced to an SUS-nade autocl ave

aldtd Nk rithies ridy eyt oLalsUme 26§ 12000 Bk st NeEQUEh Vi he
purged with nitrogen. Thereafter, 500 g of liquid

p%&{?ﬁ)‘/@/ﬂl%%@‘? w%lga{:g§gie[ih§ﬁgb?05ﬁé]8£jé gers. 48he obtained

nmeri zation was carri e

i nutes, t ut ocl ave.was cool ed and propyl ene was
PR 4% St & RO D P SnBAI TR S LHAE SBLy Ty viags 676
dried under reduced pressure at 80 C for 10 hours.
korrRe lopes /e ndity e wele 480 bymer gina hes §is gresatlited that
pol ypropyl ene and the pol ynerization activity was

et2f1%®ray-copteml eZrtite plilemeal=y 38 sabalnyslics Mq3ebted dl/g,
that SF-1399 159 [11=2.82 dl/g, Mn=445, 000,

MwMg M) D 6, arandiwlmeis624 C. [ Exanpl e 18b] - Propyl ene
Bul k Pol yneri zation The pol ynerization was carried out

[ 1d heypgane  condition as in the above Exanple 17b,
except that 340 ng of

-Propylene Bulk Polymerization-

To a 50ml side~arm fl.ask thoroughly purged with nitrogen,
a magnetic stirrer chip was placed, and 1.02 g of é supported
catalyst slurry prepared in the above-mentioned Synthesis
Example 5’, 1.0 mmol of hexane solution {(Al=1.0M) of
triisobutylalminium and 5.0 ml of dehydrated hexane were added.
The resultant mixture was introduced to an SUS-made autoclave
having the internal volume of 2060 ml thoroughly purged with
nitrogen. Thereafter, 500 g of liguid propylene was charged
thereto. After the pélymerization was carried out at 70 °C for
40 minutes, the autoclave was cooled and propylene was purged
to stop the polymerization. The polymer was dried under reduced
pressure at 80 °C for 10 hours. The obtained polymer was 48.2
gof the isotacticpolypropylene and the polymerizationactivity

was 25.9 kg-pp/mmol-Zr-hr. The polymer analysis resulted that '



a supported catalyst slurry prepared in the
above-nenti oned Synthesis Exanple 5 was used and
SEHhi®9. 30 NL of hydrogen was added after chargi ng 500
g of liquid propylene. Thelobtai ned polyner was 148.0
g of the isotactic polypropylene and the
pol yneri zation activity was 238.8 kg-pp/ mol -Zrhr. The
pol ymer analysis resulted that [rl]=1.59 dl/g,
["MELBRZ GO0,g, MvKE52 02 0andiwThMrE@063 end[ Exahpbesd 19b]
- Propyl ene Bul k Pol yneri zation The pol yneri zati on was
{ Eosammp led 1dAt] under the sane condition as in the above
- Exanple 17b, except that 1.02 g of a supported

cat alymstopsileney BRL&Pabegmer i Beighove- ment i oned
Synt hesi s Exanple 6' was used. The obtai ned pol ynmer

was e : i st i L vRr |
I R A L A g M

RT3 st B35 RehREA 5675 S By 34908y of

- Propyl ene Bul k Pol yneri zati on SF-1399 160 . The )

2 GOIRRT G SFAGAGR INES SaMridd PEGPatRde Pt hRe sagve-mentioned
condition as in the above Exanple 17b, except that 340
Sywfhsfsisa Exappbet Td woat sispdt ard urlrat Pr-épaliecd i hydegen was

above-nentioned Synthesis Exanple 6' was used and
addwat a@te@ bhaofiyds®Yen ofiasiqaddesr@ditlemechalfyengbb8ined
g of liquid propylene. The obtai ned '
polymer was 148.0 g of the isotactic polypropylene and the
polymerization activity was 238.8 kg-pp/mmol-Zr-hr. The
polymer analysis resulted that [n]=1.59% dl/g, Mw=171, 000,
Mw/Mn=2.2 and Tm=160.3 °C.
[Example 18%b]

~Propylene Bulk Polymerization-

The pelymerization was carried out under the same
condition as in the above Example 17b, except that 1.02 g of
a supported catalyst slurry prepared in the above-mentioned
Synthesis Example 6’ was used. The obtained polymer was 29.9
g‘of the isotactic polypropylene and the polymerization
activity was 17.2 kg-pp/mmol-Zr-hr. The polymer analysis
resulted that [n]=3.49dl/g, Mw=612,000, Mw/Mn=3.1 and Tm=156. 3
°C.

[Example 20Db]

—-Propylene Bulk Polymerization-



pol ymer was 117.9 g of the isotactic polypropyl ene and
t ol ymerization activity was 204.2
S%gﬁﬁﬁpnnnl-Zrhr The polyner anal ysis resulted that
[r1]=1.55 dl /g, Man=180, 00016OMn Mh=2.6 and Tmr160.9 C
[ Exanpl e 21b] -Propyl ene/ Et hyl ene Copol yneri zation To
an SUS-nmade autocl ave having an internal volune of
2000_.m thorou ed with nitro 300 of
 QuTHE PO TeR L2 = i h CHas (oot i Hbr odtiste & s Eame
under sufficient stirrin and the inside of the
congtigdioay aswas bh%s%@@??e%(w&% ety exeegasthap 360 mg of
kg/ cm2G Subsequently, to a pot for charging catal yst
a trappog tad icatedlyak edhumg pteflretl fhotlveghibyvertmeyedioned
with nitrogen, which is attached on the autoclave, a
Syfithasrie BRAMb1ONG’ @fasduBkdaindlemydr at ed NexanByapdgdn was
m of hexane solution (Al=I. 0 M of

adddd 59?9‘:3/(]:1%%1@@'@0’@% @gdfgqufﬂdpml% t OTBQeokitalned

autoclave while pressur|2|ng W th “nitrogen. Nex

the argl ata the xt ure
oo kasoridaS EaPa iE sﬁu?? £ oRar Ry fans Shd e
bove- nenti oned, Synthesis nple 5 and 1.0 mol of

p fd 2861 P Bﬁt(LKIltI g2f) Bﬁ %Fk%@@/@%ﬁl -zr-hr. The
“triisobutyl al um num was added, and charged to the
PQiﬂmawlamelyahsleepnéSerthahg[mﬂ%h.hﬁtdb@@n Mw=180, 000,
initiate the polynerization. After carrying out the
Mwpeinyeae ki aati on=figp.80°q nutes, a small anount of

nmet hanol was added to [ stop the polynerization. The

[Example 21b]

~Propylene/Ethylene Copolymerization-

To an SUS-made autoclave having an internal volume of 2000
ml thofoughly purged with nitrogen, 300 g of liquid propylene
was charged, then heated to 55°C under sufficient stirring, and
the inside of the autoclave was pressurized with ethylene gas
to 30 kg/cmZG.r Subsequently, to a pot for charging catalyst
having an internal volume of 30 ml thoroughly purged with
nitrogen, which is attached on the autoclave, amixture solution
of 4 ml of dehydrated hexane and 1 ml of hexane solution (Al=1.0
M) of triisobutylaluminum was added, and charged to the
autoclave while pressurizing with nitrogen. Next, to the pot
for charging catalyst, the mixture of 340 mg of a supporfed

catalyst slurry prepared in the above-mentioned Synthesis

Example 57 and 1.0 mmol of hexane solution (Al=1.0 M) of



pol yner was added to an excess net hanol added with
hydrochloric acid, and then deashing was carried out.
SHhE3%®sul tant polynmer was separated by filtration
and then dried at 80C for 1®G1hours under reduced
pressure. The obtained polyner was 17.6 g and the
pol yneri zation activity was 113.5
kg- Pol yner/ nmol - Zrhr.  The pol yner anal ysis resulted
txhbsolmithyl lnenicomt evdts efddede apol wherged?2 t® biiemplitoclave
[ill=1.00 dl/g, Mw~= 85, 000, MM Wh= 2.3. [Exanple
wi2Pbd presepyl enas ki ener oty iefiitzatticofhd B8 lymerization.
pol ynmeri zati on was carried out under the sane
AL on 18% bttt Be GROMSENARLIO 2 By £YGRRutdBL 5t BBa11
inside of the autocl'ave was pressurized wth ethylene
/ T obt ai ned_pgol yner, was .19. 2
T R DSy AT Gt a1 PyoPhped g R ddh. e
- Pol yner/ | -Zrhr. The pol yner analysis, resulted
PRl Rl HIER 5 B E*6P e TP TR aaba Wy HEF achloric
[rl]1=1.23 dl /g, Mw102,000 and Mwv Mnh=2.2. [Exanple
agily anprigdpyn drapBLRgI e cappobgmari-zafherrefigl tant polymer
pol yneri zation was carried out under the sane
wapadpeiehedsy Miflheadbouge amdahpée dililed ex Gt fhatl 03dOurs
nmg of SF-1399 162 a supported catalyst slurry '
uridepaietthdddl e saewe- NEnd i ed ney Hdesiey B4amhesby and
was used, and the polynerization was carried out for

R S S R S R
The polymer analysis resulted that ethylene content of the
polymer= 22 % by mole, [n]l= 1.00 dl/g, Mw= 85,000, Mw/Mn= 2.3.
[Example 22Zb] |
~Propylene/Ethylene Copo'lymerization—

The polymerization was carried out under the same
condition as in the above Example 21b, except that the inside
of the autoclave was pressurizedwith ethylene gas to 35 kg_/cm2G.
The obtained polymer was 19.2 g and the polymerization activity
was 123.8 kg-Polymer/mmol-Zr-hr. The polymer analysis
resulted that ethylene content of the polymer= 38 % by mole,
(n1=1.23 dl/g, Mw=102,000 and Mw/Mn=2.2.

[Example 23b]
-Propylene/Ethylene Copolymerization-
The polymerization was carried out under the same

~condition as in the above Example 21b, except that 340 mg of



The pol yner analysis resulted that ethylene content of
t he olymer= 28 % by nole, [rj] =1. 66 dl/qg,
SMH%% 000, and Mw M=2. 7. [Exanple 24b]
- Propyl ene/ Et hyl ene Copol yriZ zati on The
pol yneri zation was carried out under the sane
condition as in the above Exanple 21b, except that the
inside of the autoclave was pressurized with ethyl ene
3 FHPRY I G EH2EE g 4P Legagk da igusper ebdveahanysened
slurry prepared in the above-nentioned Synthesis
SExars s Exams! aigdd waEhelsglot, aiamed thpobypiemewdsatBob gas
and the polynerization activity was 128. 4
cageRed yorer /Fe20Zrhhutdbe  poley nist Ainad Pcs viesulbed17.8 ¢
that ethylene content of the polynmer= 37 % by nol e,

et M0, 008 3 AN ASIRL

- . t har. Ly g whth nitrogep, .a
T AL o YRR RUGORE Rt SRS hEFRE o Pene
su rted catalyst slurry prepared_in the
p “Trehth BRER 18y nkhigsl sGy 6 ¢t Agp My =566, PO, st Mg Mn=2.7.
hexane solution (A =1.0M of triisobutylal mnium and
[Bxagrmie gf4Riehydr at ed hexane were added. SF-1399 163
The resultant m xture was introduced to an SUS-nade
aut oclPaopy lleaei/RghyhenenCepnaymeol matiofi- 2000 i
t horoughly purged with nitrogen. Thereafter, 500 g of
| i quiTthepp@PYImerRe zwasoshRbgedart Deaeber ande?. dife Nbard

et hyl ene and 0.30 NL of hydrogen were

condition_as in the above Example 21b, except that the inside
of the autoclave was pressurizedwith ethylene gas to 35 kg/cm2G,
and 340 mg of a supported catalyst slurry prepared in the
abové—mentioned Synthesis Example 6’ was used. The obtained
polymer was 18.5 g and the polymerization activity was 128.4
kg—Polymer/mmol—Zr*hr. The polymer analysis resulted that
ethylene content of the polymer= 37 % by mole, [n]=1.94 dl/g,
Mw=189, 000 and Mw/Mn=2.7.
[Example 25b]}

-Propylene/Ethylene Random Polymerization-

Toa 50ml side-arm flask thoroughly purged with nitrogen,
a magnetic stirrer chip was placed, and 340 mg of a supported
catalyst slurry prepared in the above-mentioned Synthesis

Example 5’, 1.0 mmol of hexane solution (Al=1.0M) of

triisobutylalminiumand 5.0 ml of dehydrated hexane were added.



added. After the polynerization was carried out at 60
C for 40 mnutes, the autoclave was cool ed and
SErlopiA ene was purged to stop the polynmerization. The
pol ymer was dried under red®led pressure at 80 C for
10 hours. The obtained polyner was 131.1 g and the
pol yneri zation activity was 211.5 kg-pp/ mmol - Zr hr.
The polyner analysis resulted that ethyl ene content of
Thehaesydiopmsrmixipg Wyl ntrpluredotd| gy SEfdmage1agtoclave
C. [ Exanpl e 26b] -Propyl ene/ Et hyl ene Random
haGupd yoher inaeiroal Thelpoé yokri 0 irdn thasooghl yeguoged with
under the same condition as in the above Exanpl e 25b,
niexesEn t hehe Bd3f 0@ Pf50® $uUpPPAriteRd o drabystnsl UéBYCharged
prepared in the above-nentioned Synthe3|s Exanpl e 6'

e and 3
e uren 010,99 L byl g vesg st rolihen vere

was, 154 and the ol yneri zation activity
RRA T The st R oty BiE b Grer LafapyE &t 60 Yo for
resul ted that et Iene content of the polyner— 00
Qg utap21t08 %Hv%cla%e THHE1£6°9 SN BRIV PPy as purged
- Propyl ene Bul k Pol ynerization SF-1399 164 The
Cpetgrehiezee } yre Wesa teamr i edhewo lymserwahdrigaumder reduced
condition as in the above Exanple 17b, except that 340
prassafre atsapporied 10ahaliyst IHe pyptpigparssl ymerd has 131.1

above-nentioned & ( Synthesis Exanple 5 was used, and
g nBO0t N 1 ymedriegan omsceigedy was 211.5 kg-pp/mmol-%Zr-hr.
The polymer analysis resulted that ethylene content of the
pelymer = 1.00 wt%, [n]=1.10 dl/g and Tm=148.2 °C.
[Example 26b]

-Propylene/Ethylene Random Copolymerization-

The polymerization was.carried out under the same
condition as in the above Example 25b, except that 513 mg of
a supported catalyst slurry prepared in the above-mentioned
Synthesis Example 6’ was used, and 2.33 NL of ethylene was added
after charging 500 g of liquid propylene. The obtained polymer .
was 154.9 g and the polymerization activity was 177.8
kg-pp/mmol-Zr-hr. The polymer analysis resulted that ethylene
content of the polymer= 1.00 wt%, [nl]=1.46 dl/g and Tm=146.9
°C. | |
[Example 27b]

-Propylene Bulk Polymerization-



after charging 500 g of liquid propylene. The obtai ned
pol ymer was 192.0 g of the isotactic pol ypropyl ene
SBhR3®he polynerization activity was 309.8
kg- pp/ mol - Zrhr. The pol ymes anal ysis resul ted that
[r1]=1.30 dl /g, Ma=133,000, Mw~ Mh=2.2 and Tme159.7 C
The nesopentad content (mmm) obtai ned by 13C NWR
spectrumwas 97.6 % The irregular unit derived from
2, 1- iM=erolymeandat idni Raer thopivasonot ugetectled. same
[ Exanpl e 28b] -Propyl ene Bul k Pol ynerization The
cH WS 23 119N tWaSabaEl Bdalbie UNHE! JNQAWBAt 340 mg of
condition as in the above Exanpl e 19b, except that 34%
e eghin.t -
e R, SN A bR pAERY BhCREL RRbhe i i oned
0..60 NL of hydragen_was added, .after_c i.ng 500 of
sPh P ERPP LR Tas itk ABd bR hletdaet yed Sae
he isotactic pol ypropyl ene and the polgnerization
al&y GheyIhag %ﬁ%gsowlﬁﬁﬁmewlrﬁne Thehe ghitypdemed polymer
analysis resulted that [rl]=1.30 dl /g, Mw=133, 000,
Wiy =2, Z @rfd therie@tacCicTpelypsopghend godt thne
(mmamm) obtai ned by 13C-NVWR spectrumwas 96.9 % The
pa rymegil zait 1ldmi tactderiityedalsr G281k REPYiin6D-2AGhr. The
1,3-insertion was not detected. SF-1399 165

pdIGRIRALALIYA 1EX a8 bl thgftepﬁgg(i .%\:aj%h@,g 298200,

Catalyst To a 50 WF two- neck f iC been
ol U0 PYARL0 1 1D, Ik OREpB0.IY Sncant (mmn
obtained by }C-NMR spectrum was 97.6 %. The irregular unit
derived from 2,1-insertion and 1, 3-insertion was not detected.
[Example 28b]

~Propylene Bulk Polymerization-

The polymerization was carried out under the same
condition as in the above Example 19b, except that 340 mg of
a supported catalyst slurry prepared in the above-mentioned -
Synthesis Example 6’ was used, and 0.60 NL of hydrogen was added
after charging 500 g of liquid propylene. The obtained polymer

was 159.5 g of the isotactic polypropylene and the

‘polymerization activity was 276.3 kg-pp/mmol-Zr-hr. The

polymer analysis resulted that [n]=1.30 dl/g, Mw=133,000,
Mw/Mn=2.2 and Tm=160.1 °C. The mesopentad content (mmmm)
obtained by *C-NMR spectrum was 96.9 %. The irregular unit

derived from 2, 1-insertion and 1, 3-insertion was not detected.



added, 20 ml of toluene was added and then suspended.
Thereto, [ a toluene solution of 1.0 ng of the

SEdd% py! i dene(3-tert-butyl cycl opentadi enyl )(1,1,4,4,7
, 7,10 , 10-oct anet hyl - oct ahglr o- di benzo[ b, h] f | uor enyl)
zirconium dichloride synthesized in accordance with
the disclosure in WO 01/27124 was added at room
tenperature as a_transition nmetal conpound under

[Competiafhg veThepBRieedbltrii sobutyl al umi num (1 nmol )
was subsequently added, and stirred for 30 mnutes to
gi ve-Paecpataktysh sitspedsponrtedrOpyd eystBul k
Pol yneri zati on The catal yst suspensi on was introduced
to amoSUse madero-aEaIeE By ek NawiikG Hdtebeah @nddlou@l Yy Burged
of 2000 m thoroughly purged with nitrogen.

iy i d _
i M@ﬁ§@£&$§?iggﬂ?ﬁ<ﬁ¥sﬁiﬂeé.sa ggyﬁgﬁﬁﬁtﬂ?ﬁﬁggﬁﬁﬂggan?hms

t hereto. e polyneri z on was Ca out a

70 C for -40.-mi nutes, the_ autoclave was cool ed an

2d5ES, |{5y1Jé grlln e gaagorhp%erngée 420 @#%‘% 3 egli&%ﬁ’ VISREREE N ijhIEh%eto ’
pol.ymer was dried _under reduced pressure at 80 C for

2 1o1N68es SOFRE 18Pt 8fnéd® B8l GAetlfas 20.0 g of the
i sotactic polypropyl ene and the polynerization

isgeriopyilydeas (3ttrgtpprhwbey Zi dpenTadipoy ek, 1 ahad y&i% 10
resulted that[r)]=1.00 dl/g and Tn=148.6 C. SF-1399

, 1066 ctp@enpgilatvehidaoptiecb@hto { Py bpFlesesBl kzirconium
Pol ynmeri zation The pol ynerization was carried out

diwndek i Haes giiie s LA hi 8Bc@Sddicd Ra tabeNe LYY lreVen WO
Exanpl e I b, except that

01/27124 was added at room temperature as a transition metal

compound under stirring. Thereafter, triiscbutylaluminum (1

mmol) was subsequently added, and stirred for 30 minutes to give

a cafalystlsuspension.

-Propylene Bulk Polymerization-

The catalyst suspension was introduced to an SUS-made
autoclave having the internal volume of 2000 ml thoroughly
purged with nitrogen. Thereafter, 500 g of liquid propylene
was charged thereto. After the polymerization was carried out
at 70 °C for 40 minutes, the autoclave was cooled and propylene
was purged to stop the polymerization. The polymer was dried
under reduced pressure at 80 °C for 10 hoursf The obtained
polymer was 20.0 g of the isotactic polypropylene and the

polymerization activity was 21 kg-pp/mmol-Zr-hr. The polymer

analysis resulted that[n]=1.00 dl/g and Tm=148.6 °C.



0.30 NL of hydrogen was added. The obtai ned pol ynmer
was 183 g of the isotactic pol ypropyl ene and the

Spelyyerization activity was 194 kg-pp/ mmol -Zrhr. The
pol ymer analysis resulteditdgwat [r)]=0.32 dl/g, and
Tm=153.0 C. [ Conparative Exanple 3b] -Preparation of a
Supported Catalyst To a 50 m two-neck flask, which
had been thoroughly purged wth nitrogen, 34 ng of

[ Gorhp e tSipp Astadh Ity | al um noxane was added, 20 m
of toluene was added and then suspended. Thereto, a

t ol ueng-cpR1dnom Al @c8§matioktRE-
|sopropyI|dene(3 tert- butylcyclopentadlenyl)(3 6-di-te

rt-buypd ﬁJa rr?@é't)léh ge' gg}%gal 8{% es's%a%Qe

|n accor W th't I SClosure In 4\/\68

ed. a roon1te rature as a tranS|t|on netal
g5 etokﬁ{aa&na&t%ﬁ?%qu?gw;?@ﬁéws@xample Lb, except that
trllsobutxgglunlnun1 mmol ) was subsequent|y added,
atftl Vst redirogenspagi adeed. t dhy wbta iogcappdymer was 183

suspension. -Propylene Bul k Polynerization The
g caft dihssti sntspanisi eoelwas opytlengueed theapoSyiSemadation
aut ocl ave having the internal volunme of 2000 m

adthioricighias 10ur ged pel/honi-Zrogen. Thersel frefr H00 516
~ liquid propylene SF-1399 167 was charge hereto

régdfﬁéél¥%é§ﬂpqpﬂﬁ %@thgqg %n&a&hLﬁg 30Htocat 70 C for

m nutes, the autoclaveé’was cool ed”and propylene
BRI Reiin e oty e on” T 0 el ves
The o tabgggtlon of a Supported Catalyst-

To a 50ml two-neck flask, which had been thoroughly purged
with nitrogen, 34 mg of silica-supported methylaluminoxane was
added, 20 ml of toluene was added and then suspended. Thereto,
a toluene solution of 0.68 mg of the
isopropylidené(3—tert—butylcyclopentadienyl)(3,6—di~tert—bu
tylfluorenyl)zirconium dichloride synthesized in accordance
with the disclosure in WO 01/27124 was added at room temperature
as -a transition metal compound under stirring. Thereafter,
| triisobutylaluminum (1 mmol) was subsequently added, and
stirred for 30 ﬁinutés to give a catalyst suspension.

—~Propylene Bulk Polymerization-

The catalyst suspension was introduced to an SUS-made

autoclave having the internal volume of 2000 ml thoroughly

purged with nitrogen. Thereafter, 500 g of liquid propylene



pol ymer was 250 g of the isotactic pol ypropyl ene and

the polynerization activity was 22 kg-pp/ mmol - Zr hr.
SThé3pel yner analysis resulted that [TI]=0.97 dl/g and

Tm=148.0 C. [Conparative Exg&hpl e 4b] -Propyl ene Bul k

Pol ynmeri zation The pol ynerization was carried out

under the sane condition as in the above Conparative

Exanpl e 3b, except that 0.30 NL of hydrogen was
waddet rdete tbbrat ned Adaleynthe vwasl i i ap toifort Res carried out

i sotactic polypropyl ene and the pol ynerization

a8C10 YEtsbr WS ilid &9 RBLNERL ol fe wHIEcBOL ¥ABING propylene
anal ysis resulted that [r(1=0.59 dl/g and anlSE.O %

L £oppag&d inve sEXaNphe nd¥ £RArall on W ied
WCatalyst %b g 1%O|ﬂ é%ﬂ%%-neck ?%gsk?HaH?%ﬁHﬁgg éggﬁrle

OB RF SR I 1 4950, SyEALS! L Wb
L I

tenperature, 20 m of a toluene solution of 25.4 ng of
pphpgmerization activity was 22 kg-pp/mmol-Zr-hr. The polymer
rac-di met hyl si |yl enebi s(2- nethyl - 4- phenyl i ndenyl ) zirco
analysisi ehbulriste e hppi=ed 7 rllacr erdames-1wist.lo °C.
EP576970 was added SF-1399 168 as a transition netal
[ Compotianel v dBtangdlid rapyg, and stirred for 1 hour. The
obtained slurry was filtered, and powder on the

filterpMas, washed 19N6R, 1Wdh 128 1l nof dehydrat ed

tol uene, 'and subsequently washed three tines with 10

m o%ﬂﬂ?@%ﬁ&%&ﬁ%z@%ﬁ%@?Was carried out under the same

condition as in the above Comparative Example 3b, except that
0.30 NL of hydrogen was added. The obtained polymer was 124
gof the isotactic polypropylene and the polymerizationactivity
was 164 kg-pp/mmol-Zr-hr. The polymer anaiysis resulted that
[N]=0.59 dl/g and Tm=152.0 °C.

[Comparative Example 5b]

-Preparation of a Supported Catalyst-

To a 100 ml three-neck flask, which had bee; thoroughly
purged with nitrogen, a stirrer rod was equipped and 1.26‘g of
silica-supported methylaluminoxane (AL = 19.1 wt%) was added.
Thereto, 10 ml of dehydrated toluene was added at room
temperature, 20 ml of a toluene solution of 25.4 mg of the
rac—dimethylsilylenebis(2—methyl—4-phenyliﬁdenyl)zirconium

dichloride synthesized in accordance with EP576970 was added



The washed powder was dried under reduced pressure for
2 hours to obtain 1.20 g of powder. The obtai ned
Spholete? was mxed with a mneral oil to obtain a
slurry of 10.0 wt % - Propyligge/ Et hyl ene
Copol yneri zati on The pol yneri zati on and
post - processing were carried out under the sane
condition as in the above Exanple 7b, except that 170
a3y dbfanbet above tsalppompedndatmdsststshrunng, wearsd s$egdred for
and the polynerization was carried out for 5 mnutes.
1 Theuobt aheedbt pOhydes 1 vesy 3 d filagubdd)e and powder on the
pol ynmeri zation activity was 740. 2

£ Koo lyenamma éhbe. wI1hg POINTES s anal Wit JesBhliede, and
that ethylene content of the polynmer= 13 % by nol e,

i]= 7 : =

=it ke lradRas e e BRI o P Spggane.
m polynmerization apparatus dried under reduced

TH $BSHES BRATRIFAUGRASOpERgeH AGTIFH PFEGERZS gioF @ hours
of dry hexane, 50 g of 1-butene and ' .

tq phitgdput y? @luRTeerqar OnfBE) okt et paged was Adssesl with
tenperature, then the tenperature inside the

a puingrel zdtl do apjadiat us sdasrel efafléd ot gt%5 C, and the
pol yneri zati on apparatus was pressurized wth

pr opyHreie vilene / E@ hSi=hd98oh6d ymPazandogubsequent |y
pressurized with ethylene to 0.75 MPa. Thereafter, a

tol uene EQhKﬁEQQZEBi&HQﬁﬁiBogglgggegsgﬁng'were carried.out
di phenyl nethyl ene(3-tert-butyl-5-ethyl cycl opentadi enyl

e TS PELERULYb L9 W EVS AR 98! %l wat
170 mg of the above supported catalyst slurry was used, and the
polymerization was carried out for 5 minutes. The obtained
polymer was 33.0 g and the polymerization activity was 740.2
kg—Polymer/mmol—Zr-hr.. The polymer analysis resulted that
ethylene content of the polymer= 13 % by mole, [n]=2.05 dl/g,
Mw=257,000 and Mw/Mn=3.6
[Example 1s]

—Proleene[Ethylene/Butene Copolymerization

To a 2000 ml polymerization apparatus dried under reduced
pressure and thoroughly purged with nitrégen, 817 ml of dry
hexane, 50 g of 1-butene and triisobutyialuminum (1.0mmol) were
charged at normal temperature, then the temperature inside the
polymerization_ apparatus was elevated to 55 °C, and the

polymerization apparatus was pressurized with propylene to 0.70



Synt hesi s Met hod 4 and net hyl al um noxane (manufactured

by Tosoh Finechem Corp.) in ternms of 0.3 mmol of
SdlIBAN UM were contacted, was added to the

pol yneri zati on vessel, andigel ynmerizati on was

conducted for 25 mnutes while maintaining the

internal tenperature at 55 C and the total pressure

at 0.75 MPa by continuously supplying ethylene. The
MBxolaymerdastdpremdy pskeppedzey addhngtB9lahe ofo 0.75 MPa.

met hanol . After depressurizing, a polyner was

THY RS fidat ed 1ty edfe %BQuEQbM”&hi%ﬁ&bﬁn0$0bytﬁ@@li@f 2
L of methanol, and was dried in a vacuum at 130 C for

I ai.ned r
AR D W AR OB b L0 e e@g?d*%?%f“ (2.7
e pol a conposition of .
dﬁ?ﬂ S A o ST E rsrasP airptaradBonrahbestzed by
0 nmol % of 1-butene content,  and had an intrinsic
SXﬂ@Qﬂﬁ%%¥etT??Fl%ﬁdﬁegbyéﬁiﬁmlﬁ?¥%ﬂe §@P&5?FEPF?d$%%TOSOh
94 % [Exanple 2s] -Propyl ene/ Et hyl ene/ But ene
Fiossdlggmeerpat iiont Foma oZ0DO3 mnopod iy ﬁénmzaummer@ppfamb@@‘sed
dri ed under reduced pressure and thoroughly purged

wad hHdedtt@ger pB8lymeti odt ity velexaneand®od vak rizhtti enewas
and triisobutylalumnum (1. 0mol) were charged at

cdiRiifed enperat whieutkbkennihe hefReLahyhg tRS| detdheal
SF- 1399 170 polynerlzatlon apparatus was elevated to

te?n?ae%at%r% tShQ&y “tzk%l Ol %‘P%g%\ﬁ%?re\’\aa 0.75 MPa by

sssurized pr opy! ene a an
AU e L chip s 10 0 75 e,

stopped by adding 20 ml of methanol. After depressurizing, a
polyfner was precipitated out of the polymerization solution in
2 L of methanol, and was dried in & vacuum at 130 °C for .12 hours.
The obtained polymer was 46.1 g and the polymerization activity.
was 110.7 kg/mmol-cat-hr. The polymer had a composition of 74.5
mol% of propylene content, 17.5 mol% of ethylene content and
8.0 mel% of l-butene content, and had an intrinsic viscosity
[n] of 2.98 dl/g. Triad isotacficity was §4 %,
[Example 2s]

| -Propylene/Ethylene/Butene Copolymerization-

To a 2000 ml polymerizationapparatus dried under reduced .

pressure and thoroughly purged with nitrogen, 817 ml of dry
hexane, 50 g of 1-butene and triisobutylaluminum (1.0 mmol) were

charged at normal temperature, then the femperature inside the



di phenyl net hyl ene(3-tert-butyl -5-ethyl cycl opent adi enyl
)(2,7 -ditert-butyl-fluorenyl)zirconiumdichloride
SBymtdfesi zed by Synthesis Method 4 and
met hyl al um noxane (manufactigned by Tosoh Fi nechem
Corp.) in terns of 0.3 nmol of al um num were
contacted, was added to the polynerization vessel,
and pol ynmeri zation was conducted for 25 nminutes while
patiaime @i 4d thighrt e patbensalast enpeaakdr eoats6%C,C andl thHee
total pressure at 0.75 MPa by continuously supplying
pEll e 1€ines t 10 Ped AU 4 Zakipof s 1 Aidopped phypaddhed 20, 72
m of methanol. After depressurizing, a polynmer was

MEY eé-‘dcp'élﬂis%%u%%ttl p?c%%gﬁ‘%' BRr LAk QEhgni’!eHé' £4 b” 52MPa.
L of nethano fied in a vacuum at 130 C

%gﬁe@% T 905a! 889 RILUTSE Y3 ch402o807 tnglﬂ;fecﬁge

yner|Zat|on activity Was
| ene

P had _.a conposition of 78.0 nnl@bof ro
d%ﬁ}%ﬁ&ﬁfﬂewlﬁ%ﬁ% Pt CaPh Ve -EbRYLAYC hABEN B 6L HBY 5h (2,7
of 1-butene content, and had an intrinsic viscosit
-c{:qqqrtofblggny@upg“_enygaﬁgp@ngg]n dichloride synthesized by
- Propyl ene- Et hyl ene- But ene Copol yneri zati on To a 2000
Symthed e tkad damdppanpl adudi nedammdeanuédataded by Tosoh
pressure and thoroughly purged with nitrogen, 800 m

Fiofe diem @Er?SPQnJ—t?é—rmé"@).Ea(mQ m@8d Of aluhbheReeddcontacted,
triisobutylal um num (1.0mmol) were charged at nornma

watseHH@E@tﬁ’cg %hetw%%%%%:éggal{ Q%Hg%oiaﬁgrlzaéloﬁ was

po ymerization a

r t| arat us S pressurized
pr opy éfnzef% %[% utes whWEe aln%alnlng %e internal

temperature at 65 °C and the total pressure at 0.75 MPa by
continuously supplying ethylene. The polymerization was
stopped by adding 20 ml of methanol. After depressurizing, a
polymer was precipitated out of the polymerization solution in
2 L of methanol, and was dried in a vacuum at 130 °C for 12 hours.
The obtained polymer was 14.2 g and the polymerization activity
was 34.1 kg/mmol-cat-hr. The polymer had a composition of 78.0
mol% of propyiene content, 14.0 mol% of ethylene content and
8.0 mol% of l-butene contenf, and had an intrinsic viscosity
[n] of 2.44 dl/g.
[Example 3s]

—-Propylene-Ethylene~Butene Copolymerization-

To a 2000 ml polymerization apparatus dried under reduced

pressure and thoroughly purged-with nitrogen, 800 ml of dry



MPa and subsequently pressurized with ethylene to 0.75
MPa. Thereafter, a toluene solution in which 0.001
SFAD} 0 of
di phenyl nmet hyl ene(3-tert-butpl - 5- et hyl cycl opent adi enyl
)(flu orenyl) zirconiumdichloridé synthesized by
Synthesis Method 1 and net hyl al um noxane
(manuf actured by Tosoh Finechem Corp.) in terns of
hék@hamoD b £ al-boitane el er&0Bbaat ¢Ua1 wWasn@tlded 0tno if)neere
pol yneri zati on vessel, and pol ynmerizati on was
ORI E@0nd BHfal 22mPeRdleS W h&n TRt 8hPL PO L A€ inside the
internal tenperature at 40 C and the total pressure
a _by conti nuously

0,75 NF Lyi h LT
G e o e Lo ) HAdEHg 0T or S The
POREE G OB B 03 W 01 A BB BFaRHARRR 0 - 61

L of methanol, and was dried in a vacuumat 130 C for
MB® alirsibsaeslestitlyl me@spolnirer wash eBhydepgeahd @héd MPa.
pol yneri zation activity was 159.1 kg/ nmmol -cat hr.
Threegflomer Had ugneompdsittiioon iof wB5ch foD0d ofmol of
propyl ene content, 27.0 nol % of ethylene content and
diprrerplmétefy 1nkUtze e re oRLeRt - 5-afdyhadc aBpbAt A4 DSHh $1) (flu
viscosity [r)] of 3.67 dl/g. [Exanple 4s]
T i { . t . T 4
o nﬁ?{mxﬂﬁr&%{nﬁht}yhfeﬁigﬂﬁa%ﬁga?@e%%fd 5? éﬁﬂ:hé’sdl% #0064 1

pol yneri zati on apparat us under reduce

oo A LA SRR GG ADEI MY U ¥ e core

. triisobu%nig%;g%ﬂygh;l Omol ) were charged at nornal

in EFpEEaPhr e, L BPBRA: YRS iRt tafk was added to
pol ymeri zation apparatus was elevated to 55 C, and the

the pdlymerization vessel, and polymerization was conducted for

24 minutes while maintaining the internal temperature at 40 °C

and the total pressure at 0.75 MPa by continuously supplying

ethylene. The polymerization was stopped by adding 20 ml of

methanol. After depressurizing, a polymer was precipitated out

of the polymerization solution in 2 L of methanol, and was dried

in a vacuum at 130 °C for 12 hours. The obtained polymer was

- 63.6gandthepolymerizationactivitywas 159. 1 kg/mmol-cat-hr.

The polymer had a composition of 65.5mol% of propylene content,
27.0mol% of ethylene content and 7.5 mol% of l-butene content,
and had an intrinsic viscosity [n] of 3.67 dl/g.

[Example 4s] |

-Propylene/Ethylene/Butene Copolymerization-

To a 2000 ml polymerization épparatus dried under reduced



pol ymeri zati on apparatus was pressurized wth
propylene to 0. 60 MPa and subsequently pressurized
Skit¥P%thyl ene to 0.75 MPa. Thereafter, a toluene
solution in which 0.001 mml72of
di phenyl net hyl ene(3-tert-butyl -5-ethyl cycl opent adi enyl
)(flu orenyl) zirconiumdichloride synthesized by
Synt hesis Method 1 and met hyl al um noxane
PYgrehufaacing ddvasy ubdsloh pRirgecheatBonptyogen, t 8k hismbfof dry:
0.3 mmol of al um num were contacted, was added to the
headngyeb zabf arbuesnel sndand: peblywey 1 hhm Omunds . 0 mmol) were
conducted for 18 minutes while maintaining the

chddRINat d&Fmer & ratuéé Cthéw@htehﬁeﬁgé@ét@f@%@&ae the
at 0. 75 MPa by continuously supplying ethy ene. The

at ion_was Sstopp ad g f
U OHEEEIT earppdaerpa?ﬁélsssafﬁsz%svag JoFOnap s and the
reci ted out of the polyneri.zatjon_sol uti
o G Phaateio) SRR S VAP T 4 S L AP DY SBme Heoh - 60
12 hours. The obtai ned pol yner was 42 8 g and the
MESH | 3 Fe ISUPAS B I HReyP SHad 2ed2vWstRgeRhpileBat toh . 75 MPa.
The pol yner had a conposition of 61.0 nol % of
Thrmpfiterre eorttcdntene 2915taoh%iof whiblil 8né0¢omteht ofind
9.5 nmol % of 1-butene content, and had an intrinsic

d M rsensinet Nyl eheof3-2.e82 -tk g1 -EExanph eybsbpentadienyl) (flu
-Propylene/Etherne/Butene Copol yneri zati on SF-1399

1) %A r2o2Q06 HHCH%WEé's%ﬁ{ﬂh%l%‘aab?tsﬁ%nﬁqéﬁds MBEGbd 1

re uced pressure and thoroughly purged wth nitrogen,

rﬁpl ; Sog%%lﬁfn%nol}%)ﬁgn?%arglgga %u}e&)lﬂf%s%@ldglnechem C?rp

um num WeT € © char ge

in etg@‘%rsagg (? Bt henl tor%e atlengg{nant #er:c% Icnosz{tda(:"c:teci3 was added to
the polymerization vessel, and polymerization was conducted for
18 minutes while maintaining the internal temperature at 55 °C
and the total pressure at 0.75 MPa by continuously supplying
ethylene. The polymerization was stopped by Iadding 20 ml of
methanol. After depressurizing, a polymer was precipitated out
of the polymerization solution in 2 L of methanol, and was dried
in a vacuum at 130 °C for 12 hours. The obtained polymer was
42.8gand the polymerizationactivitywas 142.5 kg/mmol—éat ‘hr.
The polymer had a composition of 61.0 mol% of propylene Content,
29.5 mol% of ethylene content and 9.5 mol% of 1-butene content,
and had an intrinsic v.iscosity [n] of 2.82 dl/qg.

[Example 5s] |

- -—Propylene/Ethylene/Butene Copolymerization-



pol yneri zation apparatus was el evated to 40 C, and the
pol yneri zati on apparatus was pressurized with
SHrildHhH ene to 0. 60 MPa and subsequently pressurized
wth ethylene to 0.75 MPa. 17Bhereafter, a toluene
solution in which 0.001 muol of
di (mtrifluoronethyl phenyl)nethyl ene(3-tert-butyl-5-ne
thyl c
ycl ofeng &diCdnyl e yiediizett oblagpard tuor dnged zindseni ednced
di chl ori de synthesized by Synthesis Method 7 and
preddurealand nxanagtmnpiagtdr @dthy nTesoebef nechenl of dry
Corp.) in terns of 0.3 mmol of al um num were

h&QHAct8d opaspadded atrRi{:Pfls@l@ut'??éléﬁﬂuﬁﬁ‘ (Ye8%@lol) were
and polynerlzatlon was conducted Tor 24 mnutes mhlle

1{% ataaE‘E' A LE teﬂ%) ; g%bﬁéer@%ﬁtﬁ ?Pa&ﬁé‘%sﬁ'a% the

pressure at a’ by ¢ont 1 ntiou y~ Supplyi ng
et hyl ene. The pol ynerizati on was stopped by addln 20
DY YMSYT 1 235 405h APP Rt ars &@5r@§§ﬁﬁ¢?ﬁn§o éopd?yﬁ%}
precipitated out of the polynerization solution in
pql y&re Heetcil apm@amwamwsaqqflazaﬁa‘wﬁqupappréenetfw 60
12 hours. The. obtai ned polymer was 63.5 g and the
MEzolaywe rsustd prerddtyl wireys swas z&88withgetrhylegat tohf, 75 MPa.
The pol ynmer had a conposition of 65.5 nol % of

THYreRM e coniffene 2618tAvh%iaf wathyl eneocomkent oand
7. 5 nmol % of 1-butene content, and had an intrinsic

diVir%98ifYs dddme t?fy 13nbh 'ﬁ@th?ﬁei‘aéﬁ%% 14 Léﬁj_gﬂgtg%ggiylc |

-Propylene/Etherne/Bu ene Copol yneri zation
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dichloxyide synthesized by Synthesis Method 7 and
methylaluminoxane {manufactured by Tosoh Finechem Corp.) in
terms of 0.3 mmol of aluminum were contacted, was added to the
polymerization vessel, and pcoclymeri zation’ was conducted fo.r 24
minutes while maintaining the internal temperature at 40 °C and
the total pfessure at 0.75 MPa by continuously supplying
ethylene. The polymerization was stopped by adding 20 ml of
methanol. After depressurizing, a polymer was precipitatéd out

of the polymerization solution in 2 L of methanol, and was dried

- in a vacuum at 130 °C for 12 hours. The. obtained polymer was

63.5gand thepolymerizationactivitywas 158.7 kg/mmol-cat-hr.
The polymer had a composition of 65.5mol% of propylene content,
27.0mol% of ethylene content and 7.5 mol% of I-butene content,

and had an intrinsic viscosity [n] of 3.11 dl/g.



hexane, 50 g of 1-butene and triisobutylal um num

(1.0mmol ) were charged at nornmal tenperature, then
SEhk3fenperature inside the polynerization apparatus

was el evated to 55 C, and tihwt pol ynerization

apparatus was pressurized with propylene to 0.70 MPa

and subsequently pressurized with ethylene to 0.75

MPa. Thereafter, a toluene solution in which 0.001
[Erraoto b$ ©5])

di (mtrifluoronethyl phenyl)nethylene(3-tert-butyl-5-ne

t hyl ¢-Propylene/Ethylene/Butene Copolymerization-

ycl opent adi enyl ) (2, 7-ditert-butyl-fluorenyl)zirconi um

di chiy Eds) syRl heaivaRd 0% t3W 5S4 Sa VB Red 4 r reduced

met hyl al um noxane (‘manufactured by Tosoh Fi nechem

[ t.er 0f. -0, 3_nmuol . of..al um_num wer

ot e v Rdeg s BREe Borhdm T aoehn fadent of axy
and olﬁneri ati on was conducted for_25  mnutes while
NE#AME aPHihGT theiRPEHY CFéhpePi it 1 APIBYE (Anf TG were

total pressure at 0.75 MPa by conti nuously supplying
chargaeré. nqrea bdlepperiezaricont her Sreoppepe byt adelilmng 2@ the

m of nethanol. After depressurizing, a polynmer was
padness fi datieth ipipareft ulsherapoley@iaitzat iten 550kt | 01 ithe?

L of nethanol, and was dried in a vacuumat 130 C for

poll et fa t {0 OP4 B hes whel e s iz e Bii dh Brepd1the to 0. 70

pol ymeri zation activity was 151.4 kg/ mmol -cat  hr.

MPH‘earﬂzpls)gﬁ‘srecﬁﬁqlﬂyc%E%%%ggi%%go%%?gséﬁg?gg&?f £010) L P2

propyl ene content, Yo of et ene
e, 30, R0 LY e Ranhepl oy Ao
di (Fzg—%plyil f%%%r%m@lclh%qg/hgggﬁr)] Ienegc:%%?.le%rer? r3 L%gtr!c 9gut y1l-5-methylc
yclopentadien?l) (2,7-ditert-butyl-fluorenyl)zirconium
dichloride synthesized by Synthesis Method 7 and
methylaluminoxane (manufactured by Tosoh Finechem Corp.) in
terms of 0.3 mmol of aluminum were contactéd, was added to the
polymerization vessel, and pelymerization was conducted for 25
minutes while maintaining the internal temperature at 55 °C and
the total pressure at 0.75 MPa by continuously supplying
ethylene'. The .polymerization was stopped by adding 20 ml of
methanol. After depressurizing, a polymef was precipitated out
of the polymerization solution in 2 L of methanol, and was dried
in a vacuum at 130 °C for 12 hours. The obtained polymer was

63.1gandthepolymerizationactivitywas 151.4 kg/mmol-cat-hr.

The polymer had a composition of 69.5mol% of propylene content,



To a 2000 ml pol ynerization apparatus dried under

reduced pressure and thoroughly purged with nitrogen,
SB13%%® of dry hexane, 50g of 1-butene and

triisobutylalum num (1. 0m8!7® were charged at nor nal

tenperature, then the tenperature inside the

pol yneri zati on apparatus was elevated to 55 C, and the

ol ynerization apparatus was pressurized with

2ﬁf%wllén%f £5hylene Gt 8 eQiedd 9f prévdgriezegntent,

with ethylene to 0.75 MPa. Thereafter, a toluene
arsd|hdd am iimtwhinedi O AGkowimly dh] of 2.42 dl/g.

di (p-tolyl)nmethyl ene(3-tert-butyl-5-nethyl cycl opent adi
[EBxwthple (B] 7-di-tert-butylf luorenyl) zirconium

di chl ori de synthesized by Synthesis Method 8 and

met hyl=alydinexare n(Tapelactuhedcbyo) yRseh: & neghem
Corp.) in“ternms of 0.3 nmol of al um hum were

f
cont act th ol ynerj.zat L,on sel
ol v 200 B s rat e Y, PSRy Bfteea
mai ntai ni n the internal tenperature at 55 nd.th
PEOTH TS ra8ss (O T 175 PUies Sy 1 Eon PG BES Ry g@:gpﬂﬂﬂg dry
. ethyl ene. The Eol ymerization was stopped by addi ng 20
hegans, pethahdrbunpneranfbpréssobilyhgluminge|(yadn were
preci pitated out of the polynerization solutionin 2
chamfedrethaoohs l dedpeas tdrieedthen aheatempe pdt B30 1@sfige the
12 hours. The obtained polynmer was 79.5 g and the

PO 4 AAIrO R pGiraiulsy wals £38%2148 +¥R85298, ind the
kg/ mmol -cat  hr.” The pol yner had a conposition of 70.5

SRR LNl S R0 Lpb0Eng 0.0
Mﬂytgﬁdqsgu%s\gﬁl%%scilw pr@slslurgfze%l' %Z_tgll /eghylene to 0.75 MPa.
Thereafter, a toluene solutilon in which 0.001 mmol of

di (p-—tolyl)methylené (3—tert—but$zl—5—methylcyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride synthesized
by Synthesis Method 8 and methylaluminoxane (manufactured by
Tosoh Finechem Corp.) in terms of 0.3 mmol of aluminum were
contacted, was added to the polymerization vessel, and -
polymerization wés conducted for 16 minutes while maintaining
the internal temperature at 55 °C and the total pressure at 0.75
MPa by continuously supplying ethylene. The polymerization was
stopped by adding 20 ml of methanol. After depressurizing, a
polymer was precipitated out of the polymerization solution in
2 L of methanol, and was dried in a vacuum at 130 °C for 12 hours.

The obtained polymer was 79.5 g and the polymerization activity



[ Exanpl e 8s] - Propyl ene/ Et hyl ene/ But ene
Copol yneri zation To a 2000 m pol yneri zati on appar at us
SB+13%¥P under reduced pressure and thoroughly purged
with nitrogen, 817 m of dryé hexane, 50 g of 1-butene
and triisobutylalum num (1.0 nmol) were charged at
normal tenperature, then the tenperature inside the
pol ynmeri zati on apparatus was el evated to 65 C, and the
wpD L PhAedikeatnim -appahat. usThapopyassurddzedompblition of 70.5
propylene to 0.70 MPa and subsequently pressurized
mdi § ho eidippgnenko cBntenhPazs . Thes pafdelethglleplkueBltent and
solution in which 0.002 muol of

6 0 (dBater ifd EQBQ%BQYEBHE‘F%{H et il %(rﬁ-ih%_tme%ybiéaagity

propy | cycl opentadi eny uoren )zl rconi um

nt hesi zed by Synthe3|s Met hod 9 and
{%Lt%&qéﬁgﬁfﬂd%%ne (manuf actured by Tosoh Fi nechem

Cor in terns of 0. 6 muol of al um num were
[%%ﬁﬁhiﬁ was added to the polynerization vessel,

and polynerlzatlon was conducted for 16 mnutes while

mai nt-ANvoYg eried Bithtvdengl/ Busgper &eppévaerssattiand t he
total pressure at 0.75 MPa by continuously supplying

et hylTene .2 0Difem] pallymerizatiion awsasdtoppedi by wadiimgedced
m of nethanol. After depressurizing, a polynmer was

pREaRi taled HIHoh 1N @ uked399 th7 Ai tPBLYART Bzat hONof dry
solution in 2 L of methanol, and was dried in
t

hé’}gégjr@;”s@tg ot Eutcgﬁe]azn&eyi.%sog{?@ PQi&hfﬁﬂnR?lzggﬁ&olWere

polynerlzatlon activity was
c}g%gge.r%?:%%¥m% &Egﬂpgﬁg%og% keen q:he %ex’JBé’%éHPé‘ 1(1)1f51de the
polymerization apparatus was elevated to 65 °C, and the
polymerization apparatus was pressurizedwith pkopylene to 0.70
MPa and surbsequently pressurized with ethylene to 0.75 MPa.
Thereafter, a toluene sclution in which 0.002 mmol of
di{m-trifluoromethylphenyl)methylene (3-tert-butyl-5-n-propy
lcyclopentadienyl) (fluorenyl) zirc_onium dichloride
synthesized by Synthesis Method 9 and methylaluminoxane
{(manufactured by Tosoh Finechem Corp.) in terms of 0.6 mmol of
aluminumwere contacted, was added to thepolymerization vessel,
and polymerization was conducted for 16 minutes while
maintaining the internal temperature at 65 °C and the total
pressure at 0.75 MPa by continuously supplying ethylene. The
polymerization was stopped by adding 20 ml of methanol. After

depressurizing, a polymer was precipitated out of the



32.5 nmol % of ethylene content and 9.0 nol % of 1-butene

content, and had an intrinsic viscosity [fi] of 1.65
SeLg93[ Conpar ati ve Exanpl e is]

- Propyl ene/ Et hyl ene/ But ene 1Gopol yneri zati on To a 4000

m pol yneri zati on apparatus dried under reduced

pressure and thoroughly purged with nitrogen, 1670 ni

of dry hexane, 73.3 g of 1-butene and
pOLynsobzd yiah upe hum ¢rl .G @ndl P metkacdhy ged] atasnamielkd in

tenperature, then the tenperature inside the

aRRIMTRI hEai 3@RcaRpan atlisu Mas Bhevaied dy ﬁgl e8nfhd heo.7
pol ynmeri zati on apparatus was pressurized wt

g%@%ﬂ@ﬁsf_ge;ﬁtez;Qloﬂ}/Betﬁwtgher eﬁfh@n} i{g/ﬁwfseﬁ zed  The

ne to 0.40 MPa uene
I t whi ch
o S Mkt SRR E D gt ng1 TR bk AR FOPFET.
3gnl um d| chI ori de and net hyl al um noxane (manuf act ured

rtaekdif esppeny a7 BeP o oF o6, 1 woifgle spntent,

aI um num were contacted, was added to the

apdl ly@tériuaiﬂlbnilv@'scsed’isami‘qqol ymerdfzat.ieén iy -
conducted for 20 minutes while maintaining the
[Cotyes nat 1 vé ehpem@aliairkesjat 40 C and the total pressure
at 0.80 MPa by continuously supplying ethylene. The

pol yneFi Faf i e MBS v ISR By addbngmd®inht9bn- |
met hanol . After depr essurizing, a SF-1399 178 pol ynmer

nas pfc?&' gnﬁdp&%néqfl ztag%oggé%{ﬁﬂé%@é '&Qeﬁ%%%f%e'dﬂced

2 L of ms a vacuum at

PR SheT (9 S 0 DU Sa TN RwoR . a7 T . O ey

The ol _yner had a conmposition of 57.3
hexang 7y butnépne and triisobutylaluminum {1.0 mmol)

were charged at normal temperature, then the temperature inside
the pelymerization apparatus was elevated to 40 °C, and the
polymerization apparatus was pressurizedwith proﬁylene to0.30
" MPa and subsequently pressurized with ethylene to 0.40 MPa.
Thereafter, a toluene solution in which 0.002 mmol of
rac—dimethylsilylenebis (2-methyl-4-phenyl-indenyl)zirconium
dichloride and methylaluminoxane (manufactured by Tosoh

" Finechem Corp.) in terms of 0.6 mmol of aluminum were contactéd,
was added to the polymerization vessel, and polymerization was
conducted for 20 minutes while maintaining the internal
temperature at 40 °C and the total pressure at 0.80 MPa by
continuously supplying ethylene. The polymerization was

stopped by adding 20 ml of methanol. After depressurizing, a



|

nol % of propyl ene content, 20.8 nol % of ethyl ene
content and 21.9 nol % of 1-butene content, and had an
SFmt3¥hsic viscosity [r)] of 2.08 dl/g. [Conparative
Exanpl e 2s] - Propyl ene/ Et Ayl8ene/ But ene
Copol yneri zation To a 4000 ml pol ynerizati on appar at us
dried under reduced pressure and thoroughly purged
with nitrogen, 1740 ml of dry hexane, 50 g of -
pdl g eme sapretipisobed pudl ofthepelyfsmbeathenesolution in
charged at nornal tenperature, then the tenperature

2 LNST @R thR@ o 1P ChYdRkisZadt 1 &4l 1aPP adhus 48S 3¢l ®vabed 2 Bours.
40 C, and the polynerization apparatus was

THY 88845 h2a8G I Jrlt AL LPYI5eN® & and. Mige 20k ¢ | tivit
subsequentﬁ; B&E%surlzed mf% nesﬁsggﬁe to O sﬁiﬁﬁic ity

aft e
ﬁggge o ﬁqfﬂﬁ%ﬁ %%gne |s?g%%§82¥hg5Wﬂ%eny T enylkfﬁég7'3
dlchlorlde and net 0 nuf act re
nQl RO S CPRILAREn AT SR D ) 25 nE (B He o T8 Shfo FOpEent and
al um num were contacted, was added to Ihe o _ .
2%od Javdr 2at L DhubeRS (dontant pennbat 22! | o nidsic viscosity
conducted for 20 mnutes while maintaining the:

[fntef Al 08 tdnfaer ature at 40 C and the total pressure
at 0.80 MPa by continuously supplying ethylene. The

[qupHERid e iIFMamAS Sf11399 179  stopped by addi ng 20
m of nethanol. After depressurizing, a polynmer was

preC'—@ﬂo@y@%n%‘?%t%@ﬂeﬁ%/@ﬁldé%r CéabiOResoLytigR-in 2

L of nethanol dried in a vacuumat 130 C for

12 haur 5.0 0H8 Q0 % 1%%‘?:‘1 QL WIRL o985, 43 09 AL ddVE reduced

pol yrrer i zat'i on

pressure and thoroughly purged with nitrogen, 1740 ml of dry
hexane, 50 g of iI~-butene and triisobutylaluminum (1.0 mmol) were
charged at normal temperature, then the temperature inside the
polymerization apparatus was elevated to 40 °C, and the
polymerization apparatus was pressurizedwith propylene to 0.65
MPa and subsequently pressurized with ethylene to 0.80 MPa.
Thereafter, a toluene solution in which 0.002 mmol of
rac-dimethylsilylenebis (2-methyl-4-phenyl-indenyl) zirconium
dichloride and methylaluminoxane (manﬁfactured by Tosoch
Finechem Corp.) in terms of 0.6 mmol of aluminum were contacted,
was added to the polymerization vessel, and polymerization was
conducted for 20 minutes while maintaining the internal

temperature at 40 °C and the total pressure at 0.80 MPa by

continuously supplying ethylene. The polymerization was



was 259.5 kg/ mmol -cat hr. The polyner had a

conposition of 71. O nole of propylene content, 20.0
Sl df et hyl ene content and . 9.0 nol e of 1-butene

content, and had an intringi7® viscosity [r(] of 2.78

dl/g. [ [Conparative Exanple 3s]

- Propyl ene/ Et hyl ene/ But ene Copol yneri zation To a 4000

m pol ynerization apparatus dried under reduced
sprmssidiky addihboRdughlof petdgedodi.t PATidr ogereskit6zihg, a

of dry hexane, 66.6 g of 1-butene, and

pd TyTheSO sy B & Nttt dd .U thBldhe peLOmERAE §edoatsdlI®in in
tenperature, then the tenperature inside the

Eoéé’ ‘FEFe h%%t '1°”ar?c§’%r AL HB YAS, Q%'a@u%”&@ 130 ‘?tpfgr @Hours.

yneri zati on appar at us pressuri zed w
Iene to sub uent ressur
E¥a%ﬁ nelytmeroW%a%%‘; g*’r‘ﬁ%reaw% Tt e ivity
Ig gg%l mhlch 0.002 nmmol of
3558 JRedridsi-s (Baepehymes hatbhncmargdiyrnAt ¢1- 0
oni um dlchlorlde and net hyl al um noxane (manufactured
ngls Tos ¢ opmileaeheantsnt,) 2P n0teeht ®f <y lensl cofitent and
‘al um num were contacted, was added to the
9gbmmm&rbxaﬂkbnteaesebntanﬂ,p@h@mmadzaiﬁmmr@msic viscosity
conducted for 40 m nutes while maintaining the

[ NteF nal;g tamperature at 20 C and the total pressure
at 0.80 NPa by  SF-1399 180 continuously supplying

ol Jyzation was stopped by adding 20
qﬁﬁp% nethaﬁ%éﬂg%ter}

depressur|2|ng a polyner was
pr eCIJyrto%t ene%E.t ylterrll(eea/ (AL bé%%i%e%glzg §8R-1nN

To a 4000 ml polymerization apparatus dried under reduced
pressure and thdroughly purged with nitrogen, 1716 ml of dry
hexane, 66.6 g of 1-butene, and triisobutylaluminum (1.0 mmol)
were charged at normal temperature, then the temperature inside
the polymerization apparatus was maintained at 20 °C, and the
polymerization apparatus was pressurizedwith propylene to 0.55
MPa and subsequently pressurized with ethylene to 0.80 MPa.
Thereafter, a toluene solution in which.0.00Z mmol of
rac-dimethylsilylenebis (2-methyl-4-phenyl-indenyl)}zirconium
dichloride and methylaluminoxane (manufactured by Tosoh
Finechem Corp.} in terms of 0.3 mmol of aluminum were contacted,
was added to the polymerization vessel, and polymerization was
conducted for 40 minutes while maintaining the internal

temperature at 20 °C and the total pressure at 0.80 MPa by



2 L of nmethanol, and was dried in a vacuumat 130 C

for 12 hours. The obtained polyner was 109. 1g and the
Sholyderization activity was 163.7 kg/ mmol -cat  hr

The pol yner had a conpositil@® of 57. 4 nole of

propyl ene content, 28.0 nol % of ethyl ene content and

14.6 nol % of 1-butene content, and had an intrinsic

viscosity  [ill of 2.98 dl/g. Industrial Applicability
cocTioniugl t esudrel yoiror essh yilenepr dbhie i prgl praophydedrion was

pol ymer of the invention, a propyl ene pol ynmer having
steoppeh byskaseagegol Ml idfy meltsahadt i @scdr gleppeskurefing, a

selectivity (low irregular bonding content), high

PSS N Ept 16 ouo el pt5HE £, et on

rocess.for _producing.a, propyl ene pol r, L.ch
2 B R0 15 Y St A O P el T a0y KORFE 12 houzs.
ropyl ene, -ol efins _and_pol yenes in the presence of |,
T 8%3%9@? YIATeF £ 1%;90&&@%52*2@ R EBRht 135 gy ity
a bridged netall ocene conpound represented by the
Wl b3w g /caredr-fatrdrnul Bhg Pplyand her) @ geapesitber of 57. 4
conpound(s) selected from (b-1) an organoal um nunoxy

maidimedu patoply12nea coptpatind2 hd ativ Y each thytlleneheontent and
bri dged netall ocene conpound (A) to forman ion pair,

188 moll3- 8F BrHOf @8 G HEAMae@NROYNEE intrinsic viscosity

[n] of 2.98 dl/g.

Industrial Applicability

According to the process for preoducing propylene polymer
of the inﬁention, a2 propylene polymer having a high
stereoregqularity (isotactic), high position selectivity (low
irregular bonding content), high melting point and high

molecular weight is provided with good productivity.



RZ R3 RLR4 013 R4 MJ R12 RS Rhl 8 Rlo RO Re R
wherein, R1L and R3 each is hydrogen, R2 and R4 each is
SB-13par ocar bon group or a silicon-containing group
having 1 to 20 SF-1399 1821ggarbon aton(s), each of
R5, R6, R, Re, R9, R10, Rl' and R12, which is
sel ected from hydrogen, a hydrocarbon group and a
silicon-containing group, may be same or different
fromeach other, and adjaeents groups may be bonded to
each other to form a ring, each of R13 and R14, which
is selected froma hydrocarbon group and a
silicon-containing group, may be equal to or

di f,f r e e r oups
L bohdBi OO S Sk BEHere LIl a ey %eﬁrge, DS e
4iﬁ3§§'is carbgte or silicon 9 be selected fr%i%P
P et oS, 66r B8R BPBape Lshrsh ETPT gRFP Wil %
neutr al Ilgand capabl e of coordlnatlng with a | one
o ledtimsnapdinol seneshindhedpreskaceenf ancatrl ssindor olefin
conbi nation or different conbination, and j is an
pdlvregerz adfionl compd is2ngthe process f or produci ng a
propyl ene polyner according to claiml, wherein, R4
in thea)aboyeiggear abt k01 sYkAe [ EdmbSuid Pdddserif<by the

having 1 to 4 carbon aton(s).
following General Formula ([I]; and
(B) one or more compound{s) selected from
(b-1) an organocaluminumoxy compound
(b-2) a compound which reacts with the bridged

metallocene compound (A) to form an ion pair, and

(b-3} an organcaluminum compound:

RZ R®

R‘i ' R‘i

wherein, R® and R® each is hydrogen, R? and R* each is a

hydrocarbon group or a silicon-containing group having 1 to 20



3. The process for producing a propyl ene pol yner
according to claiml or 2, wherein at |east one

SErger sel ected from propyl ene, a-ol efins and

pol yenes is any of (1) a system of propylene al one,

(2) a two-conponent system of propylene, and ethyl ene

or 1-butene, and (3) a three-conponent system of

propyl ene, ethylene and a-olefin havinq 4 or nore
cardontamdsy, each of R°, R®, R’, R®, R®, R'?, R' and R'?, which

is selected from hydrogen, a hydrocarbon group and a
silicon-containing group, may be same or different from each
other, and adjacent groups may be bonded to each other to form
a ring, each of R*® and R**, which is selected from a hydrocarbon
group and a silicon-containing group, may be equal to or
different from each other, and adjacent groups may be bonded
to each other to form a ring, M is Ti, Zr or Hf, Y is carbon
or silicon, Qmay be selected from halogen, a hydrocarbon group,
an anionic ligand and a neutral ligand capable of cobrdinating
with a lone electron pair, which may be selected in the same
combination or different combination, and j is an integer of

1 to 4.

2. The process for producing a propylene polymer according to
claim 1, wherein, R? in the above General Formula [I] is an alkyl

group having 1 to 4 carbon atom(s).

3. The process for producing a propylene polymer according to
claim 1 or 2, wherein at least one monomer selected from
propylene, a—olefins and polyenes is any of (1) a system of
propylene alone, (2) a two-component system of propylene, and
ethylene or l-butene, and (3) a three-component system of

propylene, ethylene and a—~olefin having 4 or more carbon atoms.



