SF-1399 1 DESCRIPTION PROCESS FOR PRODUCING PROPYLENE
POLYMER Background Art The present invention relates to a process for
sy-preducing a propylene polymer. Technical Field A propylene polymer is
used as a thermoplastic resin or a modifier 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 titanium catalyst is used, there are problems that the
composition of propylene thatlgasdye prodoBed is limited, and that the
compatibility with other resin is insufficient due to its generally broad
molecular Reight SfstiBRictR OV e 6therDEHEEWheAGhetallacene
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
Bagierrthechdiyrherization temperature is increased, the molecular weight
is difficult to be raised, or that the accomplishment of the low cost is
diffictift Sicee R SolyAieration activRL 45 16w. SB1899%s for producing

2 propylene polymer.

Technical Field

A propylene polymer is used as a thermoplastic resin or
amodifierforthermoplasticresinjjlvariousapplications. As
a polymerization catalyst to produce a propylene polymer,
titanium catalyst, metailocene catalyst or the like is known.
However,whentitaniwncétalystjgsused,thereareproblemsthat
the compositiqn of propylene that can be produced 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 copclymerizability with a-olefin
'isobtainedandﬁﬁuapolymerizationij;availablejj1thewiderange
of composition, and alternatively there are alsc problems that
whenthepmlymerizationtemperatureisiﬂcreased,thenwlecular
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 polymerizing a-olefin stereoregularly with the use of a
metallocene compound as a catalyst, extensive studies have been
sp-2ctiyely carried out since W.Kaminsky et al report reported an isotactic
polymerization. [Angew.Chem. Int. Ed.Engl. ,24,507(1985)] From the
results of these studies, it has become clear that in the polymerization of
a-olefin using a metallocene compound, the stereoregularity and the
molecular weight of obtained a-olefin polymer vary markedly depending
on thecdiffenence érs mdlecular Stuetuie isushraswith ‘or witkougaregularly
substituent on a cyclopentadienyl ring of the ligand, or with or without a
wi Bridginguseng betviehethvir epeloperradisn miys. ABAS kRbwExtensive
techniques which markedly vary the stereoregularity, it has been reported
st ghidte forexaEmpfes WiReT: PYepyefié 13 poiyntatz et wits the Gaspraky et al
metallocene compound having a ligand in which a cyclopentadienyl ring
repntta flesrenyEdingrard Hrieged las apbljifictizaibhatalyst, for the
stereoregularity of the polymer, syndioctactic polypropylene is produced
{Amgﬁﬂ}@&ﬁ@oﬂggngﬁhﬁéﬁ&knéﬁy%%%(1985)] From the results of

(cyclopentadienyl)(fluorenyl)zirconium dichloride . _

th?ﬁﬁrﬁ.@kﬁ%?ﬁ.%ociﬂlf@?@zéﬁ(%¥8)]?ﬁ@ﬁﬁs@f&%ﬁc%l?ﬁ%p&%@%ﬂZatlon
produced in the case of ’

of gimeliy/imethyicne(3-metilcdyefspentadryNiborehgl)zires asigapularity
dichloride in which a methyl group is introduced in SF-1399 3

and the molecular weight of obtained o-clefin polymer vary

markedly depending on the difference in meolecular structure
'suchasxmhjlorwithouteasubstituentcwlacyclopentadienylring
of the ligand, or with or without a bridging bond between two
cyclopentadienyl rings.

As the known techniques which markedly wvary the
stereoregularity, it has been reported that, for example, when
éropylene is polymerized with the use of a metallocens 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 dimethylmethylene
(cyciopeﬁtadienyl)(fluorenyl)zirconium dichloride
[J.Am.Chem.So0c., 110, 6255(1988)]; hemiisotactic polypropylene
is 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 Unexamined Patent
Application Publication No. H3-193796]; and isotactic polypropylene is
qlrgggced in the case of dimethylmethylene(3-tert but yl cyclopentadi enyl)
(fluérenyl) zirconium dichloride in which a tert-butyl group is introduced in
3-position of a cyclopentadienyl ring [Japanese Unexamined Patent
Application Publication No. H6-122718]. On the other hand, as the known
techniques which markedly vary the molecular weight, it has been

3-peatized-thab fssyindiotacticopolypropytene having d highemetecularsweight &3
obtained when a bridging part bonding a cyclopentadienyl ring and a

Pa fuoredyl yingoatdimetiyiimetydene(oy tlopehtadiehy/héftlioreaybzitcorianr L ¢
dichloride is replaced with a diphenylmethylene bridge [Japanese

po Unexamihed PatentApplication PublicatiareNe. ¢12-274703];
isotactic-hemiisotactic polypropylene having a high molecular weight is

dimbtadipéderign a beiddingspart in
dimethylmethylene(3-(2-adamantyl)cyclopentadienyl)(fluoreny

buiZirconlumedichidride islre placedwitly a dighergiraethytbieh bridgde in
[Organometallics, 21, 934(2002)]; further, isotactic polypropylene having

wh adhigh meleculan weight iobtairediwherdu ardhylgréupisalsoon of a
introduced in 5-position of a cyclopentadienyl ring in SF-1399 4

cyclopentadienyl ring [Japanese Unexamined Patent Application

Publication No. H6-122718].

On the other hand, as the known techniques which markedly
vary the molecular weight, 1t 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
1lyzirconium dichloride is replaced with a diphenylmethylene
bridge {[Organometallics, 21, 934(2002)]; further, isotactic
polypropylene having a high molecular weight is obtained when

. a methyl group is also introduced in S5-position of a

cyclopentadienvl ring in



dimethylmethylene(3-tert-butylcyclopentadienyl)(fluorenyl)z irconium
dichloride [PCT Japanese Translation Patent Publication No.

5 2003526730]; and so on. In addition, it has been also realized that with
the dimethylmethylene(3-tert-butyl-2-methylcyclopentadienyl)(fl
uorenyl)zirconium dichloride and

diphenylmethylene(3,4-dimethylcyclopentadienyl)(fluorenyl)z irconium
dichloride, in which substituents are introduced into two adjacent

dipesitiphget hxclelopehtddianylvingy propyleres hagingeaiow rolesugnyl) z
weight is obtained as compared with propylene prepared with

1 r divnethmlmidthpliepei3iter-BUE/ |-Sametsiy clopentddiédyifiFatent
uorenyl)zirconium dichloride and

Pubipheaylethytenel8hethy fcyédpentddieAigl) FluoreAyl) Zifkdt hivm, 1t has
dichloride, respectively, [PCT Japanese Translation Patent Publication

beNp. 2000526730 Z3sharnese Wadkartiined Patent Application Publication
No. H10-226694]. As described above, although the effect of bridge and

dissidtirdert ot fhe pretdide-ssmpdurid Raing biaheRfvaRehH spyl) (£1
cyclopentadienyl ring and a fluorenyl ring are bonded by bridge has been

uogigeidated: ftlebi it el ek the $8& thatreports on the effect of a

substituent of a-position carbon ( = carbon adjacent to a bridg%igth position

diphanytispentddesy tinyaEn i ySeygdomentadienyl) (fluorenyl) 2

irconium dichloride, in which substituents are intreduced into
two adjacent pesitions of a cyclopentadienyl ring, propylene
‘having a low molecular weight is obtained as compared with
propylene prepared with
diﬁethylmethylene(3—tert—butyl“5“methylcyclopentadienyi)(fl
vorenyl)zirconium dichloride and
diphenylmethylene(3~methylcyclopentadienyl)(fluor@ﬁyl)zirco
nium dichloride, respectively, [PCT Japanese Translation
Patent Publication No. 2001-526730, Japanese Unexamined Patent
Applicaticn Publication No. H10-226694].

As described above, although the effect of bridge and
substituent of themetallcocene compound having a Ligand in which
d cyclopentadienyl ringanda fluorenyl ring are bonded by bridge
has been elucidated 1ittle by little, it is the fact that reports
on the effect of a substituent of o-position carbén ( = carbon

adjacent to a bridging position) on a cyclopentadienyl ring are

few,



Disclosure of the Invention The present inventors have conducted
extensive studies on a polymerization process for efficiently producing an
SF_is.L ggtic polypropylene which is a material essential in many industrial
fields such as for car parts, appliancg parts, microwave container, lunch
container, and the like, and an isotactic propylene elastomer which is the
constituent of a thermoplastic polyolefin elastomer, which is called as
TPO, with the use of the above-mentioned metallocene compound having
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
D1 achieveddycdarntirg dbotampolyenerization under a specific condition using
a specific bridged metallocene compound, that is the polymerization
catalystecomprising al hvidged msefaiocensocampaornd evhien siconstitutédes
by a cyclopentadienyl ring having specific substituents in a-position and
on yepasitionedhiisatheyrhavescamplefed-thef nventarn Shhatis,dhe imeertion
is a process for producing an olefin polymer, which includes polymerizing
1 s at least oneahgpamey Isslected fromigropylenes aicléfins and polyenes mmny
the presence of a catalyst for olefin polymerization comprising: (A) a
indridged aietallecate compoarsd fepresented by tthe SE>2398: Befollipainic -
General Formula [1]; and
microwave container, lunch container, and the like, and an

isotactic propylene elastomer which is the constituent of a
thermoplastic polvelefin elastomer, which is called as TPO,
with the use of the above-mentioned metallocene compound having
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
undar£1specificconditionusingeaSpecificbridgednetallocene
compound, that is the polymerization catalyst comprising a
bridged metallocene compound which i1s constituted by a
cyclopentadienyl ring having specific substituents in
a—position and y-pesition. Thus, they have completed the
invention.

That is, the invention is a process for producing anclefin
polymer, which includes polymerizing at least one monomer
selected frompropylene, a~olefins and polyenes in the presence
of a catalyst for olefin polymerization comprising:

(A} a bridged metallocene compound represented by the



(B) one or more compound(s) selected from (b-1) an organoaluminumoxy
compound (b-2) a compound which reacts with the bridged metallocene
SF-&%@OUM (A) to form an ion pair, and (b-3) an organoaluminum
compound. R2 R3 R1 R4 R13~RYMQJ 14 R12R5 R11rR \R6 R1
R9 RB RT In the above-mentioned General Formula [I] , R1 and R3 each
is hydrogen, and R2 and R4 each is a group selected from a hydrocarbon
group having 1 to 20 carbon atom(s) and a silicon-containing group
folHavinght ta2acadiorratom(sx R41$ ;pretefably an alkyl group having 1 to
4 carbon atom(s) Each of R5, R6, R, R8, R9, R" R" and R'2, which is
selected frone hydragers adaydsecartidn grewd and adsilicasmcontaining
group, may be same or different from each other, and adjacent groups
may be bonded-to each ailertodfaimaining: dcacheiibhand R14,
SF-1399 7 which is selected from a hydrocarbon group and a
silicon-contaitingzgroups maychensami orldifistent-fsomieach: he bridged

metallocene compound (A} to form an ion pair, and

(b-3) an organoaluminum compound.

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 having 1 to 20 carbon atom(s). R® is
preferably an alkyl group having 1 to 4 carbon atom(s). Each
of R, R_G, R’, R®, R®, R, gu anci R, which is selected from
hydregen, 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 RY,



other, and adjacent groups may be bonded to each other to form a ring.

M is Ti, Zr or Hf. Y is a carbon atom or a silicon atom, and Q is selected
SF—&L%T}? halogen atom, a hydrocarbon group, an anionic ligand and a

neutral ligand capable of coordinating 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. In the production process of the invention, a

preferred embodiment of the polymerization is that at least one monomer
whisetected frohe: prepylene;a-alefigs and polyenesrisanyofdl )k a system of

propylene alone, (2) a two-component system of propylene, and ethylene
s ilordehutenat anel {B)pa dhreepcompenéenrt systeny of prdpiderss ethiylemesach

and a-olefin having 4 or more carbon atoms. Best Mode for Carrying Out
otibe |neentier Htereinafter, aubestumpdeddr cadyihdg- out thehinventiont evif o rm
be described in detail. The invention is a process for producing a
a rprepylereipolymer; whichiificludes pelymaerizimgadtofeast ene mogomertom,
selected from propylene, a-olefins and polyenes in the presence of a
anddtalyst ferl elefie pofymarizatien cgmmpesing, SF1899@-4Aparbritdget, an
metallocene compound represented by the aforementioned General
an Fonhula {3 adc (8) one ot moreldorapduraisiseteefeddrominat ing 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.

In the production process of the invention, a preferred
embodiment of the polymerization is that at least one monomer
selected from propylene, o~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 c-olefin having 4 or more

carbon atoms.

Best Mode for Carrying Out the Invention

Hereinafter, a best mode for carrying out the inventioen
will be described in detail. The invention 1s a process for
producing a propylene polymer, which includes polymerizing at
least cne monomer selected from propylene, o-olefins and

polyenes in the presence of a catalyst for clefinpolymerization

comprising:



(b-1) an organoaluminumoxy compound (b-2) a compound which reacts
with the bridged metallocene compound (A) to form an ion pair, and (b-3)

SF@fﬁr%anoaluminum compound. (Hereinafter “process for producing
propylene polymer' may be abbrevi%ted 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
polymerizatianrcaialyst, m«chatactessic abpropetiigs:ofthe obtaindbley the
propylene polymer, and the effect of the invention will be described in the

a f orders (A) Bridge d:Metallotene Gampourid ¢(A)zadridged metallocene
compound represented by the above-mentioned General Formula [13 has
the folBwing characiersticscofitherctiemica stractueal formula, [ml] and
[m2]. [ml] Of the two ligands, one is a cyclopentadienyl group having a
substituent, (hereinafter, referred4d as bn usulstitutethpyclopgentadienyl
group’), and the other is a SF-1399 9 fluorenyl group. [m2] A transition
metal ( Min thgcalioveementipned Gevferal: Fomaalad| )y cohstitbngpaidged
metallocene compound is titanium,

metallocene compound (A} to form an ion pair, and

(b-3) an organoaluminum compound.

(Hereinafter ‘process for producing prcocpylene polymer’ may be
gbbreviated as ‘polymerization process’.) |

Hereinafter, a bridged metallocene compound related tc
the invention, anolefinpolymerization 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 inventiocn will be described in
the order.

{A} Bridged Metallccene Compound

{A) A bridged metallocene compound represented by the
above-mentioned General Formula {[{I] has the following
;haracteristics of.the chemical structural formula, [mi] and
[m27.

fml] Of the two ligands, one is a cyclopentadienyl group
having a substituent, (hereinafter, referred toc as a

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



zirconium or hafnium. Hereinafter, chemical structural features of the
bridged metallocene compound related to the invention, such as a

SF_;ﬁu?ggé'tuted cyclopentadienyl group, a fluorenyl group, a bridged part and
the other features will be described ig the order of precedence. Then,
preferred bridged metallocene compounds having these chemical
structural features will be exemplified. [1] Substituted Cyclopentadienyl
Group - - - -----m-e- For the parts of the substituted cyclopentadienyl
flwyroapyib thechemical structural formula represented by General Formula
[1] above, which is used in the polymerization process of the invention, R1
and R23Ehéhtis arlvjidrogenratoay, dnd R2 and &beacmena hydrotérboaral
group (fl) having 1 to 20 carbon atom(s) or a silicon- containing group (f2)
Foaving 110 20-carbonhtatbnin()a Teechydrocahencgropp(fiihaving: t 1o 20m,
carbon atom(s) includes, besides an alkyl group, an alkenyl group, an
z 1 atlomylirgroup be &niargl.group which constitutes carbon and hydrogen
only, a hydrocarbon group containing hetero atoms in which a part of the
hydrégereatont deectly ibemiled tosthewarboredtdma obthesabdvergrdupsiged
replaced by a halogen atom, an SF-1399 10 oxygen-containing group, a
me pittdgerecentaipigpgrolipr o at sicdrecohtaining groumandsgrolps i a
~ which the two arbitrary
substituted cyclopentadienyl group, a fluorenyl group, a

bridged part and the other features will be described in the
order of precedence. Then, preferred bridged metallocene

compounds having these chemical structural features will be

exempliified.

..................................................................................

For the parts of the substituted cyclopentadienyl group
in the chemical structural formula represented by General
Formula [1] ébove, 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 (f1) having 1 to 20 callrbon atom(s]
orasilicon-containinggroup (£2) havingl to 20 carbonatom{s) .

The hydrocarbon group (£1} having 1 tc 20 carbon atom({s)
includes, besides an alkyl group, an alkenyl group, an alkynyl
group or an aryl group which constitutes carbén and hydrogen
only, a hydrocarbon group containing hetero atoms in thch a
part of the hydrogen atom directly bonded to the carbon atom

of the above groups 1s replaced by a halogen atom, an



hydrogen atoms adjacent to each other are substituted to form an
alicyclic group. Examples of the hydrocarbon group (fl) include a
s -Straight-chained hydrocarbon group such as a methyl group, an ethyl
group, an n-propyl group, an allyl groyip, 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 hydrocarbon group such as an
isopropyl group, a tert-butyl group, an amyl group, a 3-methylpentyl
OX YEGUp, e TI% 2-diethy | prapyl grodp, 'a A Cdifetifabiy Lgroup, group, or a
1-methyl-I-propylbutyl group, a 1,1-propylbutyl group, a .
sihirammenyt2imethysropyirgraul! 8 TRARShilINSSsio Py -FatRARopy B 1Y
group; a cyclic saturated hydrocarbon group such as a cyclopentyl group,
hy QraEfheSATS ] a@@bﬁ@tﬂaﬁbu@‘}:a%ycﬁ)?@%twa?é@é,talﬁéﬁomyrp orm
group, an adamantyl group; a cyclic unsaturated hydrocarbon group and
an tiid hGeIear Sub&tufion theBP3Geh as afienyly 2 LPRBpRAGFEGrolipl
a biphenyl group, a phenanthryl group, an anthracenyl group; a saturated
inpydRR AL AICOMARIRTTY Grotp IsOHSHARM I En SFGoBtipC Budh & gethy!
benzyl group, a cumyl group; a heteroatom-containing hydrocarbon group
9T 3HEN ad'h FhEthbxyGidtp, ant ethdxyYr8tip 94 BHBmoRY: gfoulp, arff roup, an
N-methyiamino group, a trifluoromethyl group, a triboromomethyl SF-1399
n =R YL groGF A BetAf GO 9otPYE peritaftBrophesi gréup2 R hepty!

silicon-containing ?roup having 1 to 20 carbon atom (s)
group, an n-octyl group, an n-nonyl group, an n-decanyl group;

a branched hydrocarbon group such as an ilsopropyl group, a
tert-butyl group, an amyl group, a 3-methylpentyl group, a
1,1-diethylpropyl group, a 1,1l-dimethyibutyl group, a
l-methyl~l-propylbutyl group, a 1, l-propvlbutyl group, a
1,1~dimethyl-2~-methypropyl group, a
1-methyl-1l-isopropyl-Z2-methylpropyl group; a cyclic saturated
hydrocarbon group such as a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl grocup, a norbornyl
group, an adamantyl group; & cyclic unsaturated hydrocarbon
group and the nuclear substitutiontherecf such as a phenyl group,
a naphthyl group, a biphenyl group, a phenanthryl group, an
anthracenyl group; a saturated hydrocarbon—containihg group
substituted by an aryl group, such as a benzyl group, a cumyl
gfoup; a heteroatom-containing hydrocarbon group such as a
methoxy group, an ethoxy group, a phenoxy group, an

N-methvlamino group, a trifluoromethyl group, a tribromomethyl



(f2) is for example, a group of which the cyclic carbon on a
cyclopentadienyl group directly bonds covalently via a silicon atom, and
Sﬁg&giggally i§ an alkylsilyl group and an aryllsillyl group. The .
silicon-containing group (f2) may be tﬁempllfled by a trimethylsilyl group,
a triethylsilyl group, a triphenylsilyl group, or the like. R2 is preferably a
hydrocarbon group having 4 to 20 carbon atoms. The hydrocarbon group
having 4 to 20 carbon atoms may be exemplified by the above-mentioned

g hydrocasbqregrouf (# fwaving 1 tg20.ggrben ataoms £xcepteeehgthyl group.
group, an ethyl group and a propyl group. In addition, R4 in the General
Formutanf]sd pieferably ra-byidrocgroon grdupvhiaving 14@ (@ eakom atom {s)
atom(s) , and from the viewpoint that the molecular weight of the polymer

. ( pEyducedfean ereninpisases, Rdoisgmore prefeiabbynan alkyl jroy haeingon a
1to 4 carbon atom(s) , for example, a methyl group, an ethyl group, an

cpepropyrgradpeany isopropy| giows; tany nsoatylsgroups ben isbputykgeoap orcon
a sec-butyl group, and particularly preferably a methyl group, an ethyl

agroup andrsperodyl grddp: Theanost preferréy brobodimemcobfApaylsilyl
cyclopentadieny group of a bridged metallocene compound related to the

g irmentiorT e thett Recisrar hydrogarborogmupuravidg 2 twalycarbopratombified
SF-1399 12 and at the same time, R2 is a bulky substituent in

bgomparisos thith R4luUchias ulertautyl igrotyy, 1 iy |eyciolzexyi group

triphenylsilyl group, or the like.

R? is preferably a hydrocarbon group having 4 to 20 carbon
atoms. The hydrocarbon group having 4 to 20 carbon atoms may
be exemplified by the above-mentioned hydrocarbon group (£l)
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 hydrocarbon 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 iscpropyl group, an n-butyl group, an
iscbutyl group or a sec-butyl group, andparticularly preferably
a methyl group, an ethyl group or an n-propyl group.

The most preferred embodiment of (&) 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



or a methyladamantyl group. Herein, the term 'bulky' means that the
volume that the substituent occupies is large. [2] Fluorenyl group In the
polymerization process of the invention, R5, R6, R7, R8; R9; R', R" and
F]g' 'g a fluorenyl group moiety of the bridged metallocene compound
represented by the above-mentio General Formula [1], each may be
an identical atom or an identical group selected from hydrogen, a
hydrocarbon group, and a silicon-containing group, and they may be
bonded to each other to form wring- As the hydrocarbon group, the
andabeve-mentionedhydrpcarbas grobp (fikl) eambe meationed asdh@arison
preferred embodiment, and as the silicon-containing group, the
witabBvesmentiered silieoh-contaihingrgratip (2 EHm bé srentoriety assthieup
preferred example. More preferred embodiment of the fluorenyl group is.
or aflearepykgrouprafhichrthe. RGiand R11 are: nethydrogen atemmat the: ¢
same time. Particularly preferred embodiment is a fluorenyl group of
thewhkish dhe R6hand Rid aretsane wetomsetherthan Hydrbgenor same
groups. [3] Covalently Bridging Part. The main-chain part of the bond
linking & cytlopeatadienytogroup and a fluorenyl. group is a covalently
bridging divalency bond which contains one carbon atom or silicon atom.
The Bi-1889 1131 impertaatiiaint iprthepotymérization of the: inventien isr®,
that a bridging atom Y of the covalently bridging part in the _
rR’, R%, R® R, RM™ and R in a fluorenyl group moiety of the

S5F-

bridged metallocene compound represented by the
above—-mentioned General "E‘ormuia [I], each may be an identical |
atom or an identical group selected fromhydrogen, a hydrocarbon
group, aﬁd a silicon~containing group, and they may be bonded
to each other to form a ring. As the hydroca‘rbon group, the
above-mentioned hydrocarbon group {f1} can be mentioned as the
preferred embodiment, and as the silicon-containing group‘, the
above-mentionedsiliceon—~containing group (£2) canbe mentioﬁed
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. ?afticular'ly preferred
.embodiment is a fluorenyl group of which the R® and R are sanme
atoms other than hydrogen or same groups.

3] Covalently Bridging Part

’.'g‘he main-chain part of the bond linking a c'y-lepentadienyl
group and a .fluorenyl group is a -covalenﬁly 5ridging divalency

bond which contains one carbon atom or silicon atom. The



above-mentioned General Formula [I] has R13 and R19, which may be
same or different from each other. R13 and R14 each is an atom or a

s pgroipselected from a hydrocarbon group having 1 to 40 carbon atom(s)
and a silicon-containing group havingzl to 40 carbon atom(s), and may be
bonded to each other to form a ring. The hydrocarbon group and the
silicon-containing group can be exemplified by the above-mentioned
hydrocarbon group (fl), the silicon-containing group (f2), and groups in

1mphicha fife PYEPTgEn dtdm RPthese Matacules i feplagetiBieas afiiyl 15 that
group, a cycloalkyl group, or an aryl group or the like. In the production

a ProEdss of i rvention, RIS aﬁ@@%@%%hbﬁ&;ﬂ%%@rﬁ@éﬁdiﬁéréﬂe
from each other, may be an aryl group or a substituted aryl g{gupﬁ.é%-!ere,

abiphetigventione dheslerer arf arfrotp! Medrisafyrodp oRstitu may

an aromatic ring carbon and an aromatic hydrogen (sp2 typelpydro%en)
begignangthe Wdrararsubsiftiie aRft gfdup® s délined¥6r &grofipch 1s an

obtained when at least one aromatic hydrogen (sp2 type hydrogen) .in an
aLQRy| GFodp I8 RIPtasEd B BEGroupBthar "E}i’ég%&%&é’ﬁ]. glﬁ?‘i’rﬂr%@ﬁt}ﬁkﬁaﬁ to
aryl group or a substituted aryl group to the bridging atom (Y) , an olefin
4 Op 6ttt hafvirigid higAfdlécdiat Wagmambte: efedivErP prodiegynd 1 to
Examples of the ar){l group or the substituted aryl group include groups

4 Co R ConBHIfitEH SFL 1366 447BY antarBRTtie fingtdibon dd'&T ardmafic™ 2

_hydrogen (sp2 type h)édrogen) having 6 to 18 carbon atoms such as a
rlﬁﬁ%ﬂﬁ(ﬂ%dﬁydrocar on group and the silicon-containing group

can be exemplified by the above-mentioned hydrocarbon group
(£1), the silicon~coﬂtaining group {(f2), and groups in which
the hydrogen atom in these molecules 1s replaced by an alkyl
gfoup, a cycloalkyl group, or an éryl group or the like.

In the production process of the inventiorn, rY and rRY™,
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 (spZ type hydrogen) §nly,
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
bridgiﬁg atom (YY), an olefin polymer having a high molecular
welight can be effectively produced. Examples of the aryl group

or the substituted aryl group include groups only constituted



a naphthyl group, an anthryl group or a phenanthryl group; and a
substituted aryl group in which at least one aromatic hydrogen (sp2 type
sE-hydrégen) is replaced by a substituent, that is, an alkyl or aryl substituted
aryl group having 7 to 30 carbon atbfns such as a tolyl group, a xylyl
group, a methylnaphthyl group, a biphenyl group or a terphenyl group, a
fluoroaryl group having 6 to 20 carbon atoms such as a fluorophenyl

roup or a difluorophenyl group hl I ing 6 t

oy e S8 88 & SHr SRS! G50 Sncta AP orSP o oy 2 Tobe
bromoaryl group havin 20 carb t h b

SR 24U S 028 DO o,
carbon atoms such as an iodophenyl d i R

= PG RRTO N AU hoRIG 1o 20 arbos Aok S B a1 LS Fon

= o Y SRR AP, B0 m=IND B8 B4Ry Brogen

carbon atoms such as a

fromomettvIeheny. grou s 2 Ps(rromapeliylahent groug.an.,

aving carbon atoms such as a (triodomethyl)

| Uil
al lgs?ﬁn %Qéo%pﬁng ia&l'é(rtgé%d%@gg‘é'msﬂa%%% g fluorealkylatyl, o+ ons

oup havi 10 40 carbon ato oromethyl)phenyl
o PRI RN IR S0, 5 1 S St
a b'OSAISS N MEIRROSIION A pRaRAsER s Preferable oary1 group having
6 to 20 carbon atoms such as a fluorophenyl group or a
difluorophenyl group, a chlorcaryl group having & to 20 carbon
atoms such as a chlorophenyl group and a dichlorophenyl group,
é bromoaryl group having 6 to 20 carbon atoms such as a
bromophenyl group and a dibromophenyl group, an iodoaryl group
having 6 to 20 carbon atoms such as an iodophenyl group and a
. diiodophenyl group, a chleoroalkylaryl group having 7 to 40
carbon atoms such as a (trichloromethyl)phenyl group and
bis{trichloromethyl)phenyl group, a bromoalkylaryl group
having 7 toléo carbon atoms such as a (fribromomethyl)phenyl
group and a bis{tribromomethyl}phenyl group, an iocdoalkylaryl
grouphaving7ix>40carbonatomssuchasa,Hmiiodométhyl)phenyl
group and a bis(triiodomethyl)phenyl group, a flucroalkylaryl
group having 7 to 40 carbon atoms such as a

(trifluoromethyl)phenyl group and a

" bis(trifluoromethyl)phenyl group. As for the substitutedaryl



R13 and R14 is preferably the group selected from an alkyl group having
1 to 5 carbon atom(s), a phenyl group, the substituted phenyl having 6 to
sp-2G;garbon atoms, and more preferably a group selected from a methyl
group, a phenyl group, a tolyl group£= a methylphenyl group) and a
(trifluoromethyl)phenyl group. In addition, in the production process of the
invention, when R4 of the substituted cyciopentadienyl group is a methyl
group, from the viewpoint of producing a polymer having a high melting
groyuint, a brideetinetidcenetampotndbf WhicHthelR6 fandFR7retuent
bonded to each other to form an aliphatic ring and Riand R11 are
lodsorriedito eeehaothestotforft airaliphadic PinglisisreferBbl el aRddn
order to achieve a high molecular weight as well as the high melting
poin& 4 tvidh &4 mictaoedife: Fehip iRl BF WRHICIF R SRAT R4 Rré LKyl
both a substituted aryl group is preferably used. When R4 is an ethyl
grappupAVGmahé Viewpommt BPaBNiBVIPEY BShighinBlegtiar WTghtaccolding
to the polymerization of the invention, abridged metallocene compound
sulpd wHich #ie RRSRAY REY aFdafk arl gtus BF ASubstittmsd aAftgrdtpst
the same time is preferably used. Furthermore, for the easiness of

prgfesaralis it 1R BritRbl ThERIIOEeRe BRTHBIh @ F §ERerally "ERes AT UP/
same R13 and R14 is preferably used. SF-1399 16 [4] Other Structural
a Fehiured%6MBridged MetabeERBeEHinpbtmgr! and a

{triflucromethyl)phenyl group.

In addition, in the production process of the invention,
when R* of the substituted cyclopentadiényl 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 used, and in order to achieve a high molecular
weight as well as the hicjh 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, abridgedmetallocene 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
theeasinessofpreparationofthebridgedn@tallocenecompound,

generally, ones with same R and R™ is preferably used.



In the above-mentioned General Formula [I], M is Ti, Zr or Hf, preferably
Zr or Hf. Q is selected from a halogen atom, a hydrocarbon group having
sp-14040 carbon atom(s) , a neutral, conjugated or non-conjugated diene
having 10 or less carbon atoms, ahanionic ligand and a neutral ligand
capable of coordinating with a lone electron pair, in the same combination
or different combination. Specific examples of the halogen atom include a

fluorine atom, a chlorine atoms, a bromine at%? “and an io%irhe[ %tom, and
spedifié eXahfleSoRE HytifdcarBah ‘qrotp Mtude metiyt, SRy -~ °=¢
n-propyl, isopropyl, 2-methylpropyl, 1,1-dimethylpropyl,

Compoughthethylpropyl, 1,1-diethylpropy, 1-ethyl-l-methylpropyl,
1,1,2,2-tetramethylpropyl, sec-butyl, tert-butyl, 1,1-dimethylbutyl,. .
1,1,3FribeRnGBaEF ﬁ%%’ﬁ@hﬁﬁ,egygl%ﬂgﬁﬂlﬁﬁe?ﬁ f{lélyc?oing)/I Wlas 15, 20
1-methyl-I-cyclohexyl and the like. Sé)ecif'c exan&p:gs of thenr‘%@lutr%lh até;ti

or HomjRiEfkéd bR hoh-£onflgdttd diene having 10%5t e tarbon atgms ’
include s-cis- or s-trans-r 4-1,3-§u£%di%8eb%-g§- or

a @¥%%%%§£§9E4Qﬁﬁﬂﬁh§ki ﬂﬁﬁaiene,;«ns—oron atom{s), a neutral,
co&igggzgéj§22§ﬂ1%E;gﬁgg%%%geﬁgggépﬁaving 10 or less carbon

iene, s-cis- or

e G BRI e ] S OO 2R
cosaigns 4 L bistimetylsivl) 1, Sbytadiene 204, 0e Ik combinat ion
or different combination. Specific examples of the halogen
atoﬁiinclude a fluorine atom, a chlorine atoms, a bromine atom
and an iodine atom, and specific examples of the hydrocarbon
group include ﬁethyl, ethyl, n-propyl, isopropyl,
2-methylpropyl, 1,1l-dimethylpropyl, 2,2-dimethylpropyl,
1,i~diethylpropy, i—ethylflumethylpropyl,
1,1,2,2-tetramethylpropyl, 'sec-butyl, tert-butyl,

1, 1-dimethylbutyl, 1,1,3-trimethylbutyl, neopentyl,
cyclohexylmethyl, cyclohexyl, l-methyl-1l-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~n4;l,3—butadiene, s-cis- or

s-trans-n‘-1, 4-diphenyl-1, 3-butadiene, s-cis- or
s~trans—n4—3—methyi~1,3mpentadiene, s—-cls- or
s—trans~n4w1,4Fdibenzyl~1,3~butadiene, s—-cis— or

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



Specific examples of the anionic ligand include an alkoxy group such as
methoxy, tert-butoxy and phenoxy; a carboxylate group such as acetate
F_g;\Eggtzganzoate; a sulfonate group such as mesylate and tosilate; and the
like. Specific examples of the neutrgl-ligand capable of coordinating with
a lone electron pair include an organic phosphorous compound such as
trimethylphosphine, triethyl phosphene, triphenyl phosphine and diphenyl
methyl phosphine; ethers such as tetrahydrofuran, diethylether, dioxane
s -ahd-1,2«dimethoxyethgh; gnd-thedike - is, integet saf iktee4, andwhendis
2 or more, Q may be same or different from each other. [5] Examples of
s—Prefesren’Blidget MetaltdcenehGampbyng ~Hereinafterd specificrexampleske .
of the metallocene compound represented by the above-mentioned
Sp@eneral Esanulhdl willthe raenticred lbiugenrneiimmdﬁmaﬁnoaid:bay group
limited in scope by those:

suddopropyliddne(8-terebityb 5 iathylcycidpehtatienyl) (2 floermAzirebeiugroup
dichloride, isopropylidene(3-tert-butyl-5-ethylcyclopentadienyl)(2,7-di
sucert-butpifiierenizirconianediehleride L fonate group such as mesylate
isopropylidene(3-tert-butyl-5-ethylcyclopentadienyl)(3,6-di
anderosutytuereyZirconidm iichlobide cSFB¥x&8ples of the neutral
_ isopropylidene(3-tert-butyl-5-ethylcyclopentadienyl)(3,6-di
11 gepchofihpoz-gimbthysfiidiami jZngonitm didioadelectron pair include
an organic phosphorous compound such as trimethyl phosphine,
triethyl phosphine, triphenyl phosphine and diphenyl methyl
phesphine; ethers such as tetrahydrofuran, diethylether,
dioxane and 1,2-dimethoxyethan; and the like. ™“j” 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-5b-ethylcyclopentadienyl) (
fluorenyl)zirconium dichloride,
isopropylidene{3-tert~butyl—5—ethylcyclopentadienyl}(2,7?di
~tert-butylfluorenyl)zirconium dichloride,
isopropylidene (3-tert-butyl-5~ethylcyclopentadienyl) (3, 6~di

~tert-butylflucrenyl)zirconium dichloride,



isopropylidene(3-tert-butyl-5-ethylcyclopentadienyl)(2,7-di
methylfluorenyl)zirconium dichloride,

s FHs@wopylidene(3-tert-butyl-5-ethylcyclopentadienyl)(2,7-di
phenylfluorenyl)zirconium dichlorid€,8
isopropylidene(3-tert-butyl-5-ethylcyclopentadienyl)(2,7-di
(mesityl)fluorenyl)zirconium dichloride,

. isopropylidene(3-tert- butyl -5-ethylcyclopentadienyl)(octam
1 = qRvIgREhydRdibenZotiubrety %gnlﬁ | ﬁl%?rgj éentaﬁ?leﬂyl ) (3, 6~di

- R BN T R r@%'%cﬁdo facny I)(llinl}c%nlum FedtSre,
Bt el h\%%%ﬁ'.«ﬁﬁﬁ&fﬁ% eitdaieny1) (2, 7-a1
e SR ARt te%%géj?y&ln.ethélcxﬁgrg.en@d'eny')(2 >0

is$p?§i£r%p “d%lﬁyﬁ‘l r%et:;/ X'C¥C'°%o”§gi?cn%’3§entédlenyl} (2,7-di

Zitconam dich

ph%{}lgﬁﬂ%’%é 2{%?}/ ())eth¥lene 3-tert; bulMS etgglcyclopentadle

GitinT dic Porlde

&QQ r%gﬁ}")u X'e{‘eé'y%erﬁb%tl" 'ett]ﬂ 'OB%%té‘Q&enyl (2,7-di

Gorenylyzirconiun
mémg%éﬂé %gc}rlf)met% Ieneg% teﬁﬂt{x}ut l-2-eth thylc clopentadle SF-1399 19

u uoren)ﬂflzwconlum chorlgé (methyl) (phenyl)
1s”§¥@%§ﬁ?é§%%ﬁ§l 7 gg&%§§K§E@§N¥§cyclopentadlenyl)(octame
thyloctahydrodibenzofluorenyl} zirconium dichloride,
isopropylidene (3-tert-butyl-5-ethylcyclopentadienyl) (1,1,3,
6,8,8—hexamethyl—lﬁ,8deicyclopenta[b,ﬁ]flﬁorenyl)zirconium
dichioride,
isopropylidene{3—tert-buﬁyl~5~ethylcyclopentadienyl)(3,6—di
—tért~butyl-2,7—mesitylfluorenyl)zirconium dichloride,
isopropylidene (3~-tert-butyl-5-ethylcyclopentadienyl) (2,3,6,
T-tetramethylfluorenyl)zirconium dichloride,
isopropylidene (3-tert-butyl-5-ethylcyclopentadienyl) (2,3, 6,
T-tetra-tert-butyliflucorenyl)zirconium dichloride,
(methyi)(phenyl)methylene(3wtertmbutyl~5~ethylcyclopentadie
nyl) {fluorenyl)zirconium dichloride,

{(methyl)} (phenylimethylene (3~tert-butyl-S-ethylcyclopentadie
nyl)(2,7—di—tert—butylfluorenyl)zirconium dichléride,

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



nyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)zirconium dichloride, (methyl)
(phenyl) methylene (3-tert-butyl-5-ethylcyclopentadie
sF-AWX2,7-dimethylfluorenyl)zirconium dichloride, (methyl) (phenyl)
methylene (3-tert-butyl-5-ethylcyclapentadie
nyl)(2,7-diphenylfluorenyl)zirconium dichloride, (methyl)
(phenyl)methylene(3-tert-butyl-5-ethylcyclopentadie
nyl)(2,7-di(mesityl)fluorenyl)zirconium dichloride, (methyl) (phenyl)
ny lhéthyferte (3-tert-bhty T BethiRyGbentadi-onium dichiorids,
nyl)(octamethyloctahydrodibenzofluorenyl)zirconium dichjoride, (methy

1), .
ARy} BB SR 5 SR ey EDTATE o (1. 8 B2

8-hexamethyl-IH, 8H-dicyclopenta [b, h] fluoreny 1)zirconium dichloride,
ny Yinethfiy@hensBmetyiene 3 4d bt S 8yt RiopRhtadie T Con L
~ nyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zirconium dichloride, (methyl)
diqphenyiffrethylene (3-tert-butyl-S-ethylcyclopentadie
nyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride, (methyl) (phenyl) ..
(meheihylelen @ et BiRy RS EthIC aBﬁ&&aarétY{ S TR s
n{I r%3,3,6 7-tetra-test-butylfluorenyl)zirconium déé:g ide,. g
0 e A AR TRy e S OB BT 0 SF-1300 20
orenyl)zirconium dichloride, diphenylmethylene(3-tert-butyl-5-ethyl .
(m%§3% Lﬁﬁﬂﬁ@%ﬁﬂﬁ%t §Hené¥5—géribguty$ugmethflcyé?gpentadle
nyl) (2, 7-diphenylfluorenyl)zirconium dichloride,
(methyl) {phenyl)methylene {3-tert-butyl-5-ethylcyclopentadie
nyl) (2,7-di (mesityl) fluorenyl) zirconium dichloride,
(methyl) {phenyl)methylene (3-tert-butyl~5-ethylcyclopentadie
nyl) (octamethyloctahydrodibenzofluorenyl)zirconium
dichloride,
(methyl) (phenyl)methylene (3-tert-butyl-5~ethylcyclopentadie
nyl) (1,1,3,6,8,8-hexamethyl-1H, 88-dicyclopenta([b,h]fluoreny
1Yzirconium dichloride,
(methyl) (phenyl)methylene (3-tert-butyl-5-ethylcyclopentadie
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 {3-tert-butyl-5-ethylcyclopentadienyl) (flu



-di-tert-butylfluorenyl)zirconium dichloride,
diphenylmethylene(3-tent-butyl-5-ethylcyclopentadienyl)(3,6

o p- tdigtert-butylfluorenyl)zirconium dichloride,
diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(3,6
-di-tert-butyl-2,7-dimethylfluorenyl)zirconium dichloride,
diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(2,7
dimethyifluorenyl)zirconium dichloride, diphenylmethylene

orex3terrbusniethyRyelopenictienyl) (2, 7 diphenylfluorenyl)zirconium
dichloride, diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(2,7

d 1 phdir(rlesiyih ¥ horeriydy EREomaR-dienange Dy 1 cyS lopentadienyl] (2,7
diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(oct

-di anretiytbetabiydrbamer Bl SreryD RitcBhidh dheriends -
diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(1,1 |

di pige BlERAERamEy i BRRACHBIbBERBIE Rl Fe e ARy L) (346
dichloride, diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(3,6

- i gt bRl s b éryTZReomtin T dichbRae < - |
diphenylmethylene(3 tert-butyl-5-ethylcyclopentadienyl)(2,3 ..

di PR TYSREHERY RSNy REGRGRY dicRIoTEEY TeYE N agieny1) (3,6

diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(2,3 .. "
~di BERISrREHBaH ”oﬁjéﬁiﬁ)rz%r(r}ﬁé)ﬁi]uﬂ?ﬁﬁﬂ%}iBé%ﬁ%ﬁ"zfmhlo‘ ide,

e e e L ST A Y Yot BT, (2,

-dimethylfluorenyl)zirconium dichloride,
diphenylmethylene(3—tert~butyl*5~ethylcyclopentadienyl}(2,7
~diphenylfluorenyl)zirconium dichloride,
diphenylmethylene(3mtert—butylw5~ethylcyclopentadienyl)(2,7
~di(mesityl) fluorenyl) zirconium dichloride,
diphenylmethylene(3—tertmbutYI—S~@thylcyclopentadienyl)(oct
amethyloctahydredibenzofluocrenyl)zirconium dichloride,
diphenylmethylene(3—tert~butyl—S—ethylcyclopentadienyl)(l,l
,3,6,8,8mhexamethyl*lﬁ,SH—dicyclopenta[b,h]fluorenyl)zircon
ium dichloride,
diphenylmethylene(3—tert"butyl—S—ethylcyclopentadienyl)(3,6
~di-tert-butyl-2,7-mesitylfluorenyl}zirconium dichloride,
diphenylmeﬁhylene(3“tertmbutyl~S—ethylcyclopentadienyl)(2,3
, 6, 7-tetramethylfluorenyl}zirconium dichloride,
diphenylmethylene(3~tert~butylé5~ethylcyclopentadienyl)(2,3

,6,7-tetra-tert-butylfluorenyl)zirconium dichloride,



di (p-chlorophenyl)methylene(3-tert-butyl-5-ethylcyclopentad ienyl) (2,
7-di-tert-butylf luorenyl) zirconium dichloride,
g hIorophenyI)metherne(3 -tert-butyl-5-ethylcyclopentad ienyl) (3,
rt butylf luorenyl) zirconium di hloride, di

(p- chlorophenyl)methylene(3 -tert- butyl -5-ethylcyclopentad ienyl) (3,
6-di-tert-butyl-2, 7-dimethylf luorenyl) zirconium dichloride, di
(p-chlorophenyl)methylene(3-tert-butyl-5-ethylcyclopentad ienyl)

di {@2yedimethyiflaarenyherircohitme dichioride; dixfpyéhldrephienydynéthwiene d
(3-tert-butyl-5-ethylcyclopentad ienyl) (2, 7-diphenylf luorenyl) zirconium

i erdi¢hlgride;«h €¢p-chlarophenylimethydéne (3-téet-butyl-5-ethylcyclopentad
ienyi)(2,7-di(mesityl)fluorenyl)zirconium dichloride, di (p-chlorophenyl)

di (methylenedBHertsiutykStetidoedpentad: teémyl)y 1 -5-ethylceyclopentad
(octamethyloctahydrodibenzof luorenyl) zirconium dichloride, di

i er(pichicrophenylmethylers(3-fértbut-blothylcyclopentadi chloride,
ienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta{b,hjfluore nyl)zirconium

di {dichioride; difpechidiopheny ) rethyderte 3 teitblnyl-S-etiyiicyclopentagnt ad
ienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zirconium dichloride, SF-1399

i erp2l dil (- énidioptrenyhimethyfehec(BaritbutylB-ethitey clopdntad 1 de,
ienyi)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride,

di(p-chlorophenylimethylene (3~tert-butyl-5-ethylcyclepentad

ienyl) {3, 6~di-tert-butyl-2, 7-dimethylfluorenyl) zirconium
dichloride,

di (p-chlorophenylimethylene (3-tert-butyl-5-ethylcyclepentad
ienyl) (2, 7-dimethylflucrenyl) zirconium dichloride,
di{p—chlorophenyl)methylen@(3wtertubutylu5~éthylcyclopentad
ienyl) (2, 7T-diphenylfluorenyl) zirconium dichloride,
di(p—chlofophenyl)methylene(3—tert—butyl—S—ethylcyclopentad
ienyl}) (2,7-di{mesityl) flucrenyl)zirconium dichleride,
di{p-chlorophenyl)methylene (3-tert-butyl-5-ethylcyclopentad
ienyl) {octamethyloctahydrodibenzofliuorenyl) zirconium
dichloride,

di (p-chlorophenylimethylene (3-tert-butyl-5-ethylcyclopentad
ienyl) (1,1%,3,6,8,8-hexamethyl-1H, 8H~dicyclopentalb,h]fluore
nyl)zirconium dichioride,

di (p-chliorophenvl)methylene (2-tert-butyl-5-ethylcyclopentad
ienyl) (3, 6~di-tert-butyl-2, 7-mesityiflucrenyl)zirconium

dichloride,



di (p-chlorophenyl)methylene (3-tert-butyl -5-ethyl cyclopentad
ienyl)(2,3,6,7-tetra-tert-butylfluorenyl)zirconium dichloride,

s - @ifmechlorophenyl)methylene(3-tert-butyl-5-ethylcyclopentad
ienyi)(fluorenyl)zirconium dichloridey, 2
di(m-chlorophenyl)methylene(3-tert-butyl-5-ethyicyclopentad
ienyl)(2,7-di-tert-butylfluorenyl)zirconium dichloride, di (m-chlorophenyl)

_ methylene (3-tert-butyl-5-ethylcyclopentad ] cad
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lcyclopentadienyl) (2, 7-di-tert-butylfluorenyl)zirconium
dichloride,

di (p-trifluoromethylphenyl)methylene (3~-tert-butyl-5-n-propy
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di (en_yé)éi,7-3:@%$§£|UOléeql%(n%iécqgi%m;giﬁhjgﬂ%g1. sopropylcyclopentadi
(§>I(p-0)y|)l et@hy ne?&-ter -butyﬁ- -nqso%ropylcyélop ntagiy
yl)(2,7-diphenylfluoren Izircoi (1_) .I%r'de,

I(p-tolyl)methylene(3-tert-butyl-5-n-isopropylcyclopentadi

eni?}( qyrg&%EXZkgﬁox umlglgﬁﬂ(¥k %, | di

di gyypg%fjﬁlﬂé?%%?\%)%g r&n)’@g’%g@.@)iﬂ@ﬂglglggg%o ropylcyclopentadi

I(p-to tert-butyl-5-n-isopropylcyclopéntadi

enyg%'aﬁocféﬁ‘fl@g9@%}@3&3@%@592%px@é%ﬂ% dichloride; e ,

-tolyl)methylene 5-n-|sppropylcyclopentad| _ '
L
@n§¥?%§?%—di~tert~butylfluorenyl)zirconium,dichloride,
di(p-tolyl)methylene (3~-tert-butyl-5~n-isopropylcyclopentadi
enyl) (3, 6-di-tert-butyl—-2,7-dimethylfluorenyl)zirconium
dichloride,

di (p~tolyl)methylene {(3~-tert-butyl-5-n-isopropylcyclopentadi
enyl) (2,7 —dimethylfluorenyi) zirconium dichlorides,
di(p—tolyl)m@thylené(3—tertwbutylw5wnmisopropylcyclopentadi
enyi)(2,7—diphenylfluorenyl)ﬁirconium dichloride,
di{p-tolyl)methylene (3~-tert-butyl-5~n~isopropylcyclopentadi
enyl) (2, 7-di{mesityl)fluorenyl)zirconium dichloride,

di (p-tolylimethylene {3-tert-butyl-5-n-isopropylcyclopentadi
enyl) (octamethyloctahydrodibenzofluorenyl) zirconium
dichloride,
di(p—toiyl}methylene(3—tert—butyl—5—n—isopropylcyclopeﬁtadi
enyl) (1,1,3,6,8,8~hexamethyl-1H, 8H~dicyclopentaib,h]fluoren

vl)zirconiuvm dichloride,

di{p-tolylimethylene (3-tert-butyl-5-n-isopropylcyclopentadi



47 enyl)(3,6-di-tert-butyl-2,7-mesitylfiuorenyl)zirconium dichloride,
di(p-tolyl)methylene(3-tert-butyl-5-n-isopropylcyclopentadi
SF%{P@ 2,3,6,7-tetramethylfluorenyl)zirconium dichloride,

i(p- onI)methylene(3-tert-butyl-5-n4i§opropylcyclppentadi
enyl)(2,3,6,7-tetra-tert-butylfiuorenyi)zirconium dichloride,
isopropylidene(3-tert-butyl-5-n-butylcyclopentadienyl)(fluo renyl)zirconium
dichloride, isopropylidene(3-tert-butyl-5-n-butylcyclopentadienyl)(2,7-

endi-tars-pebdfluareny)zicconivm dichleride; v1 flucrenyl) zirconium
isopropylidene(3-tert-butyl-5-n-butylcyclopentadienyl)(3,6-

d1i ¢ti-tert-btagylfluorenyl)zirconium dichloride,
isopropylidene(3-tert-butyl-5-n-butylcyclopentadienyl)(3,6-

di diterdbutyl RetdimethylfBiorenyt)Zirconilirbdicklosideropylcyclopentadi
isopropylidene(3-tert-butyl-5-n-butylcyclopentadienyl)(2,7-

engimethyHlueoreny)zircanicmn dichlorigesnyl) zirconium dichloride,
isopropylidene(3-tert-butyl-5-n-butylcyclopentadienyl)(2,7-

di ¢iphenyifiuoreryl)y2icconitimidichiobde,y 1 - 5~n~1sopropylcyclopentadi
isopropylidene(3-tert-butyl-5-n-butylcyclopentadienyl)(2,7-

endi(mesityl)Bycrenyhzieconium dichlgride,uorenyl) zirconium
isopropylidene(3-tert-butyl-5-n-butylcyclopentadienyl)(octa

diamethylodmhydrodibenzofiuorenyl)zirconium dichloride,
isopropylidene(3-tert-butyl-5-n-butylcyclopentadienyi)(1,1, SF-1399

isopropylidene {3-tert-butyl-5-n-butylcyclopentadienyl) (fiuo

renyl)zirconium dichlicride,
isopropylidene(3—tertmbutyl—5—n~butylcycl§pentadienyl)(2,7~
di-tert-butylflucrenyl)zirconium dichloride,

isopropylidene (3-tert-butyl-5-n-butylcyclopentadienyl) (3, 6~
di-tert-butylfliuorenvl)zirconium dichloride,

isopropylidene (3~tert~butyl-5-n-butylcyclopentadienyl) (3, 6-
dimtertmbutyl~2,7~diméthylfluorenyl)zirconium dichleoride,
isopropylidene (3-tert~-butyl-5-n-butylcyclopentadienyl) (2,7~
dimethyifliuvorenyl)zirconium dichloride,

isopropylidene (3-tert-butyl-5-n-butylcyclopentadienyl) (2,7~
diphenylflucrenyllzirconium dichloride,

isopropylidene (3-tert-butyl-5-n-butylcyclopentadienyl) (2,7~
di{mesityl)fluorenyl)zirconium dichloride,
isopropylidene(3—tert—butyi—5—n—butflcyclopentadienyl}(octa
methyloctahydrodibenzofluorenyl)zirconium dichloride,

isopropylidene (3~tert-butyl-5~n-butylcyclopentadienyl) (1, %,



48 3, 6, 8, 8-hexamethyl-IH, 8H-dicyclopenta[b,h | fluorenyl) zirconi um
dichloride, isopropylidene(3-tert-butyl-5-n-butylcyclopentadienyl)(3,6-

SE‘—QI' t-butyl-2,7-mesitylfluorenyl)zirconium dichloride,
Isopropylidene(3-tert-butyl-5-n-butyjgyclopentadienyl)(2,3,
6,7-tetramothylflu renyl) ium dichlo ide, isopropylidene
(3-tert-butyl-5-n-butylcyclopentadienyl) (2, 3, 6, 7-tetra-tert-butylf luorenyl)
zirconium dichloride, (methyl) (phenyl) methylene ,

3, 6(Btert-hutylmeathutyleyslopéntas ienyh (hudrenyl) Ziréonivmedichictiesonl
(methyl) (phenyl) methylene (3-tert-butyl-5-n-butylcyclopentad

um i@hy(2o=ditert-butylfluorenyl)zirconium dichloride, (methyl) (phenyl)
methylene (3-ter-L-butyl-5-n-butylcyclopentad ienyl) (3,

i s - diteythutyiflaoferyd)zirdomiyn dichioridet sty psmemA) fiethyldne 6~
(3-tert-butyl-5-n-butylcyclopentad ienyl) (3, 6-di-tert-butyl-2, ‘

d1 -Tdimethylfiyarehyl)-zireohiun dickiosdes (hietmgpnium dichloride,
(phenyl)methylene(3-tert-butyl-5-n-butylcyclopentad ienyl)

i sa@Tedimetigfigoranyd Zirconiuyi dichloride tenegh opentadienyl) (2, 3,
(phenyl)methylene(3-tert-butyl-5-n-butylcyclopentad

&, Ternyd)2 ZrdipheryifluorenytZircorian dickonbiesh Lorice, |
(methyl)(phenyl)methylene(3-tert-butyl-5-n-butylcyclopentad ienyl) (E,?-di

i sqmesityl) idereny !} zireshiue Bichioride -Riieryfyclopentadienyl) (2, 3,
(phenyl)methylene(3-tert-butyl-5-n-butylcyclopentad SF-1399

6, 7-tetra-tert-butylfluorenyl)zirconium dichloride,
{methyl)(phenyl}methylene(3mtert—butylmS—n—butylcyclopentad
ienyl) (fluorenyl)zirconium dichloride,
{methyl)(phenyl)methylene(3*tert—butyl—5—n—butylcyclopentad
ienyl)(2,7—diwtert—butylfluorenyl)zirconium dichloride,
{methyl)(phenyl)methylene(3—tertmbutyl—Swnmbutylcyclopentad
ienyl)(3,6—di—tert~butylfluorenyl)zirconium dichloride,
{methyl) (phenyl)methylene {3-tert-butyl-5~n-butylcyclopentad
ienyl)(3,6mdi—tert~butyl—2,TMdimethylfluorenyl)zirconium
dichloride,
(methyl)(phenyl)methylene(3mtert—butyl~5mn~buty1cyclopentad
ienyl) (2, 7-dimethylfluorenyl)zirconium dichloride,
(methyl)(phenyl}methylene(3~tert—butylw5—n—butylcyclopentad
ienyl) (2, 7-diphenylfluorenyl}zirconium dichloridg,
(methyl)(phenyl)methylen@(3—tert-butyl—S—H—butylcyclopentad

itenyl) (2,7-cdi (mesityl) flucrenyl)zirconium dichloride,

(methyl)(phenyl)methylene(3—tertwbutyl—S—nﬂbutylcyciopentad



49 ienyl)(octamethyloctahydrodibenzofluorenyl)zirconium dichloride,

(methyl)(phenyl)methylene(3-tert-butyl-5-n-butylcyclopentad
srliemdxl,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta[b,h]fluore nyl)zirconium

dichloride, (methyl)(phenyl)methyleng(3-tert-butyl-5-n-butylcyclnnantad

ienyl)(3, 6-di-tert-butyl-2,7-mesitylfluorenyl)zirconium dichloride,

(methyl)(phenyl)methylene(3-tert-butyl-5-n-butylcyclopentad

|enyI21$2 ,3,6,7-tetramethylfluorenyl)zirconium dichloride,

L erRbtHy RS REIT it lehR SRS bR NS H- by §RIoheRidron fum
4 ienyl)(2,3,6,7-tetra-tert-butylfluorenyl)zirconium dichloride,

ethylene(3-tert-butyl-5-n-butylcyclopentadienyl)(f
-luorenyl)zirconium dichloride,

(mfighehy IFBMylehisrs irbaRA 637 b icyelpehtaaismpyey Loy clopentad
, 7-di-tert-but Ifluorenylg?rconlum dichloride,
le‘alzﬁﬁeh%ﬁe yferie(3Tar bR BV butyioy bpehEatfiemRata [0, b1 fluore
6-di-tert-butylfluorenyl)zirconium dichloride,
nY Yigheh§ et tit&t-baf-5-n-butylcyclopentadienyl)(3
,6-di-tert-butyl-2, 7-dimethylfluorenyl)zirconium dichloride,
mﬁ}ﬁh‘é}ﬁ/ﬂﬁ@tﬁ’i} la?‘?*féﬁiﬁ&/? £37: Bﬁt@kﬁ}bb‘é%fazd'énﬁ}éylc"c10“61’“33@
- d|meth%lﬂuorenyl)zwconlum dichloride

£ e b hor ey TenB (3-SR by S BH Ay IO ERFERVIL S £886 U

dichloride,

{methyl) (phenyl)methylene (3~tert-butyl-5-n-butylcyclepentad
ienyl) (2,3,6,7-tetramethylfluorenyl) zirconium dichloride,
(methyl) {(phenyl)methylene (3-tert-butyl-5-n-butylcyclopentad
ienyl){2;3,6,7—tetra—tért—butylfluorenyl)zirconium
dichlozride,
diphenyimethylene{3-tert-butyl-5-n-butylcvclopentadienyl) (f
luorenyl)zirconium dichloride,

diphenylmethylene (3~tert~butyl-5-n-butylcyclopentadienyl) (2
, 7-di-tert-butylfluorenyl)zirconium dichloride,
diphenylmethylene (3~tert-butyl-5-n-butylcyclopentadienyl) {3
. 6-di-tert-butylfluorenyl)zirconium dichloride,
‘diphenylmethylene (3-tert-butyl-5-n~butylcyclopentadienyl) (3
, e-di-tert-butyl-2,7~dimethylfliuorenyl)zirconium dichloride,
diphenylmethylene (3-tert-butyl-5-n-butylcyclopentadienyl) (2
; I=dimethylfluorenyl)zirconium dichloride,

diphenylmethylene (3-tert-butyl-5-n-butylcyclopentadienyl) (2



50 ,7-diphenylfluorenyl)zirconium dichloride,
diphenylmethylene(3-tert-butyl-5-n-butylcyciopentadienyl)(2 ,7-di (mesityl)
f{uarenyl) zirconium dichloride,
srfldere
diphenylmethylene(3-tert-butyl-5-n-lutylcyclopentadienyl)(o
ctamethyloctahydrodibenzofluorenyl)zirconium dichloride,
diphenvimethylene(3-tert-butyl-5-n-butylcyclonentadienyl)(1
,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta[b,h] fluorenyl)zirc onium
- T OiEmbRa A pRETRREthY fehe @b iy ButiiByclopentadienyl) (3
~,6-di-tert-butyl-2,7-mesitylfluorenyl) zirconium dichloride, . .
d1ipiserynaetiylaTed ARty nIuIcTabpeHagRny s tadienyl) (2
,3,6,7-tetramethylfluorenyl) zirconium dichloride ,
, T oiphiersrhathy lehe R i Bt BT BUt Y clobERtRIGM 2
_,3,6,7-tetra-tert-butylfluorenyl)zirconium dichloride, di (p-c:hlor%phen%{lJ 1
A1 panybRe (Bse Ryl ButyE didpent "adidiyl) GRior&RAY Zirconiin - (°
dichloride, di (p-chlorophenyl) methylene (3-tert-buty|-,5-n-bé1tylg clop%nt
Ct ABRHYH QS P AIMYSHE Bty iGNy 2 EaMam dichiSHag i@ - e o= =€
_(p-chlorophenyl) methylene (3-tert-butyl-5-n-hutylcyclopent adieng? (3, 1) 01
dlslmrtgkzﬁﬁ%ﬂa&%ﬁﬁzﬁ@ﬂm%ﬁmHa&,“HP(pY SroppRApHe i eny L) (1
methylene (3-tert-butyl-5-n-butylcyclopent adien Itli)( GHSL rt-but l_éL’ .
17 et ROTEH SHETOHT T A i RRLHOI e B e e - =2
(3-tert-butyl-5-n-butylcyclopent SF-1399
onium dichloride;
diphenylmethylene(3—tertwbutyl—5—n~butylcyclopentadienyl)(3
, 6-di~tert-butyl-2, 7-mesitylflucrenyl)zirconium dichloride,
diphenylmethylene (3-tert-butyl-5-n-butylcyclopentadienyl) (2
,3,6,7-tetramethylfluorenyl) zirconiumn dichloride,
diphenylmethylene (3-tert-butyl-5-n~putylcyclopentadienyl) (2
,3,6,7-tetra~tert-butylfluorenyl)zirconium dichloride,
di{p~chlorophenyl}methylene(3mtert~butyl—5—n~butylcyclopent
© adienyl) {(flucrenyl) zirconium dichloride,
di (p~chlorophenyl)methylene {3-tert-butyl-5-n-butylcycliopent
adienyl)(2,7mdi—tert4butylfluorenyl)zirconium dichloride,
di (p-chlorophenyl)methylene {3-tert-butyl-5-n-butylcyclopent
adienyl) (3, 6—-di-tert-butylfluorenyl)zirconium dichloride,
di (p-chlorophenyl)methylene (3-tert-butyl-5-n-butylcyclopent
adienyl) (3, 6~di-tert-butyl-2, 7-dimethylflucrenyl)zirconium

dichloride,

di {p-chlorophenyl)methylene (3-tert~butyl-5-n-butylcyclopent



51 adienyl)(2,7-dimethylfluorenyl)zirconium dichloride,
di(p-chlorophenyl)methylene(3-tert-butyl-5-n-butylcyclopent
sp-adieryl)(2,7-diphenylfluorenyl)zirconium dichloride,
di(p-chlorophenyl)methylene(3-tert-butyl-5-n-butylcyclopent
adienyl)(2,7-di(mesityl)fluorenyl)zirconium dichloride, di(p-chlorophenyl)
methylene(3-tart-butyl-5-n-butylcyclopent
adienyl)(octamethyloctahydrodibenzofluorenyl)zirconium dichloride,
ad igifprén| drophenylmeiiidna3uertbuty-s-adbulyey clépgéntoride,
adienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta[b,h]fluo
di tenghZiccopmie eichlotfdeylene (3-tert-butyl-5-n-butyleyclopent
_di(p-chlorophenyl)methylene(3-tert-butyl-5-n-butylcyclopent
adigheny)(3 6ldideriBuryl L iRssitiuotempirebRiudt didsishide
_ di(p-chlorophenyl)methylene(3-tert-butyl-5-n-butylcyclopent
al geemAnz e eaetameiiyfrstenylyZiesniuivdichioride; putylcyclopent
di(p-chlorophenyl)methylene(3-tert-butyl-5-n-butylcyclopent _
ad eyl (2 876, Aiefra-tertpbtyifuSre AT Zrcd hitme Bicktorfiesh L oride,
di(m-chlorophenyl)methylene(3-tert-butyl-5-n-butylcyclopent
digﬁWQWhamﬁﬂgﬁﬂxﬁ&%@ﬁhﬁ%ﬁﬂﬁd@ﬁ%ertmbutylmSmnmbutylcyciopent
di(m-chIorophenyl)methylene(3-tert-butyl-5-h-butylcycIoEent‘ .
adjﬁ%])(?,?%@@ﬁ%ﬂﬁﬁ@@ﬁ?ﬁﬁ%% PHfchisHgny L) zirconium
_di(m-chlorophenyl)methylene(3-tert-butyl-5-n-butylcyclopent SF-1399
dichloride,
di{p~chlorophenyl)methylene (3-tert-butyl-5-n-butylcyclopent
adienyl} (1,1,3,6,8,8-hexamethyl~-1H, 8H~dicyclopenta([b,h]fluo
renyl)zirconium dichloride,
di {p~chlorophenylimethylene{3-tert-butyl-5-n~butylcyclopent
adienyl) (3, 6-di-tert-butyl-2, 7-mesitylfluorenyl) zirconium

dichloride,
di(p-chlorophenyl)methy;ene(3~tert~butyl—S—n—butylcyclopent
adienyl) (2, 3,6, 7T-tetramethylflucrenyl)zirconium dichloride,
di{p-chlorophenyl)methylene(3~tert-butyl-5-n-butylcyclopent
adienyl) (2, 3,6, 7-tetra-tert-butylfluorenyl) zirconium
dichloride,

di (m-chlorophenylmethylene (3-tert-butyl-5-n-butylecyclopent
adienyl) (flucrenyl) zirconium dichloride,
di(m—dhlorophenyl)methyleﬂe(3—tert—butylmSWngutylcyclopent
adienyl) (2, 7-di~tert-butylfluorenyl)zirconium dichloride,

di{m-chlorophenyl)methylene (3-tert-butyl-5-n-butylcyclopent



52 adienyl) (3,6-di-tert-butylfluorenyl) zirconium dichloride,
di(m-chlorophenyl)methylene(3-tert-butyl-5-n-butylcyclopent adienyl)

g A3 6adi-tert-butyl-2,7-dimethylfluorenyl) zirconium dichloride, di
(m-chlorophenyl)methylene (3-tert-katyl-5-n-butylcyclopent
adienyl)(2,7-dimethylfluorenyl)zirconium dichloride, di
(m-chlorophenyl)methylene(3-tert-butyl-5-n-butylcyclopent adienyl)
(2,7-diphenylfluorenyl) zirconium dichloride, di (m-chlorophenyl) ,

ad ifBthlehd (STRHTBRYIES AIBUYIEyEIBEERY AdiBhyIf 737 fEdimyE de

_luorenyl) zirconium dichloride, di (m-chlorophenyl) methylene

1 {BEbRENER B RSB Ee 2Ry CTah ey ToETAR b BAZaPP=r"
luorenyl) zirconium dichloride, di &m-chIo,rophenyl)methylene , .

ad%@ﬁﬁ%i&%ﬂﬁﬁﬁ%ﬁﬁﬁE%ﬂ&ﬁﬁﬁl“ , T—~dimethylfluorenyl)zirconium

_adienyl)(1,1,3,6,8,8-hexamethyl-IH,BH-dicyclopenta[b,h]fluo
Gl &mium dichloride,
s S S B SR
S sephennatyoreC rhu Snurtse .,
o il et e B ) B
adienyl) (2, 7-diphenylfluorenyl) zirconium dichloride,
di (m~chlorophenyl)methylene (3-tert-butyl-5-n-butylcyclopent
adienyl)(2,7~di(mesityl}fluorenyl}zirconium dichlorice,
di(mwchlorophenyl)methylene(3—tept—butyi—5—n~butylcyclopent
~adienyl) (octamethyloctahydrodibenzofluorenyl) zirconium
dichloride,
di {m~chlorophenyl)methylene (3~tert~butyl-5-n-butylcyclopent
adienyl) (1,1,3,6,8,8-hexamethyl~1H, 88~dicyclopentaib,h]fluo
renyl)zirconium dichloride,
di (m-chlorophenylimethylene (3-tert-butyl-5-n-butylcyclopent
adienyl)(3,6~di~tert—butyl—2,7umesitylfluorenyl}zirconium
dichloride,
di{m-chlorophenylimethylene (3~tert-butyl-5-n-butylcyclopent
adienyl}(2,3,6,7ftetramethylfluorenyl)zirconium dichloride,
ditm—chlorophenyl)methylene(3~tertwbutyl—S—n—butylcyclopent
adienyl) (2,3,6,7-tetra-tert-butylfluorenyl)zirconium

dichloride,



53 di (m-trifluoromethylphenyl)methylene(3-tert-butyl-5-n-butyl
cyclopentadienyl) (fluorenyl) zirconium dichloride, di

sremiafiuoromethylphenyl)methylene (3-tert-butyl-5-n-butyl
cyclopentadienyl)(2,7-di-tent-butylflugenyl)zirconium dichloride,
di(m-trifluoromethviphenyl)methvlene(3-tert-but yl-5-n-butyl

- cyclopentadienyl)(3,6-di-tert-butylfluorenyl)zirconium dichloride, di (m-trif

. luoromethylphenyl) methylene (3-tert-butyl-5-n-butyl

o ToperHRF NS B BB EE 7 ity TR R eIt b Uy
dichloride, di(m-trifluoromethylphenyl)methylene(3-tert-butyl-5-n-butyl

CYeyabEatadieti 2, 7 dimeffiorénylzReomtint tithierdéle
_di(m-triflugromethylphenyl)methylene(3-tert-butyl-5-n-butyl

0 T eradRR N PSS CS RSB GAT CicHioraey 1 5-n-butyl
di(m-trifluoromethylphenyl)methylene(3-tert-butyl-5-n-butyl ‘

Y ESEABRRYAE 2t (MeSryBRCoreRyy2obiT “HERbREEon v
.di(m-trifluoromethylphenyl)methylene(3-tert-butyl-5-n-buty!l

dlE}llggr](%’|5(§Lrﬁ3(JIienyl)(octamethyioctahydrodibenzofluorenyl)zirco nium

hlori di(m-trifluoromethylphenyl)methylene(3-tert-butyl-5-n-butyl
7 d luéromethylpheg§i)mgghylgge(§—tert~5¥tylw5~¥~butyl

8
cyclopentadienyl) (3, 6~-di-tert-butylfluocrenyl)zirconium
dichleride,
di(m~trifluoromethylphenyl)methylene(3-tert-butyl-5-n-butyl
cyclopentadienyl) (3, 6~di-tert~butyl-2, 7~dimethylfliuorenyl)z
irconium dichloride,
di(m-trifluoromethylphenyl)methylene (3-tert-butyl=-5-n-butyl

~cyclopentadienyl) (2, 7-dimethylfliuorenyl) zirconium
dichloride,
di{m-triflucromethylphenyl)methylene{3-tert-butyl-5-n-butyl
cyclopentadienyl)(2,7~diphenyifluorenyl)zirconium
dichloride,
di(m—trifluoromethylphenyl)methylene(3~tert~buty1—5—n—butyl
cyclopentadienyl) (2, 7-di (mesityl)fluorenyl)zirconium
dichloride,
di(mwtrifluoromethylphenyl)methylene(3~t@rt—butyl—5mnwbutyl
cyclopentadienyl) (octamethyloctahydrodibenzofluorenyl)zirco

nium dichloride,

di{m-trifluorcmethylphenyl)methylene (3-tert-butyl-5-n-butyl



54 cyclopentadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta
[b,h]fluorenyl)zirconium dichloride,
SE-di@¥rifluoromethylphenyl)methylene(3-tert-butyl-5-n-butyl
cyclopentadienyl)(3,6-di-tert-butyl-27ZAmesitylfluorenyl)zi rconium
dichloride, di(m-trifluoromethylphenyl)methylene(3-tert-butyl-5-n-butyl
cyclopentadienyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride,

cy '@%‘é@&’ao%‘i@&ﬂ%%ﬂe“ﬁd)@%@é'?@QQ’% .£¥a%%té{§§;f‘fﬁtﬂté/{{—-di%¥clopenta

cyclopentadien 6,7 tefra-tert-butylfluorenyl)zirconi um dichioride,

1o SUp:trifluQromathylpbepylimethylene(@teributyl-5-n-butyl

cyclopentadiényl)(fluorenyl)zirconium dichloride,

di PrKDttr_iﬂ%ﬁ@g}e&mgleﬂgwmﬁw%@éﬁ-ﬁ@a@g%ﬁs@-@%Iuty1-5~ﬁ-butyz

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

cyéﬂgggﬁw@&T%ﬂQX?E@”ﬂﬂﬁ§ﬂﬁg¥ﬁi%ﬂ%fiﬁ@ﬂﬁtRé%@ﬂ ifluorenyl)zi

cyclopentadienyl)(3,6-di-tert-butylfluorenyfzirconium dichloride,

re gggi}ﬁ'{fl%rgmq;wlgggnyl)methylene(3-tert-buty|-5-n-butyl
cyclopentadienyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)z irconium

di gighlqriae, Q&Pé&i@%@ﬂiﬁ{@}ﬁ'g*ﬂ?B%'M?W@?ﬁ%%@-@uggvéﬁi%ﬂﬂ-—butyl

cyclopentadienyl)(2,7-dimethylfluorenyl)zirconium SF-139
cyclopentadienyl) {2,3,6,7~tetramethylfluorenyl)zirconium

dichloridej

di{m~trifluocromethylphenylimethylene (3-tert-butyl-5-n~butyl
cyclopentadienyl) {2,3,6,7-tetra-tert-butyifluorenyl)zirconi
um dichloride,

di (p~trifluoromethylphenyl)methylene (3~tert-butyl-5-n~butyl
cyclopentadienyl) (fluorenyl)zirconium dichloride,

di (p~trifluoromethyliphenyl)methylene {(3-tert-butyl-5-n-butyl
cyclopentadienyl) {2, 7-di-tert-butylfluorenyl)zirconium
dichleoride,
di(p-trifluoromethylphenyl)methylene(BMﬁert_bﬁtyl~5~nwbutyl
cyclopentadienyl) {3, 6-di-tert-butylfluorenyl}zirconium
dichloride,
di{p—trifluoromethylphenyl)methylene(34tert—butyl—5—n~buty1
cyclopentadienyl){3,6—di~tert~butyl-2,7wdim@thylfluorenyl}2
irconium dichleride,

di{p-triflucromethylphenylimethylens {3-tert-butyl-5-n-butyl

cyclopentadienyl) {2, 7-dimethylfluorenyl)zirconium



55 dichloride, di(p-trifluoromethylphenyl)methylene(3-tert-butyl-5-n-butyl
cyclopentadienyl)(2,7-diphenylfluorenyl)zirconium dichloride,
Snggggﬂuoromethylphenyl)methylene(3-tert-butyl-5-n-b9tyl I. tadiez-di
(mesh 1t Cyn .. Gpe.n. nyl~) / ~2, tgsc~.y_).~ f LuGreiiyi)zirCGniiitm
dichloride, di(p-trifluoromethylphenyl)methylene(3-tert-butyl-5-n-butyl
. cyclopentadienyl)(octamethyloctahydrodibenzofluorenyl)zirco nium
dichloride, di(p-trifluoromethylphenyl)methylene(3-tert-butyl-5-n-butyl
digpdlopentadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta
[b,h]fluorenyl)zirconium dichloride,
di dgparfudromeshgphenpimetyleretdidrebatybStebutyputyl-5-n-butyl
cyclopentadienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zi rconium
cy dichioritiea di(prsifludrometiyiphemy Jniethgtere(3-tari-batyt-Ban-buty|
cyclopentadienyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride,
digitdeathssremethylphenyl)methylene(3-tert-butyl-5-n-butyl
cyclopentadienyl)(2,3,6,7-tetra-tert-butylfluorenyl)zirconi um dichloride,
Chéliepﬁmypiﬁdeﬂmaﬁé@nbnnﬁﬁyﬂamwé%@;ﬁérrﬁé@lreﬁrrglputy‘-"5 n-butyl
)(fluorenyl)zirconium dichloride,
cyclopentadienyl) {2, 7- u_(mesiuyl)Lluorenyl)zirCOﬁium
dichloride,
~di(p-trifluoromethylphenyl)methylene (3~tert-butyl-5-n-butyl
cyclopentadienyl) (octamethyloctahydrodibenzofluorenyl)zirco

nium dichloride,

di(p-trifluoromethylphenyl)methylene (3~tert-butyl-5-n-butyl
cyclopentadienyl)(l,1,3,6,8,B—hexamethyl-lH,8H~dicyclopenté
[b}h]fluorenyl)zirconium dichloride,
di(pntrifluoromethylphenyl)methylene{3~tert¥butyl—5—n—butyl
cyclopentadienyl) {3, é-di-tert-butyl-2, 7-mesitylfluorenyl)zi
rconium dichloride,
di(p—trifluoromethylphenyl)methylene(3—tert~butyl~5~n~butyl
cyclopentadienyl) (2,3, 6, 7-tetramethylfluorenyl) zirconium
dichloride,

di(p-trifluoromethylphenyl)methylene (3-tert-butyl-5-n-butyl
cyclopentadienyl) (2, 3,6, T-tetra~-tert-butylfluorenyl) zirconi
um dichloride, |
di(p-tolyl)methylene (3~tert-butyl-5-n-butylcyclopentadienyl

) {(fluorenyl)zirconium dichloride,



SF-1399 56 di (p-tolyl)methylene (3-tert-butyl-5-n-butylcyclopentadienyl )
(2, 7-di-tert-butylf luorenyl) zirconium dichloride, di

SF_§Lp3£_‘95!3yl)methylene(3-tert-.butyl‘-5-n-t.)utylcyclopgntadienyl ) (3,
6-di-tert-butylfluorenyl) zirconium dighloride, di (p-tolyl)methylene
(3-tert-butyl-5-n-butylcyclopentadienyl
1(3,6-di-tent-butyl-2,7-dimethylfluorenyl) zirconium dichloride, di
(p-tolyl)methylene(3-tert-butyl-5-n-butylcyclopentadienyl

di (- 7dimethyifiubrersi)eitéotiantdieripide Sdin-butyleyclopentadieny.l
(p-tolyl)methylene(3-tert-butyl-5-n-butylcyclopentadienyl

) (227=diphenyitiubrenyd Zcemanvditmongendivn dichloride,
(p-tolyl)methylene(3-tert-butyl-5-n-butylcyclopentadienyl .

di (@;-dimesiifotend)FArcbakiaT Biehloride  arpiohiyHetrpereadienyl
(3-tert-butyl-5-n-butylcyclopentadienyl (octamethyloctahydrodibenzof

) { Jubredyh) tArcomprt it hiotes ol {pAdIyIF ictHeféchloride,
(3-tert-butyl-5-n-butylcyclopentadienyl ,

di (@:1:3,6y8, Sueanmetiy -0 BRrdichals yermay nubremyz . fEsRRT L eny +
dichloride, di (p-tolyl) methylene (3-tert-butyl-5-n-butylcyclopentadieny!

) (3¢3 6H-t&rebutyr2 2 hrekity TSRSy YikEorae Bichl Gride: At ¢5olyl)
methylene (3-tert-butyl-5-n-butylcyclopentadienyl ) (2, 3, 6,

dichictiansthylfluorenyl) zirconium dichloride, di
(p-toly?methylene(3-tert-butyl-5-n-butylc

di {p~to yl)methylene{Bhtertwbut?%?%@%ngE§Y£yclopentadienyl
) (2, 7-dimethylfluorenyl}zirconium dichloride,
di(@*tolyl)methylene(3—tertmbutyl~5—n-butylcyclopentadienyl
) {2, 7-diphenylfluorenyl)zirconium dichleoride,
di(p-tolylimethylene (3~tert~butyl-5-n-butylcyclopentadienyl
Yy (2, 7-di{mesityl)flucrenyl}zirconiunm diéhloride,
di{pmtolyl}methylene(B—tertwbutylm5mn—butylcyclopentadienyl
} toctamethyloctahydrodibenzoflucrenyl) zirconium dichloride,
di{p-tolyl)methylene (3-tert-butyl-5-n-butylcyclopentadienyl
)&1,1,3,6,8,8~h@xamethyl—lﬁ,83~dicyclopenta{b,h}fluorenyl)2
irconium dichloride,

di(p-tolyl)methylene (3-tert-butyl-5-n-butylcyclopentadienyl
} (3, 6-di-tert-butyl-2,7-mesitylfiuvorenyl)zirconium
dichloride,
di(pvtolyl)methylene{3wtertwbutyl#5—n—butchyclopentadieﬁyl
y{2,3,6,7-tetramethyifluorenyl)zirconium dichloride,

di{p-tolyl)methylene (3-tert-butyl-5-n-butylcyclopentadienyl



SF-1399 57 )(2,3,6,7-tetra-tert-butylfluorenyl)zirconium dichloride,
dimethylmethylene(3-tert-butyl-5-methylcyclopentadienyl)(3,

o p_8-ditert-butyl-2,7-dimethylfluorenyl)zirconium dichloride,
dimethylmethylene(3-tert-butyl-5-methylcyclopentadienyl)(oc
tamethyloctahydrodibenzofluorenyl)zirconium dichloride, A,e+h.>1.....th. |
(3-to rt but 1-5-me 'c rlopentgienvl) (lulm .y a"cyene -y thyy N
1,3,6,8,8-hexamethyl-iH,8H-dicyclopenta[b,h]fluorenyl)zirco_nium

) { Zdighleride; tdimethyimetmylerie(B T RABURYIS-hetReYdBPe fthgiehyH e -
3,6,7-tetramethylfluorenyl)zirconium dichloride, ‘

dingiveiiyinstiiylaned teftbutyBiretyicpidpentadiengpe tadieny L) {3,
6-di-tert-butyl-2,7-diphenylfluorenyl)zirconium dichloride, . ,

6~ dimeeyimethyieel3 ted b methiAdriopentadieapijgn dichloride,
6-di-tert-butyl-2,7-mesitylfluorenyl)zirconium dichloride, ,

dimfshenymastyiciegd detutyiBineiicRisgentasengp@rtadienyl) {oc
6-di-tert-butyl-2,7-dimethylfluorenyl)zirconium dichloride, ,

t ampgisnlrRsmyERTSUSRBERI-bIRRRTIC cloperRadiBRy fogh L oride,
tamethyloctahydrodibenzofluorenyl)zirconium dichloride, )

dimpsrieniRREylerred-tertptfyrisuhitiyiipentadiengpentadieny ) (3,
1,3,6,8,8-hexamethyl-1H,8H-dicyclopental[b,h]fluorenyl)zirco nium ,

L, HichiGhick; et iethy ldhel 3 ter-buf HSRmetf G cogertadighyiy2? - = <©

3,6, 7-tetramethylfluorenyl)zirconium dichloride,
nium dichloride,

‘dimethylmethylene (3~tert-butyl-5-methylcyclopentadienyl) (2,
3,6,7-tetramethylfluorenyl) zirconium dichloride,
dimethylmethylene {3-tert-butyl-5-methylcyclopentadienyl) (3,
6—di—tertwbutyl—2,7—diphenylfluorenyl)Zirconium dichloride,
dimethylmethylene (3~tert-butyl-5-methylcyclopentadienyl) (3,
6—di—tert¥butyln2,7wmesitylfluorenyl)zirconium dichloride,
diphenylmethylene (3~tert-butyl-5-methylcyclopentadienyl) (3,
6-di-tert-butyl-2, 7-dimethylfluorenyl)}zirconium dichloride,
diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl) {(oc
tamethyloctahydrodibenzofluorenyl) zirconium dichloride,
diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl) (1,
1,3,6,8,8~hexamethyl-1H, 8H-dicyclopenta[b,h]l fluorenyl)zirco
nium dichloride,

diphenylmethylene {3-tert~butyl-5-methylcyclopentadienyl) (2,
3,6, 7-tetramethylfluorenyl) zirconium dichleride,

diphenylmethylene (3~tert-butyl-5-methylcyclopentadienyl) (3,



diphenylmethylene(3-tert-butyl-5-methylcyclopentadienyl)(3, SF-1399 58
6-di-tert-butyl-2,7-diphenylfluorenyl)zirconium dichloride,
sr-diphenylmethylene(3-tert-butyl-5-methylcyclopentadienyl)(3,
6-di-tert-butyl-2,7-mesitylfluorenyl)zggonium dichloride,
(methyl)(phenyl)methylene(3-tert-butyl-5-methylcyclopentadi
enyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)zirconium dichloride,
methyl)(phenyl)methylene(3-tert-butyl-5-methylcyclopentadi . ,
6—é1ﬁy5(fdaam sctahydt odBRRY SUCHERGTATEb AT CdtciBride o1 Hor 1 de:
(methyl)(phenyI)metha)gnene(3-tert-bu'%t)j/l-5-methylc cIo§f§tadi

diRRGNHLTS6 8 RS armefy TREN ey cope N6 HMGTER SR =

o e (e oo e T e pt e SR,
e IRt openca

A I T
_(methyl)(p-tolyl)methylene(3-tert-butyl-5-methylcyclopentad

A1 e HiE 6i-tert-butyl-2, 7-dimethylfluorenyl)zirconium  dichloride,

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

enyl) {octamethyloctahydrodibenzofluorenyl) zirconium

dichloride,

{methyl) (phenyl)methylene (3~tert-butyl-5~methylcyclopentadi

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

fl)zirconium dichloride,

{methyl) (phenyl)methylene (3~tert-butyl-5-methylcyclopentadi

enyl) (2,3,6,7-tetramethylfluorenyl)zirconium dichloride,
(methyl) (phenyl)methylene (3-tert-butyl-5-methylcyclopentadl

enyl) (3,6~di-tert-butyl-2, 7-diphenylfluorenyl)zirconium

dichloride,

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

enyl)(3,6~diwtert—butyl—2,f—mesitylfluorenyl)zirconium

dichloride,

(methyl) (p-tolyl)methylene{3-tert-butyl-5-methylcyclopentad

ienyl} (3, 6-di-tert-butyl-2, 7-dimethylfluorenyl) zirconium

dichloride,

(methyl) (p-tolylimethylene (3-tert-butyl-5-methylcyclopentad



(methyl)(p-tolyl)methylene(3-tert-butyl-5-methylcyclopentad SF-1399 59
ienyl)(octamethyloctahydrodibenzofluorenyl)zirconium dichloride,

sr{methyl)(p-tolyl)methylene(3-tert-butyl-5-methylcyclopentad
ienyl)(1,1,3,6,8,8-hexamethyl-IH,8H-dicyclopenta[b,h)fluore nyl)zirconium
dichloride, (methyl)(p-tolyl)methylene (3 tertbutyl 5 methylcyclopentad
ienyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride,
(methyl)(p-tolyl)methylene(3-tert-butyl-5-methylcyclopentad

1 etenyl) (3, 6tdintertibniyl2; Adiphenyihmnemi)zirooriupl dichtorde, um
(methyl)(p-tolyl)methylene(3-tert-butyl-5-methylcyclopentad

di@midE3,8<di-tert-butyl-2,7-mesitylfluorenyl)zirconium dichloride,
(methyl)(2-naphthyl)methylene(3-tert-butyl-5-methylcyclopen

(mesdianyl){(8,6-dilte it ey 7 sdimebmyitucrebyljzfcohiume tdighloyidéppent ad
(methyl)(2-naphthyl)methylene(3-tert-butyl-5-methylcyclopen

1etadienyl) 6ctanfetibylSctabidrotiienzoll o fshyt zicoonigme dich dride] £ luore
(methyl)(2-naphthyl)methylene(3-tert-butyl-5-methylcyclopen

ny fadiemi L 1us 68L& hbsarréthyl-1H,8H-dicyclopenta[b, h)flu
orenyl)zirconium dichloride,

(mghethyl) (Znaphthy) methidsa@ erttisuty=Suiathyltyolepbny i cyclopentad

ienyl) (2,3, 6,7-tetramethylfluorenyl)zirconium dichloride,

{methyl) (p-tolyl)methylene(3-tert-butyl-5-methylcyclopentad

ienyl} (3, 6-di-tert-butyl-2, 7-diphenylfluorenyl)zirconium

dichloride,

(methyl) (p-tolylimethylene (3-tert~butyl-5-methylcyclopentad

ienyl) (3, é-di-tert~butyl-2, 7-mesitylfluorenyl)zirconium

dichloride,

{methyl)(2mnaphthyl)methylene(3wt@rt—butyl—5~methylcyclopen

tadienyl)(3,6~di~tert—butyl~2,7~diméthylfluorenyl)zirconium

dichloride,

(methyl) (2-naphthyl)methylene (3-tert-butyl-5-methylcyclopen

tadienyl)(octamethyloctahydrodibenchluorenyl)zirconium

dichloride,
(methyl)(2~naphthyl)methylene(3—tert~butyl~5—methylcyclop@n
tadienyi)(1,1,3,6,8,S—hexamethyl—lﬂ,88~dicyclop@nta{b,h]fiu
orenyl) zirconium dichloride,

(methyl) (2-naphthyl)methylene(3-tert-butyl-5-methylcyclopen

tadienyl) (2,3,6, 7-tetramethylfluorenyl) zirconium dichloride,



tadienyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride, SF-1399 60
(methyl)(2-naphthyl)methylene(3-tert-butyl-5-methylcyclopen tadienyl) (3,
sp-brdigtert-butyl-2, 7-diphenylfluorenyl) zirconium dichloride,
(methyl)(2-naphthyl)methylene(3-tegutyl-5-methylcyclopen
tadienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zirconium dichloride,
(ethyl)(phenyl)methylene(3-tert-butyl-5-methylcyclopentadie
nyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)zirconium dichloride,
(mesinyd(phenyBristniens@H eyt sig Siniaicpaépemaade thyleyclopen
nyl)(octamethyloctahydrodibenzofluorenyl)zirconium_dichloride, ‘
taqamplylphéAyHmeinyiese3ervbutyl-5niEtRyIEycépertadrRy L) zireonium
nyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta[b,h]fluoreny 1)zirconium
digiektgridee (ethyl)(phenyl)methylene(3-tert-butyl-5-methylcyclopentadie
nyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride, .
(meathyl(phényimatiienaatert it -B remyicydoperaans thy Leyclopen
nyl)(3,6-di-tert-butyl-2,7-diphenylfluorenyl)zirconium_dichloride, .
tagethpy(bhéRylfmetisidaRebutyl-5l etRicyciopettagiy L zirconium

anZ(S,6-di-tert-butyl-2,7-mesitylf|uorenyl)zirconium dichloride,
dichloride,

(ethyl)(phenyl)methylene(3—tert—butyl—5~m@thylcyclopentédie
nyl} {3,6-di-tert-butyl-2, 7T-dimethylflucrenyl)zirconium
dichleoride,
{ethyl)(phenyl)methylene(3wtert—butyl—5~methylcyclopentadie
nyl)(octamethyloctahydrodibenzofluorenyl)zirconium.
dichloride,

{ethyl) (phenyl)methylene {3-tert-butyl-5-methylcyclopentadie
nyl) (1,1,3,6,8,8~hexanethyl~1H, 8H~dicyclopenta{b,h]fluoreny
lYzirconium dichloride,

{(ethyl) (phenyl)imethylene (3-tert-butyl~5~-methylcyclopentadie
nyl) (2,3,6,7-tetramethylfluorenyl) zirconium dichloride,
(ethyl)(phenyl)methylene(3~tert~butyl~5*methylcyclopentadie
nyl){3,6"di*textvbutylw2,7—diphenylfluor¢nyl)zirconium
dichloride,

{(ethyl) (phenyl)methylene (3-tert-butyl-5-methyicyclopentadie
nyl) (3, 6-di-tert-butyl-2, 7-mesitylfluorenyl) zirconium
dichloride,

{methyl) (p~trifluocromethyl)methylene (3-tert-butyl-5-methylc



(methyl)(p-trifluoromethyl)methylene(3-tert-butyl-5-methylc SF-1399 61
yclopentad Jenyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)zi rconium
grdichlpgide, (methyl) (p-trifluoromethyl) methylene (3-tert-butyl-5-methylc
yclopentadienyl) (octamethyloctahydfgedibenzof luorenyl) zircon ium
dichloride, (methyl ) (p-trifl4'orcmethyl ') me byl (3 t-..,ty ¢ ,~~r it 2n2
yclopentadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta[ -
b,h]fluorenyl) zirconium dichloride, (methyl)(p-trifluoromethyl)methylene
Y {3rstbagi-somethyde 6-di-tert-butyl~2, 7-dimethylfluorenyl) zi
yclopentadienyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride,
T Conethy)dpanfiesrorgethyl)methylene(3-tert-butyl-5-methylc
yclopentadienyl)(3,6-di-tert-butyl-2,7-diphenylfluorenyl)zi rconium
(mgiehiordér rasthipremasiome v Mellsylers (3-sert-butyt-Blmetmdc hy Lo
clopentadienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zir conium
YCéréﬁﬁirﬂa@délﬁﬁéthyﬁﬁéﬁhwé%t@z%p%@ﬁwm@@@@mwewa;p)emaacon
dienyl) (3,6-di-tert-butyl-2,7-dimethylfluorenyl) zirconium dichloride,
1“6‘m§’étﬁ?lﬁ$§{h§’l%ne(3 (1-methylcyclohexyl)-5-methylcyclopenta

dlenylxoctameth octahydrodlbenzofluorenyl)zwcomum
(mc‘!‘ hy ﬁ*u*l*a.uarometh_yJ_;u E"""’ly...e*’)e(a t@rt- _yl mﬁthylc

Fl

yclopentadienyl) (1,1,3,6,8,8~hexamethyl~1H, 8H-dicyclopental
b,h]fluorenyl}zirconium dichloride,
(methyl)(p-trifluoromethyl)methylene{3—tert—butyl~5—methylc
yclopentadienyl)(2,3,6,TMtetramethylfluorenyl)zirconium
dichloride,
‘(methyl){pvtrifluoromethyl)methylene(BMtert~butyl—5~methylc
yclopentadienyl){3,6~di—tert—butyl~2,7—diphenylfluorenyl)21
rceonium dichloride,
(methyl)(putrifluoromethyl)methylene(3—tert—butyl~5—methylc
yclopentadienyl)(3,6wdi*tert~butyl~2,7—mesitylfluorenyl)zir
conium dichloride,
dimethylmethylene(3*(1mmethylcyclohexyl)-S—methylcyclopenta
di@nyi)(3,6udi~tertwbgtyl~2,7—dimethylfluorenyl)zirconium |
dichloride,
dimethylmethylene(3~(1wmethylcyclohexyl}-5~methylcyclopenta
dienyl} (octamethyloctahydrodibenzofliucrenyl) zirconium

dichloride,

dimethylmethylene(Bm(immethylcyclohexyl)—S—methylcyclopenta



dichloride, dimethylmethylene(3-(1-methylcyclohexyl)-5-methylcyclopenta
SF-1399 62 dienyl) (1, 1, 3, 6, 8,

sr-8-hexamethyl-1H,8H-dicyclopenta[b,h]fluor enyl)zirconium dichloride,
dimethylmethylene(3-(I-methylcyclairexyl)-5-methylcyclopenta
dienyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride,
dimethylmethylene(3-(1-methylcyclohexyl)-5-methylcyclopenta dienyl)
(3,6-di-tert-but_yl-2,7-diphenylfluorenyl) zirconium dichloride, .

di egiietHylmtAylEnS(88LomsayidRlohieki Brme iy cRipents [P, pl1fluor
dienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zirconium dichloride,

enyvdiphémarietlefe(3NATRéfIcyclohexyl)-5-methylcyclopenta
dienyl)(3,6-di-tert-butyl-2, 7-dimethylfluorenyl)zirconium dichloride,

dimpheﬁwmw@ﬁaﬁz-%émmﬂoﬁ&%z Srdthyleyclbpenia cYcLopenta
dienyl)(oc:tamethyloctahydrodibenzofluorenylﬁirc‘onium,dichlo‘ridejL .

A1 efiphenimatieme S EHIERYIY EREXAI BImEthy iRy ciopantst <7+ ot -
dienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta[b,h]fluor

dimﬁ®%zﬁaﬁﬁhwgﬁeﬁéﬁdé}~methylcyclohexyl)—5—methylcyclopenta

diphenylmethylene(3-(1-methylcyclohexyl)-5-methylcyclopenta .
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diphenylmethylene(3-(1-methylcyclohexyl)-5-methylcyclopenta
dichloride,

dimethylmethylene (3~ (l-methylcyclohexyl) -5-methylcyclopenta
dienyl)(3,6~di—tert~butyl—2,7~mesitylfluorenyl)zirconium
dichloride,
diphenylmethylene(3~{i—methylcyclohexyl)w5mmethylcyclopenta
dienyi)(3,6~dimtert~butyl*2,T—dimethyifluorenyl)zirconium
dichloride,
diphenylmethylene{3w(1~methylcy¢lohexyl)—S—methylcyclopenta
dienyl) (octamethyloctahydrodibenzoflucorenyl}zirconium
dichloride,
diphenylmethylene (3- (i-methylcyclohexyl)-5-methylcyclopenta
dienyi){1,1,3,6,8,8~hexamethylwlﬂ,8H~dicyc10penta[b,h}fluor
eﬁyl)zirconium dichloride,
diphenylmethylene (3- (1-methylcyclohexyl) -5-methylcyclopenta
dienyl) {2,3,6, 7-tetramethylfluorenyl)zirconium dichloride,
diphenylmethylene(3—(1—methyl;yclohexyl)*S“methylcyclopenta
dienyl) (3, 6-di-tert~butyl-2, 7-diphenylfluorenyl) zirconium

dichloride,



dienyl)(3,6-di-tert-butyl-2,7-diphenylfluorenyl)zirconium dichloride,
SF-1399 63 diphenylmethylene (3- (1-methylcyclohexyl)

SF;%-% hylcyclopenta
dienyl)(3,6-di-tert-butyl-2,7-mesitylfluarenyl)zirconium dichloride,
(methyl)(phenyl)methylene(3-(I-methylcyclohexyl)-5-methylcy
clopentadienyl) (3, 6-di-tert-butyl-2, 7-dimethylfluorenyl) zir conium
dichloride, (methyl)(phenyl)methylene(3-(1-methylcyclohexyl)-5-methylcy

diglopeniadienyh) ectarfiethylestahygiodibenznfiugrenylizireort: W yc Lopent.a
dichloride, (methyl)(phenyl)methylene(3-(I-methylcyclohexyl)-5-methylcy

d1i elopehtatliemyd){ 113, 6,88 hekamethyhd &t 8 didyetopenalbz  rconium
,h]fluorenyl)zirconium dichloride, _

di ¢ingthyl){ehenyl)methylene(3-(1-methylcyclohexyl)-5-methylcy
clopentadienyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride,

{m¢rnethy]) (pirenyl) netkylené =€ thethytoyetohekyl) Stotetrylcy - S-methylcay
clopentadienyl)(3,6-di-tert-butyl-2,7-diphenylfluorenyl)zir conium

¢l dichtdriie] ¢methyl) oHenyhntethylehe(@y(l-hethyicyctottexy ) ih:methylty z i r
clopentadienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zirc onium dichloride,
comethyd){stalyl)methylene(3-(1-methylcyclohexyl)-5-methylc
(methyl) (phenyl)methylene{3-{l-methylcyclohexyl)-5-methylcy
clopentadienyl)(octam@thyloctahydrodib@nzofluoxenyi}zirconi
um dichloride,
(methyl} (phenyl)methylene (3~ {I-methylcyclohexyl)-5-methylcy
clopentadienyl)(1,1,3,6,8,8~hexamethyl«1H,BH—dicyclOpenta{b
flflucrenyl)zirconium dichloride,
(methyl}(phenyl)methylene(3*(1mmethylcyclohexyl)—S—methylcy
clopentadienyl)(2,3,6,7—tetramethylfluorenyl)zirconium
dichloride,
(methyl)(phenyl)methylene(3~(1“methylcyclohexyl)~5—methylcy
clopentadienyl) (3, 6-di~-tert~butyl-2, 7-diphenylfluorenyl)zir
conium dichloride,
(methyl)(phenyl)methylene(3"(1~methylcyclohexyl)—5~methylcy
clopentadi@nyl)(3,6—diwtert“butyl—2,7-m@sitylfluoreﬁyl)zirc
onium dichloride,
(methyl) (p-tolyl)methylene {3~ {l-methylcyclohexyl) -5-methylc
yclopentadienyl) (3, 6-di-tert-butyl-2, 7-dimethylfluorenyl) zi

rconium dichloride,



yclopentadienyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)zi rconium
dichloride, SF-1399 64 (methyl) (p-tolyl) methylene (3-

s p-({ayethylcyclohexyl) -5-methylc yclopentadienyl)
(octamethyloctahydrodibenzof luoreqwl) zircon ium dichloride, (methyl)
(p-tolyl) methylene (3- (1-methylcyclohexyl) -5-methylc
yclopentadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta[
b,hifluorenyl)zirconium dichloride, (methyl)

(me(phigly) fiethyléne(3re mekayieycloneky Bt meliff¢ Lohexyl) -5-methylc
yclopentadienyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride, .

velarmiRgiony et ABE iR afAdyLibhestyiysireiierenyl) zircon
yclopentadienyl)(3,6-di-tert-butyl-2,7-diphenylfluorenyl)zi rconium

1 urglichleides Xréthyl) (p-tolyl) methylene (3- (1-methylcyclohexyl) -5-methylc
yclopentadienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zir conium

(mefighidride tireityh@ataprtsydenyit nBG Ay et et asHexy T 2SRéthY L ©
ylcyclopentadienyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl )zirconium

| ycqursrﬁéﬁcpé;iJ‘(ﬁﬂérﬁw)(éJﬁap%u@lﬁnémiﬂ%ﬁé@&-ﬁéﬁ%ﬁy@%ﬁ@kﬁ)ﬂ%&ﬂ@ﬁﬂta_f

ylcyclopentadienyl)(octamethyloctahydrodibenzofluorenyl)zir conium

b, lyidhlortee pretRAT e SiapithyDdthIBRE@: (1-methylcyclohexyl)-5-meth
(methyl) (p~tolylimethylene {3~ (1-methylcyclohexyl)-5~-methylc

yclopentadienyl) (2,3,6, T-tetramethylfluorenyl) zirconium
dichloride,

{(methyl) {p-tolylimethylene (3~ (l-methylcyclohexyl)~b-methylc
yclopentadienyl) (3, 6-di-tert-butyl-2,7-diphenylflucrenyl) zi
rconium dichleride, -
(methyl){p—tolyl)methylene(3—(l—methylcyclohexyl)—S—methylc
yclopentadienyl) (3, 6~di-tert-butyl~2,7-mesitylfluorenyl)zir
conium dichloride,
(methyl){2—na§hthyl)methylene{3—(1—methylcyclohexyi}~5-meth
yicyclopentadienyl) (3, 6-di~tert-butyl-2,7-dimethylflucrenyl
yzirconium dichloride,

(methyl) (2-naphthyl)methylene (3-{l1-methylcyclochexyl)-5-meth
ylcyclopentadienyl) {octamethyloctahydrodibenzoflucrenyl)zir
conium dichloride,
(methyl){2—naphthyl)methylene(3w(1?methylcyciohexyl)—5~meth'
ylicyclopentadienyl) {1,1,3,6,8,8-hexamethyl-1H, 8H-dicyclopen

talb,h]lflucrenyl)zirconium dichloride,



ylcyclopentadienyl)(1,1,3,6,8,8-hexamethyl-IH,BH-dicyclopen ta [b,h]
fluorenyl) zirconium dichloride, SF-1399 65 (methyl) (2-naphthyl)
Sén_?t?%ene (3- (1-methylcyclohexyl) -5-meth ylcyclopentadienyl) (2, 3, 6,
-tetramethylfluorenyl) zirconium dicéuéoride, (methyl) (2-naphthyl)
methylene (3- (1-methylcyclohexyl) -5-meth
ylcyclopentadienyl)(3,6-di-tert-butyl-2,7-diphenylfluorenyl )zirconium
dichloride, (methyl) (2-naphthyl)methylene (3- (I-methylcyclohexyl)
(mBirheth) yloyslopentadiema) 8 frairtertbutyl-2eémesitifoseay) 1) ~5-meth

zirconium dichloride,

v {ethyD) (plemya)iiethylene (3-(;ndethylcyelohexydhbimethyleygyvi) zi rconium
lopentadienyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)zirc onium dichloride,

d{ethyb) fphenyl)methylene(3-(1-methylcyclohexyl)-5-methylcyc
lopentadienyl)(octamethyloctahydrodibenzofluorenyl)zirconiu m

(rtatitoride, Jetraiipinanyl)methylbaa3t (-mathyleyelohexy)-braethyicys-meth
lopentadienyl)(1,1,3,6,8,8-hexamethyl-IH,8H-dicyclopenta[b,

y hifluorepyizicconimy dichlorideji ~tert-butyl-2, 7~diphenylfluorenyl
(ethyl)(phenyl)methylene(3-(I-methylcyclohexyl)-5-methylcyc

} topermadieny (2,3, Boz-tetramethylfluorenyl)zirconium dichloride,
(ethyl)(phenyl)methylene(3-(I-methylcyclohexyl)-5-methylcyc

{methyl) {2-naphthyl)methylene (3~ ({l~methylcyclohexyl)-5-meth

ylecyclopentadienyl) (3, 6-di-tert-butyl-2, 7T-mesitylfluorenyl)

zirconium dichloride,

{ethyl) {phenyl)methylene (3~ (1-methylcyclichexyl)-5-methylicyc

lopentadienyl) (3, 6~di~-tert-butyl~2, 7-dimethylfluorenyl) zirc

onium dichloride,

(ethyl) (phenyl)methylene (3~ (l-methylcyclohexyl)-S5-methylcyc

lopentadienyl) (octamethyloctahydrodibenzofluorenyl) zirconiu

m dichloride,
(ethyl)(phenyl)methylene(3m(1—methylcyclohexyl)—S—methylcyc

1opentadienyl)(1,1,3,6,8,8*hexamethylulﬂ,BH—dicyclopenta{b,

h}fluorenyl)zircenium dichlbride;

(ethyl) (phenyl)methylene (3~ (1-methylcyclohexyl)-5-methyleyce

1opentadienyl)(2,3,6,7—tetramethylfluorenyi}zirconium

dichloride,
{ethyl)(phenyl)methylene(3~{1—methylcyclohexyl)~5wmethylcyc

iopentadienyl) (3, 6~di~tert-butyl-2, 7-diphenylfluorenyl)zirc

onium dichloride,



lopentadienyl)(3,6-di-tert-butyl-2,7-diphenylfluorenyl)zirc onium dichloride,
SF-1399 66 (ethyl)(phenyl)methylene(3-(1-methylcyclohexyl)-5-methylcyc
SFJ(?@% tadienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zirco nium dichloride,
methyl)(p-trifluoromethyl)methyleng3-(I-methylcyclohexyl)
-5-methylcyclopentadienyl)(3,6-di-tert-butyl-2,7-dimethylfl
uorenyl)zirconi'um dichloride,
(methyl)(p-trifluoromethyl)methylene(3-(1-methylcyclohexyl)
(e =Byhetiptieycicpentadignyt)(edtamidthyletiany diselisereefibores -methy leyc
nyl)zirconium dichloride,

Logaethyl)(prrlludidntettylmetyiensis Y hethylaricieghuorenyl) zirco
-5-methylcyclopentadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dic
niyeloperitd[bhifigorenyl)zirconium dichloride,
(methyl)(p-trifluoromethyl)methylene(3-(1-methylcyclohexyl)
(meBimyathyteytlopEhtacionys)e 816 Tasharetyfluotényirdt Bofiifd onexy L)
dichloride, (methyl)(p-trifluoromethyl)methylene(3-(I-methylcyclohexyl)
- 5 =Suméthylcy clopertatishyd(3, bidiYe -ty e 7 diphenyii 2 - 7 ~dimethylfl
uorenyl)zirconium dichloride,
uofmeihyl X ptifuorometifmethyhe(3-(1-methylcyclohexyl)
-5-methylcyclopentadienyl)(3,6-di-tert-butyl-2,7-mesitylflu
(mgnhmgkWQoﬁmh{dmﬁﬁﬁm@;hyl)methylene(3~(1mmethylcyclohexyl)
dimethylmethylene(3-(2-methyl-2-adamantyl)-5-methglcyclopen
-5-methylcyclopentadienyl) (octamethyloctahydrodibenzofluore
nyl)zirconium dichloride,
{methyl)(p—trifluoromethyl)methylene(3—{1"methylcyclohexyl)
m5"methylcyclopentadienyl){1,1,3,6,8,8*hexamethyl~lH,BH—dic
yclopenta[b,hlfluorenyl)zirconium dichloride,
(methyl)(p—trifluoromethyl)methylene(3*(1—methylcyclohexyl)
"5mmethylcyclopentadienyl)(2,3,6,7~tetramethylfluorenyl)zir
conium dichloride,
(m@thyl)(p—trifluoromethyl)methylene(3~(1—methylcyclohexyl)
fS—methylcyclopentadienyl)(3,6—di—tert~butyl—2,7~diphenylfl
uorenyl)zirconium dichloride,
(methyl)(p—trifluoromethyl)methylene(3~(1~methylcyclohexyl)
~S-methylcyclopentadienyl) (3, 6-di~tert-butyl~2, T-mesitylflu
orenyl)zirconium dichloride,
dimethylmethylene (3- (2-methyl-2-adamantyl}~5~methylcyclopen
tadienyl) (3, 6-di-tert-butyl-2, 7-dimethylfluorenyl)zirconium

dichloride,



tadienyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)zirconium dichloride,
SF-1399 67
SF@@@_@lemethylene(3-(2-methyl-2-adamantyl)-5-methylcyclopen
tadienyl)(octamethyloctahydrodibenzofluorenyl)zirconium dichloride,
dimethylmethylene(3-(2-methyl-2-adamantyl)-5-methylcyclopen
tadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta[b,h]flu orenyi)
zirconium dichloride,
didigdtiymmethyléne St @-metmdZhadarhantydrzmethyleyclapenvicyclopen

tadienyl)(2,3,6,7-tetramethylfluorenyl)zirconium dichloride,
t adifrsathylmetbylene G2 metiai-Peadamanty) <& methyloydlopémrcon i um
tadienyl)(3,6-di-tert-butyl-2,7-diphenylfluorenyl)zirconium dichloride,
didgimatiyldwethylene(3-(2-methyl-2-adamantyl)-5-methylcyclopen
tadienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zirconium dichloride,
didiphenymesthyléraS@=-rmetind-2hadarhantysGnisthyleyclopehylcyclopen
tadienyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)zirconium dichloride,
cadipranyimethylede @-@-hetint-2radavant/t,Smethyleydlopenta b, hlflu
tadienyl)(octamethyloctahydrodibenzofluorenyl)zirconium dichloride,
CxgipHényl eyl ére(3dRoimethyl-@2sadamantyl)-5-methylcyclopen
tadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopentalb, h]flu
dimethylmethylene (3-{2-methyl~2-adamantyl)-5-methylcyclopen
tadienyl) (2, 3,6, 7-tetramethylfluorenyl) zirconium dichloride,
dimethylmethylene (3-(2-methyl~2-adamantyl)-5-methylcyclopen
tadienyl) (3, 6-di-tert-butyl-2, 7-diphenylfluorenyl)zirconium
dichloride,
dimethylmethylene (3~ (2-methyl~2-adamantyl)~-5-methylcyclopen
tadienyl) (3, 6-di-tert-butyl-2, 7-mesitylflucrenyl)zirconium
dichloride,
diphenylmethylene(3~(2mm@thyl—2—adamantyi)—S—methylcyclopen
tadienyl) (3, 6-di-tert-butyl-2,7-dimethylfluorenyl)zirconium
dichloride,
diphenylmethylene(3-(2~methyl—2—adamantyl)—B—methylcyclopen

tadienyl)(octamethyloctahydrodibenzofluorenyl)zirconium
dichloride,
diphenylmethylene(3—(2—methyl—2~adamantyl)v5~methylcyclopen
tadienyl)(1,1,3,6,8,8—hexamethyl—lﬂ,SH—dicyclOpenta{b,h}flu
orenyl)zirconium dichloride,

diphenylmethylene(3*(Zwmethyl—2~adamantyl)—S—methylcyclopen



orenyl)zirconium dichloride,
diphenylmethylene(3-(2-methyl-2-adamantyl)-5-methylcyclopen SF-1399
F6§%@§ilenyl)(2 ,3,6,7-tetramethylfluorenyl)zirconium dichloride,
enylmethylene(3-(2-methyl-2-adggmantyl)-5-methylcyclopen
tadienyl)(3,6-di-tert-butyl-2,7-diphenylfluorenyl)zirconium dichloride,
diphenylmethylene (3- (2-methyl-2-adamantyl) -5-methylcyclopen
tadienyl) (3,6-di-tert-butyl-2,7-mesitylfluorenyl) zirconium dichloride,
tathiethyD ([iBe iy fmaéthyieheaBe (2-metiyi - adarh iR Saethyfiichloride,
cyclopentadienyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)z irconium
d igickioyideemethyhtphen{dnietiiere3-(@2dnegy Lt ?ladamastyl) B metharen
cyclopentadienyl) (octamethyloctahydrodibenzof luorenyl) zirco nium
t adichlopide, Gnéthyb (prenyhRicthiere(3-(2 inamyl 2 Hderianyh) 5 iedt L 1
cyclopentadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta
difptHjfiudréayl)zirconium dichloride,
(methyl)(phenyl)methylene(3 (2-methyl-2-adamantyl)-5-methyl
BHYIFRE3, 8.7 fetanidthyifrdoeAFHA modRaldkgeCyclopen
(methyl)(phenyl)methylene(3 (2-methyl-2- adamantylsﬁS methyl

aclietopehtddieAyINE;6-ai tertBiyl 2 7-dipREMAIBrERYINE FRSohim T con - um

dichloride,
dichloride,

+

(methyl) (phenyl)methylene {3~ {2~methyl~2~adamantyl}-5-methyl
cyclopentadienyl) (3, 6-di-tert~butyi-2,7-dimethylfluorenyl)z
irconium dichloride,

(methyl) (phenyl)methylene (3~ (2-methyli~2-adamantyl)-5-methyl
cyclopentadienyl) (octamethyloctahydrodibenzofluorenyl)zirco
nium dichloride,
(methyl){phenyl)methylene(E—(2—methyl—2~adamantyl)m5wmethyl
cyclopentadienyl) (1,1,3,6,8,8-hexamethyl-1H, 8H~dicyclopenta
[b,h]fluorenyl)zirconium dichloride,
(methfl){phényl)methylene(Bm(2mmethylw2—adamantyl}-S—methyl
cyclopentadienyl)(2,3,6,7—tetramethyifluorenyl)zirconium
dichloride,

(methyl) (phenyl)methylene (3~ (Z-methyl-2-adamantyl)-5-methyl
cyclopentadienyl) (3, 6-di-tert-butyl-2,7-diphenylfluorenyl)z
irconium dichloride,

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

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



(methyl)(phenyl)methylene(3-(2-methyl-2-adamantyl)-5-methyl
cyclopentadienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zi SF-1399 69
rconium dichloride, (methyl) (p-tolyl) methylene (3- (2-methyl-2-adamantyl)
SF-T::LI‘?h%%y Icyclopentadienyl)(3,6-di-tert-butyl-2,7-dimethylfluorenyl)
zirconium dichloride, (methyl) 69
(p-tolyl)methylene(3-(2-methyl-2-adamantyl)-5-methy
icyclopentadienyl)(octamethyloctahydrodibenzofluorenyl)zirc onium

rcdighlorde,; (methyh £p-tolyl) methylene (3- (2-methyl-2-adamantyl)
-5-methy Icyclopentadienyl) (1, 1, 3, 6, 8, 8-hexamethyl-IH,

n@Hdicyclapent Huerenyhzrconium dichigride; ( Aolyl)
( mea{%)%ﬁ]e (3- (%%%gt&hyl- -gdfmpfnt%ﬂ-methﬁc%&fé%@ny% (51,8 £hy

lé%éi&u@ﬁ@Qaﬂgﬁwy9¢¥W51@P0@@BEImﬂﬂ@ﬂk%Xﬁuﬁﬁﬂéﬁ%§®¥auorenyl)
methylene (3- (2 -methyl-2 -adamant yl) -5-methy Icyclopentadienyl) (3,

2 1@-distertshutyl-2n 7-diphenylf luorenyl) zirconium dichloride, (methyl)
(p-tolyl) methylene (3- (2-methyl-2-adamantyl) -5-methy

(meyelonentadieny ) (3=enpriebrtyls2, f mesitiflorenyiz dEeopium - 5 —net hy
dichloride, (methyl) (2-naphthyl) methylene (3- (2-methyl-2-adamantyl)

1 cpdnepiyicystopentadiemd R S-disteH byl Z-imethyfuaredrenyi) zirc
yl)zirconium dichloride,

onium dichloride,

(methyl) {p-telyl)methylene (3~ (2-methyl-2-adamantyl}-5-methy

lcyclopentadienyl}(1,1,3,6,8,8~hexamethyl—lﬁ,85~dicyclopent

afb,h]fluorenyl}zirconium dichloride,

(methyl)(p—tolyl)methylene(3~(2mmethyl—2—adamantyl)—S—methy

;cyclopentadienyl)(2,3,6,7—tetramethylfluorenyl)zirconium

dichloride,

(methyl)(p;tolyl)methylene(B«(2~methyl—2—adamantyl)-SMmethy

lcyclopentadienyl)(3,6mdi“tert~butyl—2,7~diphenylfluorenyl}

zirconium dichloride,

(methyl)} (p~tolyl)methylene (3~ (2-methyl-~2-adamantyl)-5-methy

lcyclopentadienyl)(3,6wdi~tert~butyl—2,7—mesitylfluérenyi)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



(methyl) (2-naphthyl) methylene (3- (2 -methyl- 2 -adamant yl) -5-me
thylcyclopentadienyl) (octamethyloctahydrodibenzof luorenyl) z SF-1399
se-1@degeonium dichloride,
(methyl)(2-naphthyl)methylene(3-(2:methyl-2-adamantyl)-5-me
thylcyclopentadienyl)(1,1,3,6,8,8-hexamethyl-1H,8H-dicyclop
enta[b,h]fluorenyl)zirconium dichloride,
(methyl)(2-naphthyl)methylene(3-(2-methyl-2-adamantyl)-5-me
1romyleyBlopéatadicgnyie2, 3,6,7-tetramethylfluorenyl)zirconiu m dichloride,
(methyl)(2-naphthyl)methylene(3-(2-methyl-2-adamantyl)-5-me
(meficyelbpentiteryl) (B3I ERtekeBaY R 2, TXdiprémpflucreaconairdoniums - e
dichloride, (methyl)(2-naphthyl)methylene(3-(2-methyl-2-adamantyl)-5-me
thythgityetopeniaaiitryNes, 5 ditért-butyl D, B-rnieskymrbrery 1zikdbrigmyclop
dichloride, (ethyl)(phenyl)methylene(3-(2-methyl-2-adamantyl)-5-methylc
entye|dhentddiBAYIFEE-tRFERIYID, 7diftetRyifdSrenyl)zi rconium
dichloride, (ethyl)(phenyl)methylene(3-(2-methyl-2-adamantyl)-5-methylc
(mejeyplentadiBAFbEaM SRV ERarotibeZbRbt ey zREGR G0N =) ~>—Me
dichloride, (ethyl)(phenyl)methylene(3-(2-methyl-2-adamantyl)-5-methylc

thy eforeheRRBRANA SE3;6)8 8 hexantethf i BR Ay dopana Y’ | zirconiu

b,h]fluorenyl)zirconium dichloride,
rm dichloride,

(methyl)(2—naphthyl)methylene{3—(2—methyl—2—adamantyl}~5~me
thyzcyclopentadiényl>(3,6—di—tert-buty1~2;7—dipheny1f1uoren
yl)zirconium dichloride,
-(m@thyl)(2—naphthyl)methylene(3;(2-methyl—2~adamantyl)—5~me
thylecyclopentadienyl) (3, é~di-tert-butyl-2, 7T-mesitylfluoreny
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~ {Z~methyl-2-adamantyl)-5~-methylc
yclopentadienyl)(octamethyloctahydrodibenzofluorenyi)zircon
ium dichloride,

{ethyl) (phenyl)methylene (3~ (2-methyl-2-adamantyl)-5-methyic
yclopentadienyl)(1,1,3,6,8,8~hexaﬁethyl~lﬁ,8deicyclopenta£
b,hlfluorenyl)zirconium dichleride,

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

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



(ethyl) (phenyl)methylene(3-(2-methyl-2-adamantyl)-5-methylc
yclopentadienyl)(2,3,6,7-tetramethylfluorenyl)zirconium SF-1399 71
zdi % ide, (ethyl)(phenyl)methylene(3-(2-methyl-2-adamantyl)-5-methylc
yclopentadlenyl)(S 6-di-tert-butyl-2 77 iphenylfluorenyl)zi rconium
dichloride, (ethyl)(phenyl)methylene(3-(2-methyl-2-adamantyl)-5-methylc
yciopentadienyl)(3,6-di-tert-butyl-2,7-mesitylfluorenyl)zir conium
dichloride, (methyl)(p-trifluoromethyl)methylene(3-(2-methyl-2-adamanty
digh-bemetiylcyclopentadienyl) (3, 6-di-tert-butyl-2,7-dimethyl
fluorenyl)zirconium dichloride, (methyl)

(e tprpifluoromethy)imethylene3-@2-niethyd2:gdarpaatiamant yl) ~5-methyle
1)-5-methylcyclopentadienyl)(octamethyloctahydrodibenzofluo

yc terpdyziredniamydictrifledimetyt) (ptrifibramethy)methylefeéuorenyl) z1
(3-(2-methyl-2-adamanty
rcri-nrethylcydlopentadienyl)(1,1,3,6,8,8-hexamethyl-IH,8H-d
icyclopenta[b,h]fluorenyl)zirconium dichloride, (methyl) (p-trif luoromethyl)
{enfathylend €8y methy)-Readaan-methyl-2~adamantyl) -5-methylc
1)-5-methylcyclopentadienyl)(2,3,6,7-tetramethylfluorenyi)z irconium
¥y < dighdorides {rpethy)) (B-trifhudtometiytrmethiyle e (B-(2: micthylZ2-adamanty z1ir
[)-5-methylcyclopentadienyl) (3,6-di-tert-butyl- 2 7-diphenyl
cofggreryheirdoniimadichloride,
(methyl)(p~trifluoromethyl)methylene(3~(2—methyl~2madamanty
l)—5~methylcyciopentadienyl)(3,6mdi~tert—butyl~2,7~dimethyl
fluorenyl) zirconium dichleride,
(methyl) {p-trifluoromethyl)methylene (3~ (2-methyl-2~adamanty
1) ~5-methylcyclopentadienyl) (octamethyloctahydrodibenzofluo
renyl)zirconium dichloride,
{methyl}(pwtrifluoromethyl)methylene(3—(2«methylm2wadamanty
-l)—5—methylcyclopentadi@nyl)(1,1,3,6,8,8~hexamethyl—lﬁ,83—d
icyclopentaib,h] flucrenyl)zirconium dichloride,
(methyl)(p—trifluoromethyl)methylene(3—(2~methyl—2-adamanty
l)~5—methy1cyclopentadienyl)(2,3,6,7~tetramethylfluorenyl)z
irconium dichloride,
(methyl)(p—trifluoxomethyl)methylene(3m(2*methyl—2~adamanty
l)~S—methylcyclopentadienyl)(3,6udi—tert—butylu2,7—diphenyl
fluorenyl)zirconium dichloride,

(methyl){p*trifluoromethyl)methylene(3*(2—methyl-2wadamanty

l)~5~methylcyclopentadienyl)(3,6~di—tert—buty1~2,7—mesitylf



(methyl)(p-trifluoromethyl)methylene(3-(2-methyl-2-adamanty 1)
-5-methylcyclopentadienyl) (3, 6-di-tert-butyl-2, 7-mesitylf SF-1399 72
srluptenyl)zirconium dichloride, and the like. (In the above-mentioned
compounds, 'octamethyloctahvdroflugrene’ is an abbreviation of
'1,1,4,4,7,7,10,10-octamethyloctahydrodibenzo[b,h]fluorene’ Further,
compounds obtained by replacing the zirconium of the above compounds
_ mentioned above by hafnium or titanium, and metallocene compounds
Lugkgined By Fepracing the elchiorioee to aifldofidie, dibremide ndiiddide, or
to dimethyl or methylethyl, are also examples of the metallocene
abe¥RPBaRdd TeRfed B BRRUGIBin pORFIEREBH Precedeveihé invartion’ is
The (A) bridged metallocene compound according to the invention can be
anpAiJaF&Y by BiRné\Wwn method, and its preparation process is not
particularly limited. As the known production process, for example, ones
*Ldisctbséd In W 0266127 128 aRater odwos RS freadbithe]grégemene '
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

usingtHE “ABFemERTBITU! E8) BRAGd RiétAIOCEPR IGsmpsuUTdas B reonium

polymerization catalyst for the olefin polymerization process
of tiie above compdunds mentioned above by hafnium or titanium,

and metallocene compounds obtained by replacing the dichloride
to difluoride, dibromide or diiodide, or to dimethyl or
methylethyl, are also examples of the metallocene compounds
related to the olefin polymerization process of the invention.

The (&) 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.

Clefin Polymerization Catalyst

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

of the invention will be described.



of the invention will be described. SF-1399 73 When the bridged
metallocene compound of the invention is used as an olefin

SE leﬁqﬁerization catalyst, the catalyst component constitutes (A) a bridged
metalfocene compound represented by the aforementioned General
Formula [I]; and (B) one or more compound(s) selected from (b-1) an
organoaluminumoxy compound, (b-2) a compound which reacts with the
bridged metallocene compound (A) to form an ion pair, and (b-3) an

organgalminimiconipeundn seseinafien ashrgompenent Wik bei nvent ion
specifically described. (b-1) Organoaluminumoxy Compound As the (b-1)

i solgangalimismmoxycompalngdetated £ the daventiop:a kagwncatal yst
aluminoxane can be directly used. Specifically, a compound represented

cohy the:followdng General sFamula [Hl: RiA D freh AR 12206(6r ehesaing
Formula [Ill] SF-1399 74 -------- rim 1 ((in the above-mentioned General

reboasulaedl]mnd HH) aR crepresents adydresarbon gouphaving 1Ltadl (z)
carbon atom(s),

one or more compound (s} selected from (b~1) an

organoaluminumoxy compound, {b-Z) a compound which reacts with

the bridged metallocene compound (A) to form an ion pair, and

(b~3) an crgancaluminum compound.

Hereinafter, each component will be specifically

described.

As the (b-1) organoaluminumexy compound related to the
invention, a known aluminoxane can be directly used.
Specifically, a compound represented by the following General

Formula [I1]:

R~—f—A1——0 3—AIR ,
R

and/or General Formula [III]



n is an integer of 2 or more) can be mentioned. In particular,
methylaluminoxane of which the R is a methyl group and n is 3 or more,
gr-reteyably 10 or more is used. In the aluminoxane, some amount of an
organoaluminumoxy compound may get mixed. The characteristic feature
in the polymerization process of the invention is that the
benzene-insoluble organoaluminumoxy compound mentioned in
Japanese Unexamined Patent Application Publication No. H2-78687 can
be also applied. An organoaluminumoxy compound described in
Se-hexamires—Ratert-Apphgation Publication No. H2-167305,
pxane having an alkyl group df 2 or more kinds d ibed in

a2

H3-10340%{andt albe-preferably used. The

"benzene-insoluble" organoaldniinumoxy compound used in the

polymerization pfocess of the invention means that it is insoluble or

poorly soluble ilRbenzene. The Al component of the compound dissolves

in benzene at 60C is generally 10 % or less, SF-1399 75 preferably 5 %

_or less, particularly preferably 2 % or I§ss in terms of,ATITaltom.rl;n gddi;hon,

(i Rs'tRE oPGRNSHITATHuN TG CoRBSTRIuSSHITH LR inventicH. thodified © &

methyl aluminoxane and the like such  as the followin r%lv(; can also be
FeRTEENEE, M8 FRARIEROR AprBSeRtE 2 Rytrbcafbor orup RAVIHG TS

10 carhon . .
n is an integer of 2 or more) can be mentioned. In particular,

methylaluminoxane of which the R is a methyl group and n is 3
or more, preferably 10 or more is used. In the aluminoxane,
some amount of an organcaluminumoxy compoundmay get mixed. The
characﬁeristic feature in the polymerization process of the
invention is that the benzene-insoluble organoaluminumoxy
compound mentioned in Japanese Unexamined Patent Application
Publication No. HZ-78687 can be also applied. Aﬁ
ofganoaluminumoxy 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 Patent Application Publication Nos. HZ-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 scluble in benzene. The Al component of the

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



atom(s), and m and n each represents an integer of 2 or more.) The
modified methyl aluminoxane is prepared by using trimethylaluminum and
gp Jel%/égluminum except trimethylaluminum. Such compound [IV] is
ally called as MMAO. MMMO can be prepared by the processes
dlsclosed in the gazettes US 4960878 and US 5041584. In addition, the
compounds in which the R is an isobutyl group prepared by using
trimethylaluminum and triisobutylaluminum are also commercially

profeducedby Tosoh Heechem-Garpanationand-the-ika-ugder the product in
name of MMAO or TMAO. Such MMAO is an aluminoxane improved in

t e sakibdity An vatems solvents and preservation stability, and specifically is
different from those [l1] and [Ill] mentioned above which are insoluble or

poorly saduble 1 banzepe-anddt ©as Gechanaeteriskc, of bemg.selubleinil in
aliphatic hydrocarbon and alicyclic hydrocarbon. Also, when the

t hpolymerization Sd399 /&4 preeessiofsherdientionds sagietheut indbesuch
form of a solution polymerization described below, the MMAO is

a s caheententousaty Further casithelerganealnaimaxy: compound useful
in the polymerization process of the invention, an organoaluminumoxy

comp 1 WW&&I 1 ollowing General

Formula [V] an also be menti ni Rd Rd‘Rtt-a-B-a- R [VI (in the

formula, R represents a hydrocatbon group havmg 1to

Me R e [V
{wherein, R represents a hydrocarbon group having 1 to 10 carbon
atomi{s), and m.énd 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
pfepared,by tﬁe processes disclesed in the gazettes US 4960878
and U3 5041584. In addition, fhe compounds in which the R is
an isobutyl group prepared by using trimethylaluminum and
triisobutylaluminum are also commercially produced by Tosoh
E’_inechem Corporation and the like under the product name of MMAO
or TMAO. BSuch MMAO is an aluminoxane improved in solubility
in variocus solvents and preservation stability, and
specifically is different from those [II] and {III] mentioned
above which are inscluble or poorly soluble in benzene and it
has a characteristic of being scluble in aliphati;:hydrocarbon

and alicyclic hydrocarbon. Also, when the polymerization



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
sr-RaMing 1 to 10 hydrocarbon atom(s).) _oundwhich reacts with the bridged
metallocene (b-2) Co~j compound {4) to form an ion pair - -------------
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 ,

P T o6 e [CotboiReS HstibEetR PET Ixjahask FrdeiEich Paiedtt+on
Publication Nos. H1-501950 and H1-502036, Japanese Unexamined

po lpmestABHlicRIGHE PilieafoR NG 1-159 Yo g Lergsse. ent 1y used.
H3-207703, H3-207704, and US Patent No. 5321106 can be mentioned.
In adtIRFOH, B hetEropeyPESRPATTd I AR o SIy BBRBStMP Ednt didd? te
be SF-1399 77 mentioned. The ionic compound preferably used in the

polinRaTibAIS 1RR EHPBARdTEPFERBY BY tHE ol ARty RREFR EoHmuTC =Y
[VI] I-h K- 11 M In the formula, Re' can be exemplified by H4, a

 COTYATBBHIURP HaRibAL A BXGiilinT ERoRS §A BRfmdhibhT chalin oy + g General

phosphonium cation, a cycloheptyltrienyl cation, a ferrocenium cation
Formula [V] can also be mentionéd.

d RC d
R %omé—o—mf .
o0’ \Ré e A4

(In the formula, R® represents a hydrocarbon group having 1 to
10 carbon atomis). Pﬁ, 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
metallocéne 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. H1-501850
and H1-502036, Japanese Unexamined Patent Application
Publication Nos. H3-178005, H3-179006, H3-207703, H3-207704,
and US Patent No. 5321106 can be mentioned. In addition, a

heteropoly compoeund and an isopoly compound can also be



having a transition metal compound or the like. Rf to R' may be same or
different from each other, and each is an organic group, preferably an aryl
group. Specific examples of the aforementioned carbenium cation include
SF3 ¥isubstituted carbenium cation such as a triphenylcarbenium cation, a
tris(methylphenyl)carbenium cation,7 d tris(dimethylphenyl)carbenium
cation and the like. Specific examples of the aforementioned ammonium
cation include a trialkylammonium cation such as a trimethylammonium
meeation &dtriethylammonium cation, a tri(n-propyl)ammonium cation, a
triisopropylammonium cation, a tri(n-butyllammonium cation, and a

triisobtylammeniune sptiem A Na¥-ialkylaniigiLwn cation SUCAASAN on 1=
N,N-dimethylanilinium cation, an N,N-diethylanilinium cation, and an

th8RedR8978: Neb 24 epestamethwiamilinium,catioa-a dialkylemmaniuimy:;
cation such as a diisopropylammonium cation and a
dicyclohexylammonium cation; and the like. Specific examples of the
phosphonium cationRifclude a triaryl phosphonium cation such as a
triphenylphosphoniurn _cation, a tris("ethylphenyl)phosphonium cation, a
tris(dimeﬂ'@/IpI@f fdnium cation, and the like. Re+ is preferably a
carbenidmn cation, anjammonium cation and the like, and particularly
preferably a triphenylgarbenium-.cation..an Mdimethylanilinium cation
and an

In the formula, Re’ can be exemplified by H', a carbenium
catlon, an oxonium cation, an ammonium cation, a phosphonium
cation, a cycloheptyltrienyl cation, a ferrocenium cation
having a transition metal compound or the like. R to R may
be same or different from each other, and each is an organic
group, preferably an aryl group.

Specific examplies of the aforementioned carbenium cation
include a trisubstituted carbenium cation such as a
triphenylcarbenium cation, & 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
caticn, 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



N,N-diethylanilinium cation. Specific examples of the carbenium salt
include triphenylcarbenium tetraphenyl borate,

SE _gtli%%nylcarbeniumtetrakis(pentafluorophenyl)borate,
triphénylcarbeniumtetrakis(3,5-ditriflyoromethylphenyl)bora te, tris
(4-methylphenyl) carbeniumtetrakis (pentaf luorophenyl) bor ate, tris (3,
5-dimethylphenyl) carbeniumtetrakis (pentaf luorophenyl )borate and the
like. Examples of the ammonium salt include a trialkyl-substituted

N, BABNONIGHAD salt, saneNHN-thalkylan limiune asalty a didlkylamroni Bmnsalt 5Ad
the like. Specific examples of the trialkyl-substituted ammonium SF-1399

ca79cmalsinciudes for ekanspler tisthplarmerdmiomesttaphenynBorate,
tripropylammoniumtetraphenyl borate, tri(n-butyl) ammoniumtetraphenyl

d1iborateh émetmtamiinoniwratetakis(piolyh bordté ke -
trimethylammoniumtetrakis(o-tolyl) borate, . ' .
tri(n-Butglarhmo niuratetiakis (pEntaflomprenhiy boraecat ion include a
triethylammoniumtetrakis(pentafluorophenyl) borate, .

t rtriprgAylammsgricmietralis(pentaffiordpehyd boragehenylphosphonium
tripropylammoniumtetrakis(2,4-dimethylphenyl) borate,

catri{odbutyd) ammeniumiieir akist3, BLdintenapplisiybciate; o, &

tris(dimethylphenyl)phosphonium cation, and the like.

Re® is preferably a carbenium cation, an ammonium cation
and the like, and particularly preferably a triphenylcarbenium
cation, an N,N-dimethylanilinium cation and an
N,N-diethylanilinium cation.

Specific examples of the carbenium salt include
triphenylcarbenium tetraphenyl borate,
triphenylcarbeniumtetrakis (pentafluorophenyl)borate,
triphenylcarbeniumtetrakis (3, 5~ditrifiuoromethylphenyl)bora
te,
tris(4—methylphenyi)carb@niumtetrakis(pentafluorophenyl)bor
ate,
tris{3,5-dimethylphenyl)carbeniuntetrakis (pentafluorophenyl
'horate 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



tri(n-butyl)ammoniumtetrakis(4-trifluoromethyiphenyl) borate,
tri(n-butyl)ammoniumtetrakis(3,5-difluoromethylphenyl) borate, tri(n-butyl)
% niumtetrakis(o-tolyl) borate,
ioCtadecylmethylammoniumtetraphenyl borate,

dioctadecylmethylammoniumtetrakis(p-tolyl) borate,
dioctadecylmethylammoniumtetrakis(o-tolyl) borate,
dioctadecylmethylammoniumtetrakis(pentafluorophenyl) borate,

sa Jdicctadecydmetbylammaonivmtetrakis2/-simethyiphenayh aborate,l borate,
dioctadecylmethylammoniumtetrakis(3,5-dimethylphenyl) borate,

t r idicctagéeyimethiylameorapmietrakis(dtattegromethylphenyl) borate,
SF-1399 80 dioctadecylmethylammoniumtetrakis (3,

t r Sedititiluorometimdphem ydthenates rdidctadesytrmethylammonium and the
like. Specific examples of the N,N-dialkylanilinium salt include, for
t riaxamplé aNmbdimethytand iniwnirtetraphyeny| duorates N,N-dimethylan”
iniumtetrakis (pentafluorophenyl)borate, N;
t r Meeirhgthytemdiniumtettakis(3 Heditrifluoydmethyiphienyl)b orate,
N,N-diethylanilinium tetraphenyl borate,
tr N N=thethylamfmomtetralds(pehiaf (oropirenyDboaesnyl) borate,
N,N-diethylaniliniumtetrakis(3,5-ditrifluoromethylphenyl)bo
triethylammoniumtetrakis(pentaflucrophenyl) beorate,
tripropylammoniumtetrakis(pentaflucrophenyl) borate,
tripropylammoniumtetrakis (2, 4~dimethyiphenyl) borate,
tri{n-butyl)ammoniumtetrakis (3, 5~dimethyiphenyl) borate,
tri (n-butyl)ammoniuvmtetrakis (4-trifluoromethylphenyl)
borate,
tri{n-butyl)ammoniumtetrakis (3, 5~difluorcmethyliphenyl)
bhorate, tri(nubutyl)ammoniumtetrakis(o~tolyl)'borate,
dioctadecylmethylammoniumtetraphenyl borate,
dioctadecylmethylammoniumtetrakis (p-tolyl) borate,
dioctadecylmethylammonliumtetrakis(o-tolyl} borate,
dioctadecylmethylammoniumtetrakis (pentafluorophenyl) borate,
dioctadecylmethylammoniumtetrakis {2, {-dimethylphenyl)
borate,
dioctadecylmethylammoniumtetrakis (3, 5-dimethylphenyl)
borate,

dioctadecylmethylammoniumtetrakis (4-trifluoromethylphenyl)

borate,



rate, N,N,-2,4,6-pentamethylanilinium tetraphenyl borate,
N,N,-2,4,6-pentamethylaniliniumtetrakis(pentafluorophenyl)b orate and

SF—? £:Jige. Specific examples of the dialkylammonium salt include

iﬁ-propyl)ammoniumtetrakis(pentaélgorophenyl)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

didimitationy Thetabovesmentioneckionickionipoundsi(tbe2)fcarvberused i phen
combination of two or more kinds. (b-3) Organoaluminum Compound The

y 1 )(bER)rarganoaliminumiecoyijpaincyConstitrtingrareokafin hgolyietization
catalyst can be exemplified by an organoaluminum SF-1399 81
compaund represenrted bysthe folidwing GengrallForbauia [V K] voorsplek
alkali of Group | metal and aluminum represented by the following

inGeneral Eormelapilleor thie kelipd {ORDer-[[iJul ¢in the foaphlanRa
and Rb may be same or different from each other, and each represents a

borwdegcarbon group having 1 to 15, preferably 1 to 4 carbon atom(s), X
represents a halogen atom, m is a number satisfying0<m S 3, nis a

N, MuidbersSatisfying i0:£nrt3; s id adpbek sdtisfyingiths py< Bbqis asalue
satisfying 0 <- q <3, and m+n+p+g=3).

N,N-dimethylaniliniumtetrakis(3,5-ditrifiuoromethylphenyl)b

orate, N,N-diethylanilinium tetxaphenyl borate,
N,N~diethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N—diethylaniliniumtetrakis(3,Svditrifluoromethylphenyl)bb
rate, N,N,-2,4,6~-pentamethylanilinium tetraphenyl borate,
N,N,~2,4,6-pentamethylaniliniumtetrakis (pentafluorophenyl)b
crate 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
-appli;ant (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) organoaluminunlcompound.constituting‘antalefin

polymerizationcatalyst can be exemplifiedby an organocaluminum



Specific examples of the compound include tri n-alkylaluminum such as
trimethylaluminum, triethylaluminum, tri n-butylaluminum,
grlifhexylaluminum, trioctylaluminum; tri branched-chain alkylaluminum
such as triisopropylaluminum, triisoputylaluminum, tri sec-butylaluminum,
tri tert-butylaluminum, tri 2-methylbutylaluminum, tri
3-methylhexylaluminum, tri 2-ethylhexylaluminum; tricycloalkylaluminum
such as tricyclohexylaluminum, tricycloockylaluminum; triarylaluminum
comgenas FpheRFRIGRMURY, thityBRdiAtAT didRpaRKAdHiNtATRYdAdd VIT ]/
such as diisopropylaluminum hydride, diisobutylaluminum hydride;
cowbwm&ﬂw&w@rﬁéwe&nfb@%@és%ﬂféé byyenrar FeifdRnted by the
g-C4H9),AIy(CSH10), (wherein, x, y and z each is a SF-1399 82 positive
£ohlAIHER SarkFRE 3y F Sidh as isbprenylalufindimie alikyf@luminumalkoxide
such as isobutylaluminummethoxide, isobutylaluminumethoxide; dial
kylalumjru Ibé' 2.sych as dimethylaluminummethoxide, di ethyl
alumim & AR gehaminunmbuToxideL) .
alkylaluminumsesquialkoxide such as ethylaluminumsesquiethoxide,
butylaluminumsesquibuthoxide; partially alkoxidized alkylaluminum which
has ah'dvera§et eompotition réptesentdd By Jerctafidimila REEFsRE Trom
(OR b) 0.5 (wherein Ra and Rb are same as defined in the ,
eagforemefitiona8 EERSTAI ESRTRE FUi; AkyRAIFRAY 3RyI9%iaB sty 289

diethylaluminum fhenoxide,
to 15, preferably 1 to 4 carbon atom(s), X represents a halogen

atom, mis a number satisfying 0 <m<£ 3, n 1s a number satisfying
0<n< 3., p is a number satisfying 0<p <3, gisa vaine satisfying
0 € g <3, and m+n+p+g=3}.

Specific examples of the comppund 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 2Z2-methylbutylaluminum, tri
3-methylhexylaluminum, tri Q—ethylhexylaluminum;
tricycloalkylaluminum such as tricyclohexylaluminum,
tricyclooctylaluminum; triarylaluminum such as
triphenylaluminum, triteolylaluminum; dialkylaluminum hydride
such as diisopropylaluminum hydride, diiscbutylaluminum
hydride; alkenylaluminum which can be represented by general

formula {i-C4Hg)xAly(CsHig), {(wherein, x, y and z each is a



diethylaluminum(2,6-di-t-butyl-4-methylphenoxide); dialkylaluminumhalide
such as dimethylaluminumchloride, diethylaluminumchloride,
sr-dibagy/laluminumchloride, diethylaluminumbromide,
diisobutylaluminumchloride; alkylakB#inumsesquihalide such as
ethylaluminumsesquichloride, butylaluminumsesquichloride,
ethylaluminumsesquibromide; partially halogenated alkylaluminum such
as alkylalminumdihalide €.9., gthylLalumirwmdichloride; diakkg/ al%mg]nuum
POSHydride SUEROSS didthflafurintf hydide? dibtyiatRSinum Rydride: other

-1 B IRl U Such 2o Al sl b tide,

ylalumimnum®di ydrldle, prog’yla{]umlnu ; partially

i skoxdizedor pelogenated golalunipym. SEAS0088 BUENES <uch s

uminum ethoxyc g, butylaluminum  buthoxychloride,

asSIRAmIIn Shoxibrenide: and helie. W Adrsenograebvin the
n?ormtﬁjla, represents Li, Na 6r K, Ra represenis a hydrocarbon group

dibh@/%%%é%\%%%%%é%%g%&iE%&%E%ﬂ OMEN2Ueh compoyRd can-he.

exe 7H15)4 or the like. A compound similar

-l I s e e S e
pa %%%V{%C_L@Z 21 mre, aluminum,compoiinds are honded.via nifrogen.atoms
composition represented by general formula

R% sAl (OR®}; s (wherein R® and R are same as defined in the
aforementioned General FormulalVII]); alkylaluminum aryloxide
such as diethylaluminum phenoxide,

diethylaluminum(2, 6-di~t-butyl-4-methylphenoxide};
dialkylaluminumhalide such as dimethylaluminumchloride,
diethylaluminumchloride, dibutylaluminumchloride,
diethylaluminumbromide, diisobutylaluminumchloride;
alkylaluminumsesquihalide such as
ethylaluminumsesquichloride, butylaluminumsesquichloride,
ethylaluminumsesquibromide; partially halogenated
alkylaluminum such as alkylalminumdihalide e.g.,
ethylaluminumdichloride; &ialkylaluminum hydride such as
diethylaluminum hydride, dibutylaluminum hydride; other
partially hydrogenated alkylaluminum,such as alkylaluminum
dihydride e.g., ethylaluminum dihydride, propylaluminum

dihydride; partially alkoxidized or halogenated alkylaluminum



mentioned. Specifically, such compound can be exemplified by (C2H5)
2A1N (C2H5) Al (C2H5) 2 or the like. From the viewpoint of
polymerization performance and easy availability, the (b-3)
SE-okd@oaluminum compounds used are preferably trimethylaluminum,
triethylaluminum and triisobutylaluritium. In the polymerization process
of the invention, the above-mentioned olefin polymerization catalyst may
be supported on a particulate carrier(C) to be used. Particularly, in a bulk

su%?'yﬂeféﬁyﬂﬁiﬂ&%&ﬁ{peeﬁsgféf%wa@ichmﬁ%gs Grieg later, a

rm of sup orting on the particulate SF-1399_ 84 cartier C) I1s preferably
butiiSdy Ehe padisuiate caieriGhinandnaigani acareanls compaud. 2ode

C i
Is a granule or particulate solid. Of these, the ihorganic compound is
preferably porous oxide, inorganic halide, clay, clay mineral, or ion

exchan Mer compound. As th rous oxides, specifically, Si02,
A1203,wg : ¢ TI0Z2,B203,Cao, , BaO, ThO2 and the like, or a

complex or mixture containing them, for example, a natural or synthetic

(14S0ME, $1Q2:MA0, YOZ-41203, 31021 02 S1Q2e-V209:SIA{I203, 5 2

SiO2-Ti02-MgO and the like, can be used. Among these, Si02 and/or
hyALeO3:23,3 Mais componeny arelis,preferablydised. Ihe 1 ¢ 4 carbon

above-mentioned inorganic oxides may contain a small
atom(s)).

Such compound can be exemplified by LiAL (C;Hs)a,
LiAl(CqHys) 4 or the like.

A compound similar to the compound represented by the
above-mentioned General Fermula {VIII! can also be used, and
for example, an organcaluminum ﬁompound to which 2 or more
aluminum compounds are bonded via nitrogen atoms can be
mentioned. Specifically, such compound can be exempiified by
{CoHs) sAIN{CoHs )AL {CoHs) 2 or the like.

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

In the polymerization process of the invention, the
above-mentioned olefin polymerization catalyst may be
supportedcxlaparticulatecarrier{C)1x$beused. Particularly,
in a bulk polymerization using a supported catalyst, which will

be descried later, a form of supporting on the particulate



amount of carbonate, sulfate, nitrate or oxide component such as
Na2C03, K2C03, CaCO3, MgC03, Na2S04, A12(SC)4)3, BaS0O4,
Sp_ﬁ%) , Mg (NO3) 2, Al (NO3) 3, Na20, K20, Li20, etc. As the inorganic
alides, MgClI2, MgBr2, MnC12, MpBr2 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 vibrating mill. In addition, the
inorganic halides produced by dissolving in a solvent such as alcohol and
cartheapredpitatingoingiartieidatesussing a precipitating agent can also be
used. The clay generally constitutes a clay mineral as the main SF-1399
85 arepgrent.iFhe mreexchangealilélayer compowribisrd EompotiRgan <
having a crystal structure of which the planes constituted by ionic bonding
corarepiled uprtd are anatheninlparalielwdtita avéak BoAdihgstrength, in
which the ions contained can be exchanged. Most of the clay minerals
are anfiontexshangéableénlayerodmpegnt Fortldys, BRgOniTdals &frous
ion exchangeable layer compounds, ones synthesized artificially can also
oxigeysedowihodtdemikinitedl @ithe Aatral pRottitts I ietRBANEHRIG Y 1 ©
clay mineral, and ion exchangeable layer compound can be exemplified
1apyclaysnetay@inerals, and crystalline ion compounds having a layered
crystal structure such as a hexagonal close-packed structure, antimonyl
type ACACE2ppe CHbX bFfeSor Selikel ically, 810z, AL;Os, MgO, ZrC,

TiO,, B,0s;, Cal0, Zn0, BaO, ThO; and the like, or a complex or
mixture containing them, for example, a natural or synthetic
zeolite, 8i0y~Mg0, S10;-RA1;0;, 8i03;-TiO;, Si0;=Vy0s, 310,-Cxr;03,
Si0,-T10,~MgO and the 1ike, can be used. Among these, $10, and/or
A1,0; 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 Na,C0;, KoCOs, CaCO;, MgCOs;, Na»S04, Alz(S04)3, BaS0s, KNOs,
Mg (NO3) 2, Al (NO3)3, Nap0, KyG, Li0, etc.

.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 .



Examples of the clay and clay mineral include kaolin, bentonite, kibushi

clay, gairome clay, allophone, hisingerite, pyrophyllite, mica group,

montmorillonite group, vermiculite, phyllite group, palygorskite, kaolinite,
SFnagete, dickite, halloysite, and the like. Examples of the ion exchangeable

layer compound include a crystalline &cid salt of multivalent metal such

as a-Zr(HAsO4)2H20, a-Zr(HPO4)2, a-Zr(KP0O4)2.3H20, a-Ti(HPO4)2,

a-Ti(HAsO4)2H20, a-Sn(HPO4)2H20, y-Zr(HPO4)2, y-Ti(HPO4)2,

-Ti(NH4PO4)2H20, and trﬁ like. Such clay, clay mineral or ion ]

OgRehaNgeabie 18yar Eompolifc Hradthe pEréSolGERRItR 20°& AdREBP U

o more measured Ey mercug SF-1399 86 porosimetr of%eferably 0.1
2 LeRFoP nToréS BRd partidt ARy preferdbiy0-318% B Ore tereit te”Y
.lo)gore volugle IS measur(ir(]j (f%pr the pore radius within the range of 20 to 3 x
04 RAROPENGTS tRe hetclis %rogﬁeﬁl?et&%ﬁdéluﬁﬁﬁatﬁéeﬂne‘?’&frg} a
rosimetey. When a carrier having the pore volume with 2Q A radius or
we mgo%Oo %l.iy%clsgtgrelggg | ’usle%,ﬂ%lgr q?s ?}Sn&é)ﬁﬁ/ At Highed can be
QH' meri ati?i: a tIVI%/ is. hardly obtained. The clay and clay mineral are
exprt%%%%ﬁ{y subjécted otah%h%%%gaﬁ%élﬁrrn%gf Ahy oﬁhé%ﬁeﬁﬁ@ angeable
1 5 reatment SH%% as a ggrfafg trseatC eant Wbi(g}re 10Ves im uri@gies attacheg 1
bR the sdar?ace, treatments gfvihg an effect 6hIns crysd[alf sffucﬁll%aéﬁﬁ@ €
la§!§}¥ gg%ggggnds, ones synthesized artificially can also be used
without being limited to the natural prodﬁcts.

In addition, the clay, claymineral, and ion exchangéable
layer compcund 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 kaolin,
béntonite, kibushi clay, gairome clay, allophone, hisingerite,
pyrophyllite, mica group, montmorillonite group, vermiculite,
phylliite group, palygorskite, kaolinite, nacrite, dickite,
halloysite, and the like. Examples of the ion exchangeable
Layer compound include a crystalline acid salt of multivalent
metal such as a-Zr (HASOs) 2 -Hy0, o~Zr (HPO,),, o-2r (KPO4) »- 34,0,
o-Ti (HPO;;) 2 o~Ti (HASO4) 2*H,0, ©—-Sn (HPO:;) 2+ H-0, '}"‘ZZC (HPO.g) 24
'}"“Ti(HPO:;)z, Y—Ti (NH@PO4)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



like, can be used. 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
SE-{mfrities on a surface, and also increases the surface area by eluting a
positive ion such as Al, Fe, Mg, et€fin 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

porgrsgﬁﬁléc_tﬁo mpoynd.fegp amignicomplexgmolegitle complexrganicuiarly

derivative or the'like, and can change the surface area and the SF-1399

pred L nferiayer distance. -the,ianexehangeahle layer compeiyitmaylhed is

layer compound with the interlayer enlarged by exchanging an

mea%ﬁ‘:%h&ﬁ‘gﬁ le jon '[&198@? the layer {eithg.gtherulkyigr using dis-ioms x 10°
exchangeability. Stch bulky ion plays a supportive role to support a layer

A Stugture, andds ggaerally calied gs adailiale Alsp, the Hntroductioniofptbae

substance to the inside layer of the layer compound is known as the

medBigrcalgtion.Examples of the guest compound for intercalation include a
positive ion inorganic compound such as TiC14 and ZrC14, a metal

alkoyide(where Rris -2 hydrocasbem graiicer theilike) sugh asili (OREbius
Zr (OR) 4, PO (OR) 3, and B(OR)3, a metal hydroxide ion such as
or Eﬁéﬁé%@@)i‘%&/g or less is used, there is a tendency that
high polymerization activity is hardly obtained.

The clay and clay mineral are preferably subjected to a
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
1ike, c;':m be usad. 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 impur.ities on a surface, and also increases
the surface area by eluting a posi.'tive ion such as Al, Fe, Mg,
etc. in the crystal structure. The alkall 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



[Zr4(OH)14]2+, [Fe30(000CH3)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 obtained by

SE glyzing metal alkoxide (R is a hydrocarbon group, or the like) such as
Si(OR)4, AI(OR)3 or Ge(OR)4, a co%gidal inorganic compound such as
SiO2 or the like can be coexisted. As the pillar, oxides produced by
carrying out thermal dehydration after intercalating the above-mentioned

inﬂg@t@é@@lr@(ﬂ@qg}m@,the layer inside can be mentioned. The clay, clay
minerals, ion-exchangeable layer compounds may be used directly, or

aftertieing subjecteddaa8h11399:-8% treatmgntwithhall mill, scregning
or the like, or alternatively, may be used after being added with water and

corg®aked, erisubjegted 1o, the-thepmal dehydration toatment nkhayymay be

used alone or in combination of two or more kinds. When using an

exdoReyehangeakle layerisilicates Usingshe: o exchangeableprepesty aRdng
layer structure in addition to the function as a carrier can reduce the used

1t ameunt ©f anaagesealumipumoxy compound such as alkyl aluminoxane.
The ion exchangeable layer silicate as natural product is mainly obtained

as a maih compenertoba clay minera chutialsotbe cagificialhport a layer
synthesized product can be used without being particularly limited to the
stnatirakprodust Specifien examplescefthe €lays the glay minerak aad jomhe

exchangeable
introduction of other substance to the inside laver of the layer
compound 1s known 'as the intercalation. Examples of the guest
compound for intercalation include a pesitive ion inorganic
compound such as TiCl, and ZrCl,, a metal alkoxide (where R is
a hydrocarbon group or the 1ike} such as Ti(0OR)4, Zr {OR)4, PO(OR} 3,
and B(OR}3, a metal hydroxide ion such as [Al:130,{0H)2.1 ",
[Zry{OH)141%%, [Fe;C(OCOCH3)s}*, 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
cbtained by hydrolyzingmetal alkoxide (R is a hydrocarbon group,
or the like) such as Si(OR)4, RAL(QR); or Ge{OR)4, a colloidal
inorganic compound such as 310z or the like can be coexisted.
As the pillar, oxides produced by carrying cut thermal
dehydraticn after intercalating the above-menticned metal
hydroxide ion to the layer inside can be mentioned.

The clay, clay minerals, ion-exchangeable layer

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



layer silicate include kaolinite, montmorillonite, hectorite, bentonite,
smectite, vermiculite, tainiolite, synthetic mica, synthetic hectorite and the
s&*»“ gg'ghe organic compound can be exemplified by a granule solid or a
particulate solid having the particulgg gliameter in the range of 5 to 300 m.
Specific examples include a (co)polymer produced from an a-olefin
having 2 to 14 carbon atoms such as ethylene, propylene, 1-butene, and
4-methyl-lI-pentene as the main component; a (co) polymer produced
t rdropmyinyloyclohexane, styréne as theemairycompbhent; ake.a pslymer or
modified substance having a polar functional group obtained by SF-1399
a1 88raepalymeyizingeer graftpolyinerizieg aipalaraneddaer such asaseyli@nd
acid, acrylic ester or maleic acid anhydride into a copolymer or a polymer.
sodhese patticulatécarderstmay be Uskd rindépendeitlaslinconiSAGIAT T -
of two or more kinds. The olefin polymerization catalyst according to the
Thényemipnmayseohtairothe particularoryania tbarpeuind eonsgonent (B was -
necessary. In the invention, the organic compound component (D) is
used sifinecessany, dor the parpoiserof faproving Yee polRtaEizationsing the
performance and properties of the produced polymer. Examples of the
ionrganit:eompobid inclagde atcohols! pherslicioniseiids, tarbsigdigton to
acids, phosphor compounds, sulfonates and the like.
the function as a carrier can reduce the used amount of an

crganoaluminumoxy compound such as alkyl alumincxane. The ion
exchangeable layer silicate as natural product is mainly
obtained as a main component of a clay mineral, but alsc the
artificially synthesized product 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 um. Specific examples include a (co)polymer
produced from an e-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 grcocup obtained by



Polymerization Process According to the polymerization process of the
invention, the polymerization catalyst containing bridged metallocene
compound represented by the above-mentioned General Formula 1]
SF-datigfactorily exhibits the high performance [a] when the polymerization is
carried out using liquid monomer a$§ & solvent (hereinafter this
polymerization may be referred to as "bulk polymerization') in the form of
which the polymerization catalyst is supported to the above-mentioned

co%ﬁg}%&%&ez cayiernwhich s sg called , supported catalyst.aad [bl whep.the, o

ymerization'is carfied outin tHe form of solution SF-1399 90

acéppiaeén%far&bisa%@ perization may,be referred tpas, “salign: de into 2
0] W

ymerization')o ich the catalyst is not supported. Thatis, in any

co 5?%%%%?"&%% grizatiop and salution. pelymerization. the polymen; se

aving a higher mofecular weight can be obtained compared to any other

1 n DU PRIyerization system Inthe followings, abulk palymerization

process and a solution polymerization process according to preferable

embagiments ef the,igyention are.describeddn detail; Howeyehqthe the

polymerization processes of the invention are not limited to these two

inPEAGESSe$and-thednyention F@fi@séﬁ%wysgn@é ethepBolymerzlionnt
processes such as slurry polymerization. Additionally, the bulk
{DPPMQE@@%E@sary.
In the invention, the organic compound component {D) is

used, 1if necessary, for the purpose of improving the
polymerization performance and properties of the produced
polymer. Examples of the organic compound include alcohols,
phenolic compcunds, carboxylic acids, phosphor compounds,

sulfonates and the like.

Polvmerlzation Process

According to the polymerization process of the invention,
the polymerization catalyst containing bridged metallocene
compound represented by the above~mentioned General Formula [T}
satisfactorily exhibits the high performance [a] when the
polymerization is carried out using liquid monomer as a solvent
Ikhereinafter this polymerization may be referred to as ‘bulk
polymerization’} in the form of which the polymerization
Catalyst 1s supported to the abovelﬁentioned particulate
carrier which is so called ‘supported catalyst’ and [b] when

the polymerization is carried out in the form of solution



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

SF-gf3%lymerization process form In the invention, olefin supplied to a
polymerization reaction is at least 8fe kind of monomer selected from
propylene, a-olefins and propylenes. In the invention, a-olefin is defined
as a-olefins except propylene. That is, the a-olefin of the invention

(ndPeludes ethylene. Therefare. the a-olefin,gf thg dnvention.is gonstityited by

ethylene, a,-olefin having SF-1399 91 3 carbon atoms except propylene

s And-aglefinhaving 4 prmere carbomatoms: fxamplas okthe:a-olefin

having 3 or more carbon atoms except propylene include straight-chained

suéﬁ&%@@@ed raglefinshaving #4020, carbon-atams, keferalbi4 5@ 49on and

carbon atoms, such as 1-butene, 2-butene, 1-pentene, 3-methyl-lI-butene,

sokihexene A-mathylizpentane; ni-pethylrkpentantn 4 -actens -deseaguiar

1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, and

we ilsBicosane pAdditienalis examples sthea-glsfindiauing g.a5wnore

carbon atoms except propylene include cyclic olefin having 5 to 30
po LRHRan atoms, preferably 5 to 20 atoms, such as cyclopentene,

cycloheptene, norbornene, S-methyl-2-norbornene, tetracyclododecene
and 2emetyl followings, a bulk polymerization process and a
solution polymerization process according to preferable
embodiments of the invention are described in detail. However,
the polymerization processes of the invention are not limited
to these two processes and the invention can be also applied
for other polymerization processes such as slurry
polymerization. Additionally, the bulk polymerization
process 1s preferably used to mainly produce‘the crystalline
propylene polymer, while the solution polymerization process
is pfeferably used to mainly produce a propylene elastomer.
[1] Common condition regardless of pclymerization process
form |
In the invention, olefin supplied to a polymerization
reaction is at least one kind of monomer selected from propylene,
a-clefins and propylenes. In the invention, a-oclefin is
defined as a-olefins except propylene. That is, the a-olefin

of the invention includes ethylene. Therefore, the o-clefin

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



1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene; polar
monomer, for example, a,(3-unsaturated carboxylic acid such as acrylic
acid, methacrylic acid, fumaric acid, maleic acid anhydride, itaconic acid,
SFithedAic acid anhydride and bicycloéz,z,1)-5-heptene-2,3-dicarboxylic
anhydride, and metal salt thereof s ¢h as sodium salt, potassium salt,
lithium salt, zinc salt, magnesium salt, calcium salt and aluminum salt;
a,(3-unsaturated carboxylic ester such as methyl acrylate, ethyl acrylate,

3 J5PRORY! acpylate, sqprep 'l%cg%%@-gﬂtyl Actylate isabutyhachylate more
tert-butyl acrylate, 2-éthylhexyl acrylate, methyl methacrylate, ethyl

ca 5139992 methacrylate. nspropyl methackylate -isoRropybMethacryate, on

n-butyl methacrylate and isobutyl methacrylate; vinylester such as vinyl

at state.dnyl propionats, vinyh saproates (iayl gaprates Myl lysrate: ¥ihed
stearate and vinyl trifluoroacetate; unsaturated glycidyl such as glycidyl

o—Betviate, alyeid, vimethaerylate, moreghcidyhitacenate: Furthermoreatheon

examples of a-olefin having 3 or more carbon atoms except propylene

at Hsludesaramatic vinygosmpound-sueh-as: vinyleystehexane, diene and
polyene, for example, styrene, monoalkylstyrene or polyalkylstyrene such
3-Réonethylsiyrenes mimathyistwene-pnethylstypserene,

o,p-dimethylstyrene, o-ethylstyrene, m-ethylstyrene, p-ethylstyrene;
3-Hyrens -derivative gentainiag adusctianal grauesuch-as tretbaxy
l-tetradecene, l-hexadecene, l-octadecene, and l-eicosene.
Additionally, examples of the g-olefin having 3 or more carbon
atoms except propylene include cyclic olefin having 5 to 30
carbon atoms, preferably 5 to 20 atoms, such as cyclopentene,
cycloheptene, norbornene, S—methyl—z—norbornene,
ftetracyclododecene and Z-methyl
1,4,5,8—dimethano—l,2,3,4,4a,5,8,8amoctahydronaphthalene;
polar monomer, for example, o,fB-unsaturated carboxylic acid
such as acrylic acid, methacrylic acid, fumaric acid, maleic
acid anhydride, itaconic acid, itaconic acid anhydride and
bicycle (2,2,1)-5-heptene~2, 3-dicarboxylic anhydride, and
metal salt therecf such as sodium salt, potassiumsalt, lithium
salt, zinc salt, magnesiumsalt, calciumsalt and aluminum salt;
o, P-unsaturated carboxylic ester such as methyl acrylate, ethyl
acrylate, n-propyl acrylate, ilsopropyl acrylate, n-butyl
acrylate, i1sobutyl acrylate, tert-butyl acrylate,

Z—-ethylhexyl acrylate, methyl methacrylate, ethyl



styrene, ethoxy styrene, vinyl benzoate, methyl vinyl benzoate, vinyl

benzyl acetate, hydroxy styrene, o-chlorostyrene, p-chlorostyrene and
sr-diginyl benzene; and 3-phenylpropylene, 4-phenylpropylene and a-methyl

styrene. In the process for producingza propylene polymer according 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
methgRdeR EBmPLSRISE L) BSySRNT 8f Wifich b?&égﬁ&ﬁ§ is TidlepaRtenty-=-

used, (2) a two-component system of propylene and ethylene qr
n-DUbbriES BRAYSY A SFL 386103 e LomionBRE &SR et proByisREcS"

and ethylene and a-olefin having 4 or more carbon, atoms can be used., .
suHoAB I BroRIEHE (Rerdinater SFAFHOPsIenc: 15 IMpITERTRTIo 587

PP) is preferably produced from (1); propylene/ethylene copolymer
CaRBEERS! proRAeneiUtERE TopSie (ﬁg%f:&%%yféﬁgle\iwgﬁe random

copolymer (random PP), or propylene/ethylene block copolymer (bloc
trb@%‘ig Préfetaiy %fodﬂb%"i‘itfgoﬁ’%(/ﬁ F ahd” %ogp‘f/ﬁnse‘?é:t}ﬁygesne?néﬁjtéﬁg Vi

copolymer (PEBR or PBER) or th Iilée islgreferibI%prrioquc.eg frorrr;l (g);
2CXNHET fino Bt HiorakindESF  Aononierre tided%a ore preferable = - - -

monomer composition strongly depends an, the kinds of the]golymer to be

FUBFAIERRE T the PrécediTor protuding apropyRRE Bilymet ofiRES ©2007

invention, polyene be used together as a monomer. Polyen
atoms exceﬁk ropgfgﬁe Enc ud% aromaé%xf%f%y dotpEiid such as

vinylcyclohexane, diene and polyene, for example, styrene,
monoalkylstyrene or polyalkylstyrene such as o-methylstyrene,
m-methylstyrene, p-methylstyrene, o,p-dimethylstyrene,
c-ethylstyrens, m-ethylstyrene, p-ethylstyrene; styrene
derivative containing a functional group such as methoxy
styrene, ethoxy styrene, vinyl benzoate, methyl vinyl benzoate,
vinyl benzyl acetate, hydroxy styrene, o-chlorostyrene,
p-chlorostyrene and divinyl benzene; and 3-phenylpropylene,
{~phenylpropylene and d-methyl styrene.
Intheproceésforproducingapmﬁpylenepolymeraccording
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 compesition, (1} a system of
which propylene is independently used, {(2) a two-component

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



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 propylene polymer component

Sthlrﬁggrange of 99.99 to 55 % by mole, an a-olefin component in the range
of 0 to 45 % by mole, and a polyen@éomponent 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.

thégQuiQBQIHbérTQE%XQM%x&%%p}S'?BS§9Q}Pe°%erﬂ§' glcel%;foﬁne asdsge—afllefin

propylene-derived backbone containéd in a propylene polymer C

ha@Xagples ef H@ﬁ:@iE‘@@ﬂﬂelﬂdgﬂ&ﬁ@%‘ﬂw@J@dé%&399ﬁ%%oqj%@‘§z§989€fene

1,4-pentadiene, 1,5-hexadiene, 1,4-hexadiene, 1,4-octadiene,

(hS=0ciadiene.|g;ociadiens tpctadieneg ; L, 9-decadiens, ethylidene ppy 4 ¢

norbornene, vinyl -norbornene, dicyclopentadiene,

préfaethytl.6.0cladiens, A-sthylidene-8rsthykland fponadiens, andne -

conjugated diene such as butadiene and isoprene. Among these, diene

(PRaving gr sethernens baskbonesisreferablesspecifig examnles oL 1 e ne

triene include nonconjugated triene such as

rabdérdingtaylyi8-undecaiients ) 4,8-dimethylvh 4,.8:0e6alene.e piock
5,9-dimethyl-1,4,8-decatriene, 6,9-dimethyl-1,5,8-decatriene,
cop@i9tinethyl-dd8mecatrienereferably produced from (2): and
propylene/ethylene/butene copolymer (PEBR or PBER) or the like
is preferably produced from (3}). When two or more kinds of
monomer are used, a more preferable monomer composition
strongly depends on the kinds of the polymer to be produced.
In the process for producing a propylene polymer of the
invention, peclyene may be used together as a monomer. Polyene
is preferably selected from diene or triene, and is preferably
contained in the rangs from 0 to 20 % by mole. When propyiene
polymer contains polyene, the propylene polymer contains a
propylene polymer component in the range of 95.9¢ to 55 % by
mole, an a-olefin component in the range of 0 to 45 % by mole,
and a polyen@ 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



6-ethyl-10-methyl-1,5,9-undecatriene, 4-ethylidene-l,6-octadiene,
7-methyl-4-ethylidene-l,6-octadiene,
4-ethylidene-8-methyl-l,7-nonadiene(EMND),
SF71r{"’1%¥nyl-4-ethylidene-l,6-nonadiene, 7-ethyl-4-ethylidene-l,6-nonadiene,
6,7-dimethyl-4-ethylidene-|,6-octadi3r$e,
6,7-diethyl-4-ethylidene-l,6-nonadiene, 4-ethylidene-1,6-decadiene,
7-methyl-4-ethylidene-1,6-decadiene,

di drivethyk6-propyl-4-gibylidene-lh6-octadiene. k1382 951 | 1-hexadiene,

4-ethylidene-1,7-nonadiene, 8-methyl-4-ethylidene-l,7-nonadiene, and

- 1, 4-eshylidenenl, 7-undecasdiene; and coppigatediiengsuchAs;ctadiane,
1,3,5-hexatriene. Among these, 4,8-dimethyl-1,4,8-decatriene, and

1, $-ethylidene-8-methyl 1 7-Renadiene(EMND)arerg{erabler-Seiehiene

or triene mentioned above may be used independently, or in combination

a1 8l vie.gemore Kinds, Iy -aggitiop trisne-and:dignexaay be combined for a
use. Among these polyenes, particularly, polyene having a norbornene

¢ -bagkhone-is prefarabley The ipdinerrupharofa propyenepolyiet ed diene

obtained using such polyenes mentioned above is generally 0 to 80,
suprefe@blyitadiene and isoprene. Among these, diene having a
norboinene backbone is preferable.

Specific examples of the triene include nonconjugated
triene such as 6,10-dimethyl-1,5,9-undecatriens,
4,8-dimethyl-1,4,8~decatriene,
5,9~dimethyl-1,4,8~decatriene,

6, 9-dimethyl-1,5,8~decatriene,
€,8,9~trimethyl-1,5,8-decatriene,
¢-ethyl=~10-methyl=-1,5, 9~undecatriens,
4-ethylidene~l, 6~octadiene,
T-methyl~4-ethylidene-1, 6-octadiene,
{-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-4d~ethylidene~1, 6-nonadiene,
4methylidene—l;S—decadiene,
7-methyl-~4-ethylidene~1, 6~decadiene,

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



1 to 80, more preferably 5 to 60. The polymerization temperature of olefin
using the olefin polymerization catalyst is generally within the range from
-50 to +200C, preferably from 0 to 200C, more preferably from 40 to
SF-1803C, and particularly preferably from 40 to 150C. The polymerization
pressure is under the condition of geherally 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

Q_Eb&thm e gq\icp"_ iBH Hﬁlgrpé continuously. The polymerization can be
carried out by “dividing the procéss into two or more stages having

3-{LIRIPNL P19 98 teacton cppriigns.Hhe mplecular weight of the

resufting propyfene polymer can be also regulated by allowing hydrogen

4-ettgh Xisit&me.-&e'ym%@ggga%@m %\é_ﬁ%gjtn%g@gvan%@aae@p@ such as

erature. Moreover, the molecule weight can be regulated according

1, 319 he amaunt of the comi e&tlélg)egsed. When adding hydrogen, the
su%ta ?e amount to be addé%l1 is from about 0.001 to 100 NL per 1 kg of

4, éj-lﬁf.i@ni%]n-wm‘i?}' @’cgy_rgggzdactgrb%gldi%for bulk polymerization When

the polymérization process of the invention is used in the form of the bulk

4 - Polymerizationg Dﬁé’@ﬁgm companent LAkangiiie compopent@an1s.

generally the particulate carrier (C) is used. The type of usage of each

compenant angdiihe adding ene mentioned above may be used

independently, or in combination of two or more kinds. In
addition, triene and diene may be combined for a use.  Among
these polyenes, particularly, polyene having a norbornene
backbone is preferable.

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

Thepolymerizationtemperatureofcﬂ@finusingtheolefin
polymerization cataiyst 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 isunder the conditionof 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



order of each component is arbitrarily selected, and not particularly
limited. For example, as for the adding order of each component, the
SFjglé%vging process is mentioned. [i] The process comprises adding the
catalyst component (A) supported %%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

refdenfiiil-thel ptacess compases addingdhe vatpdyst compereidA) andng
the component (B) both supported on the carrier Sr-1399 97 (C), to the

prdieiyrerzaiionyessetan the aboyve-mentianeceprasesslaldeasty? OyAiargen
of each catalyst component may be contacted in advance. In each

to psagess ohthenabexermentionad {igiii} pbwhichdhewompaonent kB) is
supported, the component (B) that is not supported may be added in the
po byhidraty:ardetifrecessanyu te thisibase other conpomnentd) Innay-gitier can
be same or different. As the solid catalyst component in which the
be companadt{A) is supporedon Hhesabovetmentidned composent (€) ,used.
and the solid catalyst component in which the component (A) and the
Wheonpohent (BY s- syppertet4n the above: mentionedweompoadde(C)lis from
olefin may be polymerized in advance, and further catalyst component
abonay Be Blipporteti(oh the salid catddystecOmpaniint which is polymerized
[2] Typical peclyvmerization condition for bulk
polymerization
When the polymerization process of the invention is used
in the form of the bulk polymerization, besides the component
(&) and the component (B}, generally the particulate carrier
{C) is used. The type of usage of each component and the adding
orcer of each component is arbitrarily selected, and not
particularly limited. For example, as for the adding order of
each component, the following process 1s 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



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 10-6 to 10-2 mole, and
SE-préfesably from 10-7 to 10”3 mole per a reaction volume of 1 L. The
component (b-1) is used in such arfidunt 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
2010 2,000. Thicomgone@t;(gﬁZ)Vjs used in such amount that the molar
)ratio“ Rb- ﬁ\/lfg t%ecojﬁ%paon*ent (b-%?tso fhe SF-1399 98 transition metal

atom M}gﬁtg% SQQPIQQ%% A el% erne(r:%ll Sfrogpt % é?a gQCb grﬁ?;%%l%%@ro% ch

1lto e"component (B-3) Ts used “in"such amount that the molar ratio

ol e e C e o e o .

componen s-generally preferably from 0.05

ofgj%oxféoé’&{he am%%%&fz%“jo&ogﬂpo e@&ﬁ%sgﬁgh%geeﬁga% %?HQO@B)

y weig 6fiﬁc%?%inerably d % by weight e componerit

1 s "hen the component (D) 13 Used in gombjnation, the, COMPONELAR)IS  pe
g th fstch th

use e armount such that the molar ratio [(D)/(b-1)] is generally from

2a§R3 10 Znprelpiatly el 0,00 10 1 whendag componant ()8 8 se, che
component (b- ,tlhatt

component (B) may either be same or different. As the sclid
catalyst component in which the component (A) is supported on
the above-mentioned component (C), and the solid catalyst
compcnent in which the component (A) and the component (B) is
supported in the above-mentioned component (C), olefin may be
poclymerized in advance, and further catalyst component may be
supported on the solid catalyst component which is polymefized
in advance.

When the polymerization of olefin ig carried out by using
such clefin polymerization catalyst as mentioned above, the
component (A} is used in such_amount so as to be generally from
107 to 107° 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~1l) to the entire transition metal (M) in the
component {(A) is generally from 10 to 5,000, preferably from
20 tb 2,000. The COmponent.(b~2) is used in such amount that

the molar ratio [ {(b-2)/Ml of the component {b-2) to 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
ratlo [ (D) / (b-3) ] is generally from 0.01 to 10, preferably from 0.1to 5
the component (B) is the component (b-3). [3] Typical
Polymerization Condition for Solutiori 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

t raSQUHOR PAlWNEriZation salvenkis RErREHIY sised - The) solvepirusediiny £ rom
SF-1399 99 the solution polymerization is generally an inactive

1« ysiacahanesolent,andds preferatly a satucatedhpydrocarhpn shaviagi sed

boiling point at normal pressures of from 50 C to 200 C. Specific

in S¥amRlesehihe - selventinchie aliphatics hydrecarbansseioihas pentanesnt
hexane, heptane, octane, decane, dodecane and kerosene; and alicyclic

(p-hydrogarhensyeh as eyclapentane, Gyelehexaamand in the component
methylcyclopentane. In addition, aromatic hydrocarbon such as benzene,

a)toluenasard xyiepes 886 halogenated hydocaskers sueb Bg athylene. 05 to
chloride, chlorobenzen and dichloromethane are also included in the
2, captegory of “the inactive hydrocarbon solvent' according to the
polymerization process related to the invention, and its use is not limited.

The amount of the component {(C) used is generally 10 to
1,000 % by weight, preferably 20 to 200 % by weight of the
component {A).

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 .01
to 1 when the component (B} is the component {b-1), that the
molarxaﬁio[(D)/{b—2)]isgenerallyfrom0.0itolO,preferably
from 0.1 to 5 when the component (B) is the component (b-2),
and that the molar ratio [ (D)/{b~3}] is generally from .01 to
10, preferably from 0.1 to 5 when the component (B) i1s the
component {(b=-3}.

[3] Typical Polymexization 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 sclution

polymerization solvent is normally used. The sclvent used in



When the solution polymerization is carried out, the component (A) is
used in such amount so as to be generally from 10-9 to 10-1 mole,
preferably from 10-8 to 10"2 mole per a reaction volume of 1 L. The
SF-dotffonent (b-1) is used in such amount that the molar ratio [ (b-1) /M] of
the component (b-1) to the entire trdfsition 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 [
endPs2l/MI of Analuminum afomin the component (b-2) (o the-entire
transition metal (M) in the component (A) is generally from 1 to 5,000,

hydgterahly SE-1399,100 ofrom 3 %@@Q-am%cgrge@@%@t@@wd%%on

such amount that the molar ratio ((b-3)/M) of the component (b-3) to the

haé{jg}rgagaoé‘i'??%'baé%%@" )b the compaonent (A).is generally from 80410 50

, prefe from 0.05 to 5,000.In the solution polymerization,
oc.9ensally-he aboye-mentioned:hydiacarbon solyentisdised; buj a:olefin
may be used as a solvent. The copolymerization reaction can be carried

hy%@X@Qﬁ%%%ﬁhﬁsﬁéﬁ%@l@Q; of &.continuausimgthod.cVhen thecane,

solution polymerization is carried out by a batchwise method, the
dogonsantration efthe sastallogene gampound in theqpelymerizationsystem

used is generally from 0. 00005 to 1 mmole, and preferably from 0.0001
cyda Ohmmele pey aRolwnerzation vakis, 0t tlopentane. In
addition, aromatic hydrocarbon such as benzene, toluene and
xylene, and halogenated hydrocarbon such as ethylene chloride,
chlorobenzen and dichloromethane are also 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 solution polvmerization is carried out, the
componént (A) is used in such amount so as to be generally from
107 to 107" mole, preferably from 10™° to 10" 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
usedjxléuchamountthatthemolarratio[{be)ﬁﬂ of an aluminum

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

in the compenent (A) is generally from 1 to 5,000, preferably



Additionally, the reaction time (which is a mean 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
SF'&cfﬁr%erization temperature, but is _generally 5 minutes to 3 hours,
preferably about 10 minutes to 1.5"hours. Propylene polymer The
propylene polymer obtained by the production process of the invention is
constituted by at least one kind of propylene, a-olefins and polyenes. The

£ rR¥opylenepalyimer obtaingdhydhe rpolymenzation pwsess of hesh amount
invention is commonly SF-1399 101 characterized in that 1) the molecular

+ haveightisthighr2)-thes isotagticsterepregulanly isexpiiied:ang 3} theo the
irregular bonding derived by 2, 1-insertion and 1,3-insertion is extremely

t r 40Ws A8 dollpwsapoliaers will be divided e i propylancgpelymer [R1f rom
obtained where the polymerization of the invention is carried out in the

0 . darm of the, bulk pohymedzationyamne the pobyner{P2] obtained where the
solution polymerization is carried out, and the properties of the preferable
propylene npolymes wilk he sleserikadi Asithe propyene polymerdRd, melt
flow rate (MFR; ASTM D 1238, 230 C, a load of 2.16kg) is from 0.01 to

abevR00:8/0; sHRautes, preferablosn0H2rte 2,90094L0 nyadtes; M@ein may

be used as a solvent. The copolymerization reaction can be
carri@doutkmfeitheraisatchwisenmthod,cn:acontinuousmethod.

When the solution polymerization is carried out by a batchwise

method, the concentration of the metallocene compound in the

polymerization system used is generally from C.00005 to 1l mmole,
and preferably from 0.0001 to 0.50 mmole per a polymerization

volume cof 1 L.

Additionally, the reactiontime (which is a mean 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, preferably about 10 minutes to

1.5 hours.

Propylene polymer

The propylene polymer obtained by the production process
oftheinventionisconstitutedbyatleastonekindof;mopylene,

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

polymerization process of the invention is commonly



preferably from 0.05 to 500g/10 minutes, and an intrinsic viscosity [ill is
generally from 0.1 to 10 dl/g, preferably from 0.2 to 8 dl/g, more

SEpiéfetably from 0.3 to 6. dl/g. The propylene content of the propylene
polymer [P1] is in the range of from d00 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 [Pl] is preferably selected from, for

hexa le, ethylene, 1-butene, 4-methyl-l-pentene, 1-hexene and 1-octene,

Ch e hthesd a8 GesFaty coned T e e 7 1730 55y o
‘Ii) efe ably from 0 to 20 % by mole, more preferably from 0 to SF-1399 102

S0 By oIS LR Rt 6&& ¥FnBctthe brshylERE polyref (PEFegular

asured b erally from 100 to 175 C, preferably from 105 to
po Tf (%(]):rg’preigya ﬁ'frdtﬁslelﬁttb%@%i Anfbnjgr‘tﬁ%ﬁﬁéﬁﬁér%%%@%ly

‘LPl], the ethylene content of the propylene / ethylene copolymer (PER) is
In the range of from 10 % by mole to 90 % by mole, preferably from 15 to
80 (V ie more fferabgf froﬁ 0 % by mole. The intrinsic
wscosstyf[ﬂﬁ £ t‘ﬁe’PE i< Gensraify fro eO %8%@8%@%%%%9#&% lene
o o) éo 9 gl{g mare ragg/ fro 1 0 t(ﬁi8 dl/g. On the other hand, as the
P p}mpylieh ﬁo?ymerliljri5 (rj%n sity RInYREF: FoffroRt o-Bad fygntion

is 9941%/0md?' ﬁ?f%abc%@ form of the bulk pelymerization, and the
polymer [P2] obtained where thne sclution polymerization is
carried out, and the properties of the preferable propyléﬁe
polymer will be described.

As the propylene polymer [P1l], melt flow rate (MFR; ASTM
D 1238, 230 °C, a load of 2.16kg) is from 0.01 to 3,000 g/10
minutes, preferably from 0.02 to 2,000g/10 minutes, more
preferably from 0.05 to 5300¢/10 minutes, and an intrinsic
viscosity [n] is generally fron&@.l 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 propyiene polymer [PLl] 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 mele.

The a-olefin of the propylene polymer [P1] is preferably
seiected from, for example, ethylene, l-butene,
4-methyl-l-pentene, l-hexene and I~octene, and these are
desirably contained in the range of from 0 to 30 % by mocle,

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



from 0.845 to 0 . 900 g/cm3, more preferably from 0 84555 to 0.890
g/cma3. Additionally, the melt flow rate (MFR; ASTM D 1238, 230 C, a
ST-fpall%f 2. 16kg) is from 0.01 to 500 g/10 minutes, preferably from 0.05 to
100g/10 minutes, more preferably¥fof 0.05 to 80g/10 minutes, and the
intrinsic viscosity [ri] 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 molecular weight

10 dﬁisg%au igrllél)f the propylene polymer [P2] measured by GPC (Mw/Mn, in
terms of polystyrene, Mw: weight average molecular weight, Mn: number

average mecylar weight) is 4,01 less, prefer pyﬁg@é@%ﬁ ar [P1]

propylene content’of the propylene polymer [P2] is in the

ne4 SIS PLIOMLE 2 GLIE (0 08 Yl S PLTRIaRY S 20 Mo

org prefera rom 90 to y mole. The a-olefin’o

10410BYIPAE Rolymer [E2) 1 preferably selegfed figm or gxgraple, ethylene,
1- -he

utene, 4-rﬁetrﬁ§/ -I-pentene, ene and 1-octene, and these are

desiggbly coptained i the range of from 5 %{ﬁ%@hfé“@@q%@r@ﬁ%r%tent

from 10 to™45 % by mole, more preferably from 10 to 40 % by mole. For

of ;@g@@@gm&wm%&[ﬁﬂ@ﬂ@ bending tensile spredulus (ASTM-D799¢ of

C, a bending rate of 2.0mm/min, a span interval of 51.0mm) is

£r SOOMRa)Qr less.preferably SQ0(MPa) ordessdnane:Rreferallyis o 80 &
400(MPa) or less. Advantage of the Invention

by mole, more preferably from 15 to 60 % by mele. The intrinsic

viscosity [n] of the PER is generally from 0.1 to 10 dl/g,

preferably from 0.5 to 9 dl/g, more preferably from 1.0 to 8

dl/g.

Cn the other hand, as the propylene polymer [P2], the
density is in the range of from 0.840 to 0.904 g/cn®, preferably
from0.845 to 0.900 g/cm’, more preferably from 0.84555 to 0.890
g/cm’®. Additionally, the melt flow rate (MFR; ASTM D 1238, 230
°C,al§adof2h16kg)isfrom0.0ltx)SOOg/lOndnutes,preferably
from0.05 to 100g/10minutes, more preferably from0.05 to 80g/10
minutes, and the intrinsic viscosity {n] is generally from 0.3
to 10 dl/g, preferably from 0.4 to 8. dl/g, mdrejpreferably from
0.5 to & dl/g. The molecular 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 ¢f the propylene polymer [PZ2] is



The process for producing polypropylene polymer of the invention is a
process for polymerizing at least one monomer selected from propylene,

sr-a-glefins and polyenes in the presence of a catalyst for polymerization
which contains the aforementioned:gpecific (A) bridged metallocene
compound. A major characteristic of using the polymerization process of
the invention is that, as clear from Examples shown later, the molecular

. weight of the polymer produced can be highly increased in comparison

N \GiFtHACER Wherd Sholymer24tBh catalfst® coRt&Hint a fnetaliSdeea by
com oynd,othoer than ghe (A) bridged metallocene compound related to

L 3feTRveriion i BYeBCEGMHE? SE 1588 4AP chatdABrishicor fife ® by mole.
polymerization process of the invention is that a polymer having a high
sterebiy§iaftySdedtattict RSy MaRBY 4R erferasTolF édnientoieferably
irreqular honding can be obtained by the polymerization process of the

Se}fr?\%%%%n. Sifie Si)rSﬁﬁl@Hé%blﬁﬁnga%ﬁ:g a hight hfdl&eular weight

. obtgnﬁq y the Eo{%ﬁmerizﬂ_ tion process of the invention shows an

ceNent gty ARt mpadt TE§EantE dits' expsride uéd dn YafsEs 2re
industrial fields is exg%cted. In addition, for the_ propylene polymer havin

G Shbata Lafie dEgraeof tRoieRtlat Wafiht °th the EkistingFpdymar temo e
o= LY oo (o . nolegzalon fenpeaute) o be shanae
40 tbﬁe 1:%?'%{3?[@2_3“0” catalyst containing the (A) bridged metallocene

For the propylene polymer [P2], the bending tensile
modulus (ASTM-D~790, 23 °C, a bending rate of 2.0mm/min, a span
‘interval of 51.0mm} is 600 (MPa) or less, preferably 500 (MPa)
or less, more preferably 400{MPa) or less.

Advantage of the Inventicn

The process for producing polypropylene polymer of the
invention is a process for polymerizing at least one monomer
selected from propylene, a-clefins and polvenes in the presence
cf a catalyst for polymerization which contains the
afor@mentiqned 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 weight of the polymer produced can be highly increased
in comparison with the case where a polymerization catalyst
containing a metallocene compound other than the (A) bridged

‘metallocene compound related to the invention is used. Further



compound according to the invention, and thus the effect on the industry
is thought be enormous. Further, the polymerization process of the
SF-ihy@Ation has a characteristic that the ethylene response (a degree of
ethylene being taken as an ethyleln%'gderived 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

cha®XPRle; lgads oradglaxationof design: Riessuia-ak palymerizatioient ion

apparatus and thus it is expected to contribute in the cost reduction of the

is @pparatus,SK4399 103 :Hereinafte, tha iventianwilkhe dosaribaskinetic

more detail with reference to Examples, but the invention is not intended

reglQibe-limiled-bythose ExamplesFeExample pumbersubelovwsJexamplessn
denoted with "b" on the right hand side of the Example number are

be SXAMRlgs shakthepolyiperization process pi- daekweption ieapplieshtoian.
bulk polymerization using a supported catalyst, and Examples denoted

s1inwith s"ontherright Bandside ofdhe Fxample gumist are examplagthat

the polymerization process of the invention is applied to a solution
obtROlyBerigationsing anonrsuppostedeatadyst Amatytisal methodson shows

employed in the invention are as follows. [1] Intrinsic Viscosity ([r}]) The
an dseqsitydatioflspiwas detgrminggddndecakin at 13%€, its expanded use
in various industrial fields is expected. In addition, for the
propylenepolymerhavinqaboutaasamedegr@eofnmiecularweight
to the existing polymer, the preduction 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) bridgedmetallocene
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 apparatus.



using an automatic viscosity measuring apparatus VNR-053PC
manufactured by Rigo Co. Ltd. and improved version of Ubbelohde
sr-capikary viscometer, to calculate the intrinsic viscosity according to the
following expression. [Ti] = rsp / {C{lxs Krgsp) } (C: solution concentration
[g/dl], K: constant number) [2] Weight average molecular weight (Mw),
Number average ------- -------- molecular weight (Mn) The measurement
was carried out by transferring 500 | of samEIe solution with 0.1 wt%

conceRfratioR SF & Flow ke SFIE869 206 Va0 RIMARSESiAG Mllidritatore

GPC 2000 manufactured by Waters Co., Ltd. The standard polystyrene
detfiade By Tosbh Corpbfftioh® wekiTEetrind BAEulals a9 i Eaiitated not
_molecular weight of each polymer. Column for separation: TSKgel
T ENEREHTaRE %gia@a%,%gpe-@ﬁﬁezt@émpé&moﬁ%% th iiep s

diameter of 7.S mm and the length of 300 mm are used) Column
0% Hgmpertire: 1307E IbBile phidse: b dRAIGToBeh ERE BRtstorde of the

differential refractometer [3] Melting Point [Tm] About 5 mg of the sample
47 e RS 206C A aarmﬁm%%ﬁe?ey(mwﬁm}h@wmﬂ@ﬁs of

manufactured by . . . .
the 1nvention 1s applied to a bulk polymerization using a

supported catalyst, and Examples denoted with *s" on the right
nand side of the Example number are examples that the
polymerization process of the invention is appliedto a solution
polymerization using a non-supported catalyst.

Analytical methods employed in the inventicn are as
follows.

[1] Intrinsic Viscosity ([n])

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

in]l = ns / {C(l + Knsp) } {C: solution concentration

[g/dl], K: constant number)

(2] Weight average molecular weight (Mw), Number average

The measurement was carried out by transferring 300 pl

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



Perkin-Elmer, kept for 10 minutes, and then cooled down to 30C at a rate
of 10 C/min. After the sample being kept for 5 minutes at 30C, calculation
SF-~wasdone from the top peak of the crystalline melting peak obtained when
heating the sample to 200C at a A% of 10 C/min. [4] Butene content and
Ethylene content The contents were determined according to an ordinary
method of 13C-NMR spectrum. [5] Mesopentad Fraction (mmmm) A

or 13G-NMR spectrum of 2 polymer was-measyred by, using an ASQ0 yat o v

nuclear magnetic resonance manufactured by Japan Electron SF-1399

Co. 10’7t pti hLeabchrg%)c%g&'b%%%%?é%@%%%éo%’g@&goh Corporation

b-dichloroberzene and deuter enzene, at 120C, under the

conditions of apulse width of4 7.sec. 2 pylse repetifion.ime. of 52 866 o
YeSah ?ﬁ{te%ié%gr?%r%%%%%&osa [6] Triad Isotacticity The 1%(33-NMR P o
spectrum measurement was carried out in a hexachlorobutadiene

eacsolﬁﬁor{m and the triad isotactic was calculated from the intensity ratio of

the i@%‘%ﬁﬁ}é E%gggveega aL 20,540 @%%%&%Mﬂ%i%ﬁ%%%%@ baged-an,

a methine peak observed at 33.12 ppm to the intensity 52 obtained

o g DElNE R B m IR 3150 498 o
the length of 300 mm are used)

Column Temperature: 140 °C

Mcbile 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 cocled down to 30°C
at a rate of 10 °C/min. After the sample being kept for Sminutes
at 3C0°C, calculation was done from the top peak of the
crystalline melting peak cbtained when heating the sample to
200°C at a rate of 10 °C/min.

The contents were determined according to an ordinary
method of PC-NMR spectrum.

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

A500 nuclear magnetic resonance manufactured by Japan Electron



Synthesis of diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(flu
orenyl)zirconium dichloride (1) 1-ethyl-3-tert-but yl-cyclopentadiene To a
sr-200gul three-neck flask equipped with a magnetic stirrer chip and a
three-way cock, SO ml of dehydrated-diethyl ether and 59 ml (180 mmol)
of diethyl ether solution of 3.0 M ethyl magnesium bromide 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
Ortésfitart 2oRAIGAWaS Stirred: BEroGH témpératirefor 16 hours ISR1.399
108 and then the reaction solution was poured into 100 ml of 3N
- Iy AFdPISIREAGIED Thar StapiEIay e fasaipariied, ahdthB8° Gquesdsr the
layer was extracted twice with 50 ml of ether. The obtained organic layers
CoRgEre conthned Washedwridewith 4- danirated aquebis septol bton time
sodium hydrogencarbonate, twice with water, and once with saturated
°f prine, &R/F difed oveF SwaghéSianTddifate @hRd tistifld off under reduced
pressure to obtain 15.3 g of a pale yellowy transparent solution. The yield
was 65 IderifRatios MR o ey 1H-NMR spectrum. The measurement
results are shown as follows. 'H-NMR (270MHz, CDC13, TMS standard):
S 6.178F6. 05 BE -+ 8T+ Rfds IGO0 Wags GRFRLSH)OUE in a

2.48-2.27 (m, 2H), 1.15-1.08 (s+s+m, 12H)
hexachlorobutadiene sclution, and the triad isotactic was

calculated from the intensity ratic of the intensity observed
at 20.2 to 22.0 ppm (mesotriad region S;) basad on a methine
(EPE) peak observed at 33.12 ppm to the intensity S, obtéined
by subtracting methine (EPE: 33.12 ppm and EPP 30 to 31 ppm)
from total methylenes.
[Synthesis Example 1]

Synthesis of

diphenyimethylene{3-tert-butyl-5-ethylcyclopentadienyl) (flu

orenvij)zirconium dichloride

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

To a 200 ml three-neck flask eguipped with a magnetic
stirrer chip and a three-way cock, 50 ml of dehydrated diethyl
ether and 52 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 solution was stirred at room temperature for 16 hours,



(2) Synthesis of 3-tert-butyl-l-ethyl-6,6-diphenylfulvene To a 200 ml
three-neck flask equipped with a magnetic stirrer chip and a three-way
SFthtk?3.16a (21.2mmom) of i-ethyl-3-tert-butyl-cyclopentadiene and 100
ml of THE were charged under a Hiﬁ’@gen atmosphere. In the
ice/methanol bath, 14 ml (22mmol) of 1. 58M n-butyllithium hexane
solution was added dropwise over 45 minutes and stirred for 4 hours.

and Nereto. 8, ml of hexamethylnhasphgrig triamide - subseauently §.83 do s 3x

(32.Immol) of benzophenone were charged, and the solution was stirred

nyd@.24 houes atroom temperatuge, sthe reaction sqlution was poyred Mo« ne
400 ml of 2N hydrochloric acid. The organic SF-1399 1(?9 layer was

aqSepatated.and the.agueaquslayer was extracted with 4504wl of:etber. Thee

obtained organic layers were combined, washed with a saturated

opPHURRHS éQP’%@HEé’fﬁé)QM@ hydragenearbonate, walehard saateden a
u

agueous solution of sodium chloride, and dried over magnesium sulfate

saandibe gsalyentwasistiled pff :and putifiad oy Golyan LAreBategsaphyi ce

to obtain 3.51 g of an orange solid. The yield was 53 %. ldentification was

wigengby-1H-NMR specyum. dihesneasurement resulfs argishowaasover
follows. 1H-NMR (270MHz, CDC13, TMS standard): S 7.2-7.4(m, 10H),

ma 8% I s 91 4 fPe 1N g1 704485 (i 2 lubRilsy P08 (h3s(Be to
ynthesis of

obtain 15.3 g of a pale yellowy transparent sclution. The yield

was 65 %. Identification was done by 'H-NMR spectrum. The

measurement results are shown as follows.

IH-NMR (270MHz, CDC13, TMS standard): &
6.19+6.05+5.81+5.77 (m+m+m+m, 2H), 2.91+2.85 (m+m, Z2H},
2.48-2.27 {m, 2ZH), 1.15-1.08 (s+s+m, 12H)

To a 200 ml three-neck flask eguipped with a magnetic
stirrer chip and a three-way cock, 3.16g (21.2mmom) of
l-ethyl-3~tert-butyl-cyclopentadiene and 100 ml of THE were
charged under a nitrogen atmosphere. In the ice/methanol bath,
14ml (22mmol) of 1.58Mn-butyllithiumhexane solution was added
dropwise over 45 minutes and stirred for 4 hours. Thereto, 8
ml of hexamethylphosphoric triamide, subsequently 5.85 g
(32.1mmecl) of benzophenone were chérged, and the sclution was:

stirred for 27 hours at room temperature. The reaction sclutiocn

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



diphenylmethylene(3-tent-but yl-5-e thylcycloentadienyl)(flu orenyl) A200
ml three-neck flask equipped with a magnetic stirrer chip and a three-way

SF-cotk4as thoroughly purged with nitrogen, and 1.94 g of fluorene (11.7
mmol) was dissolved in 40 ml of deRydrated 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 om temperature over night. T

tr th i lution.,,

BN S e s sian SO L ERC A S N
tireed und f d .10 SF-1399 |

i echoy st v N R SRR b e L Sl R

wadligawise tp the solujoni anicesbafh, and then, diettylelher s added,

the organic layer was separated, and washed with distilled water and -

hycgﬁﬁgé%e&b%g%a@e, resultant was dsrge&g.ﬁ{@@hth@é@d@agmegbn of

te and desiccant was filtered off, and the solvent was distilled away

soé‘fﬁr cr:%dl%‘%%?d%r?si‘:ﬂr& frqr dhe fltrae fo obtain ted blagk solid; The v,

solid was purified by column chromatography to obtain 1.13 g of a pale

so YEURW a9l The Yol s 21 Areleaian e donein R BAs o raphy

analysis spectrum MS) The measurement resuits are shown as

.tof@%#%'%‘% @/%§89W3k4ﬁ1§§y%tg§§i§pf The vield was 53 %.
Identification was done by "H-NMR spectrum. The measurement
results are shown as follows.

'H~-NMR (270MHz, CDClz, TMS standard}: & 7.2-7.4(m, 10H),
6.3(m, 1H), 5.7 {(m, 1H), 1.70+1.85 {g, 2H), 1.15 (s, SH}, C.85

(t, 3H)

A200ml 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 mmeol) 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
soiution {1.59M: i2.4mmel) was added slowly dropwise, and then
stirred at room temperature over night. To the reaction
solution, 3.49 g of 3—tert—butyi—1~ethyl~6,6—diphenyifulvene

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



diphenylmethylene(3-tert-butyl-5-ethylcvclopentadienvl)(flu

orenyl)zirconium dichloride A 30 ml Schlenk flask equipped with a

SF‘ﬁﬁéageticstirrer chip and a three-way cock was thoroughly purged with
nitrogen, and 0.491 g of
diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(flu orenyl)(1.02
mmol) was dissolved in 20 ml of dehydrated diethylether under a nitrogen

30 Rinesphere. To the selutiona anicgbath, 1: 35.ml 2,65 mmal).of 1.5 M, ,

n-butyl lithium hexane solution Wwas added slowly dropwise, and then

ri3iEed @4 Loony derperature o¥erAight: The1eaclion SAYlon Was ~o —paty,
thoroughly SF-1399 111 ‘cooled in a dry ice/methanol bath, and then

andP:3Q0 aafirconium tetiachloride £0.8%, mmobwas.added thereto. The . o 4|

solution was stirred for 4 days while gradually elevating back to room

andemperatyre, and thendhe splyept was distiled awayunder,reduced 7y o

pressure. The resulting product was reslurred in hexane, and filtered by a

re diatomite-filled glass filter, &redpink solid onthe fiterwaswashed with a

small amount of dichloromethane and the solvent was distilled away under

dededueed Rresseire fromthe filtratentheabtaineddad Rink solidwas o4 away
washed with a small amount of diethyl ether, and dried under reduced

und¥esswefe abtain2o0.mg (B:406 rynolrof 2 farget ompeund,as adredh ack
pink solid. Identification was done by 1H-NMR spectrum and FD-mass
soxanalysisrapestium; Thegngasurementpy column chromatography to
obtain 1.13 g of & pale yellow solid. The yield was 21 %.
Identification was done by FD-mass analysis spectrum {(FD-MS).

The measurement resulits are shown as follows.

FD-MS: m/z=48B0 {M+)

A 30 ml Schlenk flask equipped with a magnetic stirrer
chip and a three-way cock was thoroughly purged with nitrogen,
and 0.491 g of
diphenylmethylene {3~-tert-butyl-S-ethylcyclopentadienyl) {flu
orenyl) {1.02 mmol) was dissolved in 20 ml of dehydrated
~diethylether 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 thén stirred at room

temperature over night. The reaction solution was theroughly



results are shown as follows. 1H-NMR spectrum (270MHz, CDCI3, TMS
standard) : S 8.16 (s, 1H), 8.13 (s, 1H), 8.01+7.987 (m+m, 1H), 7.96-7.93

sp-@me2H), 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, 1H), 6. 3146. 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) FD-MS:
m/z=640(M+) [Synthesis Example 21 Synthesis of

coo RIS e e ycopspilenfLy 0 SEINO ..
ARGy ol aoeBmee T ST L34 (1) SAGEBRGT 1o #2°
S SRt Stheh ehp AN AR AY cack 3755 (0 Rh of “oom
=nGitE WA pOOIIE oo Fgea a4 QN Ao &0 Sh*

dstirr%% Al tempﬁrgéur% for.6 days, The, reaction solution was poured,
LRS00 RSN hydrocHIShic acid: The organic layer was separated, and =’

andh AHueous yer e Qacted (Pras mes A Y of ethgrThe s
solid on the filter was washed with a small amount of
dichloromethane and the solvent was distilled away under reduced
pressure from the 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 mmel) of & target
compound as a red pink 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): & 8.16 (s,
1H), 8.13 (s, 1H), 8.01+47.987 {(m+m, 1H), 7.86-7.93 (m, 2H),
7.79-7.75 {m, 1H), 7.56~7.21 (m, 8H), 7.05-7.03 (m, 2H),
6.9446,91+6.88 (m+m+m, 1H), 6.314+6.30+6.29+6.26 (s+s+s+s, 2H),
5;67 (d, 1H), 2.28+2.08 {gui+qgui, 2H), 1.13(s, 9H), 1.07 (t,
3H)

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

[Synthesis Example 2]

Svnthesis of

isopropylidene{3-tert-butyl-5-ethvlcyclopentadienyl} (1,1,4,




layers were combined, washed once with a saturated aqueous solution of
sodium hydrogencarbonate, twice with water, and once with saturated

SF-BA‘RE, dried over magnesium sulfate, andpurified by column
chromatography to obtain 2.91 g of &%range solution. The yield was 74
Identification was done by "H-NMR spectrum. The measurement results
are shown as follows. iH-NMR spectrum (270MHz, CDC13, TMS

4, 7Standar O~—57 %O'IZéJt% o 'bllﬂ)J’ ﬁhéq’rcon

ium(Zai'Sggi%?gi%gf is oropylidene(3-tent-butyl-5 etﬁyléyclobentadienyls(l,1,4,

------ - 113 4,7,7,10,10
octamethylogtahydrodibenzoll.blfluorenyl), = svyarsa sz s TH, FTE Tuo
---------- To a 100 ml three-neck flask equipped with a magnetic stirrer

ren%higlggd %ﬁ%’ﬂayego%4a7§c%%%&m@%% WO/ 01/27124.
1,1,4,4,7,7,10,10-octamethyloctahydrodibenzol[b,h)fluorene and

(1)9efvdrated, 100 ml of THE were charged undersa hifrggen atmosphere.
Th'ereto;'8:l'r_nl (‘;L‘2:8'mm_'o )"0'f'I_‘.b“8‘I\'/I"ﬁib‘t_‘jtyfh‘thiU“rr‘i“h’é‘S(ane solution was
added dropyyise for 20,inuies, in t&qg@/wc@@%%aal bathThe solution;: o
was stirred for 5.5 hours while gradually elevating back to room

stitemperature, THE solulionof 291 ¢.(153 mmelof (20,8 mmol) of
3-tert-butyl-l-ethyl-6,6-trimethylfulvene was added thereto

l-ethyl~3-tert~butylcyclopentadiene, 30 ml of methancl, 19 ml

of acetone and 20 ml of pyrrolidine were charged under a nitrogen
atmosphere, and stirred at room temperature for © days. The
reaction solution was poured into 200 ml of 2N hydrochloric acid.
The organic layer was separated, and the agqueous layer was
extracted three times wit‘n. 100ml of ether. The obtainedorganic
layers were combined, washed once with a saturated aqueous
selutionof sodiumhydrogencarbonate, twicewithwater, andonce
with saturatedbrine, dried overmagnesiumsulfate, andpurified
by column chromatography to obtain 2.91 g of a orange solution.
The yield was 74 $. Identificatlion was do_ne by "H-NMR spéctrum_.
The mé'asurer.n.ent r.'esgalts are sho'w.n ‘as follows.

'H-NMR spectrum {270MHz, CDCls, TMS standard): & 7. 40-7.15
(m, 3H), 6.32+6.17 {(m+m, 1H), €.10+5.44 (d+d, 1H}, 2‘92+2.7‘6

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



in ice/acetone bath over 10 minutes. The reactant solution was stirred for
22 hours while gradually elevating back to room temperature, and then
sr1he ggaction solution was poured into 200 ml of IN hydrochloric acid. The
organic layer was separated, and thesaqueous 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

4. dried'ovek inagriainah ukartany fresolvemavds distfledofeant).

purified by column chromatography (60 g of silica gel, hexane) . The
solvérft viag Bistifidd G i thRC bbfalmetk sslitwae washediwith magnetic
methanol to obtain 5.42 g of a white powder. The yield was 77 %.

st identficatioh was dofe By SER1899 134< EH-NMREpSctrém: andFDLinass
analysis spectrum. The measurement results are shown as follows.

L IHEANMR spetftudC(270aRE BDE 23 RgSiafdaey £ 8 7Bkt lHq ene
7.54 (s, 1H), 7.22 (s, 1H), 7.19 (s, 1H), 6.21+6.13 (s+s, 1H), 4.32+4.23 (s,

anﬁrﬁ?é%@?@ﬁ)}ﬂ@ﬂ(ﬁ, ), P59 (R 2HY SH68TBRY 1#) N1 Byq@en
6H), 1.32 (s, 6H), 1.24 (s, 3H), 1.23(s, 3H), 1.19-1.18 (m, 15H), 1.21 (s,

atBRAPR R (s, BMFIEOS (s,B3H) FD-ME2 nflzE28w6(M+3 £(3) Syhthesis of

isoproeylide,ne(s tert butX1 5 ethylcyclopentadienyl)(1,1,4,
n-butyllithium hexane solution was added dropwise for 20minutes

in the dry ice/methanol bath. The sclution was stirred for 5.5
hours while gradually elevating back to room temperature. THF
solution of 2.91 ¢ (15.3 mmol) of |

3~tert-butyl-l-ethyl~-6, é~trimethylfulvene was added thereto
in ice/acetone bath over 10 minutes. The reactant solution was
stirred for 22 hours while gradually elevating back to room
temperature, and then the reaction sclution was poured into 200
ml of 1N hydﬁochloric 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 cobtain 5.42 g of a

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



4,7,7,10,10-octamethyloctahydrodibenzo[b,h]fluorenyl)zircon ium
dichloride To a 30 ml Schlenk tube equipped with a magnetic stirrer chip,
sF-13 81 of dehydrated diethylether and 1.14 g (1.98 mmol) of
isopropylidene(3-tert-butyl-5-ethyléyictopentadienyl)(1,1,4,
4,7,7,10,10-octamethyloctahydrodibenzo[b,h]fluorenyl were charged
under a nitrogen atmosphere. To the solution in an ice/ acetone bath,

ig-éJS ml (4, 4 mmol) oﬁ . 58M n-butyl lithium hexgne soll,f'on was added, -
ané t?%%cs!%i]rfr%la ?&dz ours %ﬁi?eagl%sdﬁglﬁlpgfévgﬁﬁg backt6'room ™ e
temperature. After cooling the solution in the ice/acetone bath, 0.688 g
iz o

res&. m%%l) SF Zirconiam Pe]tra%‘ﬁ?dride was added thereto, and stirred for

24 hpurs while SF-1399 11 raduallé elevating back to room

tempéral?afi%.Sﬁh@ec&owgm@vi%%&@ﬁug Oif ard the S6RBRE WErE 7+ 25 (s

133/ SXEAded Wit hexane, and the inolubles yere remaved by g flrgtipn._,

The hexané’ solutibn was cgﬁbe fo Sepdraté ouf ared crysta _ he
25 e ed by ticanion “The BaRGH Erfsl wie withac s 2
RSB THe ol hab A536. HorNAatR Wt dorioy MR Speacm™
o i TN peirom (7MY CORL, TMG stdards & 798 b, 1
3H), 1.03 (s, 3H)

FD~MS: m/z=576 (M+)

To a 30 ml Schienk tube eguipped with a magnetic stirrer
chip, 15 ml of dehydrated diethylether and 1.14 g {1.98 mmol)
of
isopropylidene (3-tert-butyl-5-ethylcyclopentadienyl) (1,1,4,
4,7,?,10,10—octamethyloctahydrodibenzo[b,h]fluorenyl were
charged under a nitrogen atmosphere. To the sclution in an 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 sclution
in the ilce/acetone bath, 0.688 g (2.985 mmol} of zirconium

tetrachloride was added thereto, and stirred for 24 hours while



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 (qui, 1H), 3.88 (s+ qui, 4H), 2.36(s, 3H), 1.72 (m,

sF-8H)23.53 (s, 3H), 1.45 (s, 3H), 1.40 (s, 3H), 1.39 (s, 3H), 1.36 (s, 3H),
1.27 (s, 3H), 1.25 (s, 3H), 1.22 (s, 8H}, 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

I EAYHZircOMLAT BThRFIRPET F-tem IRty LEERGEE PRERYI-6- nfeftyiftfRRe 2 S

. To a 200 ml three-neck flask equipped with a magnetic SF-1399 116

4 Sk G PAd 2L REGPOTRLE A0 SEE RIAGHTA potabsitfrians, and
hydroxide pulverized in mortar, 1.15 g (4.35 mmol) of 18-crown-6 and 50

th‘?nljo‘?%l‘éwg‘r]a?éd THES WEBTHAfyEd ufdéraatidgeRiatmdshetg *ane
Thereto in a water bath, 3.35 g (22.3 mmol) of

SO AR YEr-RYICFObpaadicr WEBHRIEE RBpwise BYef 18 Shfiutes 22
and stirred for 4 hours. The solution was added with 12.5 ml of

s lugstppiehcirCdrpiise dver-s hihuteSadifd sifed Isr2b Mo eRe FoGHhant
temperature and for 6 hours under reflux. The reaction solution was

SO hBare int6 106 RIT BFIN Ky trschitric” atl: THE Grg&nia 1ayet wagstal was

S ated, and the aqueous_layer X
was%g%{w1 h pentang, and eaen dried under reduced pressure to

ocbtain 70 mg of a red crystal. The vyield was 4.8%.
Identification was donekxy1HmNMR,épectrunaandAFD—mass analysis
spectrum. The measurement results are shown as follows.
lH~NMR spectrum (270MHz, CDCls;, TMS standard): & 7.%6 (s,
1H), 7.93 (s, 1H), 7.81 (s, 1H), 7.62 (s, 1H), 6.0% (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 (s, 3H), 1.45 (s, 3E}, 1.40
{s, 3H), 1.3% (s, 3H), 1.36 (s, 3H), 1.27 (s, 3H), 1.25 (s, 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) (methylimethylene (3~tert-butyl-5-ethylcyclopentadie

nyi)(1,1,4,4,7,7,10,10-octamethyloctahydrodibenzo[b,h]lfluor

enyl)zirconium dichloride

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



was extracted with 150 ml of ether. The obtained organic layers were
combined, washed with a saturated aqueous solution of sodium

SF-hydrBgencarbonate, water and saturated aqueous solution of sodium
chloride. After the solution was driéd ®ver 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 meas t results are sh follows.
S LB MR (3OMNz CCOR L3 TNIS StBRATC) : 57.40-7.28 (m, 4H),

7.21', 7 m 1 ,6. + 7S i-{l , .O+ 44( +d. . . " 7 r
2 B GH Bl SRR e e 1 2 tlezds

1.1 he”3('2%Et;}’}[;r’?%%th}é'%n%@’:@P?Q‘Aty'65éer¥ﬁy'%C'r%’ea@dé%%d%%%%é1%;1?

n I?(l,l, ,10-octamethxloctahydrodibenzolb,hifluor ényl) To a
werg L gggg-eggk flask gauippgdVi ASUGREED AnbRUEINAY Ghiter

g mmol) o

1,441, O,g%ogamg&yl-oggahydro-dibenzo[b,h]fluorene and JO ml of
n 8.35 g " .
pat ehydrated%dlet yl ether we%e charged under a nitrogen atmosphere.

1ueTé(]§yf%L 3t3em!ié&g;wpﬁépé%%&Qﬂyumuga@@eﬁa@@%@% 10
added

ropwise for 3 minutes ‘in the ice/acetone bath. The solution was

mifired for,20.3shours whils gradually elevating hack tosoom tempgeaiue-c n
Thereto, dehydrated diethyl ether solution of 1.38 g (4.77 mmol) of

12.5 ml of acetophenone dropwise over 8 minutes, and stirred
for 20 hours at room temperature and for © hoﬁrs under reflux.
The reaction solution was poured into 100 ml of 2N hydrochloric
acid. The organic layer was separated, and the agueous layer
was extracted with 150 ml of ether. The obtained organic layers
were combined, washed with a saturated aguecus solution of
sodium hydrogencarbonate, water and saturated agueous sclution
of sodiumchloride. After the solutionwas dried over magnesium
sulfate, the solvent was distilled away, and purified by column
chromatography to obtain 1.38 g of a red orange ligquid. The
yvield was 25 %. Identification was done by 'H-NMR spectrum.
The measurerﬁent results are shown as follows.

'H-NMR (270MHz, CDCls, TMS standard): § 7.40-7.28 (m, 4H),

7.21-7.17 (m, 1H), 6.3246.17 (m+m, 1H), 6.10+5.44 (d+d, 1H),

2.9142.76 (g+g, 2H), 2.36+1.33 (d+d, 3H), 1.19+0.85 (s+m, 12H)



-3-tert-butyl-1-ethyl-6-phenyl -6-methylfulvene was added over 10
minutes. After stirring for 136 hours under reflux, the reaction solution

R oured into 200 ml of 2N hydrochloric acid. The organic layer 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 once with saturated brine, dried over magnesium sulfate.

spectrum. The measurement results are shown as follows. SF-1399 118
1H-NMRaspéctmin {2 7@ Hze CD C13 s EMS stanokaddy 1 817 £&7i64- mchip
1H), 7.55-7.49 (m, 2H), 7.38-7.24 (m, 3H), 6.99 (s, 0.5H), 6.29 (s, 0.5H),
and.@l {3;0:5H) 5y86:¢s;10.SH),38.08 (3,40 SH)mbA48 (530.5H), 3.22-2.85 (m,
2H), 2.60-2.40 (m, 1H), 2.40-2.20 (m, 1H), 1.68-1.63 (m, 8H), 1.36-0.84
1, Yo% 39H) FD-M5: Hilz=638(M N (3)- Syrithbgisof-dibenzo [b, h] fluorene
(phenyl)(methyl)methylene(3 tert-butyl-5- ethylcyclopentadie
andyhfl, 14, 47, 7EG Y0cetavethydadiatly drobibenyebshiflberged-under a
enyl)zirconium dichloride
nitrogen atmosphere. Thereto, 3.1 ml (4.9 mmol) of 1.58 M
n-butyllithium hexane solution was added dropwise for 3 minutes
inthe ice/acetone bath. The solutionwas stirred for 20.5 hours
while gradually elevating back to room temperature. Thereto,
dehydrated diethyl ether sclution 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 hydrochloricacid.
The organic layer was separated, and the agueocus layer was
extracted twice with 75 ml of diethyl ether. The obtained
organic layers were combined, washed once with a saturated
agueous sclution of scdium hydrogencarbonate, twice with water
and bnce 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.



To a 30 ml Schlenk tube, 0.808 g (1.26 mmol) of (phenyl) (methyl)
methylene (3-tert-butyl-S-ethylcyclopentadie
SF-hyl¥3,1,4,4,7,7,10,10-octamethyloctahydrodibenzo[b,h]fluor enyl) and 15
ml of dehydrated diethylether weré éffarged under a nitrogen atmosphere.
To the solution in an ice/ acetone bath, 1.75 ml (2.77 mmol) of 1.58M
n-butyl lithium hexane solution was added, and then stirred for 24 hours.

After cooling the solution.in the ice/ one_hath, 0.54 3 ) of
ZircoRiuM tetracHiorda: V\%Q %%%éd tﬁg?e o an s%i?raeréd%)?ég' hgo?'r;g(évhﬁé 64
gradual vatin ck tg room-temperature. Aftek the solyent wa

™ il i nd e obIEE et Sxranien Wik e and the "5

'6 2i.%s%ubl S were ;grrtpive(cébyoa ggr)atiogl.BT@q gol\@rgmasgi%@legsoffeq@%)
-2 20 186 18, U S '

e're'sulting prodtict was ‘recrystallized with dehydrated diethyl ether. The

5. 4%bf,§s‘“98 .55@393 119 crysta) was washed withy peptane to;pbtain 4% mg
of f

L 20
réd crys hé'yield was 4.1%. Identification was done by IH-NMR

S rum, apd FED-mass analysis spesteum. $he measygment results are
(m’smn’gshfoﬁ%w%.’ éB-N(Iﬁ\T/\IR spjc'trum (270MHz, C(%'Cls, TBK]AS standard): 5

7'99-@’5'&%%2{, %2?4%,3_]8@“7.92-7.86 (in, 2H), 7.71-7.65 (m, 1H),

7.64 . 7.41-7.37 (m, 2H), 7.26 (s, 1H), 6.16 (d, 1H), 5.42 (d,

{3\1}—%1%@[@@@, H)s2.70 (s+m, 4H), 1.75 (brs, 4H), 1.63-1.53 (m, 4H), 1.50
’(s;‘ H)’;'I:48'é‘,"3H), 1.46 (s, 3H), 1.43 (s, 3H), 1.37 (s, 3H), 1.32 (s, 3H),

{ ﬁ%%?ﬂﬁ%%@%t@ﬁbﬁethylene(3~tertnbutyl—5—ethylcyclopentadie

To a 30 ml Schlenk tube, 0.808 g (1.26 mmol) of
{(phenyl) (methyl)methylene {(3~tert-butyl-5-ethylcyclopentadie
nyl){1,1,4,4,7,7,10,10~octamethyloctahydrodibenzoib,hifliuor
enyl) and 15 ml of dehydrated diethylether were charged under.
a nitrogen atmosphere. To the solution inan ice/ acetone bath,
1.75 ml (2.77 mmol) of 1.58M n-butyl lithium hexane solution
was added, and then stirred for 24 hours. After cooling the
solution in the ice/acetcone bath, 0.549 g (2.36 mmol) of
zirconium tetrachloride was added thereto, and stirred for 18
ﬁourswhilegraduallyelevatingbacktoroomtemperature. 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



1.05 (s, 9H), 0.83 (s, 3H), 0.78 (s, 3H) FD-MS: m/z=798(M+) [Synthesis
Example 4] Synthesis of
s p-gipbenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(2,7
-di-tert-butylfluorenyl)zirconium dighjeride (1)
1-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
Cry3aM wasyNaagnesidrhibRihieR ke cHakged Uhd8atitfogen crystal.
atmosphere. In the ice and water bath, 17.8 g (129 mmol) of
Thezsterlsutyisy dopententieivad 488&d dropwi&ater 2hodr Niffe spect rum
resultant solution was stirred at room temperature for 20 hours, SF-1399
and) P dmasthenthe YeadiohRSSHitoH wasl p6uréd dstorratemt of gRu L Es are
hydrochloric acid. The organic layer was separated, and the aqueous
shquyefas extratted twice with 50 ml of ether. The obtained organic layers
were combined, washed twice with a saturated aqueous solution of
soditnTWdrGrecaryohdte] AMEa  wWithChate T MA P HABE With saturatdd (5
brine, and dried over magnesium sulfate and distilled off the solvent
LH)ynder Y8duced Pressufe FheredfterTne f&Sulting prodlcPwasuritied by
column chromatography to obtain 20.2 g (GC purit%/ 75%) of a pale
7. euyiraBparenteoluton. ThoyiblwaE re o 26 (31 L), €.16 (d,

1H), 5.42 (d, 1H), 2.98 (m, 1H), 2.70 (s+m, 4H), 1.75 {(brs, 4H),
1.63-1.53 {(m, 4H), 1.50 (s, 3H), 1.48 (s, 3H), 1.46 (s, 3H},
1.43 {s, 3H}, 1.37 (s, 3H), 1.32 (s, 3H), 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 Examplé 47

Synthesis of

diphenylmethylene {3~tert-butyl-5-ethylcyvclopentadienyl) (2,7

~di~tert-butylflucrenyl)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 mi (154 mmol)} of diethvyl ether sclution of 3.0 M
ethyln@gnesiumbromidewereéhargedunderarutrogenatmosphere.
In the ice and water bath, 17.8 g (129 mmol) of

3-tert-butylcyclepentenone was added dreopwise over 1 hour. The

resultant solutionwas stirred at room temperature for 20 hours,



Identification was done by 'H-NMR spectrum. The measurement results
are shown as follows. S 1H-NMR (270MHz, CDC13, TMS standard)
SF-8.19%6.05+5.81+5.77 (m+m+m+m, 2H), 2.91+2.85 (m+m, 2H), 2.48-2.27

(m, 2H), 1.15-1.08 (s+s+m, 12H) (2% Synthesis of
3-tert-butyl-1_ethyl-6,6-diphenylfulvene .----- ..... .- ----To a 300 ml|
three-neck flask equipped with a magnetic stirrer chip and a three-way

an&x¥*é§:g%%(%%§ngEp(Sgiﬁyﬂgh7§%@(ggd?gﬁlinto i00 ml of 2n

-3-tert-butyl-cyclopentadiene and 150 ml of THE were charged under a

nydaitiagen atmospheye. lnihe dry, ige/methanol bat, 164pL(20re mMab &f t he

1.56M n-butyllithium hexane solution was gradually added dropwise and

a0 Stitred. at raom teroperature foy, 2Q.hoyes, J osthepbtajred reagtion e
liquid, 3.1'ml (28.8 mmol) of 1,3-dimethyl-2-imidazolidinone SF-1399 121

obe%%%éed%@g%ﬁ&@ﬁa%mol%@weea%@m@@a? WASSHRSEOMERLY with a

charged, and the resultant solution was stirred for 48 hours under reflux.

saJhereagtion solution waspouredsnie 400,mkef 2NJuwrachieric asid. ihece

organic layér was separated, and the aqueous layer was extracted twice

wi tMth,30 ol ofhexane.. The (separated organig lavers werg cambined over
washed with a saturated aqueous solution of sodium hydrogencarbonate,

ma VRIEE. A0d: Spkurated agugous solution.efssadiumsehlqrds; drHrtbevetduced

pressure. Thereafter, the resulting product was purified by
column chromatography to obtain 20.2 g {GC purity 75%) of a pale
yellowy transparent solution. The yield was 78 %.
Identification was done by ‘H-NMR spectrum. The measurement
results are shown as follows.

'H-NMR (270MHz, CDCls, TMS standard): &
6.1946.05+5.81+5.77 (mtm+mim, 2H}, 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

3

75%) of 1-ethyl-3-tert-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-butyliithium
hexane solution was gradually added dropwise and then stirred
at room temperature for 20 hours. To the obtained reaction

liquid, 3.1 ml {28.8 mmol) of 1,3~dimethyl-2-imidazolidinone



magnesium sulfate, and the solvent was distilled off. The resulting
product was purified by column chromatography to obtain 4.2 g of an

sr-arange solid. The yield was 56 %. ldentification was done by H=NMR
spectrum. The measurement result8 are shown as follows. 'H-NMR
(270MHz, CDC13, TMS standard): 6 7.2-7.4(m, IOH) 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

diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(2,7 ----- A 200 ml
w2 SR II PRk Tk ST Ay oS IS AiAra TS oY
cock was thoroughly purged with nitrogen, and 3.8q of 2, 7-di-tert-putylf
ettt SR S e R

nder a nitrogen atmosphere. ToLt3 e olutiogqin anoi%%a d.w%ter hml of
“RYS -}BUtyI“L B 1395 TitRiumihéxane S61aton (156M: 14, mmol)
a ad%(}; slowly dropwise, and then, sticred at room for 100 hours. To
o RO 1 & 0% SIAT B ST R e (T e
mmol) was added, and stirred under reflux for 30 hours. The reaction
IO GLS botres 5 100 Hior SuEBu SO to SN myiEadtigrc 7be
acid in an ice-bath. Thereafter, diethylether was added, and the organic
ated or wb ed Wit

seqar e ganic ﬁ¥Frs re? h 1hed, was ha saturated
layer was separated. € agueous layer

I.,J

agueous solution of sodium hydrogencarbonate, water, and
saturated agueous sclution of sodium chloride, dried cver
magnesium sulfate, and the solvent was distilled off. The
resulting product was'purified by column chromatography 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, 1K), 5.7 (m, 1H)}, 1.70+1.85 (g, 2H), 1.15 (s, 9H), $.85
(t, 3H)

{3) Synthesis of

..............................................................................................................

A 200 ml three-neck flask equipped with amagneticstirrer
chip and a three~way cock was thoroughly purged with nitrogen,
and 3.8gof 2,7-di-tert-butylflucrene (13.7 mmol) wasdissolved
irn 80ml of dehydrateddiethyl ether under a nitrogen atmosphere,

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



was extracted twice with 50 ml of diethyl ether. The separated organic
layers were combined, washed with a saturated aqueous solution of

SF-3%6dibm hydrogencarbonate, water and saturated aqueous solution of
sodium chloride, dried over magnésigm 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 FD-mass analysis spec . T. e &N ée%tatg,eage lowl
2t A B0 MO mo593001+) Synios of stouly
diphenylmethylene(3-tert-butyl-5-ethylcycio adiggyYN@uh-s . To th

droPaé?-Tesr‘?—bu?yIf uo%%ﬁy)-%ﬁ%cﬁ%% éhl“()%%ﬁi 0 mi SchlenII;SfIasko ©

equipped wijth. a magnetic stirrer- chip and a three-way cock, was
t eat%%}cgglgh?f [‘J:L)ﬁ}:gle%r‘wnﬁ 'n‘lgtro%egn%f and 1.0 g of SF-1399 123

3- %‘@@%%fgf h '@2%@%8@? .M'a%;@%ﬁyfﬁpf@mewza7 istet-Rutylf

aoren .68 mimof) was disso 40 ml of dehydrated diethylether

addlllen mﬁ[)%%rgfgg%%ﬁ t@ogﬁfﬁ%:? ) I%%Q%Xs%ti‘o%'@ %@Eéj.ath‘fl?ez %é%‘é’ion

m -buty lum hexane solution was added slowly

so1j[onuISe, 2004haN et Al rogm teinperalie [on28 bayrs, 1he reactian
solution was thoroughly cooled in a dry ice/méthanol bath, and then 0.39
nydrochloric acid in an ice-bath. Thereafter, diethylether was
added, and the organic layer was separated. The agueous layer
was extracted twice with 50 ml of diethyl ether. The separated
organic layers were combined, washed with a saturated agueous
solution of sodium hydrogencarbonate, water and saturated
agueous 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 measurement results 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



g of zirconium tetrachloride (1.68mmol) was added thereto. The solution
was stirred for 48 hours while gradually elevating back to room
sp-iemperature, and then the solvent was distilled away under reduced
pressure. The resulting product was ¥eslurried in hexane, and filtered by a
diatomite-filled glass filter. A brown solid on the filter was extracted with a
small amount of dichloromethane and separated by filtration. For each of
the obtained hexane solution and dichloromethane solution, the solvent
A1 npenUibHRTawaY € helek Feduded Préssure bR dafk oraRge seid fagl) (2.7
washed with a small amount of pentane and diethyl ether, and dried
~AireRE Fedited fre 48 v obtdin AR 0FE(D. 186 MhTsiPergtargett 0 ml of
compound as an orange solid. Identification was done by 1H-NMR
dehypdetmchrrt EDRMhes itvaly & §ge ciruin. T Redsttemidnt Fésultd aré e
shown as follows. 1H-NMR spectrum (270MHz, CDC13, TMS standard) :
sOlgrE igEng L7 3en ASAY P2 55 (nd, - BH 7. 15-7%6 0% 8HY £ 6r0P il 1RyPutyl
- 6.15-6.25 (m, 2H), S. 6 (d, 1H) , 2.05+2.25 (g, 2H) , 0.95-1.15 (s+t+s,

L1 g 2R EBRMS® P2 E BB (INFAT CRON R af e Sy MthesRAEX A Aple®S)  then
Synthesis of isopropylidene(3-tert-butyl-5- methylcyclopentadienyl) )
St1(5,31?4%4%?,?fﬂ@%@@@%ﬁaﬁmcﬁaﬁyav.%améﬁfo[b,ﬁﬂﬁu%?&ffmz%ow&eﬁtwn

dichloride I-tert-butyl-3-methylcyclopentadiene, 3-tert-butyl-
_waﬁ,é@ﬁ%ﬁ;}%%ﬂé%&ﬁ,i,&%ﬁ?’?ﬁ?ﬁ){ﬂ?—thancl bath, and then 0.39

octamethyloctahydrodibenzo[b,h]fluorene were synthesized
g of zircohiumtetrachloride (1.68 mmol) was added thereto. The

solution was stirred for 48 hours while gradually elevating back
to room temperature, and then the solvent was distilled away
under reduced pressure. The resulting product was reslurried
in hexané, and filtered by a diatomite~filled glass filter. A
brown solid on the fiiter was extracted with a small amount of
dichloromethane and separated by filtration. For each of the
obtained hexane solution and dichloromethane solution, the
solvent was distilled away under reduced pressure. A dark
ocrange sclidwaswashedwithasmall amount of pentane anddiethyl
éther, and cﬁried under reduced pressure to cbtain 140 mg kD. 184
mmoil) of a target compound as an orange solid. Identification
was done by ‘H-NMR spectrum and FD-mass analysis spectrum.. The
measurement resulfs are shown as follows.

'H~NMR spectrum {270MHz, CDCls, TMS standard): 8 7.90-8.07
(m, 5H), 7.75 {m, 1H), 7.15~7.60 {m, 8H), €.93 (m, 1K), 6.15-6.25

{m, 2H), 5.6 (d, 1H), 2.05+2.25 (g, 2H), 0.95-1.15 (s+t+s, 30H)



in accordance with WO/ 01/27124. (1) Synthesis of
isopropylidene(3-tert-butyl-5- methyleyclopentadienyl)(1,1,4,4,7,7,10,10-
------------------------- octamethyloctahydrodibenzo[b,h]fluorenyl)
----------------------------------------------------- To a 100 ml three-neck flask
equigpedisith astirréd ehipr and a three-way cock, 5.05 g (13.1 mmol) of
1,1,4,4,7,7,10,10-octamethyloctahydrodibenzol[b,h]fluorene and 40 ml of
[ ehydrzed diethylrethersiG0 hnsvaré €haiged under a nitrogen
atmosphere. Thereto, 9.0 ml (14.2 mmol) of 1.58 M n-butyllithium hexane
S woldtioniwas added rdropwisedfer 8 mintitestinithe diy-ice/methanol bath.
The solution was stirred for 5.5 hours while gradually elevating to room
MEEMP e FRtGre0 ThRTE0 L TRIELSoltion oft 34197g (18.0,mfol) of
3-tert-butyl-1,6,6-ethyl- trimethylfulvene was added over 5 minutes in the
CGieTRES DS baks haterstitieg for 17,5 hodrscSRI1899 125  whilerelevatingor 1de
to room temperature, the reaction solution was poured into 200 ml of IN
hydrochiéHc-aditt L The drgariie layey Was separater; andthé aruebus vi-
layer was extracted three times with 100 ml of diethyl ether. The obtained
L iofg&iic Tayers Werd UdoriBmed Wasdhed bnde With <l Satbfated aqueous

solution of sodium hydroaencarbonate, twice with water, and once with
octamethyloctahydrodibenzo[b,h]flucrene were synthesized

in accordance with WO/ 01/27124.

To a 100 ml three-neck flask equipped with a stirrer chip
and a three-way cock, 5.05 g (13.1 mmol) of
1,1,4,4,7,7,10,10-0octamethyloctahydrodibenzo[b, h] flucrene
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
cdropwise for 5 minutes in the dry ice/methancl bath. The
sclution was stirred for 5.5 hours while gradually
elevating to room temperature. Theretc, THF scolution of
3.19 g (18.0 mmol) of 3-tert-butyl-l, 6, 6-ethyl-
trimethylfulvene was added over 5 minutes in the

ice/acetone bath. After stirring for 17.5 hours



saturated brine, dried over magnesium sulfate and purified by column
chromatography. The obtained solid was washed with methanol to
srOptajged 4.22 g of pale yellow powder. The yield was 57 Identification
was done by 'H-NMR spectrum. The, measurement results are shown as
follows. 1H-NMR spectrum (270MHz, CDC13, TMS standard): 57.54 (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+1.96 (s, 3H), 1.69 (brs, 8H), 1.37 (s, 6H), 1.33 (s, 6H), 1.25 (s, 3H),
wh112443e3HY, In22i(s, BbpliZings r3tt) 1619 ($,8k i 009 ¢y 6H) @)ion was
Synthesis of isop.ropylidene(3-tert-but yl-5-methy Icyclop.entadienyl)(1,1,4
pour4d 710¢1@-0etamethylobtalydirodibénzoll, Mfiarenylfzacorgamic layer
dichloride ----------- To a 30 ml Schlenk tube, 15 ml of dehydrated
wagligthytatheeand 2084 ¢l Bimenolyofayer was extracted three times
isopropylidene(3-tert-butyl-5-methylcyclopentadienyl)(1,1,4
with 72 A0l edettimathylbctabhydrodibbmz ofb i flusrényl) aserecSFay39% 1pére
charged under a nitrogen atmosphere. To the solution in an ice/ acetone
comaimerdo miysitemneslcef ¥.58M a-busyl dittitrachexaneosslution wiaison. of
added, and then stirred for 24 hours while gradually elevating back to
SOFGGH theraters ARTErvabling i s6lutcht Hinthe ice/acatdnebath,with

0.402 g (1.72 mmol) of zirconium
saturated brine, dried over magnesium sulfate and purified by

cclumn chromatography. The obtainred solid was washed with
methanol to obtained 4.22 g of pale yellow powder. The yield
was 57 %. Identification was done by 'H-NMR spectrum. The
measurement results are shown as follows.

*H-NMR spectrum {(270MHz, CDCl:, 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+1.96 (s, 3H), 1.69 (brs, 8H), 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, &H)

To a 30 m_.l 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



tetrachloride was added thereto, and stirred for 24 hours while gradually
elevating back to room temperature. After the solvent was distilled off, the
SF-sbhitlles were extracted with hexane, and the insolubles were removed
by a filtration. The hexane solutiort w8s concentrated to separate out a
red crystal. The slurry was cooled at -16C for 3 days, and then the
supernatant solution was removed by decantation. The obtained crystal

cnd i3y washed with pe %@5&@@9 undey reduced AressUre 19, 1 ce/

mg o a re rys The yield was 12%. Identification was

ac doagebiéMMﬁ S;O%ﬁt"r@ gl ER-Mass anahysis ?Qf&%ﬁ@fgglmhexane

e measurement results are shown as follows. ' spectrum

80 %J_% g%??s = 6”’5%8‘@99%@%1?}8& @erlﬂ) go%%éswljrme % %&%ally

00 (d, IH, J=3.0Hz), 5.24 (d, 1H, J=3.0Hz), 2.54 (s,

e ?.%23 %g&g%@b)cozr%%:@té@’e%@&%8Hhﬁt%4r(%o%}i)lr?q4§r(é Fution

136 (5, 3H), 1.36 (s, 3H). 1.28 (s, 3H), 1.25 (5, 3H). 1.22 (s,
snoHel- J?géfa%'ékgge%a@?{z 62%@}\&")91271 [Gomparativeszyrthesisni um

Exam Synthesis of

te%%?&@?HMMQ%@AE@%@%@&QH&" Smethylcyclopenia 24 nours while
lenyl)(1,1,4,4,7,7,10,10-octamethyloctahydrodibenzo(b,

ngEWQﬁ” |)§HQQ@H%%CBL%IQ%@) room temperature. After the
3-tert- bu yl-6-phenyl-i,6-dimethyl_fulvene

solvent was distilled off, the solubles were extracted with
hexane, and the insolubles were removed by a filtration. The
hexane solution was concentrated to separate out a red crystal.
The slurry was cooled at ~16°C for 3 days, and then the

eupernatant solution was removed by decantation. The obtained
crystal was washed with pentane, and then dried under reduced
pressure to obtain 133 mg ef a red crystal. The yield was 12%.
identification was done by 'HY-NMR spectrum and FD-mass analysis
spectrum {(FD-MS). The measurement results are shown as

follows.

IH-NMR spectrum (270MHz, CDCl;, TMS standard): 8 7.97 (s,
1H), 7.%4 (s, 1H), 7.56 (s, lg), 7.62 (s, 1H), ©.00 ({4, 1lH,
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), 1.94 (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, SH)

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



To a 100 ml three-neck flask equipped with a magnetic stirrer chip and a
three-way cock, 1.50 g (25.8 mmol)sefpotassium hydroxide pulverized in
mortar, 0.91 g (3.44 mmol) of 18-crown-6 and 45 ml of THE were charged
under a nitrogen atmosphere. Thereto in a water bath, 2.70 g (16.0 mmol)

[ epurrreBityE3-Setidcyclopbmadiéne @ias added dropwise over 10
minutes and stirred for 3 hours. The solution was added with 11.33 g

S Y94 IBemkiolPéf acetophenone dropwise over 10 minutes, and stirred for
22 hours. The reaction solution was poured into 100 ml of 2N

(MyRIrochidie aéit L THE torganidayertwas separated amelthg agpebopent a
layer was extracted twice with 200 ml of hexane. The separated organic

digyers were lbomtiindd, washedPwith aasmtraré @ Aeflends sdhutionzof (b,
sodium hydrogencarbonate, water, and saturated aqueous solution of

N bR ERlbridel Afer ihEn sBlutiohavasidried over magnesium sulfate, the
obtained product was purified by column chromatography to obtain 1.98

Yy ofa F&d brangeigui Bt yieldlwas S20e Hgdatfcativingas done by
1H-NMR spectrum and SF-1399 128 FD-mass analysis spectrum. The
result 8f thel HY-NIMR dpeREURT Proved fHat B8 dBtafited“édrhpdunds are

mixture of isomers. The measurement results are shown as follows.

THPRIMR (3TOMESS COCE3, SN SSstaidady W8Y7.$2530 (m. 4H)

1.50 g (25.8 mmol) of potassium hydroxide pulverized in
mortar, 0.91 g (3.44 mmol) of l&-crown—-6 and 45 ml of THF
were charged under a nitrogen atmosphere. Thereto in a
water Dbath, 2.70 g {16.0 mmol) of 1l-tert-butyl-3-
methylcyclopentadiene was added dropwise over 10 minutes
and stirred for 3 hours. The scolution 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 intce 100 ml of 2N hydrochloric acid. The
organic layer was separated, and the aqueous laver was
extracted twice with 200 ml of hexane. The separated
organic layers were combined, washed with a saturated
agueous soiution of sodium hydrogencarbonate, water, and
saturated aguecus sclution of sodium chloride. After the
sclution was dried over magnesium sulfate, the obtained

product was purified by column chromatography to obtain

o)

1.98 ¢ of a red orange liguid. The yield was 52

Identification was done by 'H-NMR spectrum and



7.24-7.20 (m, 1H), 6.33+5.56 (m+m, 1H), 6.17+6.11 (d+d, 1H), 2.50+2.41
(sts, 3H), 2.34+1.36 (s+s, 3H), 1.19+1.01 (s+s, 9H) (2) Synthesis of

ST-@ohehyl)(methyl)meth ylene(3-tert-but yI-5-meth ylcclopentadi en.
_1,4,4,7,7,10,lO-octamethonctah;}@r%dibenzo[bh]fluo --------------- .
e T renyi) To a 200 ml three-neck flask equipped with a
stirrer chip and a three-way cock, 2.73 g (7.06 mmol) of

rD-hashdald 140 10-agtamethyloctahydradibenzolb hluorene- e 5988 Ofum
dehydrated ether were charged. Thereto, 4.6 ml (7.31 mmol) of 1.59 M

ord¥hytylithium, bexgne spltionanas added. deopwise fee3Jdninuesdt e the
ice/acetone bath. The solution was stirred for 26 hours while gradually

me 2&IEYAING 10 r0am tlemperatuis, Lheret, dehydrated diethyl ether solution
of 1.98 g (8.31 mmol) of 3-tert-butyl-6-phenyl-1,6-dimethylfulvene was

added gygr 10 7pipyies Atar stifing Jor 136 bayrs ginderrefluxhe, . 4u) ,
reaction solution was poured into 200 ml of 2N hydrochloric acid. The

7. Qfganigdaygr wagseparatedsand thenagyeays layer wass extraieedyios:) ,
with 75 ml of diethyl ether. The obtained SF-1399 129 organic layers

2 . y¥are combined, washedonee with@ satuggtett: agueous solution(efes, 9H)
sodium hydrogencarbonate, twice with water, and once with saturated

dried ower magnesium sulfate.

To 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~-octamethyloctahydrodibenzo[b,hlfluorene
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..98 g {8.31 mmol) of:
3*tert-butyl~—6—phenyl—l,6—dimethylfulvené 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 layer was separated, .and the aqueous layer was

extracted twice with 75 ml of diethyl ether. The obtained



The solvent was distilled off, and the obtained solid was washed with
ethanol to obtain 2.92 g of a pale orange powder. The yield was 66.2
s ldentiication was done by 1H-NMR spectrum and FD-mass analysis
spectrum. The result of the 1H-NMR-spectrum proved that the obtained
compounds are mixture of isomers. The measurement results are shown
as follows. 1H-NMR spectrum (270MHz, CDC13, TMS standard) : S 7.65
(s, 1H), 7.56-7.49 (m, 3H), 7.42-7.24 (m, 4H), 7.01+6.69 (s, 1H),
Or@RI7+5.88 Y6KE HHI 5.0 B s, THYB:09+3 02 +Ri03u m85aturated
(s+s+s+s, 2H), 2.08+1.94 (s+s, 3H), 1.68-1.50 (m, 8H), 1.36 (s, 3H), 1.34
2q4§ BH) SP28E 1 B P&+ OgH Y Ippoge s DP) 2 121 3T LG W i08h water,
£+s+s, 9H),0.95+0.91 (s+s, 3H),0.85+0.82 (s+s, 3H) FD-MS:
an @g@@4ﬁw¢)qugyﬁm%§§5ﬁneEMuidriedovera@gnesiumsulfate.
hnyl)(methxi)methylene(3.tert-butyl-5-methxicyclopentadi
TheMMftant 42y dbsfolééamefhiytostafvdisdiberzblsf]igs 1 d was washed
| mmmmmmmmmmmmemeses emes meeeeeeeeeeeeees renyl)zirconium dichloride To a 30 ml
Wi RehR itbe 0984 § 11 40 Athioly 62 (BRéMyRHrange powder. The yield
(methy%ngethylene(3-.terlt-butyll-5-methylgclopentagi enyl) (1,1,4,4,7,7,
wag b §ooctametAIBEtaRYERHIEN 263D, RPFIBoB0 Falil anaexs-Firpf and
dehydrated diethylether were charged under a nitrogen atmosphere. To
FD S SGILEDRA 1 ahIcEP SEEIOMR bath . F Ao Ansief HsYNPn S|t rum
_ prggggpkhat the obtained compounds are mixture of isomers. The

measurement results are shown as follows.

'H-NMR spectrum (270MHz, CDCls;, TMS standard): 8 7.65 (s,
1H), 7.56~-7.49 (m, 3H), 7.42-7.24 {m, 48}, 7.01+6.69% (s, 1H),
6.17+5.88 (s+s, 1H}, 5.02+4.88 (s+é, 1H}, 3.05+3.01+2.83+2.85
(s+s+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, SH},
1.13+1.10+1.06 {s+s+s, 9H}, 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 (1.4% mmol) of
(phenyl) (methyl)methylene (3-tert-butyl-5-methylcyclopentadi

enyl)(1,1,4,4,7,7,10,10-octamethyloctahydrodibenzo(b,h] fluo



hexane solution was added, and then stirred for 25 hours while gradually
elevating back to room temperateureggAfter cooling the solution in the
ice/acetone bath, 0.495 g (2.12 mmol) of zirconium tetrachloride was
added thereto, and stirred for 65 hours while gradually elevating back to
repomitemiperatorel After thelsphieat avasidistifedLeff [the solublesersed
extracted with hexane, and the insolubles were removed by a filtration.
uTherscivent Waodistitddnoff pdred-the reSalting producttwas recrystallized’
with diethyl ether to obtain 0.20 g of a red crystal. The yield was 16%.
aq@érfifeation was! dénaby TH-NMRspecdmlarfPEDrmass amhalysishium
spectrum. The measurement results are shown as follows. -H-NMR
hapasfumIRPOMHEZ, 'CGBCE3IPMS standardy 8 8101 (sd H)p 7.965(sheH),s
7.91-7.88 (m, 2H), 7.70-7.64 (m, 1H), 7.64-7.54 (m, 1H), 7.39 (m, 2H),
WISI0FE (F I UEBIOH), 598 {891 HPE 5189 @, TPPT=3-OR) T2 76YEE 3H),
2.40 (s, 3H), 1.77 (m, 4H), 1.64-1.50 (m, 4H), 1.48 (s, 3H), 1.47 (s, 3H),
ACRF (SN RB7HRE 3T 118306, BH), 5128 {6 3HFATORR, 108 110.88 (495
3H), 0.79 (s, 3H) FD-MS: m/z=782 (M+) [Comparative Synthesis
9 nﬁﬁe@?@ﬁil§§biéfc§%ﬁH@§§%ﬁraChloride was added

thereto, and stirred for 65 hours while gradually
elevating back to room temperature. After the solvent
was distilled off, the sclubles were extracted with
hexane, and the insclubles 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 yieid was 16%. Identification was
done by 'H-NMR spectrum and FD-mass analysis spectrum.
The measurement results are shown as follows.

“H-NMR spectrum (270MHz, CDC1ls, TMS standard): & 8.01
(s, 1H), 7.96 (s, 1H), 7.91-7.88 (m, 2HY, 7.70-7.64 (m,
IH), 7.€4~7.54 {(m, 1H), 7.39 (rm, 2H), 6.07 (d, 1H,
j=3.0Hz), 5.99 (s, 1H), 5.39 {d, 1H, 4=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+)

[Comparative Synthesis Example 7]



[di-(m-trifluoromethylphenyl)Jmethylene (3-tert-butyl-5-meth
ylcyclopentadienyl) (27-di-tert-butylf luorenyl) zirconium dichloride (1) 1
spMe é{l 3 ter---butXl=cXcloentadiene ------------- To a 500 ml three-neck
Task equipped with a magnetic stirfey,chip and a three-way cock, 100 ml
of dehydrated diethyl ether and 57 ml (170 mmol) of diethyl ether solution
of 3.0 M methyl magnesium bromide were charged under a nitrogen
atmosphere. In the ice bath, 19.6 g (142 mmol) of
Syr3&tertsbutyleyclopentenone was added dropwise over 1 hour. The
resultant solution was stirred at room temperature for 20 hours, and then
[ d thd redctibhlsohutiorewhs bouge
organic layer was separated, and the aqueous Iayer was extracted twrce
¥1 ouithi 5@ et of eteery The 2oltaihied s ganit udyers Wers coyibinéd ORASHEY
twice with a saturated aqueous solution of sodium hydrogencarbonate,
digicerwith water, and twice with saturated brine and dried over
magnesium sulfate and the solvent was distilled. Thereafter, the
(1 putifigetionwas coadtcted iy disialiepembediaiifed pressure to
obtain 13.5 g of a pale yellowy transparent liquid. The yield was 70 %.
|dentfieatior? Masorie By ¢ FRRMIR Specttuns cThenfieastireientfésiiest1c

are shown as follows. 1H-NMR (270MHz, CDC13, TMS standard): 5
st EFre39ghRY and a three-way cock, 100 ml of dehydrated diethyl

ether and 57 ml {170 mmol) of diethyl ether solution of 3.0 M
methyl magnesium bromide were charged under a nitrogen
atmosphere. In the ice bath, 19.6 g (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 sclution was poured into 100 ml of 2N
nydrochloeric acid. The organic layer was separated, and the
agueous laver 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 solvent was distilled. Thereafter,
the purification was conducted by distillation under reduced
pressure to obtain 13.5 g of a pale vellowy transparent liguid.
The yield was 70 . Identification was done by "H-NMR spectrum.

The measurement results are shown as Iollows.

'H-NMR (270MHz, CDCls:, TMS standard): &



6.19+6.05+5.81+5.75 (m+m+m+m, 2H), 2.91 (m, 1H), 2.82 (m, 1H),
2.05+1.94 (d+m, 3H), 1.13-1.15 (s+s, 9H) (2) Synthesis of
sg-3-tert-butyl-I-methyl-6,6-di-(m-triflluoromethylphe ygj_f'y ----- --- 1 11---
............ ene To a 300 ml three-neakflask equipped with a magnetic
stirrer chip and a three-way cock, 3.78 g (27.75 mmol) of
1-methyl-3-tert-butyl-cyclopentadiene and 200 ml of THE were charged
under a nitrogen atmosphere. In the dry ice/methanol bath, 19 ml 29'11
©- Iffor of T 5 AN -bUty AT R botudor %Né%"gﬁa‘éijau% xEArvatin

dropwise and then_stirred_at r%ori’ln atg(;?}mperature fog 20 hours. To the
“ L

2 Coptaingd réadtion soldtort, " 3, 3N of7,

3-di-methyl-2-imidazolidinone was added, subsequently 10.6 g (33.3
2 mm6h 6835 dRfrifluoromethylbenzophenone were changed, and the
resultant so

RO BOTTERLTAALIO0 62N Ty BeTHAE Sa T BRI T2

layer was separated, and the aqueous layer was extracted twice with 50
£l of hexane. The separated organic layers were combined, washed with

asatérated eous s Iu_tiog gfé qd%lirg (jro %ncarléonagghwaat%aag% fie
satu ?e(?aéa@éjoﬁ% SO%%I%% 0] so%émm Cc orlﬁgqén%p(?rlefover magnesium
s e e e PR
l-methyl-3-tert-butyl-cyclopentadiene and 200 ml of THF were
charged under a nitrogen atmosphere. In the dry ice/methanol
bath, 19ml (29.1 mmol) of 1.54M n-butyllithium hexane solution
was gradually added dropwise and then stirred at room
temperature for 20 hours. To the obtained reaction solution,
3.6ml (33.3mmol) of 1, 3-di-methyl-2-imidazolidinone was added,
subsequently 10.6 g {33.3 mmol} of
3,3"-di-trifluoromethylbenzophenone were changed, and the
resultant solution was stirred for 18 hours under reflux. The
reaction solutionwas poured into 100 ml of 2N hydrochloric acid.
The organic layer wés separated, and the agueous layer was
extracted twice with 50 ml of hexane. The separated organic
layers were combined, washed with a saturated agueous solution
of sodium hydrogencarbonate, water, and saturated agueous
solution of sodium chiloride and dried over magnesium sulfate
and the solvent was distilled off. Thereafter, the resulting

product was purified by column chromatography to obtain 10.1



133 g of an orange solid. The yield was 81 Identification was done by
'H-NMR spectrum. The measurement results are shown as follows.
sp-4HNMR (270MHz, CDC13, TMS standard) : 6 7.38-7.64 (m, 8H) , 6.32
(t, 1H), 5.8 (d, 1H), 1.4 (s, 3H), 1.1#%,39H) (3) Synthesis F
[di-(m-trifluoromethylphenyl)|methylene(_3-tert-butyl-5-meth
ylcyclopentadienyl)(2,7-di-tert-butylfluorenyl) A 200 ml three-neck flask
equipped with a magnetic stirrer chip and a three-way cock was
g dhoroughlypurged Wwith.nitigerny iadd? 47g &f 2,Z-di-tetehuty fliorerie (8 was
.9 mmol) was dissolved in 60 ml of dehydrated diethyl ether under a
domitrogetatinspimre  farthe Stletionds andoebath,ctil mb of nebatybwn as
lithium/hexane solution (1.54M: 9.2 mmol) was added slowly dropwise,
fohakthen stirred at room temperature for 100 hours. To the reaction
solution, 4.2 g of 3-tert-butyl-I-methyl-6,6-di-(m-trifluoromethylphenyl)fulve
ne (9.2-mnrmol) Wasratded tarid stitdstl smnded eaflix fd 24 3vours.c After, thes) |
reaction solution was poured into 100 ml of aqueous solution of 2N
6. hydrdchlddt acid i ahdce bath, diethyléther kas adldéd (o sefénate the
organic layer, and the aqueous layer was extracted twice with 50 ml of
(3 digtkpléthet. Thefseparated organic layers were combined, washed with
a saturated aqueous solution of sodium hydrogencarbonate, water and

A 200 ml three-neck flask equipped with a magnetic stirrer
chip and a three-way cock was thoroughly purged with nitrogen,
and2.47gofz,7wdiwtert—butylfluorene(S.Qmmol)wasdissolved
in 60ml of dehydrated diethyl ether under a nitrogen atmosphere.
To the sclution in an ice-bath, 6.0 ml of n-butyl lithium/hexane
solution (1.54M: 9.2 mmol} was added slowly drépwise, and then
stirred at room temperature for 100 hours. To the reaction
sﬁlution, 4.2 g of
3-tert-butyl-l-methyl-6, 6~di~{m-triflucromethylphenyl) fulvse
ne (9.2 mmol} was added, and stirred under reflux for 24 hours.
After the reaction solution was poured into 100 ml of agueous
solution of 2N hydrochloric acid in an ice batﬁ, diethylether
was added to separate the organic layer, and the agueous 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



134 aqueous solution of sodium chloride and dried over magnesium
sulfate and the solvent was distilled off. Thereafter, the resulting product

sr-was purified by column chromatography to obtain 4.7 g of a white solid.
The yield was 74 %. Identification Wwas done by FD-mass analysis
spectrum (FD-MS) The measurement results are shown as follows.
FD-MS: m/z=714(M+) (4) Synthesis of

[di-(m-trifluog_omethyl henyl)ﬁneth Ienetge?,-tert-b ty%—S'-mgth .

A TR CloRE T2 7 SRS b UGG RGN ZSbrantS.-Syer magnesiun
-oomoe- dichloride A 30_ ml Schlenk flask equipped with a netic_stirrer

1 G A B iy R AR Sarm) e AICGERE akb s 51
g of di-(m-triflupromethylphenyl)jmethylene(3-fert-but I-5-met%y hy t

= ESIEQIEIE)B@ntBH%‘?]‘S}St(Z,W% i-?elf‘gﬁi Rt ordnyt I.Jg%r%& V" AR in°

30 ml of dehydrated diethylether under g nitrogen atmosphere, To the
obtittich ih &h f%g-t?atw,hig%ls(%]ﬁ}%n'mo ¥t ﬁsﬁn‘i%ﬁty?ﬁthfu'm hexane

solytion was added slowly dropwise, and then_stirred at room _
At it S RO TRE rBotAT SolTONhas 1S o TS
Th a dry ice/methanol bath, atnd gheé\ O.gg‘gnofazércgggig&etrachIoride (2.8

“mitohHWASAG8Ed tiieten: TheSoldtion was &tirred T6r'24 hours while

gradgﬁl}_}f\qglzev%t}nzg__tﬁ%k(mg)()om temperature, and

A 30 ml Schlenk flask eguipped with a magnetic stirrer
chip and a three~way cock was thoroughly purged with nitrogen,
and 2.0 g of
di-(m-triflucromethylphenyl) Jmethylene{3-tert-butyl-5-methy
leyeclopentadienyl) (2, 7-di~tert-butylfluorenyl) (2.8 mmol) was
dissolved in 30 ml of dehydrated diethylether under a nitrogen
étmosphere. To the solution in an ice-bath, 2.7 ml (5.7 mmol)
of 1.54 M n-butyl lithium hexane sclution was added slowly
dropwise,.and then stirred at rcom temperature for 20 hours.
The reacticn sclution was thoroughly cocled in a dry
ice/methanol bath, and then 0.65 g of zirconium tetrachloride
(2.8 mmol) was added thereto. The sclution was stirred for 24

hours while gradually elevating back to room temperature, and



135 then the solvent was distilled away under reduced pressure. The
resulting product was reslurried in hexaggte, and filtered by a
diatomite-filled glass filter. A brown solid on the filter was extracted with a
small amount of dichloromethane and separated by filtration. For each of
thha obtgined hegane wolutivhsdnd. dieh | orgmethangesol utioh; teel splverture .
was distilled away under reduced pressure. A dark orange solid was
Theastrelwith asmalbdotnvelpentane andiethyl éthegnand dridd £iltered
under reduced pressure to obtain 300 mg (0.343 mmol) of a target
byt ompbuhas AR ofande solitl adentification wasAdbme by 1#bAMR on the
spectrum and FD-mass analysis spectrum. The measurement results are
£ ishbwih & folows? 34-NMR Spetrams270MHATDC 13, TMSEtandadytSane
7.90- 8.22 (s+d+d, 6H), 7.52 (m, 6H), 6.73 (s, 1H), 5.92+5.99+6.11
aTet $EP P 85 1 pm FiH): 1870l @i 8H) FO02¢2 ©1+A 105 [{(5+945; 2ppd hexane
FD-MS: m/z=874(M+) [Comparative Synthesis Example 8] Synthesis of
S UifpttoRih ety ehelE-ter B 8liRefylcyelopntaeiényir L vent was
(2,7-di-tert-butylfluorenyl)zirconium dichloride (1) 1-methyl-3-tert-butyl
Ayelopthtadidhe -Lndel _reducedoRIssE il threelhetk Hask Bdtfshesr L 1d

with a magnetic stirrer chip and a three-way cock, 100 ml of dehydrated
was washed with a small amount of "pentane and diethyl ether,

and dried under reduced pressure to obtain 300 mg (0.343 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.

"H-NMR spectrum (270MHz, CDCls, TMS standard): & 7.90-
8.22 (s+d+d, eH), 7.52 (m, 6H), 6.73 (s, 1H), 5.92+5.99+6.11
(s+s+s, 2ZH), 5.52 {(m, 1H), 1.79 (s, 2H), 0.92+1.01+1.05
{st+s+s, 27H),

FD-MS: m/z=874 (M+)
[Comparative Synthesis Example §]
Synthesis of
di(p-tolyl)methylene (3-tert-butyl-5-methylcyclopentadienyl)
(2,7-di~tert-butylfluorenyl)zirconium dichlcride

(1) l-methyl-3-tert-butyl-cyclopentadiens

To a 500 ml three-neck flask eguipped with a magnetic
stirrer chip and a three-way cock, 100 ml of dehydrated
diethyl ether and 57 ml (170 mmol) of diethyl ether solution

of 3.0 M



diethyl ether and 57 ml (170 mmol) of diethyl ether solution of 3.0 M
SF-1399 136 methyl magnesium bromide were charged under a nitrogen

5 p-atmaesphere. In the ice bath, 19.6 g (142 mmol) of
3-tent-butylcyclopentenone was added dropwise over 1 hour. The
resultant solution was stirred at room temperature f or 20 hours, and then
the reaction solution was poured into 100 mi of 2N hydrochloric acid. The
organic layer was separated, and the aquemés I&i\%gr was extracted twice

rs

me tiih SHAAPEFHEr PHE bhEaitiEd SryaMc Y F& cmbinet Washed

twice with a saturated agueous solutign of sodium, hydrogencarbonate,
3 CIRAEE Sith water, i tlice Rﬁtﬁ}%atérgfe% l?rirflzei L RY over

and dried over
ma%nesium sulfate and the solvent wag Ajiﬁf"ed off..Tger%aef}:eE, htggr
3~ SHicatoN W cORfIESTBY QisMAfST Ghder Feducta “pressure to- -
obtain 13.5 g of a pale yellowy transparent liquid. The yield cons was
e o7 bR T R b Ty Wi b SRR o hs Feoatr e s,
results are shown as follows. 'H-NMR (270MHz, CDC13, TM anQard :
ands SHT. 6 0R EBat 08 (RO R S PO Ta e Dl BTk 2

2.05+1.94 (d+m, 3H), 1.13-1.15 (s+s, 9 2) Synthesis_of 3-tert-but
v R8s Aoy TUReRE 15 4 Job Mhracen appedui

The

I
ree-neck Nas aeqwf)peg1 wit
aqé@gﬁgnfg%égwﬁgghgﬁ%@%géggﬁ%wg%g09%€k59&%%5)ggn%lﬂgr. 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
magnesiumsulfateandthesolventwasdistilledoff. Thereafter,
the purification was conducted by distillation under reduced
pressure to obtain 13.5 g of a pale yellowy transparent liguid.
The yield constant was 70 %. Identification was done by ‘H-NMR
spectrum. The measurement results are shown as follows.
'H~NMR (270MHz, CDCl;, TMS standard): &

6.19+46.05+5.81+5.75 (m+m+m+m, 2H), 2.91 (m, 1H), 2.82 (m, 1H),

2.05+1.94 (d+m, 3H), 1.13-1.13 (s+s, 9H]

To a 300 ml three-neck flask eguipped with a magnetic
stirrer chip and a three-way cock, 4.5 g (33.0 mmol) of
1-methyl-3-tert-butyl-cyclopentadiene and 150 ml of THF were

charged under a nitrogen atmosphere. In the dry ice/methanol



1-methyl-3-tert-butyl-cyclopentadiene and 150 ml of THE were charged
under a nitrogen atmosphere. In the dry ice/methanol SF-1399 137 bath,
SE-2038%n| (34.7 mmol) of 1.54M n-butyllithium hexane solution was
gradually added dropwise and then-stitred at room temperature for 20
hours. To the obtained reaction solution, 4.3 m1 (39.6mmol) of
1,3-di-methyl-2-imidazolidinone was added, subsequently 8.3 g (39.6

baenmoi)zqf#,ﬂ{zdi-@@thy'feﬁ%%ms@oqe. W egbsqggﬂ’ﬂ%%%mf sultant,

solution was stirred for 120 hours under reflux. The feaction solution was

soReued intos100 ml,of 2N hydiaghlerig acid, The arganic layerwas, . .
56 il of

separated, and the aquéous layer was extracted twice wit

redioXane, Ihe-3eparated organiclayers.were cambined, washed with a, ; -

saturated aqueous solution of sodium hydrogencarbonate, water an

1. Paturaded aqueous selution of;sqdiym chloside, and Qéifglge%?%rhe was added,

magnesium sulfate and the solvent was distilled off. Thereatfter, the

Hesuting product ygfied iy cojume ghromatoaraphy to,0btaj
> of ak#ﬂgoraﬁg%ﬂs%lig.v %Shg yield wasg)l6 II%Een“t&ifigattig%lq*)was dogetl%ﬁ%gﬁﬁr\i/l%gme

weSPESHHAL Jhe measurement rasults.are shqwn as follows. 1H-NMR . 154
(270MHZz, CDC13, TMS standard): 5 7.1 (m, 8H) , 6.32 (m, 1H), 5.71 (d,

hoddd), =33 {d-BH), 148 (@hgwe%cj@i@ngwl@?dﬂt%%:srfgured into 100
di(p_-tolyl)methylene(3-tert-butyl-5-methylcyclopentadienyl)

ml @£ teR-RubAIIIeNH) acid. The organic layer was separated,
and the agueous layer was extracted twice with 50 ml of hexane.
The separated organic layers were combined, washed with a
saturated aquecus sclution of sodium hydrogencarbonate, water
and saturated agueous solution of sodium chloride, and dried
over magnesium sulfate and the solvent was disfilled off.
Thereafter, the resulting product was purified by cclumn
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, CDCl;, TMS standard): & 7.1 (m, 8H), 6.32
{m, 1H}, 5.71 (d, 1H), 2.33 (d, 6H), 1.48 (s, 34), 1.13 (s, 9H)

(3) Synthesis of

- A200ml three-neck flask equipped with a magnetic stirrer

chip and a three-way cock was thoroughly purged with nitrogen,



A 200 ml three-neck flask equipped with a magnetic stirrer chip and a
three-way cock was thoroughly purged with nitrogen, SF-1399 138 and
SF-28%§ of2,7-di-tert-butylfluorene (1-2. 6ramol) was dissolved in 60 ml of
dehydrated diethyl ether under a nitfdgen atmosphere. To the solution in
an ice-bath, 8. 6 ml of n-butyl lithium/hexane solution (1.54M: 13.2 mmol)
was added slowly dropwise, and then stirred at room temperature for 100

houts, To-the reaction, solution, 4.3 9 of 12. 6 mmol) was dissolved
én fté?ts-%l?t)f/l- ‘met yI-6,%- i-(p-to:YyI)fuIvenée3 I(lie?;.{z mmol) was added, and

ing %rﬁl?ofggn%%(ygg ux fQr24:heyrss Afisr dhe, reaction solytion.was pewste re .

Into queous solution of 2N hydrochloric acid in an ice bath,

To gﬁéhglg E.hf{ Was ad %%%E%—S-%%%@e ¢he; organic layar andh theraquePHs xane

layer was extracted twice with 50 ml of diethyl ether. The separated

sofé;%%%!% layers were sombined, washediwith a saiyiated-aguaaus, saldfieRen

ium hydrogencarbonate, water and saturated aqueous solution of

s« Spdium chloride, and dried ouer magnesium sylfate.andriegolvent was: on

distilled off. Thereafter, the resulting product was re-crystallized with

Soﬁgg@&qnle[;t%ogta@fG.S g of a white solid. The yield was 82%.
Identification wag done by FD-mass analysis spectrum (FD-MS) The

3-gasurgentresyits ape shownas-follaws kR MS 1 RERE06(M+} mmo1)

(4)Synthesis of
was added, and stirred under reflux for 24 hours. After the
reaction solution was poured into 100 ml of aqueous solution
of 2N hydrochloric acid in an ice bath, diethylether was added
to separate the organic layer, and the agueous layer was
extracted twice with 50 ml of diethyl éther. The separated
orgénic layers were combined, washed with a saturated agueous
solution of sodium hydrogencarbonate, water and saturated
agueous solution of scdium 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 feollows.

FD-MS: m/z=606(M+)

(4) Synthesis of



[di(p-tolyl)iImethXlene(3-tert-but yl-5-methylcyclopentadieny 1) (2,
7-dimethylfluorenyl) zirconium dichloride - - - -------- SF-1399 139 A 50
SF-mBSehlenk flask equipped with a magnetic stirrer chip and a three-way
cock was thoroughly purged with nitt¢égen, and 3.0 gg of
[di(p-tolyl)Jmethylene(3-tert-butyl-5-methylcyclopentadieny 1)
(2,7-dibutylfluorenyl) (5.0 mmol) was dissolved in 40 ml of dehydrated

diethylether under a nitrogen atmosphere. To the . solution in an ice-bath,

6.0 101 L1 T e LS & M o O R 1EkaobGTUUEIE TS aEpht e

Slowly dropwise, and then _stirred at room temperature for 30 hours. The
SRR R PoblotB WAL (ROFGHy CoMTEr P AN, Rdh Bt Aol bAth CARa e

C%h?n 15 gggf zirconium tetrachloride (5.0 mmol) was added thereto. The
&% futioreWas stirred for 48 hours while gradually elevating back to room

temperature,.and then the solvent was distilled aw der reduced_ .
{dlp? to%y#?én}gdst .fene?(? ert abu% i(?m %ufcyciévﬁl?éjr%% ieny

8ssire’ GHing product Was reslufried in hexane; an ya

1) letpritlied gess ey, & peonn said onhe e Mes pxpagiega

N =
Mall amoun iC ane and séparated ration. For eac

ae 5, ARtained hexane soluton and dichloromethane solytion, he soyent. ..
was distilie away““under reduce pressure. arK orange so id'was

SO %i‘fgegggg%ﬂsq,@ c!=.! _%rg%lljﬂt %f p(?gé%ne(‘ f@d]g@pg .lL )etlg %r’l%ndtl dﬂeg"—but vyl
pressure fo obtain mg (O:

lithium hexane solution was added slowly dropwise, and then
stirred at room temperature for 30 hours. The reaction solution
was thoroughly cooled in a dry ice/methanol bath, and then 1.15
g of zirconium tetrachloride (5.0 mmol) was added theretc. The
solutionwas stirred for 48 hours while gradually elevating back
to room temperature, and then the solvent was distilled away
under reduced pressure. The resulting product waé reslurried
in he;{ane, and filtered by a diatomite-~filled glass filter. A
brown solid on the filter was extracted with a small amount of
dichloromethane and separated by filtration. For each of the
obtained hexane solution and dichloromethane solution, the

solvent 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. Identification

‘was done by *H-NMR spectrum and FD-mass analysis spectrum. The

measurement results are shown as follows.



mmol) of a target compound as an orange solid. Identification was done
by 1H-NMR spectrum and FD-mass analysis spectrum. The
SE-m@&aSurement results are shown as follows. SF-1399 140 1H-NMR
spectrum (270MHz, CDC13, TMS Stahdard) : S 7.91 (d, 2H), 7.76 (dd,
3H), 7.6 (dd, 1H) , 7.47 (dt, 2H) , 6.96+7. 0-7.17 (s+m, 5H), 6.14 (s, 1H),
6.05 (d, 1H), 5.56 (d, 1H), 2.24 (d, 6H), 1.83 (s, 3H), 1.03 (s+s, 18H), 0.94
(s, MS: Miz=766 nthegsis Exampl Siszof | ]
[di(%ﬁg&%g%yfp%%n@%?%ga%/le%%e%%ért%?y%ghi%%gm 191 4
2H)leﬁyglgp?@aa;di@ﬁyl)(fwéerewmrqcmiwdis;hlocriﬂ@, (DHY, 6.96+7.0-7.17
1-n-propyl-3-tert-butylcyclopentadiene To a 300 ml three-neck flask
(s-GQUiBRed With @ magnetig, stigep shipsand aithree-wiay @ocki 420 ml ok (4,
dehydrated diethyl ether and 89 ml (178 mmol) of tetrahydrofuran solution
6110f 2 QM n-propydymagnesiumhremide were ghargeddjndeya nitrogen
atmosphere. in the ice bath, 20.6 g (149 mmol) of '
3-terf-hupdcyglonentenrone: was added dropwise over 1 hour. The
resultant solution was stirred at room temperature for 20 hours, and then
[ s¥Re Keaction: selktion was poured into 100 ml of 2N hydrochloric acid. The
organic layer was separated, and the aqueous layer was extracted twice
 sywthe80 alof ether. The obtained organic layers were

[di{m-trifluoromethylphenyl} imethylene (3-tert-butyl-5-n-pro

pylcyclopentadienyl) (fluorenyl)zirconium dichloride

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 8% ml {178 mmol) oftetrahydrofuransolutioncﬂf2.0Mnrpropyl
magnesium bromide were charged under a nitrogen atmosphere. 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, and4then.the.reaction
solution was poured into 100 ml of 2N hydrochloric acid. The
organiclayerwasseparated,andtheaqueouslayerwasextracted
twice with 50 ml of ether. The obtalined 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



combined, washed twice with a saturated aqueous solution of sodium
hydrogencarbonate, twice with water and twice with saturated brine, and

s Hiedpver magnesium sulfate and the SF-1399 141 solvent was distilled
off. Thereafter, the resulting produgt,was purified by column
chromatography to obtain 16. 8 g (GC purity 820) of a pale yellowy
transparent liquid. The yield was 57 ldentification was done by 1H-NMR
spectrum. The measurement results are shown as follows. 1H-NMR

solFEOMHT €OC18, TMedstahBardy 86; £6-£6.62+ 5175+ 58 tkmenprmduct
2H), 2.81+2.89 (m+m, 2H), 2.21-2.37 (t, 2H), 1.48-1.61 (m, 2H),

wag P5ri. 1845wy 9R), u0B LG 3N (2 pSynthiesisdfain 16.8 g (GC purity
3-tert-butyl-I-n-propyl-6,6-di-(m-trifluormtylphenyl)ful -------------- =--------—-

82%ereiTe 2306 it threwsndclefiasieaquippéd withda magaeticestiirerehiy %.
and a three-way cock, 6.1 g (30.4 mmol) (GC purity 82%) of

Idani-pfdsyi 3l ent-bay e eniadiendihdsToomt oh THERwenes elsargeten t
under a nitrogen atmosphere. In the dry ice/methanol bath, 20 ml (32.0

regmbl ot 156WIeKBughitHfiaml AeRane solution was gradually added
dropwise and then stirred at room temperature for 24 hours. To the

obtaifedéRctiery OMHz, CDCls, TMS standard): &
6.16+6.02+5.75+5.78 (m+m+m+m, 2H), 2.81+2.89 {(mi+m, 2H),
2.21-2.37 (t, 2H), 1.48~1.61 (m, 2H), 1.05-1.18 (s+s, 9H),

0.8'_1..0 (tf 3H)

To a 300 ml three-neck flask equipped with a magnetic
stirrer chip and a three-way cock, 6.1 g.(30.4 mmol) (GC purity
82%) of l-n-propyl-3-tert-butylcyclopentadiene and 100 ml of
THE 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. 7To the obtained reaction
liguid, 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,
and the resultant solutionwas stirred for 100 hours under reflux.

The reaction solution was poured into 100 ml of 2N hydrochloric



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
SF“%@@@equently charged, and the resultant solution was stirred for 100
hours under ref lux. The reaction s6lation was poured into 100 ml of 2N
hydrochloric SF-1399 142 acid. The organic layer was separated, and the
agueous layer was extracted twice with 50 ml of hexane. The separated

aciQrganiglayess were combined svashad-with @ satrated-aqueitsusolution r
of sodium hydrogencarbonate, water and saturated aqueous solution of

wa =Sodium chlosids, and @ried gvernmagnesivamsulfate, cansbhessobentyas i
distilled off. Thereafter, the resulting product was purified by column

1ayerematography (9,08tai £:8 840k anrorangersoligh dhe iedbwass49 Ot ion
Identification was done by 'H-NMR spectrum. The measurement results

of AEShawmas follawssHNMIR £70Mh2,.CREA3sIMS stantlasd)a8ous
7.3-7.7 (m, 8H), 6.34 (d, 1H), 5.53 (d, 1H), 1.65 (t, 2H), 1.22 (m, 2H), 1.12
s016t 98, G574 B (Ir3Wnhesis eind dried over magnesium sulfate,
[di(m-trifluoromethylphenyl)Jmethylene(3-tert-butyl-5--ro :
andP¥eyclapertadienyhdlunrenyl) A20Q mt threeenecksftask eqlipped svithca ng
magnetic stirrer chip and a three-way cock was thoroughly purged with
prdutiegen.. aneud9 110 etflugrensi(n:b anvothwasglissolveddn dffzmhob . 8 g
of an orange solid. The yieldwas 49 %. Identification was done

by 'H-NMR spectrum. The measurement results are shown as

follows.
I4-NMR (270MHz, CDCls, TMS standard): & 7.3-7.7 (m, 8H),
6.34 (d, 1), 5.53 (d, 1H), 1.65 (t, 2H), 1.22 (m, 2H), 1.12

(s, 9H) 0.57 (t, 3H)

[put safiosesibuoiur S SN Spappaipheaint SRyl DR Al R e e PR L L

2 200 ml three-neck flask equipped with a magnetic stirrer
chip and a three-way cock was thoroughly purged with nitrogen,
and 2.9 g of fluorene (17.6 mmol) was dissolved in 100 ml of
dehydrated diethyl ether under a nitrogen atmosphere. To the
sclution in an ice-bath, 11.6 ml of n-pbutyl lithium/hexane
solution (1.6M: 18.5 mmol) was added slowly dropwise, and then
stirred at room for 100 hours. .To the reaction solution, 4.1

g of



dehydrated diethyl ether under a nitrogen atmosphere. To the solution in
an ice-bath, 11.6 ml of n-butyl lithium/hexane solution (i.6M: 18.5 mmol)

swWascadded slowly dropwise, and then stirred at room for 100 hours. To
the reaction solution, 4.1 g of SF-1399 143
3-tert-butyl-1-n-propyl-6,6-di-(m-trifluoromethylphenyl)ful vene (8. 8
mmol) was added, and stirred under ref lux for 170 hours. The reaction
solution was poured into 100 ml of aqueous solution of 2N hydrochloric
3~ weikintatt iceBath - PRersakeR dicPyle et Was adde® i therdiganic’ Tu
layer was separated. The aqueous layer was extracted twice with 50 ml
venst dithyraher. WHfeiskiRratéd Organic 1&ferd fRFer Gombiné@ washed s -

with a saturated aqueous solution of sodium hydrogencarbonate, water

.

TheiP3ftuiae Fagués s SRR BE SSHitiT Enldiiudlant afeg oGverclution
magnesium sulfate, and the solvent was distilled off. Thereafter, the

of redliifinsproete wel pifiiidd By SotumfiScidhtatogfati it 6tain 1.88 g
_of a white solid. The yield was 34 Identification was done by FD-mass

AL REYSRIGELIMT FIRS). THE MBEsGHERTRIM Tes@il are ol g™ =<
follows. FD-MS: m/z=630(M+) (4) Synthesis of o

ThFdRHﬁﬁﬁl%r%ﬁi@t’HWﬁﬁe%%ﬁﬁ&t GRASBIEMbLE YIS 1b 1 ethy L ether.

Icyclopentadienyl)(fluorenyl)zirconium dichloride ...---------------
Thgysépagated oggénic l%;ers were combined, washed with a

saturated agueous sclution of sodium hydrogencarbonate, water
and saturated agueous sclution of sodium chloride, and dried
over magnesium sulfate, and the sclvent was distilled off.
Thereafter, the resulting product was purified by ceolumn
chromatography to obtain 1.88 g of a white scolid. The yield
was 34 %. Identification was done by FD-mass analysis spectrum
'(FD—MS). The measuremenﬁ results are shown as follows.

FD-MS: m/z=630{M+)

A 1060 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{mftrifluoromethylphenyl}]methylene(3—tert—butyl*5wn~prop
~ylcyclopentadienyl) (fluorenyl) (2.6 mmol) was dissolved in 50

ml of dehydrated diethylether under a nitrogen atmosphere. To



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
SF*pig(g@-triﬂuoromethylphenyl)]methylene (3-tert-butyl-5-n-prop
ylcyclopentadienyl)(fluorenyl)(2.6 fymol) was dissolved in 50 ml of
dehydrated diethylether under a nitrogen atmosphere. To SF-1399 144
the solution in an ice-bath, 3.3 ml (5.3 mmol) of 1.6 M n-buty!l lithium
hexane solution was added slowlg dropwise, and then stirred at room

the tempetdtore for 47 HOFSPRRE redctoMolution TWRsithdtdubhRy BoaTding L

a dry ice/methanol bath, and then 0.60 g of zirconium tetrachloride '6h
1ithimal) n@saa'd@eﬁqhérét@mwé%&&%%véslgwrwd TRoPA AGErs BRite TRER

gradually elevating back to room temperature, and then the solvent was,
st 1 distilealtaneymureier sediceaEpfaSs dre PTE fesulfiRG prodact KRS O Ut Lon

reslurried in hexane, and filtered by a diatomite-filled glass filter. ‘ng 0. 60
wa ssolvene abthevobemarhexahe S8 itoRTES BiRTifdd vy uﬁ’acé[rt e

pressure. An obtained dark orange solid was dissolved .in pentane and

g otheisolldeposie - Eodtng Wad Hried el YaquaEd pesdire o’ *°

obtain 70 mg (0. 088 mmol) of a target compound as an orange salid,
S0 lMbABRcHBGIAS HORETBY FANNIR Shetitturt BHACHD Mss Aafsis 22

ysis
spectrum. The measurement results are shown as follows 1H1I§§I\%I§?1 away
8-7.9

tO GRAURRTPFOMER T EDCES TSt GardR g 8158 %2 i 580,

m, 1H), 7.57 (m, 5H), 7.45 (m, 1H), 6.09 (t, ,
uné;r reéuced(presgure.(T e gesulélng product was reslurried

inhexane,andfilteredknradiatomite~filledglassfilter. The
solvent of the obtained hexane solution was distilled away under
reduced pressure. An obtained dark orange solid was dissolvgd
in pentane and the solid deposited by cooling was dried under
reduced pressure to obtain70mg (0.088 mmol) of a target compound
as an orange solid. Identification was done bylﬁ—NMR spectrum
and FD-mass analysis spectrum. The measurement results are
shown as follows.

'H-NMR spectrum (270MHz, CDCls, TMS standard): 6 8.1-8.3
(m, SH), 7.8-7.9 {m, 1H}, 7.57 {(m, 5H), 7.45 (m, 1H), 6.09 (t,
1H), 6€.80-7.0 {m, 2H), 6.34 {(dd, 1H), 6.11 (dd, 1H), 5.58(d,
1HY, 2.06 {(m, 2H), 1.57 {m, 2H), 1.1 (s,s, 9H), C©.77 (dt, 3H)

FD-MS: m/z=790 (M+)
[Synthesis Example 1]

~-Preparation of a Supported Catalyst-

To a 100 ml three-neck flask, which had been thoroughly



1H), 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+)
SF“[@@@hesis Example 1 -Preparation of a Supported Catalyst To a 100 ml
three-neck flask, which had been theepughly SF-1399 145 purged with
nitrogen, a stirrer rod was equipped and 1.07 g of silica-supported
methylaluminoxane (AL = 14.6 wt%) was added. Thereto, 10 ml of
dehydrated toluene was added at room temperature, 20 ml of a toluene
purspdtion of 2116 mepefithea stirrer rod was equipped and 1.07 g of
diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(flu orenyi)
s 1 [ZimonsuprdichleddesSyrnthesisad bythaabdine S§nthesis Exsaspraped.
was added as a transition metal compound under stirring, and stirred for
Thelrhbar. The obtainéd Shirif vedsfiltéred vt powder 8A ke fileFRAS
washed once with 10 ml of dehydrated toluene, and subsequently
tenwastaditheee Atheslwith 19 raPof@sydratbd Hexanel Thé wadtedef the
powder was dried under reduced pressure for 2 hours to obtain 1.03 g of

d i piowwdeim THeydistain €8 Powderavay Adetivitly BaHinkrRIsIER Gtsanta (f1u
slurry of 10.0 wt.. [Synthesis Example 2'] -Preparation of a Supported

oraTathlyst Foriommlhrdenber Fadks Whichaesdbethtoreugnyepiryeasd
with nitrogen, a stirrer rod was equipped and 0.978 g

- Synthesis Example 1 was added as a transition metal 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 toluene, and subseguently washed three times
with 10 ml of dehydrated hexane. The washed powder was dried
under reduced pressure for 2 hours to obtain 1.03 g of powder.
The obtained powder was mixed with a mineral oil to obtain a
siurry of 10.0 wt%.

{Synthesis Example 27 ]

-Preparation of a Supported Catalyst-

To a 100 ml three-neck flask, which had been thoroughly
purgéd'with nitrogen, a stirrer rod was egquipped and 0.878 g
ofsilicausupportedn@thylaluminoxane(AL=:l6;9wt%)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
thyloctahydrodibenzoflucrenyl)zirconium dichloride

synthesized by the above~menticned Synthesis Example 2 was added



of s i lica- supported methylaluminoxane(AL =16.9wto)wasadded.
Thereto, 10 ml of dehydrated toluene was added at room temperature, 20

sr~1mdof a toluene solution of 20.1 mg of the
isopropylidene(3-tert-butyl-5-ethyltydopentadienyl)(octame
thyloctahydrodibenzofluorenyl)zirconium dichloride synthesized by the
above-mentioned Synthesis Example 2 was added SF-1399 146 as a
transition metal compound under stirring, and stirred for 1 hour. .The_,

as Ppptafed tdng \ﬁ%ﬁ‘lkt‘é‘&‘f‘%ﬁ&%%ﬁ&é%&h fHe Ty Was Washed onee —0F
with 10 ml of dehydrated taluene, and subsequently washed three time

1 btk 10 TR URAEd hiekane. Thd és%gegdr €§Wdearnv§\i/ag%hr]icg “un ersChe

£ LS RabP AR VIS Rerar o 9 obtark & S S T0 Db 2"
S e SR e R
T AERIAGNARe (AL SI6 Sy Wao A0RGA TRt Lo oF 2 P27
<o Senidratpaiglyens vas added atiom, EITAS, 20,1 QL AMEIG s o1
> TG GRARy ORGPy orcanm deorde

synthesjzed by the abaye-mentioned Synthesis Example 3 was added as
[3Y, ﬁ%ﬁ&iﬁSn%ﬁ‘&%Pil@m%o nd under stirring,

~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 0.980 g
ofsilicamsupportedn@thylaluminoxane(AL==16.9wt%)wasadded.
Thereto, 10 ml of dehydrated tocluene was added at room
temperature, 20 ml of a toluene solution of 20.1 mg of the
(phenyl)(methyl)methylene(3—tertubutyl—5—eﬁhylcyclopentadie
nyl)(octam@thyloctahydrodibenzofluorenyl)zirconium
dichloride synthesized by the above-mentioned Synthesis
Examp1823wasaddedaseatransitionmetalcompoundunderstirring,
and stirred for 1 hour. The obtaiﬁed.slurry was filtered, and
powder on the filter was washed once with 10 ml of dehydrated
toluene, and subseguently washed three times with 10 ml of
dehydrated hexane. The washed powder was dried under reduced
pressure for 2 hours to obtain 0.308 g of powder. The obtained

powder was mixzed with a mineral oil to obtain a slurry cf 10.0



and stirred for 1 hour. The obtained slurry was filtered, and powder on the
filter was washed once with 10 ml of dghydrated 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
wigE908 g of powder. The obtained powder was mixed with a mineral oil to
obtain a slurry of 10.0 147 wt%. [Synthesis Example 4'] -Preparation of a
[ StippereteChtalyst o & 100 ml three-neck flask, which had been
thoroughly purged with nitrogen, a stirrer rod was equipped and 0.996 g
of silicarstipertetTethyladuridoxané ¢AL =166 %#Ys) was added.
Thereto, 30 ml of dehydrated toluene was added at room temperature, 20
ml of & tdtuérte’ sBltitioR BE20DRE of Lihek . which had been thoroughly
diphenylmethylene(3-tert-butyl-5- .
PERACY apEntadiehy B B 7-ditért-btlyHlucrany IjFre offani GsoRas 0. 996 g
synthesized by the above-mentioned Synthesis Example 4 was added as
%y fransifiGn TEtRrCdrfipodiid-tidér! SBrigaRa stifted Tor P h6u The was
(%)t%ined slurry was filtered, and powder on the filter was washed once
Wit 10 MiSF Getydratedtoliehe Gnd StBSEqherity Washetithred et

with 10 ml of dehydrated hexane. The washed powder was dried under
T LSS on 2Rt 16 Sl OO G O POWEA T é obineie o

L ROVIART Was Miked with a mineral, ofl fo obtain.a slurry of 10.0 wt.
ethylcycleopentadienyl) (2, 7-di-tert-butyifluorenyl) zirconium
dichloride synthesized by the above-mentioned Synthesis
Example 4 was added as a transition metal 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 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
01l to obtain a slurry of 10.0 wt%.

[Comparative Synthesis Example 577

-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 0.3950 g
of silica~-supported methylaluminoxane (AL = 16.1 wt%) was
added. Thereto, 10 ml of dehydrated toluene was added at

room



[Comparative Synthesis Example 5'] -Preparation of a Supported Catalyst
To a 100 ml three-neck flask, which hagsgeen thoroughly purged with
nitrogen, a stirrer rod was equipped and 0.950 g of silica-supported
methylaluminoxane (AL = 16.1 wt%) was added. Thereto, 10 ml of
" Jepydpdted toluéle Wascdddedtatl reorm 1981 temperatife 120 flrof acf the
toluene solution of 19.4 mg of the isopropylidene(3-tert-butyl-5-
1 IRERYRYEIEPEAtatierA Gcthiethyléctahydrodibenzofluorenyl)zi rconium
dichloride synthesized by the above-mentioned Synthesis Example 5 was
MeYeiyed aca HansitivA el compband nder Stirthi; and Siregdsirorenyl) 21
hour. The obtained slurry was filtered, and powder on the filter was
T S¢dshed Shed with 10€nit P 8BRydrafsd Pluenes ap8 viBseEquentyned
washed three times with 10 ml of dehydrated hexane. The washed
S oyt Wad drs hder Yéduddsresddreol 3 Mot trab Bmt@. b29grerund
owder. The obtained powder was mixed with a mineral oil to obtain a
“Eﬁﬁ?y 51,6 Wis. [Eoparative Syhtiesis Btdiple 61 SPraphfdtisiiord urry
Supported Catalyst To a 100 ml three-neck flask, which had been .
W?ﬁoeghéﬁﬁ/f%ﬂrgea&\%nﬁ%w%%n% stitfer tod Was éfifpperraridlogsesg with 10

f silica-supported methylaluminoxane (AL = 14.6 wt%) was added. .
o T or ot OrEE Tl BHE WL AR Tt o510 hree times

with 10 ml of dehydrated hexane. The washed powder was dried
under reduced pressure for 2 hours to obtain 0.92% g of
powder. The obtained powder was mixed with a mineral oil to
obtain a slurry of 10.0 wt%.

[Comparative Synthesis Example ©']

—Preparation of a Supported Catalyst-

To & 100 ml three-neck flask, which had been thoroughly
purged with nitrogen, a stirrer rod was equipped and 0.980 g
of silica-supported methylaluminoxane {AL = 14.6 wt%) 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
phenyl (methyl)methylene (3-tert-butyl-S-methylcoyclopentadienyl)
octamethyloctahydrodibenzofluorenyl) zirconium dichloride
synthesized by the above-mentioned Synthesis Example 6 was
added as a transition metal 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



temperature, 20 ml of a toluene solution of 20.0 mg of the
phenyl(methyl)methylene(3-tert-butyl-5-methylcyclopentadienyl)

SF-dctéethyloctahydrodibenzofluorenyl)zirconium dichloride synthesized by
the above-mentioned Synthesis Exafifple 6 was added as a transition
metal 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 SF-1399 149 toluene, and ub%e ueml. washe% hree ti es'
S e I R S b o

reduced pressure for 1, hour to obtain 0.936 g of powder. The gbtaine
o T ot RORG it A MHETAI o) 8 Sl & SRy G0 B o oced

Example. Ib] -Propylene Bulk Pal rization To.a 50 ml side-arm flask_ .
pr %ﬁg’%ﬁgh y éu%e§ }évjﬁhbr(ﬁt%%%%fxgﬁa%%%tig s?f?réjrocvh?be Wwas p a%e%?jsca%ned

1.02 g of a supparted, catalyst slurry prepared in.the above-menti ngg 10.0

PTG EXAmpIE 1-11.0 Awiol oF howae Solton (ALELOMy of 10"
triisobutylalminium and 5.0 ml of dehydrated hexane were added. The
résultant mixture was introduced to an SUS-made autoclave having the
Jinternal v e of 2000 ml thoroughly purged with nitrogen. Thereatfter,

[E%%I&pgq of |%ﬁg propylene was charged thereto. After the polymerization

was g@r};ig%\)gué@é 7%38fgr%(iw{’g%e;at@leo%ujoclave was cooled and

propylene was purge

Toa 50ml side-arm flask thoroughly purged with nitrogen,
a magnetic stirrer chip was placed, and 1.02 g of a supported
catalyst slurry prepared in the above-mentioned Synthesis
Example 17, 1.0 mmol of hexane solution (Al=1.0M) of
triisobutylaiminiumand 5.0 ml of dehydrated hexane were added.
The resultant mixﬁure was introduced to an SUS-made autoclave
having the internal volume of 2000 ml thoroughly purged with
nitrocgen. Thereafter, 500 g of liguid propyvlene was charged
thereto. After the polymerization was carried out at 70 °C for
40 minutes, the autcoclave was cocled and propylens was purged
to stop the polymerization. Thepolymerwasdriedu&dérreducedr
pressure at B0 °C for 10 hours. The obtained polymer was 58.5
goftheisotacticpolybropyleneandthepolymerizationactivity
was 27.9'kg~pp/mmol—2r-hr. The pclymer analysis resulted that
[n1=3.37 dl/g, Mw=565,000, Mw/Mn=3.0 and Tm=137.8 °C.
[Example Zk]

-Propylene Bulk Polymerization-



to stop the polymerization. The polymer was dried under reduced
sp-Pessure at 80 C for 10 hours. The obtained polymer was 58.5 g of the
isotactic polypropylene and the polymperization activity was 27.9
kg-pp/mmol-Zr-hr. The polymer analysis resulted that [r]]=3.37 dl/g,
Mw=565,000, Mw/Mn=3.0 and Tm=137.8 C. [Example 2b] -Propylene
Bulk Polymerization SF-1399 150 The polymerization was carried out
und8p thePsariie Seorfditic P Bs Wi thecabioveeExarlelb déxcept tha 4o mg
of a supported catalyst slurry prepared in the above-mentioned
condyhtheRicExampliéd’ Wasvissediant that D80 RIECEEHydrogen 3fas T del 2
after charging 500 g of liquid propylene. The obtained polymer was 53.4 g
suppfthedsotaetic puiybrépyisny aRd e TRy meriZdtontkaviy Wkt Zeped
kg-pp/mmol-Zrhr. The polymer analysis resulted that the [i]=0.84 dl/g,
SynVEEE5088 2B/ A= 2B &ridchA-ang. £ &2 [EXam plé'Bbp IPRO[RASEEB Ut
Polymerization The polymerization was carried out under the same '
addegnaifiés asqh 156 dbeve Example bl 8XéchtRRaPY b3 Fof & REppBradhed
catalyst slurry prepared in the above-mentioned Synthesis Example 2'
poliag Kised STRE obtdinéd pbiyAndriRa L PCg P i icopacRne and the
polypropylene and the polymerization activity was 8.1 kg-pp/mmol-Zrhr.

polyﬁ@5@@@ﬁﬁqﬁﬁﬁﬁ%§ﬁ§ﬁmeﬂqﬁaﬂ6.2 kg-pp/mmol-Zr-hr. The
polymer analysis resulted that the [n}=0.84 dl/g, Mw=85,000,
Mw/Mn=2.5 and Tm=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
gof the isotacticpolypropylene and the polymerization activity
was 8.1 kg-pp/mmol-Zr-hr. The polymer analysis resulted.tha%
(11=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



[r]=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
SEtié88me condition as in the above Example Ib, except that 341 mg of a
supported catalyst slurry prepared ¥bthe above-mentioned Synthesis
Example 2' was used and that 0.30 NL of hydrogen was SF-1399 151
added after charging 500 g of liquid propylene. The obtained polymer was

.7.9.0f the isatactic p rop Ign and.the_polymerization.activity, was
o o eI, The Sobmer ahalyol® FoSIH Tat [DIoL. 10 dhar e

g-pp/mmaol- ymera %J[ysis res g,

po ME6,000, M"Y’J\S@z%é &%%TQ‘E&?Q&%T%% g@ﬁlsﬁoépﬁ)eﬁnége%}gogﬁﬁt the

mmm) obtained MR spectrum was ar unit

poggﬁ;%%q Hgm%nl-'%%ef@e@gf\ga%?’-é%rgo?&ﬁ; ré'%gsie-%d  [EXample

-Propylene Bulk Polymerization The poly ation was carried out

potPdeL e sarye condion asn e aboue Bxarygle o, xcopt L 43,

slurry preparedin the above-metitioned

v AYALESIS Example Fwas used. The oblained palymer we elzxfcg CY

Isotactic polypropylene and the polymerization activity was

obggiﬁgg 'ZHH£JM§F§%QP€E9HQW§§ @%@Ee%tha§gg=§§?g&§har unit
Mw=426,000, Mw/Mn=2.9and Tm=154.1 oC
derived from 2, 1~insertion and 1, 3~insertion was not detected.
[Example 5b] |
~Propylene Bulk Polymerization-

The polymerization was carried out under the same
condition as in the above Example 1lb, except that 1.04 g of a
supported catalyst slurry prepared in the above-mentioned
Synthésis Example 3 was used. The obtained polymer was 20.0
g of the isctactic polypropylene and the polymerization
activity was 12.5 kg-pp/mmol-Zr-hr. The polymer analysis
resulted that [ni=2.72dl/g, Mw=426, 000, Mw/Mn=2.9 and Tm=154.1
°C.

[Example 6b]

~Propylene Bulk Polymerization-

The polymerization was carried 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 §.30 NL of hydrogen was

added after charging 500 g of liguid propylene. The obtained



[Example 6b] -Propylene Bulk Polymerization The polymerization was
carried out under the same condition as in the above Example Ib, except
SE-tha¥ 342 mg of a supported catalyst slurry prepared in the
above-mentioned Synthesis Examplé 3' was used and that 0.30 NL of
hydrogen was added after charging 500 g of liquid propylene. The
obtained SF-1399 152 polymer was 75.7 g of the isotactic polypropylene

»o 136 the, polymerzationsactivity was:- 1443 kgnplpgelrdrhe nkhes polyimer
analysis resulted that [rl]=1.17 dl/g, Mw=126,000, Mw/Mn=2.4 and

0o 1UME159.L €, The mesppeptad, content (mmgupy, ohiained Hynk3C-hMR

spectrum was 95.4 %. The irregular unit derived from 2,1-insertion and

poriRdosetion was notdetected. JExample 2] -Propyiene/Biliyens, ooo,

opolymerization To an SUS-made autoclave having an internal volume

ww A2090, mJ thorgughlycpurged with nitrager,300:g of hawid drepyleneun)

was charged, then heated to 55C under sufficient stirring, and the inside

obtof 1he auinclave wagprassurizesh withsthylene gas 1a30kglem2Gar unit
Subsequently, to a pot for charging catalyst having an internal volume of

de 30, thorguahly purgad-with nnitregen, 3vhigh is-attached omite detected.
autoclave, a mixture solution of 4 ml of dehydrated hexane and 1 ml of

[E;h@ﬁ@mg spjution (A1=1.0 M) of triisobutylaluminum was added, and
charged to the

~Propylene/Ethylene Copolymerization-

ToanSUS—madeautoclavehavinganjjmernalvolumeonOOO
ml thoroughly purged with nitrogen, 300 g of liguid prqpylene
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 30 ml thoroughly purged with
nitrogen, which is attached on the autoclave, amixture solution
of4rm_Qfdehydratedkmxaneandlln&,ofhexanesolution{Al=1.0
M) of triisobutyléluminum was added, and charged to the
autoclave while pressurizing with nitrogen. MNext, to the pot
for charging catalyst, the mixture of 340 mg of a supported
catalyst slurry prepared in the above-mentioned Synthesis
Example 1’ and 1.0 mmol of hexane soiution.(Al=1.0 M) of
triiscbutylaluminum was added, and charged to the autocclave
while pressurizing withnitrogento initiate the polymerization.

After carrying out the polymerization for 11 minutes, a small



autoclave while pressurizing with nitrogen. Next, to the pot for charging
catalyst, the mixture of 340 mg of a supported catalyst slurry prepared in
sr-theabove-mentioned Synthesis Example 1' and 1.0 mmol of hexane
solution (Ai=1.0 M) of triisobutylaluminum was added, and charged to the
autoclave while pressurizing with nitrogen to initiate the polymerization.
After carrying out the polymerization for 11 minutes, a small SF-1399 153
amount_of methanol was added to stop the polymerization. The polymer

amQpat A3H U6 A SR It o U e With B PG ChiBIRE ‘did t&Barryt e

out deashing. The resultant polymer was separated by filtration, and then,
POLYRSF a¥ 86C 5190 ho?8 Eﬁ%&%&%@ﬁaﬁ%ﬁj‘?@?ﬁ@ﬁ%ﬁ%fﬁﬁ%% +C
was obtained, and the polymerization activity was 101.5

&G Pl leniiGl 2 Re 1r¥ég polymeraralysié feshited it &aiIgRgarated
ontent of the polymer= 38 % by mole, [f]]=4.17 dl/g, Mw= 397,000,

oy B S AR Bl Pl Sy ety he COpheraRaR Fhguced
ol merizaé'i%n was cay ied out under the same condition as in the above

PEEEHSe 70, bxBefit (hat HE IHRide B ind B tOBRVE WS bré¥arized with

ethylene gas to 35 kg/cm2G, and the polymerization was carried out for

POLFHiUtes “FHe htaihethdifmerivas 28% § andtfé fBRmernzation  The
v 58,1950 0 ol 2y, The pymer snohls e
38 & by mole, [nl= 4.17 dl/g, Mw= 397,000, Mw/Mn= 2.7.
[Example 8bl

-Propylene/EBthylene Copolymerization-

The polymerization was carried out under the same
condition as in the above Example 7b, except that the inside
of the autoclave was pressurized with ethylene gas to 35 kg/cmG,
and the polymerization was carried out for 10 minutes. The
obtained poclymer was 28.% g and the polymerization activity was
165.3 kg-Polymer/mmol-Zr-hr. The polymer analysis resulted
that ethylene content cf the polymer= 48 % by mole, [nl=4.24
dl/g, Mw=517,000 and Mw/Mn=2.3.

[Example 9b]

-Propylene/Ethylene Copolymerization-

The polymerization was carried out under the same
~condition as in the above Example 7b, except that 342 mg of a

supported catalyst slurry prepared in the above-mentioned

Synthesis Example 2’ was used, and the polymerization was



dli/g, Mw=517,000 and Mw/Mn=2.3. [Example 9b) Propylene /Ethylene
Copolymerization The polymerization was carried out under the same
SF-garidition as in the above Example 7b, except that 342 mg of a supported
catalyst slurry prepared in the abov&4mentioned Synthesis Example 2'
was used, and the polymerization was SF-1399 154 carried out for 15

minutes. The obtained polymer was 15.6 g and the polymerization activity

3.8 kg-Pal - . i
carve:vt% -8,kg o%yg}ﬁfmgké@r meepgmegr@g@g%gggg%d%e@ggaas. 6 g

ene content of the polymer= 23 %by mole, [q]

and'vtlzvr\{g%s%qg%ea PPJX'#'XE@%%%A‘E%%‘MPA% ]S%b] 8P1£89¥J8@9@Q¥|ﬁﬂ@l ~-Zr-hr.

Copol Fization The polymerization was carried out under the same

Th e;%;?%igf\r%%s gnn%%%qqs_ver@é%@g L?d7 bc @Ee@t@ Eg}?e' négjﬁt QMPQ} i the

was pressurized with ethylene gas to 35 kg/cm2G, 340 mg of a

supported, catalyst slurry prepare, Bindtf ab Ne-me i9ped, SURESIS, =2 4
pol xa%r)ﬁple '@vtgg l%cg%jeénépq}fe %p'o ymerggfio% was égrgriﬁea out for {%ﬁl T
{EXIQWE%S. o\ ]obtained polymer was 8.6 g and the polymerization activity

was 69.7 kg-Polymer/mmol-Zrhr. The polymer analysis resulted that

ethylepe Sapiant o) e pouiez Lk ke, dilt-08 dllo
Mw=89,000, and Mw/Mnh=2.5. [Example lIb]

The polymerization was carried out under the same
condition as in the above fxample 7b, except that the inside
oftheautoclavewaépressurizedwithethylenegasto35kgfcm%L
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 695.7
kg-Polymer/mmol-Zr-hr. The polymer analysis resulted that
ethylene content of the polymer= 39 % by mole, [n]=1.08 dl/g,
Mw=89,000, and Mw/Mn=2.5.

[Eﬁampl@ 11lb]

—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.



-Propylene/Ethylene Copolymerization The polymerization was carried out
under the same condition as in the above Example 7b, except that 341
SE’—?% gga supported catalyst slurry prepared in the above-mentioned
ynthiesis Example 3' was used, and the polymerization was carried out
for 15 minutes. The obtained polymerwas 12.2 g and the polymerization
activity was 62.2 kg-Polymer /mmol-Zrhr. SF-1399 155 The polymer
analysis resulted that ethylene content of the polymer= 25 % by mole, [vj ]
The lphl ditg rMurl90s 000 rand: Mve/Nin=2:2. fEbtapipled 2bdntent of the
-Propylene/Ethylene Copolymerization The polymerization was carried out

polpderthe same sandifiomas-n.the abgve Example, 7 @xeept thatithe 2 . 2.
inside of the autoclave was pressurized with ethylene gas to 35 kg/cm2G,

[ E34f3gng of asupported catalyst slurry prepared in the above-mentioned
Synthesis Example 3' was used, and the polymerization was carried out
for 16 minutese T hd Dbtainec epalymel wasiRz6:giamd-the polymerization
activity was 96.5 kg-Polymer/mmol-Zrhr. The polymer analysis resulted
that ethylend gortenteftthermpohamerse4l 26 By ondle:prif=l. 781di/gs ame

Mw=188,000, and Mw/Mn=3.2. [Example I3b] -Propylene Bulk
coRolynenizationi fio @50 aibside-armaifiadk tAdroughlyagmirgedatittt hitroges de
of the autoclave was pressurized with ethylene gas to 35 kg/cm"‘G,
340 mg of a supported catalyst slurry prepared in the
above-mentioned Synthesis Example 3’ was used, and the
polymerization was carried out for 10 minutes. The obtained
polymer was 12.6 g and the peolymerization activity was 96.5

kg-Polymer/mmel-Z2r-hr. The polymer analysls resulted that
ethylene content of the polymer= 40 % by mole, [n]=1.78 dl/g,
Mw=188,0C0, and Mw/Mn=3;2.
- [Example 13b]

~Propylene Bulk Polymerization-

Toa 50ml side~arm flask thoroughly purged with nitrogen,
a magnetic stirrer chip was placed, and 1.03 g of a supported
catalyst slurry prepared in the above-mentioned Synthesis
Example 47, 1.0 mmol of hexane solution [(Al=1.0M) of
triisobutylaliminiumand 5.0 ml of dehydrated hexane were added.
The resultant mixture was introduced to an SUswméde autoclave
having the internal voiume of 2000 ml thoroughly purged with

rnitrogen. Thereafter, 500 g of liguid propylene was charged



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
sr-ofimexane solution (A1=I.0M) of triisobutylalminium and 5.0 ml of

dehydrated hexane were added. Theresultant 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 SF-1399 156 thereto. After the polymerization was carried
theggitat 7045 R TADNRiMRe Y™ hE HAGASTe WS E85184ShPPropyieht wad ot

purged to stop the polymerization. The mer was dried under reduced

10 BdEehns ot GO 1RG0 T GO GOt e 1 {71
isotactic polypropylene and the polymerization activity wa

S0 RO EL A S oy ier anay S edREd A IS Sir %f%ﬂ?é reduced
Mw=595,000, Mw/Mn=2.8 and Tm=142.8 C. [Example 14b] -Propylene

PT 3K Poljmetizatiort he pbIjefization tad BAFASH %ﬁe%%n@ ?

diti the above E le 13b, except that 348
oo SRS e A OO f e

4' was used and that O. NLo dro as.added
wag § %g%d@p BHRyuid br 1enig ﬁé SéLrSWJi:fssézQC 4 rat
the isotactic polypropylene and the olymerlzatlo act|V| 01.0
RGO By RS g ab S e et o T S

[Examp}lSO 0

-Propyvlene Bulk Polymerization-

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 liguid propylene. The ébtained
polymer was 12272 g of the isotactic polypropylene and the
polymerization activity was 201.0 kg-pp/mmol~2r-h;. The
polymer analysis resulted that [n}=1.12 dl/g, MQzllS,OOO,
Mw/Mn=2.3 and Tm=145.3 °C.

[Example 15b]

-Propylene/Ethylene Copolymerization-

Teo an SUS-made autoclave having an internal volume of 2000
ml thoroughly purged with nitrogen, 300 g of ligquid propylene
was charged, then heated to 55°C under sufficient stirring, and

the inside of the autoclave was pressurized with ethylene gas



Mw/Mn=2.3 and Tm=145.3 C. [Example 15b] -Propylene/Ethylene
Copolymerization To an SUS-made autoclave having an internal volume
=+-9f2000 ml thoroughly purged with nitrogen,.?,.OO g Qf I.iquid propylelne.
was charged, then heated to 55C wnder sufficient stirring, and the inside
of the autoclave was pressurized with ethylene gas SF-1399 157 to 30
kg/cm2G. Subsequently, to a pot for charging catalyst having an internal
volume of 30 ml thoroughly purged with nitrogen, which is attached on the
to dftodlaveramixtSHLSSITHER 1OFd mk 6f deMmlrattathSRResand 15Al6r Y St
hexane solution (Al=1.0 M) of triisobutylaluminum was added, and
havehagged: to-thies BlEdcl AR White PFesbtiriFihg Wit Ritdger. RexE 6 tie bot
for charging catalyst, the mixture of 348 mg of a supported catalyst slurry
nitgrepared Helabd A AREPRIBAGT SyRth s CEXaTple™artd 4 1 ifof bf 7
hexane solution (Al=1.0 M) of triisobutylaluminum was added, and
of dnarged 16ehe ATESAAVBSHANE FHeSstrizihg WiltFritgetPlothitite the=1 - ¢
polymerization. After carrying out the polymerization for 10 minutes, a
M) spiallc Aot o eth 2RcrF s Hé&e&‘f%ﬁét@p tREPoRidiAttion° Thee
polymer was added to an excess methanol added with hydrochloric acid,
U EREARER ddashi@ WasTLaFhéd %at.w@ré‘guﬁéﬁsﬁéaymﬁﬂms T
by filtration, and then dried at 80C for 10 hours under reduced pressure.

forrehogtained miyerWas 207 argture of 348 mg of a’supported

catalyst slurry prepared in the above-mentioned Synthesis
Example 4’ and 1.0 mmol of hexane solution (Al=1.0 M) of
triiscbutylaluminum was added, and charged to the autcclave
while pressurizingwithnitrogen te 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 methanol 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
polymer= 31 % by mole, {nl=4.77 di/g, Mw= 633,000, Mw/Mn= 2.2.
[Example 16b]

—Propylene/Ethylene-Copolyme:ization—

The polymérization was carried out under the sanme

condition as in the above Example 15b, except that the inside



the polymerization activity was 135.6 kg-Polymer/mmol-Zrhr. The polymer
analysis resulted that ethylene contentqgfsthe polymer= 31 o by mole,
(r1]= 4.77 di/g, Mw= 633,000, Mw/Mn= 2.2. [Example 16b]
-Propylene/Ethylene Copolymerization The polymerization was carried out
clurfdes tive! Samea E6ndifion RSHA e Abeve Fxampit 150, sexeeptthat the3S
insidg 158 of the autoclave was pressurized with ethylene gas to 35
KgOfEn2G, 851 Mg ofa supporicerdaalyseslarky prepared iy thierepared in the
above-mentioned Synthesis Example 4' was used and the polymerization
aRpaE cHFieb G T6r FORiRGRSSTRE abtalted pokpferwas 134lg B the
polymerization activity was 87.6 kg-Polymer/rrol-Zrhr. The polymer
Pl Fesultet that efffene oftaht Sfthe POIYIMEITSS 9% by Polebtained
[fl]=5.12 dl/g, Mw=694,000 and Mw/Mn=2.2. [Comparative Example 17b]
POprBRiené BullcPSlyrhetzatibh T oPe 50T Sidet iR Hladk tHorbaghlyas 876
purged with nitrogen, a magnetic stirrer chip was placed, and 1.02 g of a
FSUppOHBE CAtElSt Sty preparéd i theVAsovelmentised Sifithésis that
Example 5', 1.0 mmol of hexane solution (Al=1.0M) of triisobutylalminium
e Ehd S DTty Eirated Hexahe Weke radded. rhevresakant mixiure was d1/g,
introduced to an SUS-made autoclave having the internal volume of 2000

Myt ordUitthly: prlfed Withsi#egen. Thereafter, 500 g of liquid propylene

[Comparative Example 17b]

~Propylene Bulk Polymerization-

To a 50 ml side-arm flask thorcughly purged with
nitregen, a magnetic stirrer chip was placed, and 1.02 g of a
supported catalyst sliurry 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 S5US-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 hours. The
obtained polymer was 48.2 g of the isotactic polypropylene and
the polymerization activity was 25.9 kg-pp/mmol-Zr-hr. The

pelymer analysis resulted that



was charged thereto. After the polymerization was carried out at 70 C for
40 minutes, the autoclave was cooled agg 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 g of the isotactic

[pohrepyleneg andvtheipaly menization astivityayas: 28. 9rkg-ppimmotZrhr.
The polymer analysis resulted that 159 [T1]=2.82 dl/g, Mw=445,000,

[MwAMRzE2.6vand JammEhe6.4 43, 1 [Comparative Example 18b] -Propylene
Bulk Polymerization The polymerization was carried out under the same

conditioncas;indhe abeve Example A7bs exeept that 340 mg of a
supported catalyst slurry prepared in the above-mentioned Synthesis

Example 5>wiagnueset-and that 0:30 Nk:of hydrogen wasiaddedeafterme
charging 500 g of liquid propylene. The obtained polymer was 148.0 g of
cdhe isotacticapolypropylenetanctiesx polymerization agtivity-was 288810 mg of a
kg-pp/mmol-Zrhr. The polymer analysis resulted that [TI]=1.59 dl/g,
sUwe1 720002 tMwiMn=2.2uand,/ Tm=4160:3:6. [Comparative Example 19k
-Propylene Bulk Polymerization The polymerization was carried out under
Sithé samies corditiphasin te above &Example b, éxcept thatdf02 gdfegen was
supported catalyst slurry prepared in the above-mentioned Synthesis
aEeunplé B washusedi The Thiaiged polyimeriwiag 29®9y1ene. The obtained
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.
[Comparative Example 19b]

~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}=3.4% dl/g, Mw=612,000, Mw/Mn=3.1 and
Tm=156.3 °C.

[Comparative Example 20b]

-Propylene Bulk Polymerization-—



g of the isotactic polypropylene and the polymerization activity was 17.2
kg-pp/mol-Zrhr. The polymer analysis {ggulted that [71]=3.49 dl/g,
Mw=612,000, Mw/Mn=3.1 and Tm=156.3 C. [Comparative Example 20b]
-Propylene Bulk Polymerization 160 The polymerization was carried out
undefitfe Bam&EondRiohiasirthe asovelExample 17 exceptthars40
mg of a supported catalyst slurry prepared in the above-mentioned
comyhthésis Baniple B'fasdeed dnetbthat 6.307KL of hjdidgehliias &ddedy of 2
after charging 500 g of liquid propylene. The obtained polymer was 117.9
SUPBPhedSotaetic pobropyieie’ and e Tl mérizdtionsactivity Wes -2om2 d
kg-pp/mmol-Zrhr. The épolymer analysis resulted that [ij]=1.55 dl/g,
Smﬁfg_%eme?qwh\ﬁn_é.a% TR 689 Cltvfarativé Example/gipjoen was
-Propylene/Ethylene Copolymerization To an SUS-made autoclave having
adﬂ?ﬁﬁ&ﬁ%%olﬁﬁ%rﬁlﬁgo@ Wi tRorotighPlirged WPt B§en, 30teg optained
liquid propylene was charged, then heated to 55C under sufficient
Ptiffilig, dftfthe inside of fHe Alitocla/e ias presStnyET Mtk ebyicHgdde
to 30 kg/cm2G. Subsequently, to a pot for_ charging catalyst having an

PnedhTal voRIm& ot 36 mi thofoligily pltgéd wWthHISEHEN, wiich s The

attached on the autoclave, a mixture solution of 4 ml of dehydrated
PHeERE gHep lysis resulted that [n]=1.55 dl/g, Mw=180,000,

Mw/Mn=2.6 and Tm=160.9 °C
[Comparative Example 21b]

-Propylene/Ethylene Copeolymerization-—

To an SUS-made autoclave having an internal volume of
2000 ml thoroughly purged with nitrogen, 300 g of ligquid
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/cm’G. Subseguently, to a pot for
charging catalyst having an internal volume of 30 ml
thorcughly purged with nitrogen, which is attached on the
autoclave, a mixture solution ¢f 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
nitregen. Next, to the pot for charging catalyst, the mixture
of 340 mg of a supperted catalyst slurry prepared in the
above-mentioned Synthesis Example 5’ and 1.0 mmol of hexane

solution (Al=1.0 M) of



1 ml of hexane solution (Al=1.0 M) of triisobutylaluminum was added, and
charged to the autoclave while pressurigng with nitrogen. Next, to the pot
for charging catalyst, the mixture of 340 mg of a supported catalyst slurry
prepared in the above-mentioned Synthesis Example 5" and 1.0 mmol of
thiexaneusolbtidon(Alxar0 M) of 464 etiisobutylalumigerd was added; ant-1ave
charged to the autoclave while pressurizing with nitrogen to initiate the
wipblyimeization: Mten garrying out thre pelynisrization fertkd trhiautes, a
small amount of methanol was added to stop the polymerization. The
Ppbiyreiwas beded té Bhexcess methanoluaddédwith hydeochiericiacid for 10
and then deashing was carried out. The resultant polymer was separated
iy iRation: &R Heribed at 80CHe 16 hodrsaerddducetbpressare; he
The obtained polymer was 17.6 g and the polymerization activity was
PR kgAFSRR H mMGIEZ e TTHepolyater aRaRist fesultedthatethyleheancl
content of the polymer= 22 % by mole, [Tl]= 1.00 dl/g, Mw= 85,000,
agimAvIiE B3 TEdRTsEative Exarmplty 22510 - PropyleRethyiege was carried
Copolymerization The polymerization was carried out under the same
Ol&%ndit?%@asfﬁlstﬂé%%ve@ga}ﬂﬂé 21HS eXEapt MRattHe Mside dfré ion, and
autoclave was pressurized with ethylene gas to 35 kg/cm2G. The

Hobtaified PolytherWas 182 g ARd e HolymeRzatich acRity WeasFes.8 - The

kg-F?onmer/mmoI-Zr-hr. The i
obtained polymer was 17.6 g and the polymerization activity

was 113.5 kg-Polymer/mmol-Zr-hr. The polymer analysis
resulted that ethylene content of the polymer= 22 % by mole,
1= 1.00 dl/qg, Mw= 85,000, Mw/Mn= 2.3.

[Comparative Example 22b]

-Propylene/Ethylene Copolymerization-—

The polymerization was carried out under the same
condition as in the above Example 21b, except that the inside
of the autoclave was pressurized with ethylene gas to 35
kg/cm’G. 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 mcle, [n]=1.23 dl/g, Mw=102,000 and
Mw/Mn=2 .2,

[Comparative 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



polymer analysis resulted that ethylene content of the polymer= 38 % by
mole, [ij]=1.23 dl/g, Mw=102,000 and Way/Mn=2.2. [Comparative Example
23b] -Propylene/Ethylene Copolymerization The polymerization was
carried out under the same condition as in the above Example 21b,
2 eXEEPthRe340 atg o 362 sd supportecbsatalyst shurrypreparedanttise t ioned
above-mentioned Synthesis Example 6' was used, and the polymerization
Syveds  eafrfedEaa ol 20 Minvtes. Thebbtained polyraerlwas £7 8¢ iand thes
polymerization activity was 61.8 kg-Polymer/mmol- Zrhr. The polymer

CapalyRis Esultéa thatethylené edntent of the palynsst=rz8 vesy mots, 17.8 ¢
[i)]=1.66 dl/g, Mw=166,000, and Mw/Mn=2.7. [Comparative Example 24b]
anBrdpyferIEMYihez € polynttizalidn Thespdlfmeization vas Bariearsut -
under the same condition as in the above Example 21b, except that the
Ziidide oftR& dfdcigre wakpressipizea SHith eflylenegaatipgene content of
kg/cm2G, and 340 mg of a supported catalyst slurry prepared in the
thpoyeiestionedbSynthesis Exampla b=was used/ The Mobtamed Polymend
was 18.5 g and the polymerization activity was 128.4
MiggMPeigmeér/mmol-Zrhr. The polymer analysis resulted that ethylene
content of the polymer= 37 % by mole, [fl]=1.94 dl/g, Mw=189,000 and
[GaRpds=E ve Example 24b]

~Propylene/Ethylene Copolymerization-

The polymerization was carried out under the same
condition as in the above Example 21b, except that the inside
of the autoclave was pressurized with ethylene gas to 35
kg/cm2G, and 340 mg of a supported catalyst slurry prepared in
the abeve-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 di/g, Mw=189,000 and Mw/Mn=2.7.

[Comparative Example 25b]

-Propylene/Ethylene Random Polymerization-

To a 50 ml 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 scluticn (Al=1.0M) of
triiscbutylalminium and 5.0 ml of dehydrated hexane were

added.



[Comparative Example 25b] -Propylene/Ethylene Random Polymerization

To a 50 ml side-arm flask thoroughly pygged 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
Thiexanesbhiion (N=L.0M) of fiisobutgldiminiintand:5.6¥dofiade autoclave

dehydrated hexane were added. 163 The resultant mixture was
haftedudesetoian sSUSmatelauteclave Helingithetinternalvolymewf @000with

‘ml thoroughly purged with nitrogen. Thereafter, 500 g of liquid propylene
NAfESLERarged TiHRFSR ARd 2. 10 NLbf @thyléne A d0r30 NlLegfkhydregernarged

were added. After the polymerization was carried out at 60 C for 40
ChfiRGisy, tie autocldvdWas Eoslel ahersropiidne wits plirged torstopdra were

polymerization. The polymer was dried under reduced pressure at 80 C
aderdo hobifs: Thetdistaiedspoiyrher Was11 38§ grand thedpolymesizatich °C for
activity was 211.5 kg- pp/mmol-Zrhr. The polymer analysis resulted that
4 (ethylane econténofahé pobawer wa D0owt% e[ il @ditg ahd Teanwi48.Rurged
C. [Comparative Example 26b] -Propylene/Ethylene Random
tCagolymetization. The polaterization Was cardgdeut yaderdthesshmerde r
condition as in the above Example 25b, except that 513 mg of a
resupperted catalysteslarry prefareddn the ahave-mentibhedobtained polymer
was 131.1 g and the polymerization activity was 211.5 kg-
pp/mmol-Zr-hr. The polymer analysis resulted that ethylene
content of the polymer = 1.00 wt%, [n]=1.10 dl/g and Tm=148.2
°C.
[Comparative 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 liguid propylene. The obtained
polymer was 154.9 ¢ 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.

[Comparative Example 27b]

-Propylene Bulk Polymerization-



Synthesis Example 6' was used, and 2.33 NL of ethylene was added after
charging 500 g of liquid propylene. The,ghtained polymer was 154.9 g
and the polymerization activity was 177.8 kg-pp/mmol-Zrhr. The polymer
analysis resulted that ethylene content of the polymer= 1.00 wt%,
[TI|=T186 difglamETi=a26:9: GidConmarathed Bxampled2ib] =Reomdere
Bulk Polymerization 164 The polymerization was carried out under the
CEafid-éondiion as irtie abovecEXamplelizb,ld%cept that840tgnf 240 mg of &
supported catalyst slurry prepared in the above-mentioned Synthesis
SUERRPPIE S’ Wasdsedt afd OBl NR o thyd eshehrwas caddenvaftercohaiging d
500 g of liquid propylene. The obtained polymer was 192.0 g of the
S YSotheicl folfpropylenhe’and'tie peRfherization afivitiwas 3098 ogen was
k -pg)/mmoI-Zrhr. The polymer analysis resulted that [il]=1.30 dl/g, _
a‘?&%ﬁ_lgcf,,@%, MARAMIREZ 254Hd Pm2i59 e ithe riszopentad coftenobtained
(mmmm) obtained by 13C-NMR spectrum was 97.6 %. The irregular unit
DYEINEd o 2:42MsBrifbrPand 7 3-ihéitivfiwas Retdaserdlene and the
[Comparative Example 28Db] -Propylene Bulk Polymerization The
POoRférZiohWas Cartiet ol tider the: Sante E8ndtsh-as i fhe-abdves
Example 19b, except that 340 mg of a supported catalyst slurry prepared
P IREAbSVEL MERBNEE SSyrithEsis Bampld 6=wasd Used,/ and Br6oLNE o 0O,
hydrogen was
Mw/Mn=2.2 and Tm=159.7 °C. The mesopentad content (mmmm)

N

obtained by BC-NMR spectrum was 97.6 %. The irregular unit
derived from 2Z,l-insertion and 1,3~insertion was not detected.
[Comparative 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 €’ was used, and 0.60 NL of hydrogen was
added after charging 500 g of liquid propylene. The obtained
polymer was 15%.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=1.30 di/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,l~insertion and 1,3-insertion was not detected.



added after charging 500 g of liquid propylene. The obtained polymer was
159.5 g of the isotactic polypropylene and the polymerization activity was

SF—%%@% kg-pp/mmoi-Zrhr. The polymer analysis resulted that [fl]=1.30 dl/g,
Mw=133,000, Mw/Mn=2.2 and Tm=160.1 C. The mesopentad content
(mmmm) obtained by 13C-NMR spectrum was 96.9 %. The irregular unit
derived from 2,1-insertion and 1,3-insertion was not detected. SF-1399
165 [Comparative Example Ib] -Preparation of a Supported Catalyst To a

[ CB@at awa-neckflask whithlhad been thoroughly purged with nitrogen, 50
mg of silica-supported methylaluminoxane was added, 20 ml of toluene
was -atided andithen suSpendegrtheretd, Gatotlene:solution of 1.0 mg of
the isopropylidene (3-tert-butylcyclopentadienyl) (1, 1, 4,4,7, 7, 10
,10-Gutaamethyl-cotatrydro kdiberz o [byhjfludrérsd) zeeonibm e dichtorideurged
synthesized in accordance with the disclosure in WO 01/27124 was

witddded abmom tethperatlre dsiatransitipn netdl regmpdadduhdexane was
stirring. Thereatfter, triisobutylaluminum (1 mmol) was subsequently

adasttled, Gid stifreédbfor SEmingtesittegivand ddtalyst seppension. Thereto,
-Propylene Bulk Polymerization The catalyst suspension was introduced

a 10 lESESanads iamoclave Haviry thé inteenal volume of 2000 ml

thoroughly purged with nitrogen. Thereafter, 500 g of liquid propylene
isopropylidene (3-tert-butylcyclopentadienyl) (1,1,4,4,7,7,10

, 10~octamethyl~octahydro-dibenzo(b,hlfluorenyl)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 minutes to give

a cafalyst suspension.

~Propylene Bulk Polymerization—'

The catalyst suspensiocn was introduced te 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 polymerizaticn. The polymer was dried
under reduced pressure atIBO °C for 10 hours. 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{nl=1.00 dl/g and Tm=148.6 °C.



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
SF”? ) lymerization. The polymer was dried under reduced pressure at 80
for 10 hours. The obtained polymges was 20.0 g of the isotactic
polypropylene and the polymerization activity was 21 kg-pp/mmol-Zrhr.
The polymer analysis resulted that[q]=1.00 dl/g and Tm=148.6 C.
SF-1399 166 [Comparative Example 2b] -Propylene Bulk Polymerization
[ Cotine pelyinerizAtiemwias ¢artied out under the same condition as in the
above Comparative Example Ib, except that 0.30 NL of hydrogen was
addec: Fheydbiamethpoty et Wasrlssz gishiie isotactic polypropylene
and the polymerization activity was 194 kg-pp/mmol-Zrhr. The polymer
analfisis nesliyet: that 411120, 32201/ ¢ and Tee=158-0 @ jEbniperafvee
Example 3b] -Preparation of a Supported Catalyst To a SO ml two-neck
corftaskiwhictshad been tlorsegRiyTReged Wit Bieogehe sdomgegcept that
silica-supported methylaluminoxane was added, 20 ml of toluene was
0. Hdded arfd thedrsispended. TAdrsdo, dlfudtietsolnGsh B 0BT Mg Grthes 3
isopropylidene(3-tert-butylcyclopentadienyl)(3, 6-di-tert-bu . )
g ayiflabrenyBzitcoriim dieRiprde BYABRSIzaE T BEEorRAEB WK e O1

disclosure in WO 01/27124 was added at room temperature ,
activity was 194 kg-pp/mmol-Zr-hr. The polymer analysis

resulted that [n]=0.32 dl/g, and Tm=153.0 °C.
[Comparative Example 3b]

-Preparation of a Supported Catalyst-

Toa 50 ml 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
isopropylidene (3-tert-butylcyclopentadienyl) (3, é~di-tert-bu
tylfluorenyl) zirconium dichloride synthesized in accordaﬁce
with the disclosure in W0 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 minutes to give a catalyst suspension.

-Propylene Bulk Polymerization-

The catalyst suspension was introduced tec an SUS-made
autoclave having the internal volume of 2000 ml thoroughly

purged with nitrogen. Thereafter, 500 g of liguid propylene



as a transition metal compound under stirring. Thereatfter,
triisobutylaluminum (1 mmol) was subsequently added, and stirred for 30
apd] 'L%lges to give a catalyst suspension. -Propylene Bulk Polymerization

€ Catalyst suspension was introdyced to an SUS-made autoclave
having the internal volume of 2000 ml thoroughly purged with nitrogen.
Thereafter, 500 g of liquid propylene SF-1399 167 was charged thereto.
After the polymerization was carried out at 70 C for 40 minutes, the
wa Auieelayedvas €oeled.and Propylene wasypwyged as Stop tie carried out
polymerization. The polymer was dried under reduced pressure at 80 C
at fop ¥@ hosrsa Theiehiained polyraerwas 260 gof theddoteciod propylene
polypropylene and the polymerization activity was 22 kg-pp/mmol-Zr-hr.
wa J heupelymercanalysistiesutied yivet]f)}0.92al/g 3h¢ Tra2148.0 @as dried
[Comparative Example 4b] -Propylene Bulk Polymerization The
un@elymerization wasearted aut uBtlefthe samel condition as iretheldisovesc
Comparative Example 3b, except that 0.30 NL of hydrogen was added.
po Theobtained Polyrmenfias 124 1§ of #s isotartit Yolirspfiene 3 thee
polymerization activity was 164 kg-pp/mmol-Zrhr. The polymer analysis
potesudted zhat gl <0759 vllg arePni=l 50D {COMpakativer Exathile SB e
-Preparation of a Supported Catalyst -
analysis resulted that [n1=0.97 dl/g and Tm=148.0 °C.
[Comparative Example 4b]

~Propylene Bulk Polymerization-

The polymerization was carried out under the same
condition as in the above Comparative Example 3b, except that
0.30 NL of hydrogen was added. The cbtained polymer was 124
goftheisotacticpolypropyleneandthepolymerizationactivity
was 164 kg—pp/mmoler-hr. The polymer analysis resulted that
(n1=0.59 dl/¢ and Tm=152.0 °C.

[Comparative Example 5b]
-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 1.26 g of
silica=-supported methylaluminoxane (AL = 19.1 wit%) 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~phenylindenyl)zirconium

dichloride synthesized in accordance with EP576970 was added



To a 100 ml three-neck flask, which had been thoroughly purged with
nitrogen, a stirrer rod was equipped and 1.26 g of silica-supported
gpJnetylaluminoxane (AL = 19.1 wt%) was added. Thereto, 10 ml of

dehydrated toluene was added at roggn temperature, 20 ml of a toluene
solution of 25.4 mg of the

rac-dimethylsilylenebis(2-methyl-4-phenylindenyl)zirconium dichloride
synthesized in accordance with EP576970 was added SF-1399 168 as a

as RaR5AR RN ORpOLNPERGST StiriRg Sand stiredter £ROUTTREST TOF
obtained slurry was filtered, and powder on the filter was washed once

1 R 10 AiRef BERYArARY BiuBHeY ahaSsibsetRBRtly wHhed AR tiffesthe
with 10 ml of dehydrated hexane. The washed powder was dried under

£ 1 }8@Ucad prassthe ford RBuls 16 obthift 1. 50F g St pétii SFhé ObtEREd 2nd
powder was mixed with a mineral oil to obtain a slurry of 10.0 wt%

%.
s UDPRSBIASHSE HFIRABEEPERMEATEON The pOIjtherZafoY dhated hexane.

post-processing were carried out under the same condition as in th

Th G BEIERR RIS, BRGBITNEE TS SFIESHORFSRoTed Caidy B0 ™S
slurry was used, and the polymerization was carried out for 5 minutes,

£oTRE Bbfained IpBlyePREASS3:0 g ARdtREDOR R ERGH aLfdit) wies! W+ th
740.2 kg-Polymer/mmol-Zrhr. The polymer ana(l}ys's resulted that

& By c@ﬁtinFSf e Folymar=13%4 By ol [‘réz?’.ﬁ%'dl/g,

Mw=257,000 and Mw/Mn=3.6 [Example 131:, ,
-Propylene/Ethylene Copolymerization-

The polymerization and post~processing were carried out
under the same condition as in the above Example 7b, except that
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 polyﬁer analysis resulted that
ethylene content of the polymer= 13 % by mole, [n]=2.05 dl/qg,
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 nitrogen, 817 ml of dry
hexane, 50 g of 1-butene and triiscbutylaluminum (1.0 mmol} were
charged at normal temperature, then the temperature inside the
polymerization apparatus was elevated to 55 °C, and the

polymerizationapparatuswaspressurizedwithpropylenetoO.?O



-Propylene/Ethylene/Butene Copolymerization To a 2000 ml
polymerization apparatus dried under reduced pressure and thoroughly
spputged with nitrogen, 817 ml of dry hexane, 50 g of 1-butene and
triisobutylaluminum (1.0 mmol) wergg gharged 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 SF-1399 169 MPa and subsequently pressurized with ethylene to
VP WP DTlereafter, i tolgarfeigdlatich inwhich0:00ERmekof0 . 75 MPa.
diphenylmethylene(3-tert-butyl -5-ethylcyclopentadienyl)(2,7
Thedit£batyl-flaofenyPzircoriigrmidiénorida symhesbized Byl SyntHesis
Method 4 and methylaluminoxane (manufactured by Tosoh F inechem
diglrpy)inasHs of © ( 3-mai b oRalimIIuR Were copitaned - abbsadded (o 7
the polymerization vessel, and polymerization was conducted for 25
- dpiiRdgtes ikl malitamiiythednterral i eperafike 2t 85 G ahelthe tegd by
pressure at 0.75 MPa by continuously supplying ethylene. The
Sypbiypferziioraad stppedt by baldiHeloo i e Miganbp fered by Tosch
depressurizing, a polymer was precipitated out of the polymerization
- F1g6ehisH ROPIL- of hielfifibr, aRd wasTeitd i RvasiarESeC fertErted,
hours. The obtained polymer was 46.1 g and the polymerization activity
wa g @S EEel ARy fritfh S1Scal ™ The polyme? had & cBRPEIHOMEE 745" ity as
of propylene content, 17.5 mol% of ethylene content and 8.0 mol% of
condiiftersél cortent arti-Rad &A iNtihdR Viscosfty ining 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 methancl. After depressurizing, a
polymer was precipitated out of the polymerilzation solution in
2 L, of methanol, and was dried in a 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 compositionof 74.5
mol% of propylene content, 17.5 mol% of ethylene content and
8.0 mol%s of l-butene content, and had an intriﬁsic viscosity
[n] of 2.98 dl/g. Triad isotacticity was 94 %.
[Example Zs]
| ~Propylene/Ethylene/Butene Copolymerization-

Toa 2000 ml polymerization apparatus dried under reduced
pressure and thoroughly purged with nitrogen, 817 ml of dry
hexane, 50 g of l-butene and triisobutylaluminum (1.0 mmocl) were

charged at normal temperature, then the temperature inside the



[N] of 2.98 dl/g. Triad isotacticity was 94 %. [Example 2s]
-Propylene/Ethylene/Butene Copolymerization To a 2000 ml
ar-pelymerization apparatus dried under reduced pressure and thoroughly
purged with nitrogen, 817 ml of dry. hexane, 50 g of 1-butene and
triisobutylaluminum (1.0mmol) were charged at normal temperature, then
the temperature inside the SF-1399 170 polymerization apparatus was

elevated to 65 C, and the polymerization apparatus was E}ressurized with
po Lyiepylene o 07 2V PEEHFs ISR gl e FRA BRI sHRzEP wittr ethlféne s
0.75 MPa. Thereafter, a toluene solution in which 0.0001 mm(i)l f

or .
po LypREnyIRTetYICHRS I T BRIRS-BRy R Lbpéftatiehfi s 7 Y- ene 0 0 72
-ditert-butyl-fluorenyl)zirconium dichloride synthesized by Synth sis]
P20 ARG SR IURRBRANS (EAUILRRed by ToReh Efheindm 122

Corp.) in terms of 0. 3 mmol of aluminum were c‘on%acé]e%dgj was added to
ThekgpbifReriZationVEssel, ShdholytherZation Wis ‘conducted1or 28

_ minutes while maintaining the intern;l_”%e__m rafure eit 65 C anéiitge t(it)al(2 7
o ST Y1 WP B) SorHoUely SapRG RyRRE TRa L STY L) (2,

polymerization was stopped by adding 20 I&L ethanol. After, .
-G epresdioing; S0 PR Was bretiidled ST orthe Bolymamaohzes oY

solutionin 2 L of methglnol, an Wis dried inav %uunr{ll?ééggééo%lzgosoh
SYTHoFS LGB PRGN WaE 142 § RhdtRe PoYmetization activity
pi e 34 Lkgmmolcathr. The polymer had 2,c0mposition 9L78:Q oreacte,
was added to the polymerization vessel, and polymerization was
conducted for 25 minutes while maintaining the internal
temperature at 65 °C and the total pressure at 0.75 MPa by
continuously supplyving 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 compesition of 78.0
mol% of propylene content, 14.0 mel% of ethylene content and
8.0 mol% of l-butene content, and had an intrinsic viscosity
in] of 2.44 di/g.
[Example 3s]
~Propylene~Ethylene~Butene Copolymerization-

To a 2000 m] polymerization apparatus dried under reduced

pressure and thoroughly purged'with nitrogen, 800 ml of dry



mol% of propylene content, 14.0 mol% of ethylene content and 8.0 mol%
of 1-butene content, and had an intrinsic viscosity [ii] of 2.44 dl/g.

SFJ-EI ple 3s] -Propylene-Ethylene-Butene Copolymerization To a 2000 ml
polymerization apparatus dried undgr, reduced pressure and thoroughly
purged with nitrogen, 800 ml of dry SF-1399 171 hexane, 60 g of
1-butene and triisobutylaluminum (1.0mmol) were charged at normal
temperature, then the temperature inside the polymerization apparatus

hewaswelevated to 4-Crand thed polimerzation lapparatustwas Jressutized: re
with propylene to 0. 60 MPa and subsequently pressurized with ethylene

chixr @& MPao Tihelr baftpea taluerne sbhriorebe tewhichal.008 mnrl o the
diphenylmethylene(3-tert-butyl-5-ethylcyclopentadienyl)(flu orenyl)

poziyeaniimadichioridesynthesizedayy SynthesisdMethod( @nd and the
methylaluminoxane (manufactured by Tosoh Finechem Corp.) in terms of

Po 0 3uenmiol of afunipuanadresceptacted swas addeditot therpalyrherizatiord . €0
vessel, and polymerization was conducted for 24 minutes while

MP pnaimtdinivg theointerhaltepyseraturé aed0 Gl dndathb ot prégsube ab MPa.
0.75 MPa by continuously supplying ethylene. The polymerization was

Tretopp&l by -addifig 209nkofs matianot. After-deprassuriying rarpelymer
was precipitated out of the polymerization solution in 2 L of methanol, and

dipagnlyibde iy Vaseum ate80-C ¥evi2-Rowrsh Yhe vblained pofiisenwad £ 1u

orenyl}zirconium dichloride synthesized by Synthesis Method 1
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
24 minutes while maintaining the internal temperature at 40 °C
and the total pressure at C.75 MPa by continucusly supplying
ethylene. The polymerization was stopped by addihg 20 ml of
methanol. After depressurizing, apolymer was precipitatedout
of the polymerization solution in 2 L of methanol, and was dried
in a vacuum at 130 °C for 12 hours. The . gobtained polymer was
63.6gand the polymerizationactivitywas 159.1 kg/mmol-cat+hr.
The polymer had a composition of 65.5mel% of propylene content,
27.0 mol% of ethylehe content and 7.5 mol% of i-butene content,
and had an intrinsic viscosity [n] of 3.67 dl/g.

[Example 45]

~Propylene/Ethylene/Butene Copolymerization-

To a 2000 ml polymerization épparatus dried under reduced



63. 6 g and the polymerization activity was 159.1 kg/mmol-cat hr. The
polymer had a composition of 65.5 mol4-of propylene content, 27.0
mol% of ethylene content and 7.5 mol% of !-butane content, and had an
intrinsic viscosity [r)] of 3.67 d1/g. [Example 4s]
L rPESpyienalEthylére/Butdne/Copolymérigation o @ar2060mI817 ml of dry
polymerization apparatus dried under reduced 172 pressure and
heremmghipurged wittbnitrogen 2817 mt bf dohexand, B0.gwh 1{8uténemol)
and triisobutylaluminum (1.0 mmol) were charged at normal temperature,
wkén fefetsperatureiside thelpolyrastizationtdpparafus waselevatedrte inside
55 C, and the polymerization apparatus was pressurized with propylene
the 080 WiRa Bnelsubsegpenthy: pressudzed:with #thydene td6. 78 MRand  the
Thereatfter, a toluene solution in which 0.001 mmol of

padiphenylmethitene{Stentbutydl-5Svethyleyelopentadiehy)(fliorepopylene to 0.60
yl)zirconium dichloride synthesized by Synthesis Method 1 and
Mipethwialymiporane (inanufactsedby - EasohiEinechemIGorp . tin terms ofra.
0.3 mmol of aluminum were contacted, was added to the polymerization
Thesealf aad polynerization was. conducted forrt8midutediwhies 1 of
maintaining the internal temperature at 55 C and the total pressure at
AdirPs MPE B} eBhtMEOUSHE suppipingy éthyterieh Thepolymerizatibiewas } (£lucren
stopped by adding 20 ml of methanol. After depressurizing, a polymer
Y Wés-preeipitatedlo gt bf thedpolymetizatiorn selution fry2 thefanethanbha@hdl and
was dried in a vacuum at 130 C for 12 hours. The obtained polymer
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 18
minutes while maintaining the internal temperature at 55 °C and
the total pressure at 0.75 MPa by continuocusly 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 pclymer
was 42.8 g and the polymerization activity was 142.5 kg/mmol-
cat-hr. The polymer had a composition of 61.0 mol% of
propylene content, 29.5 mol% of ethylene content and 9.5 mol%
of l-butene content, and had an intrinsic viscosity Ini of 2.82
di/g.

[Comparative Example 53]

—Propylene/Ethylene/Butene Copolymerization-



was 42.8 g and the polymerization activity was 142.5 kg/mmol- cathr. The
polymer had a composition of 61.0 mol% of propylene content, 29.5

s F-Mel¥s of ethylene content and 9.5 mol% of 1-butene content, and had an
intrinsic viscosity [TI] of 2.82 dl/g. [Gamparative Example 5s]
-Propylene/Ethylene/Butene Copolymerization SF-1399 173 To a 2000 ml
polymerization apparatus dried under reduced pressure and thoroughly
purged with nitrogen, 800 ml of dry hexane, 60 g of 1-butene and
triisobuit§lald fintim RE.DFRASH Tidré Ceharjed &t HoPmdl B mpsdtdre aABR=C
the temperature inside the polymerization apparatus was elevated to 40

P TS SEHE tHE PolyrarZatibh Mpparaas wis Pressurizedstith pdpyleneto cry
0.60 MPa and subsequently pressurized with ethylene to 0.75 MPa._

hexprigredter & folighe ‘SHRRiBRTNAFAA TOULY AP num (1.0 mmol) were
di(m-trifluoromethylphenyl)methylene(3-tert-butyl-5-methylc o

Chagsb RtadieHyNE ,ﬁam&@%&m@ﬁmﬁé&%ﬁ&%m&m inside the
synthesized by Synthesis Method 7 and methylaluminoxane

po Xifekidctired b2 PESSHREIRRchBm CopvaRSerns of 0. ¥ mmsicofthe
aluminum were contacted, was added to the polymerization vessel, and

Po palihérzdtibRTWARRdNAILERY 16T 4C Ftites e MamtaRingthe T 0 - 60
internal temperature at 40C and the total pressure at 0.75 MPa b

ME% oRRAUSTEI SEHSTINGY et feE TS Sblym el & ?YW§§§t&b%e@i/'gf MFa.

adding 20 ml of , , )
Thereafter, a toluene soclution in which 0.001 mmol of

di{m~trifluoromethylphenvylimethylene (3-tert-butyl-5-methylc
yclopentadienyl) {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 contacted, was added to the
polymerization 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 continucusly supplying
ethylene. The polymerization was stopped by adding 20 ml of
methanol. After depressurizing, apolymer was precipitated out
of the polymerization solution in 2 L of rmethanol, and was dried
in ;a vacuum at 130 °C for 12 hours. The obtained polymer was
63.5gandthe polymerizationactivitywas 158.7 kg/mmol-cat-hr.
The polymer had a composition of 65.5 mol% of propylene content,
27.0mol% of ethylene content and 7.5 mcl% of 1-butene content,

and had an intrinsic wviscosity [n] of 3.11 dl/g.



methanol. After depressurizing, a polymer was precipitated out of the
polymerization solution in 2 L of methagig), and was dried in a vacuum at
130 C for 12 hours. The. obtained polymer was 63. 5 g and the
polymerization activity was 158.7 kg/mmol-cat hr. The polymer had a
| Ceoripasitiory of 6%.281mbiotaf propylene content, 27.0 mol% of ethylene
content and 7 . 5 mol% of 1-butene content, and had an intrinsic viscosity
[N] of 8ndrdike 17 4E[Comparalive Bxample®s] yrerization-
-Propylene/Ethylene/Butene Copolymerization To a 2000 ml
polyrh@rizatichapparais dietkdrderireduestb pressure dnbistforouthly reduced
purged with nitrogen, 817 ml of dry hexane, 50 g of 1-butene and
PHARDBEIATMINUR (DOm0 P wWede @hdided atidorame tompératare, therdry
the temperature inside the polymerization apparatus was elevated to 55
hezaqifa the polyiferizaiioh dppafaits Waslsressirizealwit propyléndtonmol )
0.70 MPa and subsequently pressurized with ethylene to 0.75 MPa.
"eftfergafiéld AtoRient SERbNIRTIINIER BOTL midbipf the temperature
di(m-trifludromethylphenyl)methylene(3-tert-butyl-5-
irefyicyem pentadieniiia 7iditerebogi-fitorenyhairconiurtdidhloride> °C, and
synthesized by Synthesis Method 7 and methylaluminoxane
tnamiastaredzny: Tosole FimechereCofs) inr termscof8:8 mmbhobropylene to
aluminum were contacted, was added to the polymerization vessel, and
0 .pilyMBEzatioh wab eeadgcted forr2% sainuiesawhile. Maintainingthe to 0.75

internal temperature at 55 C and the total pressure at 0.75 MPa by
MQ@nﬂn@5@§§%§b@@mga toluene solution in which 0.001 mmol of

di (m-trifluoromethylphenyl)methylene (3-tert-butyl-5-
methylcyclopentadienyl) (2, 7-ditert-butyl-flucrenyl}zirconium
dichloride 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 polymerization was conducted for 25
minutes while maintaining the internal temperature at 55 °C
and the total pressure at 0.75 MPa by continucusly supplying
ethylene. The polymerization was stopped by adding 20 ml of
methanol. After depressurizing, a polymer was precipitated
out of the polymerization soclution in 2 L of methancl, and was
dried in a vacuum at 130 °C for 12 hours. The obtained
polymer was 63.1 g and the polymerization activity was 151.4
kg/mmol-cat+-hr. The polymer had a composition of 69.5 mol% of

propylene content,



ethylene. The polymerization was stopped by adding 20 ml of methanol.
After depressurizing, a polymer was prepipitated 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 63.1 g and the polymerization activity
2 lwas 1814 R§/mfibléathe THepomerad% Eomposition of 608 mnts
of propylene content, 175 21.5 mol% of ethylene content and 9.0 mol%
cagfiebtitenendohitedt, @ndihadram Fitinsic viscesity[fl 9f 242 digi2 dl/g.
[Comparative Example 7s] -Propylene/Ethylene/Butene Copolymerization
| CRona 2000imEpalyarerizatiorsdpparatus dried under reduced pressure and
thoroughly purged with nitrogen, 817 ml of dry hexane, 50 g of 1-butene
and tritsohemd atue Bdmny 1 Onmitol ) everehardednatrioratal ¢emperature,
then the temperature inside the polymerization apparatus was elevated to
55 Cland the(olymetzationsapparatusrwaspressarizediwithgropyleme reduced
to 0.70 MPa and subsequently pressurized with ethylene to 0.75 MPa.
PrEfEFEgftes atoluenesoltition inwiiell 0:00 mmict opgen, 817 ml of dry
di(p-tolyl)methylene(3-tert-butyl-5-
heiathylcyelopentadienydie 7rdi-tericbutyiflereyl zitcohiomhndichlotide mmol)
synthesized by Synthesis Method 8 and methylaluminoxane
YIRRAAGCERSH By TBSGF FincehBRECHIY:F i térivirofdi8 nimebefrature
aluminum were contacted, was added to the polymerization vessel, and
iqﬁﬁﬁﬁeﬁﬂgkym&agggﬁd@ﬁé@moﬁp@aratus was elevated to 55 °C, and

the polymerization apparatus was pressurized with propylene to
0.70 MPa and subseguently pressurized with ethylene to 0.75
MPa, Thereafter, a toluene solutlon in which 0.001 mmol of
di(p-tolyl)methylene (3-tert-butyl—5-
methylcyclopentadienyl) (2, 7-di-tert-butylflucrenyl)zirconium
dichloride synthesized by Synthesis Method 8 and
methylaluminoxan@ {(manufactured by Tosoh Finechem Corp.) in
terms of 0.3 mmel of aluminum were contacted, was added to the
polymerization vessel, and polymerization was 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 soluticon in 2 L of methanol, and was
dried in a vacuum at 130 °C for 12 hcurs. The obtained

polymer was 79.5 g and the polymerization activity



minutes while maintaining the internal temperature at 55 C and the total
pressure at 0.75 MPa by continuously supplying ethylene. The

SFp?gyé“@erization was stopped by adding 20 ml of methanol. After
depressurizing, a polymer was pregipitated 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
SF-1399 176 was 298.0 kg/mmol-cat hr. The polymer had a composition

wa ofZE® B mplYrafipropylene corftertp23. frmal%=af ethylene content axid70. 5
6.0 mol% of 1-butene content, and had an intrinsic viscosity [Ti] of 2.27

mo d¥ge fExamplel&s]ePropytare/EtlidefeBuieneCopolynmianratinnifeat and
2000 ml polymerization apparatus dried under reduced pressure and

6 . tharolighb/fplrgedhweitrenitrogean817 anidfidrg hexdme; H50gofd -buteres ity
and triisobutylaluminum (1.0mmol) were charged at normal temperature,

[nthextthe.tempErdture inside the polymerization apparatus was elevated to
65 C, and the polymerization apparatus was pressurized with propylene

[Et@p7Z@ MIPA and subsequently pressurized with ethylene to 0.75 MPa.
Thereafter, a toluene solution in which 0.002 mmol of

di(m-trflceporhetisiFHeny D aretHe he3tefrinayyBaxproplyion -

Icyclopentadienyl)(fluorenyl)zirconium dichloride synthesized by

SyntliEsis RMidhod 10 padymethy kddhinoxapa ratus dried under reduced
pressure and thoroughly purged with nitrogen, 817 ml of dry
hexane, 50 g of 1-butene and triiscbutylaluminum (1.0 mmol) were
charged at normal temperature, then the temperature inside the
polymerization apparatus was elevated to 65 °C, and the
polymerization apparatus was pressurizedwith propylene to 0.70
MPa and subseguently pressurized with ethylene to 0.75 MPa.
Thereafter, a toluene scluticn in which 0.002 mmol of
di{m=-trifluoromethyiphenylimethylene {3~tert-butyl-5~n~propy
leyclopentadienyl) (fluorenyl) zirconium 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 thepelymerization 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 steopped by adding 20 ml of methanol. After

depressurizing, a peolymer was precipitated out of the



(manufactured by Tosoh Finechem Corp.) in terms of 0. 6 mmol of
aluminum were contacted, was added to the polymerization vessel, and
SFprijS{'gerization was conducted for 16 minutes while maintaining the
internal temperature at 65 C and t tal 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 SF-1399 177 polymerization solution in 2 L of
poIRetbanezandwassdried im aivacuumaf 1:881C: forcl2 heurs. Wie obtagredin
polymer was 120.7 g and the polymerization activity was 226.2
a wotmmokeat hy. Thecpolymeshad a compasition ofaBmompidofias 120.7
propylene content, 32.5 mol% of ethylene content and 9. 0 mol o, of
g ahduteae canteat; 1 and had andntrinsic wise@sity [Djiaf G5 tidgt - hr. The
[Comparative Example Is[ -Propylene/Ethylene/Butene Copolymerization
po T'onee400@ tlzpatpmedizatidroappdraiés drieg Uhdef redeced: pressura et ,
thoroughly purged with nitrogen, 1670 ml of dry hexane, 73.3 g of .
32 1%uiehe arfddtiispbatydaltwninant(E0dnindl)nwéfe charged aenergaitent,
temperature, then the temperature inside the polymerization apparatus
anwasalevated to 40 :G iandrthec pelymerizatiorn Appakdaius Was. pressurized
with propylene to 0.30 MPa and subsequently pressurized with ethylene
[Ctonp 40P s e Thereafter, atoluene solution in which 0.002 mmol of
rac-dimethylsilylenebis(2-methyl-4-phenyl-indenyl)zirconium
-Propylene/Ethylene/Butene Copolymerization-

To a 4000 ml polymerization apparatus dried under reduced
pressure and theroughly purged with nitrogen, 1670 ml of dry
hexane, 73.3 g of l-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 propykene to .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 céntacted,
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 methancl. After depressurizing, a



dichloride and methylaluminoxane (manufactured by Tosoh Finechem
Corp.) in terms of 0. 6 mmol of aluminum were contacted, was added to

s - jhgyRolymerization vessel, and polymerization was conducted for 20
minutes while maintaining the interrvad 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 SF-1399 178 polymer was precipitated out of the (

pol polymerzaticreselnion He D QIS MbthafoP ahdfEs-dfcd Aalactn? &t -
130 C for 12 hours. The obtained polymer was 158. 0 g and the

2 L pdlymerization activity avas 2870 Kg/mfio RSt i EThelpofy et Aadpars -

composition of 57. 3 mol% %E%jropylene content, 20.8 mol% of ethylene
Thecontent and BALYTGI%ST 1-Hutehs Eottdmt A ARP AR PRFRSR Gt

[T1] of 2.08 dl/g. [Comparative Example 2s] -Propylene /Ethylene /Bu
wa sCopbNinesiZation Terd 4000 mr b@lﬁﬁéﬁ%@%ﬁ%ﬁ&%‘%ﬁ?%ﬁé‘d%@f 573

reduced pressure and thoroughly purged with nitrogen, 1740 ml of dr% a
mo exaihes 5ORy SE LD UEERE ARd »trié by Tfririim {T BHhRDE wispeteT e an
charged at normal temperature, then the temperature inside the | .
21 .Solymetizafion ApberafisinAS BRVatét’d 56 € 3hd tHe Bolyrierzaton - Y
apparatus was pressurized with propylene to 0.65 MPa and subsequently
(1 Ipreésutized wilh ethylene to 0.80 MPa. Thereafter, a toluene solution in

which 0.002 mmol of
{Comparative Example Zs]

-bPropylene/Ethylene/Butene Copclymerization-

To a 4000 ml polymerization apparatus dried under reduced
pressure and thoroughly purged with nitrogen, 1740 ml of dry
hexane, 50 g of 1~butene and triisobutylaluminum {1.0mmol) 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 .80 Mpa.
‘_I‘hereafte::, a toluene solution in which 0.002 mmol cf
rac-dimethylsilylenebis (2-methyl-4-phenyl-indenyl) zirconium
dichloride and methylaluminoxane (manﬁfactured by Tesch
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



rac-dimethylsilylenebis(2-methyl-4-phenyl-indenyl)zirconium dichloride
and methylaluminoxane (manufactured by Tosoh Finechem Corp. ) in
splerasof 0. 6 mmol of aluminum were contacted, was added to the
polymerization vessel, and polymerizagion 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
SF-1399 179 stopped by adding 20 ml of methanol. After depressurizing,
steppoiyrher was Precipliated odt BEthedivlymerfzation sbRiiorsinuRlzéng, a
methanol, and was dried in a vacuum at 130 C for 12 hours. The obtained
PO Hohfder AP I TS0 Hrethe polynidriZap P aétiier Weatzegissolution in
kg/mmol-cat hr. The polymer had a composition of 71. 0 mol% of propy!
2 IcohterttRB80rhel %ot ethylene edritentg anric9W0imai% ot 1hiltend 2 hours.
content, and had an intrinsic viscosity [r)] of 2.78 dl/g. [Comparative
TheE R RpIEs] RPioBYRENEAEhY Iehd] BUESH: CopBIhistRati6n Tora 4000 ity
polymerization apparatus dried under reduced pressure and thoroughly
wa ffrg@d With AFeger a7 18 ml of diyPReXEMR! 6616 § 6PTRRRE e, has 710
triisobutylaluminum (1.0 mmol) were charged at normal temperature, then
o #ife BmpERRITEIRSIE e FSlymerizatiB Apparaths waschaitamesrat and
- 20 C, and the polymerization apparatus was pressurized with propylene

9. fo 0T Mba kel SR8 qGERFPlessanided WithPéthyTdne! o S0.80'MPaos 1 LY
[n] of 2.78 dl/g. |

[Comparative Example 3s]
-Propylene/Ethylene/Butene Copolymerization~

Toa 4000 ml polymerization apparatus dried under reduced
pressure and thoroughly purged with nitrogen, 1716 ml of dry
hexane, 66.6 g of l-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 toluens solution in which 0.002 mmol of
rac~dimethylsilylenebis{Z-methyl-4d-phenyl~indenyl)zirconium
dichloride and methylalumincoxane (manufactured by Tosoch
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



Thereatfter, a toluene solution in which 0.002 mmol of
rac-dimethylsilylenebis (2-methyl-4-phenyl-indenyl) zirconium dichloride
sF-and $nethylaluminoxane (manufactured by Tosoh Finechem Corp. ) in
terms of 0. 3 mmol of aluminum wéfécontacted, 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

£0.80 MPa by SF-1399 180_conti | lyi ‘
cor SO Eho WS- ionbed ty ARG 20 o WolFanoL ARGF "2

to of methanol. After

stogR Ry 2 3P olmer wasplegpilaled ollalINe ROWEUZIN og, o

éthanol, and was dried in a vacuum at 130 C for 12

o P e R e e

mmaol-cat - nr. polymer composition of 57. 4
mal% of propylene content, 28.0 mol% of ethylene c nt.apd
2 LRbigestepg neaE’éﬂf“e%%, %ﬁa%%%%ﬁi&%ﬁgﬁ%%%o%?f[ i]%%rzj.jg?sqéﬁurs'

g.
Industrial Applicability Accordi 0 roces r IGING. '
Thepg%cn%é{rn%ﬁ%él%rﬁé% WAL Pd%g.g he Rrocess far producing:pronyiens,; « v

e on, a propylene. polymer having a high

stereoreqularity (isotactic), hig Siti vty (I Ly 3l iRg
wascgréseh—g%ﬁgﬂ\%/noe tincga%(;l)rll%énzfﬁ%# mﬁ%%?&;ﬁ%’é@%‘%%ﬁﬁ%%ecgpﬁ?h@@ ’
Qh%8éogkégg§ 28.0 mel% of ethylene content and

moﬁ?%%&%%%ggf

14.6 mel% of l-butene content, and had an intrinsic viscosity

(n1 of 2.98 dl/g.

Industrial Applicability

According to the process for producing propylene polymer
of the invention, a propylene polymer having & high
sterecregularity (isotactic), high position selectivity {low
irregular bonding content), high melting point and high

molecular weight is provided with good productivity.



1. A process for producing a propylene polymer, wherein polymerization is
conducted in a system selected from a system of propylene alone or a
three-component system of propyleﬁé ethylene and a_-olefins having 4
or more carbon atoms in the presence of a catalyst for olefin
polymerization comprising: (A) a Briglged metallocene compound
represented by the following General Formula [I]; and (B) one or more
compound(s) selected from (b-1) an organoaluminumoxy compound (b-2)
a compound which reacts with the bridged metallocene compound (A) to
L . forkn RFCIORSPaif cand T8 ancorg antahirfagTEcepeand: RERSLIN R1
R4 1A'~ M,a, R12 R5 R"P6 R1_0 R9 RB wherein, R' and R3 each is
poh%?&gléﬁtﬁ%s Jashﬁ‘ffb%‘é?ﬁﬁﬂ gPoL?p ¥ A §icS Jc%n’féiﬂufgf grodp Paving'

of 11to0 20 arbon E') drocarbon %phawr(l?gﬁZ t94c (ral%%n
aomg eac (f:? %fand T2 SWhi r‘%f@é’ !

Ty ;IBQ{“JD’QI 89?956‘1@@{ an%b%% %89%138&% silicons containing

group, may be same or different from eac

presence of a catalyst for olefin polymerization comprising:
(A) a bridged metallocene compound represented by the
following General Formula [I]; and
(B} one or more compound({s} selected from
{-1) an organcaluminumoxy compound
(b-2}) a compound which reacts with the bridged
metallocene compound {(A) tce form an ion pair, and

{(b-3) an organcaluminum compound:

wherein, R and R’ each is hydrogen, R® is a hydrocarbon
group or a silicon-containing group having 1 to 20
carbon atom(s), R4 is a hydrocarbon group having 2 to 4 carbon

atoms, each of R>, R®, R’, rR®, ®%, R*", R and R'?, which is



and adjacent groups may be bonded to each other to form a ring, each of
R13 and R19, which is selected fro phenyl group or a substituted
phenyl group having 6 to 10 carbon “atoms, may be equal to or different
from each other, M is Ti, Zr or Hf, Y is carbon or silicon, Q may be
seselected from halogers:a hydroearben:group; asuanionic igand aasha
neutral ligand capable of coordinating with a lone electron pair, which
comayibe selactedin theysarmescormbinatiorn be differeht ccormbirratioriand |
is an integer of 1 to 4. 182a 2. A process for producing a propylene
An8oRAAEC Wive SR B BIYRRTERIGIP TS E6nAfcREFTh & WvBLcdiRpdRsHt =
.system of propylene, and ethylene or 1-butene in the presence of a
rléygt’alyesatcf%r %%)e in po yﬁgriz’at%}ﬁlé%mzp?is?ﬁé NE b%ﬁ%dame%ﬁ)%lne
:GIReLNE epreserid hydhe, falloning.CeneralFarmula h: and.(B) one

or more compound(s) selected from (b-1) an organoaluminumoxy
ateamporng (-2} @.eampound which-reasts with the bridgede metalloegne; |,

compound (A) to form an ion pair, and (b-3) an organoaluminum
zrcompdiind? R2 R'8rROR40R $37i3¥IMQ) ReR5be selected from
halogen, a hydrocarbon group, an anionic ligand and a nsutral
ligand capable of coordinating 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.



Rai N Re 1 69 Re W wherein, R" and R3 each is hydrogen, R2 is a
hydrocarbon group or a silicon-coRgggging group having | to 20.carbon
atom(s), R4 is a hydrocarbon group having 2 to 4 carbon atoms, each of
R', R6, R7, R8, R9, R", R" and R12, which is selected 182b from

2 .hydrégeacatsrirdearfogroupant & silicokeasntaitinge grotp eifaiibe
same or different from each other, and adjacent groups may be bonded

PAbYBACH bittero fomT aYirly, Ech Bf RS And WA WHich &Y S&Ltéd from
oAU IrOURDAIRG .10, 5. carbon. Bl (), Altemd arghipAng 2,

substituted phenyl group having 6 to 10 carbon atoms, may be equal to or
-differant fram eack ather; but except the easg thatiR43 and R’ are both an
alkyl group having 1 to5 carbon atom(s), M is Ti, Zr or Hf, Y is carbon or
siliconz Q may béwselentedifrooc:-batogema hydroearker greup pan the
anionic ligand and a neutral ligand capable of coordinating with a lone
fdleerronpaibnwhich Faybeisdleétiedtifithe same combination or different
combination, and j is an integer of 1 to 4. SF-1399 183 ABSTRACT A
high MoleCiifarWeiGht propyRIEH0Iyméextibiig fiigh stereoregularity

(isotactic) andl tigh position seleclivity, g pe.gffggively produced by
polymerizing at least one monomer
{(b-2) a compound which reacts with the bridged

metallocene compound (A} to form an ion pair, and

(b-3} an organcaluminum compound:

wherein, R* and R’ sach is hydrogen, R’ is a hydrocarbon
group or a silicon-contalning group having 1 to 20 carbon
atom(s}, R4 1s a hydrocarbon group having 2 to 4 carbon atoms,

-

sach of RY, R, R’, R®, R%, R'Y™, RY and RY, which is selected



selected from propylene, a-olefins and polyenes in the presence of a
catalyst for olefin polymerization coygpgising: (A) a bridged metallocene
compound represented by the General Formula [I] given in claims
(diphenylmethylene(3-tert-butyl-5-ethyl-cyclopentadienyl)(f
ErpsrényAasonium Bichicrdelete. g entP(BPené of Mok eoATITHIdE)Y
selected from (b-1) an organoaluminumoxy compound (b-2) a compound

gJWHi%h et Swifif e Bidged! ﬁ?@f&ﬁoééﬁ@ CHHiPoGhaTR) t6 18R i
gz%"ﬂgﬁsa%%y(bf}%) A0 rggnoa l%@&%u@t%%@pggngéxm a ring, each of RY

and RY, which is selected from an alkyl group having 1 to 5
carbon atom{s), a phenyl group and a substituted phenyl group
having é to 10 carbon atoms, may be egual to or different from
each other, but except the case that R and R' are both an
alkyl group having 1 to 5 carbon atom(s), M is Ti, Zr or Hf, Y
is carbon or silicon, Q may be selected from halogen, a
hydrocarbon group, an anicnic ligand and a neutral ligand
capable of coordinating with a lone electron pailr, which may
be selected in the same combination or different combinaticon,

and 7 is an integer of 1 to 4.



SF~1389
183

ABSTRACT

Ahiqhnmlecularweightpropylenepolymerexhibitinghigh
stereoregularity (isotactic) and high position selectivity can
be effectively produced by polymerizing at least one moncmer
selected from propylene, a-clefins and peclyenes in the presence
of a catalyst for olefin polymerization comprising:

(A) a bridged metallocene compound represented by the
General Formula [I] given in claims
(diphenylmethylene (3~tert-butyi-5~ethyl-cyclopentadienyl) {f
luorenyl) zirconium dichloride, etc.); and

(B) one or mcore compound(s) selected from

(b-1) an organoaluminumoxy compound
(b-2} a compound which reacts with the bridged
metallocene compound (A) to form an ion pair, and

(b—3) an organcaluminum compound.



