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SF-1451 1 DESCRI PTI ON FLUORENE DERI VATI VE),
. TRANSI TI ON METAL COMPOUND, CATALYST FOR OLEFI N
SEF-RGEYMERI ZATI ON, AND PROCESS FOR PRODUCI NG OLEFI N
POLYMER 5 Technical Field [;0001] The present
invention relates to a transition netal conpound
which is useful as a catal yst conponent for olefin
pol ynmeri zati on and has a novel specific structure, an
10 i nternmedi ate whi chbEScrI@frabNi n t he producti on of
the transition netal conpound, a catalyst for olefin

FLUPBENEEDERZVADNIVEQ NTRANS PET GK Qe 2000 HOMEQUNIE éhTALxs:c FOR
compound, and a process for producing an ol’efin

OLEPSIOETH M itht sy © A8 ACE SRR BhOHOUIN Arled HPO8) vaver

In recent years, a netal [ ocene conpoun
known as a honogeneous catal yst for olefin
pol ymeri zati on. Many studi es have been extensively

Jarrl d_out .on a process for 20 polynerizing an
Tec%?é idthe use of a metal | ocene conpound,

espeC|aIIy on a process for stereoregularly

pol {¥8P1king an a-olefin, since the report on an

i sotactic polynerization by W Kam nsky et al (Angew.

Chehhe Imtesefddd. ifnght ion 24e bOFe § 1985 )riasi heed metal

publ i shed.
compound which is useful as a catalyst component for olefin
polymerization and has a novel specific structure, an
intermediate which is useful in the production of the transition
metalcompound,eacatalystforolefinpolymerizationcontaining

the transition metal compound, and a process for producing an

olefin polymer using the catalyst.

Background Art

[0002]

In recent years, a metaliocene compound has been well
knownasaahomogeneouscatalystforolefinpolymerization. Many
studies have been extensively carried out on a process for
polymerizing an olefin with the use of a metallocene compound,
especially on a process for stereoregularly polymerizing an
a-olefin, since the report on an isotactic polymerization by
W. Kaminsky et al (Angew. Chem. Int. Ed. Engl., 24,507 (1985))

has been published.
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SF- 1451 2 [0003] : It has been known that in the

pol yneri zati on of an a-olefin using a netall ocene
SF-cloffiound, the stereoregularity and the nol ecul ar

wei ght of the obtained a-olefin polyner vary markedly

5 by introducing a substituent on a cycl opent adi enyl

ring of the Iigand of a netall ocene conpound, or

bridgi ng two cycl opent adi enyl rings. [0004] For

exanplo® 3]t here has been di scl osed that when a 10

met al | ocene conpound having a ligand in which a

cyclrepent adgN¥owd 92214 EBQ&ﬁ@¥EzB%98nQﬁ?ana -olefin

brldged Is used as a propy en yneri zat|

¢t &l XI%t’aJ]f T e Ynh)gbl pas |ty eOfst I}%oreg)tllllarlty and the

St ereoregu arity, ‘actic po ypro ene s

i ned l the case_of using dinethyl nethyl ene
mdﬁ(‘@}?&l Bpe 5&. Lehie PoERISeENY TS 27 F tomodiTdiic - By Fge kedly

Am Chem Soc 110, 6255 (1988)); hemisotactic
by %BFW?BE&/P%@ES|U§’S§Btta‘|eﬁ§d°¥1na e lopsatgriienyl ring of the
di met hyl met hyl ene(3- et hyl cycl opent adi enyl ) (f | uorenyl

ligpaicr 4 wi metéildhiceniedecimponinidsh car kretikiglingr auwp i s
i ntroduced at the 20 3-position of a cycl opentadi enyl
cyciliopgnfthapengde rilagxam ned Patent Application '
Publ i cation No. H3-193796]; and isotactic
pol ypoopy!l ene is obtained in the case of
di met hyl net hyl ene(3-tert

For example, there has been disclosed that when a
metallocenecompoundhavingaaligandinwﬂﬁxﬂlacyclopehtadienyl
ring and a fluorenyl ring are bridged is used as a propylene
polymerization catalyst, from the view point of the
stereoreqularity, syndioctactic polypropylene is obtained in
the case of using dimethylmethylene
(cyclopentadienyl) (fluorenyl) zirconium dichloride (J. Am.
Chem. Soc., 110, 6255 (1988)); hemiisotactic polypropylene is
obtained in the case of
dimethylmethylene (3-methylcyclopentadienyl) (fluorenyl) zirco
nium dichloride in which a methyl group is intioduced at the
3-position of a cyclopentadienyl ring [Japanese Unexamined
Patent Application Publication No. H3-193796]; and isotactic
polypropylene is obtained in the case of
dimethylmethylene (3-tert

butylcyclopentadienyl)} (fluorenyl) zirconium dichloride in
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but yl cycl opent adi enyl’) (fl uor enyl ) zi r coni um di chl ori de

in SF-1451 3 which a tert-butyl group is simlarly
sF41mtyioduced [ Japanese Unexam ned Patent Application

Publication No. H6-122718] .31n addition, there has

been di scl osed that pol ypropylene with inproved
isotactic stereoregularity is obtained in the case of

5 using
whidinTet hrrethyhene(udrerils Rutml-a-1etheyelereniadbense
yl) (3, 6-di-tert-butylfluorenyl) zirconium

UneMaeln@d det bRt WG @qt e84 'Etﬂﬁlyjlﬁagcr QU4 gz:os.r%lﬁlé{ é’%‘g‘fﬁd. In

at the 3- and 6-positions of a uoren

re iLth . the.case qof i n :
2 ol Pee P e s e pedyerspateaa with
. I%_ fl uorenyl)zirconiumdichloride (WO01/27124).
lmp%é’ §5] 18Ot AR ERRIT e T gt e had spelere Hhad IigsBhe case of

that, fromthe view point of the nol ecul ar wei ght,
Usi&gndi ot acti c pol ypropyl ene. 15 havi ng a hi gher
nol ecul ar weight is obtained in the case of using
dimgitplyémgk gt bykddeteyc-bpeyiladi-eath)ylcyclopentadienyl) (3,
~(fluorenyl)zirconiumdichloride in which a bridging

6-dpattref-pacgyehapeahadienyrboning andhaokhidar eRyhniERYa
is replaced with a di phenyl net hyl ene bridge, as

ter€0ppRaLedy Wbt itg‘e_Lr‘)P@,?cﬁ%\.fgedj%ithF%OBQiﬁé r@’—'pﬁs&ihyilo%%eof a

(cycl opent adi enyl uorenyl) zirconi um oride
1R RGO LA ERL e PRt an EuRl Bl
nbBH e Bl el TELeEUL S oL oL OBt gl ned L the
uorgﬁgi?gfgégg£ggyé%c£32525§n¥w001/27124). '

[6005]

Moreover; there has been disclosed that, from the view
point of the molecular weight, syndiotactic polypropylene
havinga}ughernmlecularweightiscmmainedjjlthecaseofusing
diphenylmethylene(cyclopentadienyl)(fluorenyl)zirconium
dichloride in which a bridging part of a cyclopentadienyl ring
and a fluorenyl ring is replaced with a diphenylmethylene bridge,
as compared with the case bf using
dimethylmethylene(cyclopentadienyl)(fluorenyl)zirconium
dichloride (Japanese Unexamined Patent Application Publication
No. H2-274703); isotactic—hemiisotactic polypropylene having

a higher mclecular weight is obtained in the case of using

diphenylmethylene(3—(2—adamantyl)cyclopentadienyl)(fluoreny
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SF-1451 4 1) zirconiumdichloride in which a bridging
part is replaced with a di phenyl met hyl ene bridge, as
sr-darmared with the case of using

di met hyl met hyl ene( 3- (2- adamant yl ) cycl opent adi enyl ) (f
uoreny 1)zirconiumdichloride (O ganonetallics, 21,

934 (2002)); and 5 isotactic pol ypropyl ene having a

hi gher nol ecul ar weight is obtained in the case of

}z@%dmmlmndlchlorldelewhmﬂ1abr1dg1ngpartstreplacedw1th

di met hyl net hyl ene(3-tert-butyl-5-nethyl cycl opentadi en

a dY#Réﬁ&lH@fﬁf!éﬁé'Eﬁﬂﬂéénhg'EghﬁékggvhﬂjWQ%%h?ngﬁhhﬁglng

group is also introduced at the 5-position o

dlm%¥%§9&%@h§q %%%3 rln%daman% g%i%%%n %Ee%@i ?%ﬁgoreny

di neth thyl ene(3-tert-butylc clopentadleny (fI
1) 233 Uy Gt e | G GR Jegumdde. ToAnGGHAId 2nd
Pat ent Publication No. 2001-526730), respectlvely

1sOteGHEF PSENPrReNtsne, heNdne Badibben dodecoded whapht is

with the use of
obtdiimetihyhnehby kese( &£t erstingut y1-2- net hyl cycl opent adi en
yl)(fl wuorenyl)zirconiumdichloride and

dimdtphenyt gt Bypkenet3r4-duapt byl eyehopeptadbeny b ELyor (£1
enyl)z 20 irconiumdichloride, in which substltuents

uoréﬁ?lhEEEQQHgﬁﬂ é&ch%@r@gbafﬁn&hP Fy §}ou is also
cycl opent adi enyl ring, polypropylene havi'ng -a Swer

1nt98é8§§éggtm?hgh§ p%sggtslng% aa%yggo en%gd%%%gltggng, as

t hyl ene(3-t rt but y1-5-met hyl cycl opent adi en
ComQFf?FI%lgE g%%lcé GoP n¥#F}2Pr coni um di chl ori de and

ﬁhenylnethylenegs met hyl cycl opent adi enyl ) (f1 uor enyl

dimg bRy LBehhykear éAr ?F@ebuFﬁéﬁﬁ@ﬂPP@nPa@P€¢YJé¢§hb9éenyl)
Transl ati on Patent Publication No. 2001-526730, and

ircgapanedéecihexadiend8CPatlepenese Translation Patent

Publication No. 2001—526730), respectively.

[0006]

Furthermore, there has been disclosed that, with the use
of
dimethylmethylene(3;tertmbutyl—2—methylcyclopentadienyl)(fl
uorenyl)zirconium dichloride and
diphenylmethylene (3, 4-dimethylcyclopentadienyl) (fiuorenyl)z
irconium dichloride, in which substituents are introduced at
two adjacent positions of a cyclopentadienyl ring,
polypropylene having a lower molecular weight is obtained, as
compared with that prepared with the use of

dimethylmethylene (3~tert-butyl-5-methylcyclopentadienyl) (f1
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5 Application Publication No. H10-226694). [0007]

As described above, there have been many exanpl es of
sp-f@parts on the netall ocene conpound having a |igapd

in which a cyclopentadi enyl ring and a fluorenyl ring

are bridged. On 10 the other hand, as for the kinds

of the substituent at the 3- and 6-positions of a

fluorene ring, the reported exanpl es have been

uor@ﬁw@&&wohumﬂ 8d-LPBesiti gall y, a metallocene

compound in which a tert-butyl group is substituted
sk R e ok AR Lo Feioee

posi ti ons_ of

ij
niuf tOIe’PJPC?%ngBPﬁﬁg%XF& o H3ReRper g TG Havepatent

been known V®01/27124% but there has been no
Publéparien HRanpPBs-8267RE, spRfhdapanane Poeyabinedt Pahent
of a metall ocene conmpound having a fluorene ring in
Apphhiehian Bnbatoebied BondHiL§-80b§Pituted at 20 the 3-
and 6-positions. In addition, there has been no
reppboed] exanpl es of the synthesis of a fluorene
derivative in which a carbon-carbon unsaturated bond

I's gubstitigey alpdhe, 3cnand I@a‘P@SH)ééI{’rh?an%ave nﬁggf@s of

per f or mances of such metal T ocene conpound

repgfﬁgeé’ ftllfglq?n{%:r%lvle%:n%élr?emtfo%é qg‘?c?]ha%%%r gl ll)_{,g hel egg vlaﬁich N
a cyclopentadienyl :1ng'and a fluorenyl ring are bridged. On
the other hand,_as for the kiggs of the substituent at the 3—.
and 6—ppsitions of a fluorene ring, the reported examples Eave
been extremely limited. Specifically, a metalloqene compound
in which a tert-butyl group is substituted at the 3- and

6-positions of a fluorene ring, and a metallocene compound in
which the 2- and 3-positions, and the 6~ and 7-positions of a
flucrene ring form a saturated 6—membéred,ring have been known
(WO01/27124), but there has been no reported examples of the

synthesis and polymerization of a metallocene compound having

a fluorene ring in which an unsaturated bond is substituted at

the 3- and 6-positions. In addition, there has been no reported

examples of the synthesis of a fluorene derivative in which a
carbon-carbon unsaturated bond is substituted at the 3- and
6-positions. Thus, the performances of such metallocene

compound have not been yet known.
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pol yneri zation catalyst with the use of these

nmet al | ocene conpounds fromthe view point of the
SE-pdlsynmeri zation activity, 5 the stereoregularity, the
nol ecul ar wei ght, or the lieke. [0009] On the

ot her hand, in recent years, since a fluorene
conpound has been used as an organic

el ectrol um nescence el enent, production of fluorene
in WAPBRA]an unsaturated bond is 10 substituted at the
3 and 6-porsitions, is also useful in these field.

[ PaGentrBotypenhetd dapangsedUaexammpesvEatentor a
Application Publication No. H3-193796

pol @E@Qﬁt@@ﬁu@EEBlgktJ@E@He%ﬁey?géigggggeF%tﬁg£ai§ocene

plication PubliCation No. 1 at ent

n Q1/ 27124 [Pat ent .Docunent 4] .
comPBAHIR L 3 R M sh PR B ORoHRT SO TPAB AR FERLTILY,
K No, 1-12-274703 [ Pat ent Document 5] . PCT
the J3pERESESTHARSFRY | ohPal'@hECEB2PUBPLEAE T ORT NBhe 1ike.
2001- 526730 [ Pat ent Docunent 6] Japanese

Unek@fPAed Patent Application Publication No.
H10- 226694 [ Non- Pat ent Docunent 1] Angew.
Chebm tiné.oHder Hmghd, 24, 68Fe(i99&3rs, since a fluorene

compound has been used as an organic electroluminescence element,
production of fluorene in which an unsaturated bond is
substituted at the 3 and 6-porsitions, is also useful in these
field.

[Patent Documenit 1] Japanese Unexamined Patent
Application Publication No. H3-193796

[Patent Docuﬁent 2] Japanese Unexamined Patent
Application Publication No. H6-122718

[Patent Document 3] WO 01/27124

[Patent Document 4] Japanese Unexamined Patent
Application Publication No. H2-274703

[Patent Document 5] PCT Japanese Translation Patent
Publication No. 2001-526730 |

[Patent Document 6] Japanese Unexamined Patent
Application Publication No. H10-226694

[Non-Patent Document 1] Angew. Chem. Int. Ed. Engl.,

24,507 (1985)



7 [ Non- Pat ent Docunent 2]J. Am Chem Soc., 110, 6255
(1988) [ Non-Patent Docunent 3] Organonetallics, 21,
934 (2002) Summary Problemto be Sol ved by the

Di scl osure [0010] It is an aimof the present

di scl osure to provide a novel fluorene conpound which
is useful as an organi.c el ectrol um nescence el enent,
and an internediate of a transition nmetal conpound
for olefin polynerization, a transition netal
conpound containing a fluorene ring inits partia

st r uctour®aasna Caicamegst: cdnpohentmf othehef Bnc., 110, 6255
pg%gnerization, a catalyst for olefin polynerization
ot )aining the transition netal conmpound, and a

pr ogems -atcprodpetngead obefi n pejanmietusingd4,he21, 934
catal yst. Means for solving the Problem[0011]
Jpresent disclosure was made in order to solve the
above-nentioned problens, and as a result, the
present aimis achieved by a fluorene conpound in
Summady an unsaturated bond is substituted at the 3-

g Br R Shglggﬁveg Hse ﬁé ﬁfgcfggggetran5|tlon met al

conpound having a containi ng the
[0010]

It is an aim of the present disclosure to provide a
novel fluorene compound which 1s useful as an organic
electroluminescence element, and “an intermediate of a
transition metal compound for olefin polymerization, a
transition metal compound containing a fluorene ring in its
partial structure as a catalyst component for olefin
polymerization, a catalyst for olefin polymerization
containing the transition metal compound, and a process for

producing an c¢lefin polymer using the catalyst.

Meaﬁs for solving the Problem

[0011]

The present disclosure was made in order to solve the
above-mentioned problems, and as a result, the present aim
is achieved by a fluorene compound in which an unsaturated
bond is substituted at the 3- and 6-positions, a useful aﬁa
novel transition metal compound having a ligand containing

the



8 fluorene conmpound, a catalyst for olefin

pol yneri zati on containing the transition netal

compound, and a process for producing an ol efin

pol ymer using the catal yst for polynerization,

thereby conpleting the disclosure. The fluorene and

the transition netal conpound according to the

invention are the transitiog netal conpounds -

represented by the follow ng general fornmula [I] and

[II] respectively [ 0011a] In a first aspect,
£1hA8L ﬁ cﬁ VLded a fl:HQ&?g%:deféf’atdl\é%lnr e?&@?ﬁ@ifgation

B the o OMAnd gener al romula || wherein
coRmalRiﬁg 22, tR28s1iRI19y R20z1 I@Qmptawdﬂ RZ@@r% eaedess for -

sel ected from hydr.ogen h dro up,
prggPFi‘Bﬁ cGnt aicﬂier%”g fy él iS ngn%gl%m ncgaatgarl Sﬁ: for
po@?m@%yggﬂl§@ﬂt&ﬂﬂhﬁgngr@&mplatmngr@g&ﬂ Ghmkﬂmﬂmm@ The
roup, and a hal ogen-containin

ro t he
c196R80as a0 Bhe T bRaRELE st BAERL b HarDip @Ot aET et 08 tne

inkBnfisecond aspectankhersni 8epPEOVEdRHoandE anspiéddnted by
nmetal conmpound represented by the faoll owi ng genera
theofpulawing general formula [I] and [IT], respectlvely

[0011a]

In a first aspect, there is provided a fluorene

derivative, represented by the following general formula

[TI]:

"[II}

wherein R, R*®, R'7, R'®, R, R%*, R*, and R* are each
selected from hydrogen, a hydrocarbon group, a silicon-—
containing group, a sulfur-containing group, an OXygen-
centaining group, a nitrogen-containing group, and a
halogen-containing group, and may e the same as oOr
different from each other.

[0011k]

In a second aspect, there is provided a transition

metal compound represented by the following general formula



wherein R23, R24, R25, R26, R27, and R28 are each
sel ected from hydrogen, a hydrocarbon group, a
silicon-containing group, a sulfur-containing group,
an oxygen-contai ni ng group, a nitrogen-containing
group, and a hal ogen-contai ni ng group, and may be the
sane as or different fromeach other, adjacent
substituents of R23 to R28 8my be bonded to each
Izé?er to formaring, Mis a Goup 4 transition

Y is carbon atom Q may be selected from
halogen, a hydrocarbon group, an anionic ligand and a

neutral |igand capable of coordinating with a | one

el ectrohﬂgm, whi c@ be selected in the sane
conbi nat or diffJ&ent combination, j is an integer
of 1 to 4, and Z a fluorenylidene group having a
free val ency val ence, which is derived by
renovi ng t en atons at the 10- position of

'Yﬁégs defi ned above. [0011lc] In

provided a catalyst for 8b
tion conprising the transition netal
¢d above. [0011d] In a fourth

the f

a thiFﬂggz
ol ef i n pol yne
conmpound as

ect, the [
r|2‘t|on comyrising: (A the transition netal

conpou as deflne1haZ:Y and (B) at |east one
f i(B-1) an organonetallic

F{ el ect ed
onpound B- 2)}/R;orga oal um num oxy- conpound, and

(B-3) a conpoun ich forns an ion pair by reacting
with the trangitfon nmetal conpound (A). [001lle]

Ina fifth asgz: there is prﬁg[ﬂgmiz process for
produci ng an fin polyner co pol ymeri zi ng
one or nore nononer selected fromethyl ene and

a- ol i, AP, the presenge ok2t he catab y§£efé’£c19|§éiébted
pol yneri zation as defined abové, wherein at [east one

freomnduelrcigsnet hyl énslrecagbepy| eneur | 0G12kilicon-cmjaining
gréﬁngrg Pg?g§§%¥?§é§§F%§§%fSSP&&S,byaﬁheo£95L8M%£%kaining
group, nitrogen—-containing group, and a halogen-
containing group, and may be the same as or different from
- each other, adjacent substituents of R* to R*® may be bonded
to each other to form a ring, M is a Group 4 transition
metal, Y is carbon atom, Q may be selected from halogen, a
hydrocarbon group, an anionic Iligand and a neutral ligand
capable of cocrdinating with a lone electron pailr, which
may be selected in the same combination or different
combination, j 1is an integer of 1 to 4, and Z is a
fluorenylidene 'group having a free wvalency of divalence,
which is derived by removing twouhydrogen atoms at the 10-

position of the fluorene derivative as defined above.

[0011¢]

In a third aspect, there is provided a catalyst for



[0014] wherein R, R2, R3, R5, R6, R7, R8, R9, RI10,
Ril, RL2, and RI4 are each selected from hydrogen, a
hydr ocar bon group, and a silicon-containing group,
~and may be the sane as or different from each other,
R4 and R1-3 are each sel ected from hydrogen, a
hydr ocar bon group,- a silicon-containing group, a
SF-1451 9 sul fur-contai ni nggigroup, an
oxygen-caont ai ni ng .group, a nitrogen-containin roup
olgkdla A GUBRICHILRFN M Bros Jand Ty b Phe Sahe hetal
coapoonddekf deénhefir appeach ot her, adjacent .
subshpiugpts of Rl to R14 may be bonded to each ot her

to forma.ring, R4 and RS may be jai ned togethe 0
for Bt AT gh FEPaual EREEY RIS REG RSy pRLalfaT for
olidiinedtlogether tionf cromprRIsInghi ci)i stif varensit e metal
coB@oQﬁdlBQ;a@@fﬁ@@@mﬁbﬂﬁé§|Qﬁ&ﬁSu®ﬁth$UQ@bsﬂfwﬂetbampound
vin e._group, | S fr _
Seﬁ?&FSéaﬁ%&ﬁggrggp%)aagifF?S%Eg%%%g?ﬁfngﬂ%ﬁgﬁﬁad’a \B=2) an
organpaluEbAtEI PRy GEMINhn #0doxyfehl coht &AMRrynd which
fo@hBUMn aibBht negen- eontmiautigiogreoin, ahd atransition metal
I n-gont ai ni ng group. [0015] [b] : The
o Sgggnéggérivative as described in[a] , in which R1
and [R914Fé each hydrogen in the above general formula
[1]In 15[ @@16h aspect, [thereThHe fhworietsd derivatdass for
prfydes rh%eQﬂé%#Jﬂpol§ﬂbﬂw%éﬁbriJ%ﬁgF%%l riPin@néhe or
R14 aré each y roden_in the a?ove denera fornmula ,
MO[E] moqgmypnse ectéd from ethylene and a-olefins, in the

presence of the catalyst for olefin polymerization as
defined above, wherein at least one monomer is ethylene or
propylene.

[0012]

[al: A  fluorene derivative  represented by the

following general formuia [TI]:
[0013]

”+[I]

(00147

wherein R*, R?, R} R® R® R’, R} R’ R'Y, RY, R, and
R are each selected from nydrogen, a hydrocarbon group,
and a silicon—-containing group, and may be the same as or
different from each other, R* and R'® are each selected from
hydrogen, a hydrocarbon group, a silicon-containing group,

a
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20[d] = The fluorene derivative as described in [c],
in which Rl, R2, R3, R8, R9, and Rl4 are each
SF— Qggﬁogen and R4 and RS and/or R12 and R13 are bonded
to each other to forma rigg in the above genera
formula [I] . [0018] SF-1451 10 [e] : The fluorene
derivative as described in [d], in which , R2, R3,
R8, R9, and Rl14 are each hydrogen, and R4 and R5

su1gidlen B2 and B13.a0 eahopded tocsach ather oL0, {%gfg* a

ng int above gener
ne deriv tlve

nitEbbenPkditdng naldloud 18t AL T BBe AL B M a8 ronn and

f I I 0020]. . R22R15 R19R18 10[ 0021
may ]g<r«3m*éhg [sam]e a[s or ]dlfferent from eacL oth]er, adjacent

substituents.of R' to R may be bonded to each .other to form
a rirng, R% and R® may be joined together to form -Ra- which is
divalent, R.12 aﬁd R may be joined together to form -Rb— which
is divalent, and Ra and Rb are each a divalent substituent other
thmnavinylenegroup,whichisselectedfrdnahydrocarbongroup,
a silicon-containing group, a sulfur-containing group, an
oxygen—-containing group, a nitrogen-containing gréup, and a
halogen-containing group.

[0015]

[b]: The fluorene derivative as described in [a], in which
R! and R? are each hydrogen in the above general formula [I].

[0016]

I'c]: The fluorene derivative as described iﬁ [b], inwhich
R', R?, R, R®, R?, and R are each hydrogen in the above general
formula [I].

[0017]

[d]:Thefluorenederivativeasckﬂcribedin fc]l, inwhich
R', R*, R?, R%, R?, and R are each hydrogen, and R* and R® and/or
R and R'? are bonded to each other to form a ring in the above
general fermula [I].

[0018]
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wherein R15, R16, R17 R18,, R19, R20, -
, K, and R22 are each selected from hydrogen, a
gr-Aydrocar bon group, a silicon-containing group, a
sul fur-containing group, ap,oxygen-containing group,
a nitrogen-containing group, and a 15
hal ogen- cont ai ni ng group, and nay be the sane as or
different fromeach other. [0022] [g] : The fluorene
der ifxatinvg: 23,0886 R84 Jat e bs.addtMBlee n thjand, BRich
are each hydrogen in the above general formula [IT].
1 [{2023] [B] insA btion_m nd_r.eps nt e
R, gg't%e' RN 11 ARSI L], eggbﬁijﬁﬁ/cg?ﬁ%ﬁ gng[egogiﬁ & gnd/or

ol I'oWi ng genera
R and R' are bonded to each other to form a 5- or 6- membered
ring in the above general formula [I].
[0019]

[f]: The fluorene derivative as described in [e]

represented by the following general formula [II]:

{0020]

[0021]

wherein'R”, RS, RY, R, R, R, R?!, and R* are each
;élected from hydrogen, a hydrocarbon group, .a
silicon—contéiﬁing group, a sulfur-containing group, an
oxygen—-containing group, a nitrogen-containing group, and a
halogen-containing group, and may be the same as or different
from eacﬁ other.

[0022]

[gl: The fluorene derivative as described in [f], in which

R, R'®, R'®, R, R?!, and R?? are each a methyl group, and R
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R24 [I111] [0025] R24,2526 R, R 27 - wherein R23,K,
and R28 are each sel ected from hydrogen, a

hydr ocar bon group, a silicon-containing group, a

sul fur-contai ning group, an oxygen- 10 contai ni ng
group, a nitrogen-containFHb group, and a

hal ogen-cont ai ni ng group and may be the sane as or
di fferent from each other, adjacent substituents of

RP3 to R28 nmay be bonded to each other to forma

and R7’ g5, each hydrggen BLBe abeveageaptal BY. Y is carbon
atom Q may be sel ected from hal ogen, a hydrocarbon
gr @3] an anionic ligand and a neutral |igand capabl e

of coordinating with a |one electron pair, which my

be[hgeAatdneitioh Andthle:ohipousd Fepresitridriat the Holwwidp fdeaereinformula

conbination, j is an integer of 1 to 4, and Zis a
UkaIuorenyIidene group having a free val ency of

di val ence, which is derived by renoving Rl and R2

fr ype SF-1451 12 fluorene derivative as descri bed

inﬁﬁg] to [e] represented by the general formula [I1]

or a wrenyﬁ%sne group having a free val ency of

ance, wh is derived by renoving two hydrogen

'-'-[111]

[0025]

wherein R, R*, R%, RZG, R?, and R® are each selected from hydrégen, a
hydrocarbon group, a sﬂicon—containing group, & sulfur-containing group, an oxygen-
containing group, a nitrogen-containing group, and a halogen-containing group and may
be the same as or different from each other, adjacent substituents of R* to R may be
bonded to each other to form a ring, M is a Group 4 transition metal, Y is carbon atom,
Q may be selected from halogen, 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, j is an integer of 1 to 4, and Z is a
fluorenylidene group having a free valency of divalence, which is derived by removing

R! and R? from the



5in[f ] of [g] . In the present invention, the term

"the 10-position of the fluorene derivative"
sr-iadijcates the position represented by * in the

followi ng diagram In the giagram description of

chem cal bond nei ghboring parts beyond doubl e wavy

line of the fluorene skeleton is abbreviated.

10[ 0026] [0027] [I] : The transition netal

flu@@@ﬂ@uﬂgr§$a@§§§ré§mﬁééd}ﬂﬂgdald Tawht&h% ée%ﬁ%sg%éed by

are each hydrogen in the above general formul

theld;é:ne]:ral [f%%f%lla [I] or a[fltkchrenflf@él?é é?c%mtgolti?x%r% Ia free

po yITETI zation conprisin ansi
val%ﬁ”? ﬁ%&%ﬁ%&éﬁﬁ%ﬂ&s R ROBHFP2aT B LW Eydrogen
atoms tgkﬁg% —p051tlonofthefﬂuorenederlvatlveasckﬁcrlbed
5 in [f] of [g]l. In the present invention, the term “the
10-position of the fluorene derivative” indicates the position
represented by =* ih the following diagram. In the diagram,
description of chemical bondrneighboring parts beyqnd double

wavy line of the fluorene skeleton is abbreviated.

10 [0026]

[0027]

[11: The transition metal compound as described in [h],
inwhichf@4andR?sareeachhydroganintheabovegeneralfofmula
15 [ITII].
[0028]
[J]: A catalyst for olefin polymerization comprising the
transition metal compound as described in [h] or [i]

[0029]
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(A) the transition metal conpound as describe in [h]
or [j]; and (B) at |east one conpound sel ected
spfem 5(B-1) an organonetal | ic conpound,
6&-9; an organoaluninun1ox%%conpound, and
(B-3) a conpound which for an ion pair by reacting
wth the transition netal conmpound (A). [0030] 10[1]
A process for producing an ol efin polyner

hhsi RO I L ing re_nonomner_se
romatnit ShEedTa an A TRt iR, P YeRe BPESBRoEOBPEERenS:
cat?é¥ for olefin olyggalzatlon as described in
[ ] RE, ST A0 DT £ S eaSORRINTOASNEPSFERE hiyt i OF
..or propylene. 15[0031] [M: The process for
31pr 68Gci ng an ol efin pol yner as described in.[1], in
which the transition netal conpound represented by
t he (§eénetalleketnoha fbhpoiisdusedeched fobmy of
supported on a support. 20 Effect of the Invention
[ 0032] (B-1) an organometallic compound,
(B-2) an organcaluminum oxy-compound, and
(B-3) a compound which forms an ion pair by reacting
with the transition metal compound (A).

f0030]

[1}: Aprocess for producing an oclefin polymer comprising
polymerizing'one or more monomer selected from ethylene and an
o-olefin, in the presence of the catalyst for olefin
polymerization as described in [j] or [k], in which at least
one monomer is ethylene or propylene.

[0031]

{m]: The process for producing an olefin polymer as
described in_[l], in which the transition metal compound

represented by the general formula [II] is used in a form of

supported on a support.

Effect of the Invention
[0632]
A method of producing a useful olefin polymer with high

activity can be provided by using a novel fluorene derivative,
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A met hod of producing a useful olefin polynmer wth
hi gh activity can be provided by using a novel
gp_hl,uarene derivative, SF-1451 14 a transition netal
&éﬁgound (rmetal | ocene conmpound) containing the
derivative, and a catalystl?or ol efin polynerization
containing the transition netal conpound, of the
present invention. 5 Best Mdde for Carrying Qut the
ILovention [ 0033 Hereinafter, a fluorene .
= IS ORL PO bomnpuado(Rehal ipoeRe Al Fopraiaing
[1], .a transition netal conpound 10 represented b¥.
ther fErdygvd VRenePEnad ChépAyEA [fOM Pleiipr epéymegization
fluorene derivative, and a preferred transition netal
conggapangd thiel Erpaséxempl mbited, camgobndt hef ahpr pcessnt
for producing the fluorene derivative of the
invenuéphi.on, a process for producing the transition
nmetal compound of the invention, a preferred 15
enbodi nent of enploying the transition netal conpound
of the invention for a catalyst for olefin
0 rizzat i r S duci ng an ol efin
Besgokéggrkﬁﬁ FES’K?E eﬁgg gﬁgtﬁgL%%Fgngt for olefin

pol 5855fation_containing the transition netal
con%oun of the invention will be explained one after

20 anot her. [0034] . .
Hereinafter, a fluorene derivative represented by the

above—mentiqned formula [I], a transition metal compouhd

represented by the above-mentioned formula [III], a preferred
fluorene derivative, and a preferred transition metal compound
wili be exémplified, and further a process for producing the
fluorene derivative of the invention, a process for producing
the transition metal compound of the invention, a preferred
embodiment of employing the transition metéi compound of the
iﬁvention for a catalyst for olefin polymerization, and a

process for producing an olefin polymer in the presence of the

catalyst for olefin polymerization containing the transition

. metal compound of the invention will be explained one after

another.
f0034]

Fluorene derivative

The fluorene derivative of the present invention is

represented by the general formula {I]. In the general formula
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Fl uorene derivative The fluorene derivative
of the present invention is represented by the
srp-geperal forrmula [I]. In the general fornula SF-1451
15 [I], RL, R, R3, R5, Rg,5 R7, Re, RO, R10,R12, and
R14 are each selected from hydrogen, a hydrocarbon
group, a silicon-containing group, a
sul fur-contai ni ng group, an oxygen-contai ni ng group,
I]q it ROger- ceNt @°Ni vy gfpul, afd &'5 RrR'?, and R are each
hal ogen-cont ai ni ng group, and may be the sane as or
se18ELEAT e8bn [0 63Ch, OL B« EXAIBLESPbub e,

hydr ocar bon group i nclude a Ii near chaln hydr ocar bon
roup.such. as a peth rou n
Sll%ca?opy?gﬁ%%b%? RoG¥T F %%%E%? sEh R nafhe el
ent hex rou an n- he tyl roup
oy R ROt P o087 BUBE. an hi A PR5r S Ao e ous, Pand 2
n- decanyl group; a branched hydrocarbon group such as
halggensephrbpihiny clifpPuRy 181 Met PE grouwnna@safyl different
group, a 3-nethylpentyl group, a 1, 1-diethyl propyl
frogreagh cthbrl- diretnbybbudyltige dupircarcarbon group include a
1- net hyl - 1- propyl butyl group, a 1, 1-propyl butyl
1in@8&8Whaith ﬂ;yarab&ebby&lgﬁo@iﬁtdﬂm @anl mgEBYP, gadiEh 13ndethyl
1-met hyl - 1-i sopropyl - 2- et hyl propyl group; a cyclic

gro§§$%ﬁ?%@%r@$?ﬁoﬁﬁ598n QﬁQHHQQU%Qo@% 8 EYEIIAR8AL Yroup, an
group, a cyc ohexyl group, a cyclohéptyl group, a
oct group,, rnyI ro ntyl

n-— ngE%f %xXﬁ% %gﬁgyéF: L y ugfolg %%gtgﬂ 893&8 2 n octyl
neth | adamant ]y ?roup clic unsatfrat hed

ITORYdr otar o 2o Gt Bupr sﬁEﬂ 8 3 PREAYY g%%lo a2 ti3fgpche
group, a naphthyl group, a biphenyl group,

hydppeasn®h GFougr U@ 28t ARERPECENY IERBUpa ta?fstathﬂtatle@roupr
hydr ocar bon group substituted with a cyclic

an agyysag xat,ed Sryertdoaidsort wir oupus uehl als-di ez r qroluproup,
a cunyl group, a 1,1-diphenylethyl group, and a

a 1 Y+dhesyhymeddny ]l grosifp, a 1-methyl-i-propylbutyl group, a

1, l1-propylbutyl group, a 1, 1-dimethyl-2-methypropyl group, and

a l-methyl-l-isopropyl-2-methylpropyl group; a cyclic

- saturated hydrocarbon group such as a cyclopentyl group, a

cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a
norbornyl group, an adamantyl group, a methylcyclohexyl group,
and a methyladamantly group; a cyclic unsaturated hydrocarbon
group such as a phenyl group, a tolyl group, a naphthyl group,
a biphenyl group, a phenanthryl group, an anthracenyl group;
a saturated hydrocarbon group substituted with a cyclic

unsaturated hydrocarbon group such as a benzyl group, a cumyl

group, a 1,1-diphenylethyl group, and a triphenylmethyl group.
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SF- 1451 16 Exanpl es of the oxygen-containing group

i ncl ude a nethoxy group, an ethoxy group, a phenoxy
SF_gﬁsgp, and a furyl group. Exanples of the

ni trogen-contai ni ng group Jjnclude an N net hyl am no

group, an N, N—dinethylaan% group, an N-phenyl am no

group, and a pyryl 5 group. Exanples of the

sul fur-containing group include a nethylthio group

thi.enyl agroup. anpl es of the .

e o8 o e R P P Rg: TS R HEE Ry Iy rou,
roup, a triethylsilyl group, a dinethyl phenylsilyl

an %?QR%& H WphenpPRBORYI P40 Grop, faril group. Examples
triphenylsilyl group. 10 Exanples of the

of 14 bhercgont @Rt AGRne gy ourcl ndkbude Bhubrietdh dteomncagroup,
fluorine-containing group such as.a trifluoronethyl

an Nynoujp,mest i 13ni-rta gi-bupr, aet Ryphenolipmi Aofd rorgphedy pyryl
group, a difluorophenyl group, a trifluorophenyl

gro@gbOUExatniey aff uOphemir Wb irding group include a
trifluoronethyl phenyl group, and 15

'metgkﬁﬁﬁiEfgﬂgﬁ ”EBBYE gﬁggﬁ%lugﬁngQHEQ%#ﬁﬁgy ok Fﬁ&

ori ne=contai ning group s atri orone
hen

; p 2.2.2-trichloroethyl grou chloro
511 06 0hReoRe &1 &1, BERERy P o 8D, Jact e e sphehystoun, a
. group, . ent achl orophenyl group, _a.
trl%%?%ﬁ?bf%ﬁe@ﬁ??@heﬁyﬂl@?%@bgpgﬁﬂyééllyl group, a
~ bis(trichloronethyl group), a bromne atom a
dipheeyd petlevhs &l ningrgepupasdch bsiphénphephehydrormup,
an iodine atom and an iodi ne-containing group such
Exampplam oifcduphehybegrooptaf 0085]lgr Sk 1d&ludd a fluorinkkaton,
the general fornmula [1], Rl, R2, R3, R6, R6, R RS,

a fRhrifidRcdtidaildy @b eseachrpretistahbyhyl group,
hydrogen, a hydrocarbon group having 1 to 20 carbon

a 2P 0e)s £ RustbeRp conbal i ggfgﬁaygpﬁ@e{' 095 0,49, 20

carbon aton(s), a suffur-containing group,”an
difluoropheﬁyl group, a trifluorophenyl group, a
pentafluorophenyl group, a trifluoromethylphenyl group, and
bis(trifluoromethyl group), a chlorine atom, a
chlorine-containing group such as a trichloromethyl group, a
2,2,2-trichloroethyl group, a chlorophenyl group, a
dichlorophenyl group, a trichlorophenyl group, a
pentachlorophenyl group, a trichloromethylphenyl group, and
bis(trichloromethyl group), a bromine atom, a
bromine~containing group such as a bromophenyl group, an iodine
atom, and an iodine-containing group sﬁéh as an iodophenyl
group.

[0035]
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5 oxygen-contai ni ng group, a nitrogen-containing

group, and a hal ogen-contai ni ng group. As the
SF-h¢diocarbon group having 1 to 20 carbon aton(s), the

silicon-containing group lawing O to 20 carbon

aton(s), the sulfur-containing group, the _

oxygen-cont ai ni ng group, the nitrogen-contai ning

group, and 10 the hal ogen- contalnlng roup, the-

aboVe-ttentgicoreed: 1s bsmirf sehi ] N/, b’ Egmﬂl fREAR’, R®, R?,

[ 0036] In addition, adjacent substituents of
R'?,RiMt orR] 4R be reosgen pire reach 16t hedrs@efh PaMBy st dgarbon

and may be joined together 15 to forma ring having 1

grohp Hd Gaf hop, @tOOH&ﬂwn ar{om'sqh A% 108N i B ng group
nitrogen atom and a sul fur aton1nay be cont al ned,

t e at.o i ch e the ad acent

nav BHCH TG e o R+ R SiTd e SRy hA G feguer an
together to forn1Ra whi ch.is dival ent, R12 and R 3

OXY%@BE"PBF‘ﬁEB“?anPHBr #ont bFAFRD WAPERL2B0Y sgzoup, and a
divalent. Pa and Rb are each a dival ent substituent

halggaRr cPhRALRIRE NG eRR - gisuphewhelora rpeaf eFabbyhaving 1
hydr ocar bon group having 1 to 20 carbon atom( s ) ,

to 4 silrboonatont ai ni tige gridugohaviondg al ntiag2@r cap brmung 0 to
atonm(s), a sulfur-containing group, an

20 OXYQ6R-£06hakN| NGhar SUPfua-Bbht 998 INE Oft &) NEhgr oup,
and a SF-1451 18 hal ogen-cont ai ni ng group. Exanpl es

oxy@énlesnf‘é(gﬁi’ﬁé‘r §e8ug! OHQe of 1 gh¥aLentohhg! Mdey agroup , and
net hyl ene group an et hyl ene group, an et hyl T dene

_ the g{a%e%ﬁqu—eﬁ :LneJ_rhe %EE%HB @'qe a%%erel g%éﬁllth%ﬂ%dgggggtlﬂlent

ene up, nmet h ["fene "gr ou

tetranet hyl e hylene group, a trlnethylene group, a
may???n%%ﬁ??i?%ﬁ% hyl ene group, a hexanethyl tri methyl ene

grou a tetranet hyl ene group, an
octHﬂ%i Itetranethylene group, a propenyl ene group,

a vinylidene group, a cycl ohexylidene group, and a
1, 2Imyﬂ@m@nylm@emmu®W@stmf0ﬁﬁé to R' may be

bonded to each other to form a ring, and may be joined together
to form a ring having 1 to 20 carbon atom(s}, i‘n which an oxygen
atom, a nitrogen atom, and a sulfur atom may be contained,
togetherwith the atomwhich connects the adjacent substituents.
Furthermore, R® and R’ may be joined together to form Ra which
is divalent, R and R? may be joined together to form Rb which
is divalent. Ra and Rb are each a divalent substituent other
than a vinylene group, which is preferably a hydrocarbon group
having 1 to 20 carbon atom(s), a silicon-containing group having
0 to 20 carbon atom(s), a sulfur-containing group, an

oxygen-containing group, a nitrogen-containing group, and a



10

15

20

10 silicon-containing group include a silylene group,
a dinethylsilylene group, a disilene group,
SEu;%%%?nethyldisilene group, a silaethylene group, a
' ' hyl si | aet hyl ene group, _and
tetramet hyl si | aet hyl ene gr%%p. Exanpl es of the
sul fur-containing group include a sulfur atom a
t hi aet hyl ene 15 group, a di et hylthi aethyl ene group,

and _a t hi oxonet hyl ene group. a of the

e e R S GPBap. THEIRARS 4h GlygdHsrben grous
oxaet hyl ene group, a dinethyl oxaet hyl ene group, and

of gdvelendt H?Fgﬁéegﬁofﬂ%?h@%%%l%o%ﬁr t#e ethylene group, an
ni_trogen-containing group include an imno group,

ethyredeyls araop gra g ormplensy brpiipe 20 iggapympwlidene group,
azaet hyl ene group, an N-nethyl azaet hyl ene group, an

a dimehéplleangethyl emeugr,oup t ramertihiehnlazaet hybepe a
group, an im nomet hyl ene group, and an

tetNamRichylieFhpoeBkhyr-eng , 9aouR 1 nEXaNlkes ofoup, a
hal ogen-cont ai ni ng group include a quorontherne

Ao S U e g g
o <ELPLEIRTTELILLTE! L ons GLOURy & ranrcana e gsovg.

di chl or onet hyl ene group, a cli brononet hyl ene group,

PrORREYASHR FurdtRet Ayl idhel ‘GesinI T SEDO3TFY Seke £y kidene group,

exanpl es of the fluorene derivative in which such
andadj acéntysubbekeogirsef groug -r i Brpnmicd sidef tthee

compounds represented by the following fornmula [11]
s11[@038LoR2ARhENg group include a silylene group, a

dimethylsilylene group, a disilene group, tetramethyldisilene
group, a silaethylene group, a dimethylsilaethylene group, and
tetramethylsilaethylene group. Examples of the
sulfur-containing group include a sulfur atom, a thiaethylene
group, a dimethylthiaethylene group, and a thioxomethylene
group. Examples of the oxygen-containing group include an
oxygen atom, an oxaethylene group, a dimethyloxaethylene group,
and an oxomethylene group. Examplesofthenitrogen—éontaining
group include an imino group, a methylimino group, a phenylimino
group, an azaethylene group, an N-methylazaethylene group, an
N-phenylazaethylene group, a trimethylazaethylene group, an
iminomethylene group, and an N-methyliminomethylene group.
Examplesofk@logen—containinggroupincludea;fluoromethylene

group, adifiuoromethylene group, a (trifluoromethyl)methylene
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R1OWS 10 [0039] In the general formula [I1] ,
R15, R16, Rfl, R19, R19, R20, R21, and R22 are each
gr-galsqct ed from hydrogen, a hydrocarbon group, a
silicon-containing group, fgsul fur-containing group,
an 15 oxygen-contai ni ng group, a nitrogen-containing
group, and a hal ogen-contai ni ng group, and nay be the
same as or different fromeach other. R15, R16, R17,

grodp9. aRb9s (Rr2@1 uB2bmcand 18 a2 <eac R phef erably a
hydrogen atom a hydrocarbon group having 1 to 20

coRRRRB O She g7l SOM SORLALPIDI ALoYR N 0

g | fur-containin roup, an _oxygen-containi ng group,
aichl g BeERYIGBR- SoRtRy ning G OUB  CAE YL e ch JaPGar BB 2
,.group having 1 to 20 carbon aton(s), the '
dllggpp@gﬁyééﬁ?agﬁpﬁﬁ-group having O to 20 carbon
aton(s), the sulfur-containing group, the 5
oxygen3ébnt ai ni ng group, the nitrogen-containing
group, and the hal ogen-contai ni ng group, the
abogpenent ¢ exacthpulzss £ thent! umeredexewpt i Fk adh wihdiCBuch
is nore preferably a hydrogen atom or a hydrocarbon

adjgEeHR BaNkpgtiehe s2@oear QOEiﬁbo%élud@nghQaEE}n%Hhﬁagy
preferably hydrogen or a nethyl group. 10[ 0040

repIéQ@ﬁ%éhoB%ngélFgggggg? foqula IF?$tranSition

metal conp o] sent 1 nve nis
repL$§$§£ed by the general forrmula [II1]. In the
gen ormula [I11], R23, R24, R25, R26, R27, and

R28 are each sel ected

[0039]

In the general formula [II], R™, R'®, rRY, R, R'?, R,
E@l,andE@zareeaGhSelectedfromhydrogen,a}nmuocarbongroup,
a silicon-containing group, a sulfur-containing group, an
oxygen-containing group, a nitrogen-containing group, and a
halogen—containing group, and may be the same as or different
from each other. R, R®, RY, R, R'Y, R?%, R?, and R*® are each
preferably a hydrogen atom, a hydrocarbon group having 1 to 20

carbon atom(s), a silicon-containing group having 0 to 20 carbon
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15 from hydrogen, a hydrocarbon group, a
silicon-containing group, a sulfur-containing group,
SF_§q5%xygen-containing group, a nitrogen-contai ning
group, and a hangen-contg% i ng group, and may be the
same as or different from®ach other, adjacent
substituents of R2Z3 to R28 may be bonded to each

other to form20 aring. Mis a Goup 4 transition

atoﬁ‘g%zgé%?ug%ﬁé%g%a%q%r%%%' g% ggﬁ%%ﬁg?rgt;%i?lianr%ggoup,

drocarbon up,” an an
neutral 1igand capahl e of coordinating with a |one
2ndgP o Bi F SROBHT PO Of "ag TBUPs el St BRE | YL HRS SHiRl grou
conbi nation or different conbination, and j is an

haviRgedeft ot O1cpsben Atpor (s§F- Ths1spiigop-gepeayhideneroup
group conprising the above-nentioned fl uorene
havdeni ¥ 4&pi @ car@04lptExdapl ehobul ierhydnosanbog grooyp the
include a linear chain 5 hydrocarbon group such as a
oxygehhybngaotpngagreuby! tgeoup: rageA-poAPYing@hguUBrodP, and
allyl group, an n-butyl group, an n-pentyl group, an
the M dEXYdn GEHIPa i Ah Q- HeRIDY, £ HE AR v dhtOGnd 908YPs tuent
an n-nonyl group, and an n-decanyl group; a branche
r I up.such.as_an_i opyl . group,. a
may?%?t-‘%%nggg%ﬁbgﬁgﬁﬁh%flm%ﬁeg§%€%?g%b%§ﬁ%%ﬁyﬁﬁgﬁpy?tom’
rou a 1, 1-diethyl propyl group, a 1, 1-dinethyl butyl
or & BuRrogaEbRRL BYPUE- BRSpUFDAL P §PoGpEPan atomts), dnd
1- propyl butyl group, a 1,1-dinethyL-2-nethypropyl
ParE%eué?réﬁdpaeiEﬁébEy|hrdr§@9n09y|azmﬁﬁhhy|9r@pyr
group; a cyclic saturated hydrocarbon group such as a
cycl@pe&nt yl group, a 15 cycl ohexyl group, a -
cycl oheptyl group, a cyclooctyl group, a norbornyl
gr olpenait hslameat y1 gomupuna net hyl cycl ohexyl group,
and a net hyl adamantly group; a cyclic unsaturated

hy dr19€ ar s OF QUP e asmdRIRNYE ¢hRUBredehP! Yhvention
group, a naphthyl group, a biphenyl group, a

: naL r r g . 20 .a

s ga ura%@%g%y%¥g%£?bgn %f%%ﬁﬁguﬂs%?tt§eg]MA?ﬂ 5h%y%??%ral
unsat d hydrogar hgn gsoup.such a _benzyl gro

for%P%%n;#E%fb&%,’égﬁf1?drpgeny?éVhdegiéuﬁfeaﬁé?B seteced

t i phenyl net hyl grouge Exanpl es of_ the o

fro%iv&éﬁgéé‘mtaapﬁﬁﬁﬁcﬁﬂr B §rRdE S NSt THAg U, RGagroup,

et hoxy group, a phenoxy group, and a furyl group.
a s@%tﬁpf@@ntalnlng group, an oxygen-containing group, a

nitrogen-containing group, and a halogen-containing group, and
may be the same as or different from each other, adjacent

sﬁbstituents of R?® to R*® may be bonded to each other to form
& ring. M is a Group 4 transition metal, Y is carbon atom, Q
may be selected from halogen, 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. Z is
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SF-1451 22 of the nitrogen-containing group include
an N-net hyl am no group, an N, N-di net hyl am no group,
g3 &Y phenyl anino group, and a pyrrolyl group.
anpl es of the sulfur-conéilnlng group include a
met hyl thi o group and a thi&nyl group. Exanples of 5
the silicon-containing group include a trinethylsilyl
group, a triethylsilyl group, a dinethyl phenylsilyl
r . d] nyl net hyl si |yl gr.ou and a
= £ O e B R T e pa B Bpp 8 mEne soned £1uorene
d halggfn-containing group include a fluorine atom a
SHMior'iYe- cont ai niing group such as a trifluoronethyl
group, 10 a 2,2,2-trifluoroethyl group, a
f1 udP8Rényl group, a difluorophenyl group, a
trifluorophenyl group, a pentafluorophenyl group, a
t ri Exaopdrst df lteehybrgrenppnamdoln si(iclivddeuaraimetdyy lchain
group), a chlorine atom a chlorine-containing group
hydsueh rad®na grbuphkQEBMBENY | m@ERYP, gPodS, an ethyl group, an
2,2,2-trichloroethyl group, a ch?orophenyl group, a
n-paHoghh0 ny : | chl.oro | Prarfin-
ppe%?gcE?gpgbhiﬁsgf%g%nﬁ;dﬂg'tE%chlgpgg%t?éﬁéﬁkﬂ%ﬂ n-pentyl
grogt?gugn I?'Dge%]?](etilréuc;h,l %Elorrgggl%%lglyg,r §%§ﬁpa2a12rno_rgcﬂ:3y1 group,

m a bro cont’aini ng

br onophenyl group, an jodine 20 atom_and an
an I’r“orb‘?‘h%fsaﬁ%lair rﬁfhgaarfb" AR 98°HA’ iBdophentA hyPsgparbon
]

[ 0042 In the general formula [I11], R23, R24,
JroRps5SUgRdaREE! IWerdPratle 9SOSYi BUBATE- oWt vl group, an amyl

cycl opent adi enyl ring, each is preferably SF-1451
group, a 3-methylpentyl group, a 1,l-diethylpropyl group, a

1,1-dimethylbutyl group, a l-methyl-l-propylbutyl group, a
1,1-propylbutyl group, al, l-dimethyt-2-methypropyl group, and
a 1—methylwl—isopropyl—Z—methylpropyl group; a cyclic
saturated hydrocarbon group such as a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a
norbornyl group, an adamantyl group, a methylcyclohexyl group,
and a methyladamantly group; a cyclic unsaturated hydrocarbon
group such as a phenyl group, a tolyl group, a naphthyl group,
a biphenyl group, a phenanthryl group, an aﬁthracenyl group;
a_safurated hydrocarbon group subsfitutedrwith a cfclic
unsaturated hydrocarbon group such as a benzyl group, a cumyl
group, a 1, l-diphenylethyl group, and a triphenylmethyl group.
Examples of the oxygen-containing group include a methoxy group,

an ethoxy group, a phenoxy group, and a furyl group. Examples
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23 hydrogen or a hydrocarbon group having 1 to 20
carbon aton(s). As the hydrocarbon group having 1 to
SEW%% arbon aton(s), the above-nenti oned hydrocarbon
group may be exenplifi ed. &E |s nore preferred that
R24, R26 are each hydrogen? IS even nore 5
preferred that R23 and/ or R25 are/is a hydrocarbon
group having 1 to 20 carbon atom (s). As the
r . ing 1 2 rbo .t he
o B el oned R dr DAt EOH GPSUbSRE) ba eRBrpIT e gz
43 n_.the above ment i oned gen fornula [1],
an Y3 szj‘re%&%a&g}a o GERER @R Y1~ HHeRg 12 fing PrQYPenPl @
ring_.is a carbon atom R27 and R28, which are
PYTE@Stli (IFoWPs X ¥Phee ehchhor 8hbf abt SomRFbgen, g 2ouD
hydr ocarbon group having 1 to 20 carbon aton(s), a
lncéwkkt@mﬂﬁﬁhwéth&ngggDu@pahdvanghﬁehpl2@r@@pboExamples of
aton(s), a 15 sulfur-containing group, an
theosygenoneebateungngr@ﬂpupalﬂtlu@@eﬁﬁﬁﬁmﬁéﬂwyﬂallgﬂo@Qoup,
or a hal ogen-contai ni ng group. Exanpl es of the

a tE})L@Ft@l%rskiQ@’lng%Bpha\é' B9 mb th 9/1 (Ple?@;rl*geﬁgﬁtg S) a

the silicon-containing group-having O bon
dipAbRM Skt If nt I ng.qr.o _
lpoxy e€n-co gﬁ% ng%gro%ﬁ %Fﬁ 1] lPﬁ%%& ﬁl%g%tgFﬁPﬁg
Exadl g 368& he hal o gen- cqnt.ai ni n rou |nclude t he
URLEEI 0GR NAd OHERCRGRET LB ORI T THALBC e et trer kagratom,
as or different fromeach other, and may be bonded to
i ePHiBeT FRGEAERARDI 85CBP sieh sabst imidAto TameRhwAi ghoup,
R13 and R14 are bonded to each other to forma ring,
a ZjdePutieiflupchbepbriybirdene aSE1145bpBdngloygpoun, a
cycl ohexyl i dene group, a cycl oheptylidene group, a
difihoevehyhiydegeogpoup, taiidubydpbant/hr geeayl i dene
group, and a di benzocycl ohept adi enyl i dene group.
pent@@ﬂébrophenyl group, a trifluoromethylphenyl group, and
bis(trifluoromethyl group), a chlorine atom, a
chlorine-containing group such as a trichloromethyl group, a
2,2,2-trichloroethyl group, a chlorophenyl group, a
dichlorophenyl group, a trichlorophenyl group, a
pentachlorophenyl group, a trichloromethylphenyl group, and
bis(trichloromethyl group), a bromine atom, a
bromine-containing group such as a bromophenyl group, an iodine
atom, and an iodine-containing group such as an iodophenyl
group.
[0042]

In the general formula [III], R*, R*, R?®, and R*®, which

are substituents on a cyclopentadienyl ring, each is preferably
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5In the aboVeé-nenti'oned general forrmula [I11], Mis a
Goup 4 transition netal, specifically Ti, Zr, or Hf
SE-Q45dy be sel ected from hal ogen, a hydrocarbon group,
an anionic ligand and a nextral |igand capabl e of
coordinating wwth a I one electron pair, which may be
selected in the sanme conbination or different 10
conmbination. j is an integer of 1 to 4, wherein when
hydjirogsn2onra hydeoc@nirey: beothehaaimy dstor2didafrgreentton (s) .
fromeach other. Specific exanples of the hal ogen
As athenhiyAdebudebanf gueliph@aatam 1actehbor taepahoArod (s), the
brom ne atom and an iodine atom and specific

abo@éaﬁﬁh%%oﬁfadt H@a%%%%b%ﬁao%%g vy BY beehhe; SA0R. 0Re g
as 15 exenplified above peci fic exanples of the

mor%n%ﬁgfgré% q{llx ﬂ Fﬁ@;;%g;%@phéggﬁ%ﬁ{roérxﬁgiEFaJt 3, even more

oXY, ENoXy group

acetate a pnzoat e a sulfonat roup such
pre3EERedlrETe et T ot tal SRFRAE AP having
di net hyl am de, d||soprop Ian1de nethylanlllde and
1 to02Qi GrHeRn aviicel S)Speéﬁfgheebm%%ﬂéﬁn HEWRedEvARg 1 to
| i gand capabl e of coordinating with a | one el ectron
20 parbonnztaondés an thegathavegphosphorous hyarpoandugioas may
trimethyl phosphine, triethyl phosphine, triphenyl
be phesphifeeand di phenyl nethyl phosphine; ethers such
as tetrahydrofuran, diethylether, dioxane and
SF- 1454325 1, 2-di net hoxyethan; and the like. It is’
preferable that at | east one of Q is halogen or an

|k d .El
EErlva fgg%OJéx%g%&gﬁ%ggéf%} pre rre %¥I§3?gngg§ldglng'
2 CYf%é e 'aéﬁserﬁé@?aﬁéflﬂﬁdm U BB A RRS Bhom-

fnii B88- b chmamsy BUb EHNErd P BdpEnt AFB, ARFhuBEeRerably
1,3,6,8-tetramet hyl- 1H, 81- J-di cycl opent a[ b, h] fl uor ene
hydroseﬁrd@mmcaw%m@wlhm@mm[lb te] E0uceehen 4fom(s),
1H, 8H di cycl opent a[ b, h] f | uor ene,
a si]lic8rtcomedhyilngHgeyapopeniafbdftouoenearbon atom(s), a
1, 3-di mret hyl- 1H cycl opent a[ b] f | uor ene,
suliuﬁ-d@ﬂﬁéﬁﬂﬂnéF?E&ﬁbQDSHtak?&éhuééﬁﬂalﬁiﬂgrgﬁsup, a
1- met hyl - 1H cycl opent a[ b] f | uor ene

nitrogen-containing group, or a halogen-containing group.

Examples of the hydrocarbon group having 1 to 20 carbon atom(s),

the silicon-containing group having 0 to 20 carbon atom({s), the

sulfur-containing group, the oxygen-containing group, the

nitrogen-containing group, and the halogen-containing group
include the substituent as mentioned above. These may be the
same as or different fronléébh other, and may be bonded to form
a ring. Examples of the substituent, with which R*® and R are

bonded to each other to form a ring, include a ¢yclopentylidene
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15 3-net hyl - 1H cycl opent a[ b] f | uor ene,
- 2,7-di net hyl-1H, 8H di cycl opent a[ b, h] f| uor ene,

SF-24@8t hyl - 1H, 8H-di cycl opent a[ b, h] f | uor ene,
1,1,2,3,6,7,8, 8 octanet hylz4H, 8H di cycl opental b, h] fl u
or ene,
1,1,2,7,8, 8-hexanet hyl- 1H, 8H di cycl opent a[ b, h] fl uoren
e, 20

groBp6- di F¥oprbpy¥iideng, 8rvebr arethylohbp8i dieyel gpenp, a
a[ b, h] fluorene,

fludréngiisaepeopydugH, a8modhw@banea&a[:bnmﬁauﬁée;r;neoup, and a
3, 6-diisopropyl-1, 3-di methyl-1H cycl opent a[ b] fl uor ene

dlben§ob§@@59@¥%aé1én§ﬁﬁ@%h¥l 1Hueycl openta[b] fluorene,
3-isopropyl-1-neth I-1FLcycIopenta[b]fIuorene

SF- 1084476 | |
3, 6-diisopropyl-2, 7-di met hyl- 1H, 8H di cycl opent a[ b, h] f

Iuo en
o TSR B 1090 FrbPRyd 9pReFRl- T ey ek dAtar B AFRIGEo:P
rene
4 tBaBSHFlP@rWebaﬂylsmefl£l¢aé18 Réxafit hgI- HF: 812 dacy &e
openta [b, h]fluorene, 5
SElSPBQGIfIQmthdﬁﬂganJiﬂh8d89tatbanE§hq¢pJHMBRndDGyCIbpgand

nta[ b, h]fluorene,

and3, Gedlt rd i ghutydaddh BHodicyrd dpertialdw i f buoyenelect ron
3,6-di-tert-butyl-1, 3-di methyl- 1H cycl openta[ b] fl uore

paiBe,wrﬁ-ctheﬁl&giM ¥bidctedi Mt A%l bE e¥rb9ReRE LR qifferent

f[ uorene

conghEELORS Y Sk Tt el N POl SO B 3 g
r ene

or @O%f 2t 87Y - ‘Bﬁt FRe25ABENGT- DR, BHE GPEGRF opEATAPBC) PFROT -

Spe%i%iaie%aéfrﬁl%p;flt@qhazl%@ e ARl rye-a flgardreyaton,

opent a
a chlorine atom, a bromine atom and an iodine atom, and specific

examples of the hydroccarbon group may be the same one as
exemplified above. Specific examples of the anionic ligand
include an alkoxy group such as methoxy, tert-butoxy and
phenoxy; a carboxylate group such as'acetate and benzoate; a
sulfonate group such as mesylate and tosilate; an amide group
such as dimethylamide, diisopropylamide:‘;ethylanilide, and
diphenylamide. Specificexamplesoftheneutralligandcapable
of coordinating with a lone electron pair include an organic
phosphoeous compound such as trimethyl phosphine, triethyl
phosphine, triphenyl phosphine endﬁdiphenyl methyl phosphine;

ethers such as tetrahydrofuran, diethylether, dioxane and
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15[ b, h] fl uor ene,
1,2,9, 10-tetrahydro-di benzo[ b, h] f| uor ene,

'SF-1ABJ10,10rtetranethy1-1,2,9,10-tetrahydro-dibenzo[b,h

] f luor ene, 25
1, 10-di net hyl-1, 2,9, 10-t et r ahydr o-di benzo[ b, h] f | uor en

el

4, 7-di net hyl- 14,9, 10-t et rahydr o- di benzo[ b, h] f| uor ene,
1,23dipéthok@etBahexanat hyd- 1129, 10- tod redyrandidhaenzal ac

b, h]f1 20 uorene, 1H, 2H benzo[ b]fl uorene,

leadrlodiemeichyls LHnahoBenzglbLhl Wakene gronp.

1,1,4-trinethyl-1H, 2H benzo[ b] f | Gor éne,
1,4IQEQ§ﬁhyl41H,2H—benzo[b]f|uorene,
4-met hy1- 1H, 2H benzo[ b] f | uorene,  SF-1451 27
o ChanbeLl 0¥ Yol 2y 8a 1T LELLADVEL 2T GaPEREOL D M T
4,7-di-tert-butyl-1,1,10, 10-tetranethyl-1,2,9, 10-tetr
ahy%¥6mpé?5eﬁ§oPﬁgﬁ?ﬁxg@rE%@Qrene derivative include
4,7-di-tert-butyl-1, 10-di nethyl-1, 2,9, 10-tetrahydro-d
1,1y Behz8,8FbekpMmetbyénél, 8H~-dicyclopental[b, h] fluorene,
4-tert-butyl -1, 1-di net hyl-1H, 2H benzo[ b] f| uor ene,
1,148f ertebubydtAyiet hydrldi by2topenzab] hl E066P&ne,
3, 6-divinyl fluorene, 3-vinylfluorene,
1,33658dtet§9ﬁéeﬁgmytﬁ1yﬁrsnsycﬁapéae§@B?ﬂyki£89éﬁ@?, 10
, 6-di propenyl Tl uorene, 3-propenylfluorene,

3
356 di -het hyl | 1 flu e
3 T S EES PP p LBl FP8orene,
6-di - (2-phenyli sopropenyl)fluorene,
1k, G2l EEoPIREX LA SRPEPRCTRLT
3 6-dist%rylfluorene, 15 Sast¥rylfluorene,
1,1 36 pime D phahyT F e bpeeiyd [BbE therene,
3- (2- phenyl ) propenyl f1 uor ene,
1, 3ziignefrhyli=Het tydlopphienid) Propeaysf | uor ene, and
3-(1- et hyl- 2- phenyl ) propenyl f | uorene. However, the
1, 1fduoremel 6B+ vwt 1 oeeota (HEF pieseny 1 f hverdnon i s not
limted to
1fmethyl-1H—cylepenta[b}fluorene,

3-methyl-1H-cyclopenta[b] fluorene,

2,7-dimethyl-1H, 8H-dicyclopenta{b,h]fluocrene,

Z-methyl-1H, 8H-dicyclopentaib, h] fluorene,
1,1,2,3,6,7,8,8—0ctaméthyl-lH,8H—dicyclopenta[b,h]fluorene,
1,1,2,7,8,8—hexamethyl—1H,8H—dicyclopenta[b,h]fiuorene,
3,6-diisopropyl-1,1,8,8~tetramethyl—-1H, 8i-dicyclopenta[b, h]
fluorene, 3,6~diisopropyl—lH,8H—dicyclopenta[b,h]fluorene,
3,6~diisopropyl-1, 3-dimethyl-1H-cyclopenta [b] fluorene,
3-isopropyl-1l,l-dimethyl-1H~-cyclopenta[b] fluorene,

3-isopropyl-l-methyl-1H-cyclopenta[b]fluorene,
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20 the above-exenplified conpounds, and exanpl es

thereof include all the conpounds satisfying the
splepi rements as described in the clains. [0046]

Exanpl es of Preferred Tran§ition Met al Compound

SF- 1451 28 Exanples.oP preferred transition

nmet al conpound i ncl ude

i sopropyl i dene(cycl opentadi enyl ) (1,1, 3,6, 8, 8-hexaneth

3,%ﬁ%ﬁ%%ﬁé%ﬁ?yfaﬁy7H&Tﬂéﬁﬂ§ﬂﬂfﬁ}gﬁjapéyéggﬂaﬁya%@,h]fluoren

T G T R

i chl oride,

'3'¢§ 7Hﬁ£6ﬁ%q&aﬁé@¢Qcﬂeﬁbﬁ%éﬁﬁ@ﬁﬂmﬁ@EYEﬁéﬁaﬁ@:@iﬁé%éﬁ@@nta

hyl-1H , 8H di cycl opent a[ b, h] fl uorenyl ) zi rconi um
[b, il dRivsrmede,
di benzyl net hyl ene(cycl opent adi enyl ) (1, 1, 3, 6, 8, 8- hexam
3,%?dﬁﬂtertgﬂ£MﬁyikayaLﬁpenﬂﬁﬁdrdﬂdﬂuym@amymnzuﬁ@gﬁu@@enta[b,
i chloride, 10
h] fphensneet hyl ene(cycl opent adi enyl ) (1, 1, 3, 6, 8, 8- hexanet
hyl-1H , 8H di cycl opent a[ b, h] f | uor enyl ) zi r coni mm

3, 6digghl Qride, - ~di
(pheny I ( mat Ry Y ret by CaR s e EeE S anPal EAVOrER®1 3. 6, 8

3, 6.8 re Tous 1 S BeR LS T FY GAPRRPERAP) EtPHRS

~_ _dichlori ,
3‘tT%%5£3%&3§9e&ﬁéﬁyﬁfﬁﬁ%ﬁ}ﬁéﬁéFéyéﬁéﬁéﬁbédﬁéﬁyw?p@,1,3,

3‘tgégéghgilrHr@@thyéréﬁcbﬁgé@papbﬁﬁpﬂE&opeﬁyb)zirconium
3rGSEEQL;L;SEhhyR}aeﬁhyﬁaaebgyenﬂpeﬂkadbgnybpéﬁtéis,ﬁaBluor
eneﬁé?ﬁ??-lH,SH—dicyclopenta[b,h]fluorenyl)zirconium
3,6—di—tert—butyl—2—methyl—lﬂ,BH—dicyclopenta[b,h]fluorene,
3,6~dihtert—butyl—l,l,2,7,8,8~hexamethyl—1H,8H—dicyclopenta
[b,h]lfluorene, 1,2,9,10-tetrahydro~dibenzoib,h] fluorene,
l,l,10,lo—tetramethyl—l,Z,9,10~tetrahydro~dibenzo[b,h]fluor
ene, l,lO—dimethyl—l,Z,9,10-tetrahydro~dibenzo[b,h]fluorene,
4,7—dimethyl—1,2,9,lo—fetrahydro—dibenzo[b,h]fluorene,
1,1,4,7,10,10—hexamethyl—1,2,9,10—tetrahydro~dibenzo[b,h]fl
uorene, 1H,Z2H-benzo[b]fluorene,
1,1-dimethyl~1H, 2H-benzo [b]l fiuorene,
1,1,4—trimethyl—lH,2H—benzo[b}flﬁorene,

1,4-dimethyl-1H, 2H-benzo[b] fluorene,

4-methyl-1H,2H-benzo[b] fluorene,
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20 dichl ori de,

- di phenyl net hyl ene(cycl opent adi enyl ) (1, 1, 3, 6, 8, 8- hexam
t hyl 1H, 8H di cycl opent a[ b, h] fl uorenyl ) zi r coni um

SE g]qu% ori de,
di - p-t ol yl met hyl ene(cycl op@At adi enyl ) (1,1, 3, 6, 8, 8- hex
anet hy 1-1H, 8H di cycl opent af b, h]fluorenyl)2|rcon|um
di chl ori de, SF-1451 29

:, 1_;%%& . 4gromethyl pfienyl) met hyl ene( eyel gpentadieny
4, 7’2"",3;%1'23@ o4 %%@g%t 12¥J|1 dli'OH 8|_—I-tdeI tcrya?r!eqc%e;fqt s %] fZLlou %Eﬁc%lh)ydro
bls(n}trlfluoronethylphenyl)nethylene(cyclopentad|eny

~dibgneobs h] fluorene,
, 3, 6, 8, 8- hexanet hyl- 1H, 8H—d|cyclopenta[b h] f I uor enyl)

4, %ﬁdﬂﬁﬁ@ﬂt&mmdwahﬂgmUﬂﬂlmethyl 1,2,9,10-tetrahydro-dibenzo
bi s(p- fIuorophenyl)nethylene(cyclopentadienyl)(l,l,B,

[b,61&18orene,
hexanet hyl- 1H, 8H di cycl opent a[ b, h] f I uorenyl) zi r coni um

hl ¥
1- t%k?(ﬁ%%?ﬂo%éphenfﬁfﬁé?h]f%ﬁ£%§§ ZO& %&Pre e)((1 1, 3,
4t B %&t%;l TRES Yy 2S8R 2od N ELEGERBRy1 ) zi r coni um

di chl ori d
3, 6b:d§("6%<r§’:lrlfgf186ﬁéfﬁyl RetiyIvaidycapaicopent adi enyl ) (1, 1, 3,
6, 8, 8-

3rGhQiaﬁﬁpﬁy@PQHy&ﬁi@b¢$®kopéﬁﬂappﬁbpﬁhuéfénpkpnbnconium

15 di chl ori de,
3, 6bids propkhel dphemynkre Chprepensy clopeahad enyl ) (1, 1, 3,
6, 8, 8- hexanethyl -1H, 8H-dicyclopenta [b, h]

3, 6Fkuer Qane}_hg[LE_%@@r@)@egﬂyQ_h|fQ.UoQ‘%ne

bi s(p-tert utyIphenyl)nethylene(cyclopentadlenyl)(l
3—(év%e@hylisopropenyl)fluorene,
3,6-di-(2-phenylisopropenyl) fluorene,
3-{2-phenylisopropenyl) fluorene, 3,6-distyrylfluorene,
3-styrylfluorene, 3,6-di-(2-phenyl)propenylfluorene,
3-{2-phenyl)propenylfluorene,
3,6-di—(l—methylmz—phenyl)propenylfluorene,-and-
3-(l-methyl-2-phenyl)propenylfluorene. However, the
fluorene derivative of the present invention is not limited to
the above-exemplified compounds, and examples thereof include
all the compounds satisfying the requirements as described in
the claims.

[0046]

Examples of Preferred Transition Metal Compound
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20
8, 8- hexanet hyl- 1H, 8H di cycl openta[ b, h]fl uorenyl ) zirco

di chl ori de,
SE- ﬁé%g}opylldene(B tert- butyigcyclopentadlenyl)(l 1,3,6
,8,8-h

examnet hyl- 1H, 81- 1- di cycl opent a[ b, h] fl uorenyl ) zi rconi u
m di chl ori de, SF-1451 30

dgbgkﬁhﬂ?égyéfﬁﬁ&ﬁiﬁﬁkifPELMEi€X8£QR§P£EQk%$ﬂd%%15&c§ude
s soMexaeLinL 14 8t d oyl open 9k by Lf Lugr gyl zireeni vy

cycl ohexyl i dene(3-tert-but I-cyclopentadlenyl)(l 1,3,
8nglgyglogenta[b Jfluorenyl)zirconium dichloride,

hexanet hy1l- 1H, 8H—d|cyclopenta[b,h]fluorenyl)2|rconium
dib@tgﬁm@thﬁégne(cyclopentadienyl)(1,l,3,6,8,8—hexamethyl—1

di benzyl net hyl ene(3-tert-butyl-cycl opentadienyl) (1,1,
H, 8B-6i8yclopenta[b,h]fluorenyl)zirconium dichloride,
8- hexanet hyl- 1H, 8H di cycl opent a[ b, h] fl uorenyl ) zi rcon

cycmﬁhgk?mhaéh@QcyéQo entadienyl) (1,1,3,6,8,8-hexamethyl~1H
phenyl et hyl ene( 3- Fert- utyV cycfopen adlenyl)(l 1,

Hﬁ%ﬁs?&%ﬁ%%w fluorenyl) zipcpnipm dichloride, o
dlb?Bﬁg ?F#gﬁ%?ﬂﬁlfﬁﬁ%ﬂ??@ﬁ@?éePgﬁf %u%y? éy@r%p%ﬁ¥%ﬁ?5?yl"

iH, §H3d6686éOH@QBﬁéPhyifippsﬁpaibyérgaghva[ﬁlﬁhipab¢%ny|

)zirco
phenylmethylene (cyclopentadienyl) (1,1,3,6,8, 8-hexamethyl-1H

,8H—dicyclopenta{b,h]fluorenyl)zirééniﬁm dichloride,
(phenyl)(methyl)methylene(cyclOpentadienyl)(1,1,3,6;8,8—hex
amethyl-1H, 8H-dicyclopental[b,hlfluorenyl)zirconium
dichloride,

(p~tolyl) (methyl)methylene {cyclopentadienyl) {1,1,3,6,8,8-he
xamethyl-1H, 8H-dicyclopenta[b,h]fluorenyl) zirconium
dichloride,

(phenyl) (ethyl)methylene (cyclopentadienyl) (1,1, 3,6,8,8-hexa
methyl—lH,8H—dicyclopenta[b,h]fluorenyl)zirconiuﬁ
dichloride,

diphenylmethylene (cyclopentadienyl) (1,1,3,6,8,8-hexamethyl-
1H, 8H-dicyclopenta b, h]fluorenyl) zirconium dichloride,
di-p-tolylmethylene (cyclopentadienyl) (1,1, 3,6,8,8-hexamethy

1-1H, 8H-dicyclopental[b,h]l fluorenyl) zirconium dichloride,
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15 nium di chl ori de,
(p-tolyl) (nmethyl)nethylene(3-tert-butyl-cycl opentadie
SF-hyb)(1
~,1,3,6, 8, 8-hexanet hyl- 1H, 84 di cycl openta[ b, h] fl uoreny
' )zirc oniumdichloride,
(phenyl) (et hyl ) net hyl ene(3-tert-butyl -cycl opent adi eny
[)(1,1 20
bis {B;B6r8fBubexasehhyihdtly BHndi bytkopényal bpdnfadiosmeny] j1,1
zircon iumdi chl ori de,
, 3, €] henykrehbyhene( 3; terd: BYEYbpereh PPENT atheryhy) (lzdrcon

ium8zhexapet hyl- 1H 8H-di cycl openta[ b, h] fl uorenyl) zircon

un1dich|or|de, SF- 1451 31 _
bis PhoPrt XL OBROVAGNS! 25 ) ST he PHEYbn Y el opsRLadl oMM fra, 1
)

3, 8: 8 hexanethyl 1t 8H.di cycl opental by bl ] uorenyl)7i 160,
bi s(p-trifluoronethyl phenyl)net hyl ene(3-tert-butyl-cy

iumcﬁbg@hogide,
tadienyl) (1,1, 3,6, 8, 8 hexanet hyl-1H, 8H di cycl opental b
bis (i} fluooophyhy?) meony kkmal chtbopdetadienyl) (1,1,3,6,8, 8-
bi s(mtrifluoronethyl phenyl)nethyl ene(3-tert-butyl-cy
hex&h@@ﬁﬁl“lﬂf8H—dicyclopenta[b,h]fluorenyl)zirconium
tadienyl) (1,1, 3,6, 8, 8 hexanet hyl-1H, 8H di cycl opental b
dichnflyorenyl)zirconi umdichloride, 10
bi s(p-f1 uor ophenyl ) met hyl ene(3-tert-butyl -cycl opent ad

oia L o gopenyb makbuana (HRLBPRTEFUHEITAL B riubr o-
hexg é2ﬁ§l£fgpégﬂégé§£iggég€é{b,h]fluorenyl)zirconium
dichleoride,
bis(p“chlorophenylmethylene)(cyclopentadienyl)(1,1,3,6,8,8—
hexamethyl-1H, 8H-dicyclopentab,h]fluorenyl) zirconium
dichloride,
bis(mmchlorophenyl)methylene(cyclopentadienyl}(1,1,3,6,8,8—
hexamethyl—lH,8H—dicyclopenta{b,h}fluorenyl)ziiébhium
dichloride,

bis(p-tert-butylphenyl)methylene (cyclopentadienyl) (1,1, 3,6,
8,8—hexamethyi—lH,8H—dicyclopenta[b,h}fluorenyl)zirconium
dichloride,

isopropylidene (3~tert-butyl-cyclopentadienyl) (1,1,3,6,8,8-h
examethyl-1E, 8H~dicyclopenta[b,hl fluorenyl)zirconium

dichloride,
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bis(ﬁ}fluorophenyl)nethylene(3-tert-butyl-cyclopéntad
i enyl)

sr-0451, 3, 6, 8, 8- hexanet hyl- 1H, 8H-di cycl openta[ b, h] fl uore
nyl)zi 15 rconiumdichlori
bi s( p- chl orophenyl net hyl ene) (3-tert-butyl -cycl opent ad
i enyl)
(1,1, 3, 6, 8, 8-hexanet hyl- 1H, 8Hdi cycl opent a[ b, h] fl uore

dlbﬁy&lﬁbthg@aﬁéWBdtgbtobhé 1-cyclopentadienyl) (1,1,3,6,8,8
bi 5(m chl or ophenyl ) net hyl ene{3-tert-butyl-cycl opent ad

by BT ORTE T T B HPETRY b SR M

di ﬁgren I)2| rconi um di chl ori de,
< gfﬁ Fert-butyl phenyl ) met hyl ene(3-tert-butyl -cycl ope

=CYC%9F$§111d%H% & BeRbXBHEY Ry TYEHOBRPBREY I BhAt al b3 n§ B, 8-

uoreny 1)zirconiumdichloride, SF-1451 32
hexﬁ@@bhﬁbyﬂﬂd%ﬂe@BCY@l@ant§1b5hhéﬂh9r@9Elbpen@adlemyl)
(1,1,3
dichbpBi8ehexanet hyl- 1H, 8H di cycl opent a[ b, h] fl uor enyl) zi
rconiu mdichloride,

dibéb@%lﬁéﬂﬁ?bdﬂ@@?4@e£€£bu@9§¥éyéisﬁéHV£QY§AQP?@iﬁﬂl§PH,8,
8- heéaﬁeéh 1be %aﬁﬁlayé%&tbﬁghgg%%CE?Ef&&?&nyJ£lyeé§DM$)

dlc;%;rggexylldene(s tert-butyl-5-nethyl cycl opent adi enyl
oheiy S Sylcaanet iy 1. 1, 8 dicycl opental b, M| orenyl)z
hexamethyl—lH,8H—dicyclopenta[b,h]fluprenyl)zirconium
dichloride,
(phenyl}(methyl)methylene(3—tert—butyl—cyclopentadienyl)(1h
1,3,6,8,8-hexamethyl-1H, 8H-dicyclopenta[b,h] fluorenyl)zirco
nium dichloride,

(p-tolyl) (methyl)methylene (3-tert-butyl-cyclopentadienyl) (1
,1,3,6,8,8—hexame£h§l—lH,Bﬁ—dicyclopenta[b,h]fluorenyl)zirc
onium dichloride,
(phenyl)(ethyl)methylene(3-tert—butyl~cyclopentadienyl)(1,1
+3,6,8,8-hexamethyl-1H, 8H-dicyclopenta[b,h] fluorenyl) zircon
ium dichloride,
diphenylmethylenek3~tert-butylmcyclopentadienyl){1,1,3,6,8,
8-hexamethyl-1H, 8H~dicyclopenta[b,h]fluorenyl) zirconium

dichloride,
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10
di benzylnet hylene(3-tert-butyl-5-nethylcyclopentadi en

SF )ILL%E(]G 8, 8- hexamet hy1- 1H 8H. di cycl openta[ b, h] 1 uor enyl

)zirco niumdichloride,
phenyl net hyl ene(3-tert-butyl-5-nethyl cycl opent adi enyl
) (1,1,

di |r36ﬁl%f€% thh #er iH-d%ﬁﬁgk§&§Ope higd? reqyl)é’6’
(nethyl)nethé}ene(B tert- butyl nethylcyclopentad

8 SeAARRE LY Sl ey e OREILERH ke ] dileypaieayydn Za s oRfLam
| uoren yl)zirconiumdichloride,
C@éﬁfﬁgyg%(nethyl)nethylene(3 tert-butyl-5-methylcyclo
pent a

b1 si (@mytlr)i(f1ubr3me 8.y8 phexaie eyt hylk ndHaditeyel-opentalch chbpen

fluore nyl)zirconiumdichloride, (phenyl)

tadieriyh) (Tethyl, @ne( 3—herkmty - HTRHY: ey eh openta 'beh £1
anyl??i 1, 3,6, 8, 8chexanethy%M2H 8H—d|cyg¥%tgﬁ}a[bq "

181y s Fgon ighloride, SF-1451 33
Oregggﬁenf%#éﬁﬁﬁleﬁe %ggg?t "but y1- 5- met hyl cycl opent adi en

1. ‘%(télélé‘oﬁ%&&&y&ﬁefﬁlé RSP ERSyantaES RV P dRyPRen
di chl g
d?auelnéf(i? aﬂ;ﬁ%v Iﬁ§ Pe ﬁe P?Xtaé‘letthﬁd{ Vi 8 8reidRycd perasenabil £lu

Orei;{l£26i8n$umeﬁawéﬂhyid£H 8H—d|cyclopenta[b h] f1 uoren
yl)zir conium di chl ori de,

bis{p-flucrophenyl)methylene (3-tert-butyl-cyclopentadienyl)

(1,1,3,6,8,8-hexamethyl-1H, 8H-dicyclopenta [b, h] fiuorenyl) zi

rconium dichleride,

bis(m-fluorophenyl)methylene (3-tert-butyl-cyclopentadienyl)

(1,1,3,6,8,8-hexamethyl-1H, 8H-dicyclopenta[b, h] fluorenyl) zi

rconium dichloride,

bis(p—ghlorophenylmethylene)(3—tert—butylwcyclopentadienyl)

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

rconium dichloride, |

bis (m~chlorophenyl)methylene (3~tert-butyl-cyclopentadienyl)

(1,1,3,6,8,8—hexamethyl—lH,8H—dicyclopenta[b,h]fluorenyl)21

rconium dichloride,

bis (p-tert-butylphenyl)methylene (3-tert-butyl-cyclopentadie

nyl){1,1,3,6,8,8~hexamethyl~lH,8H—dicyclopenta[b,h}flucreny

1) zirconium dichloride,
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biscp-trifluoronethylphenyl)nethylene(3-tert!buty1-5-
nmet hyl
sr-ayidiopent adi enyl ) (1, 1, 3, 6, 8, 8- hexanet hyl- 1H, 8H di cycl
openta [b, h] fluorenyl)zirceggiumdichloride, 10
bis(mtrifluoronethyl phenyl) et hyl ene(3-tert-butyl -5-
nmet hyl '
cycl opentadi enyl') (1, 1, 3, 6, 8, 8- hexanet hyl- 1H, 84 di cycl
isdmramyiﬂdedd63AﬂaaﬁﬁﬂdﬁymuEMMéﬂnymdyauaﬁéﬁ%adienﬁl)(1,1,3
bi s(p-fl uorophenyl ) nmet hyl ene(3-tert-butyl-5-nethylcyc

, 6,180ReR: thyl-1H, 8H-dicycl ta[b ) Z]
adi enyl) (1. 13 6. 8.8 hexanet by - tH s i direosroydhearsonia

I - renyl ) zirconi umdi chl ori de,
" dE?C%'(l#?flﬂd%drophenyl)nethylene(3-tert-buty1-5-nethyIcyc
a1ty §03 M ey epey 3 - - '
LGV emity et ered 36 e ket adernpetiy leMcdregatagdapyih (1, 1
h]fluo renyl)zirconiumdichloride,
- 3+ Kir §¢ frERrersHhedy L Snglicrelpeatelbuty f18omenhyl egccon
| opent 20 R
iumadiehybyxftel, 3, 6, 8, 8- hexanet hyl - 1H, 8H di cycl opent a[ b,
h]fl uo rehyl)zirconiumdichloride,
cycPb&éﬁ?@hH@h@ﬂBeﬁﬁ&%ﬁbhﬂyheBeﬁ%thgﬂbyQQbﬁéngaHEEHyh?YQ,1,
open

3,6§gi@nﬁbkﬁ%e%h§iﬁiﬁu%Hhﬁg?gﬁpg¥%gé?{§gkﬁ%3%%&%&??5QEPCOni

hifl uo renyl ) zirconi um
um P&ggﬁbggag-butylphenyl)nethylene(3-tert-buty1-5-nethy
cyclo !

.. pent adi 1,1, 3,6, 8, 8-hexanet hyl- 1H, 8H di cycl opent
dlb%?%Yﬁ e%ﬂ&é%éﬁ&éy%FFéahPEHia?aﬁ?&%ﬁééYClOPentadlenyl)(1r
isogrop i dene(3-tert-butyl-5-ethylcycl opentadienyl)(
1,31§i’88—gexamethyl—lH,8H-dicyclopenta[b,h]fluorenyl)zirco

= 6,8, 8-hexamet hyl- 1H, 8H-di cycl openta[ b, h]fl uorenyl)zir
niugodiom ditcdeori de, ,
di but yl met hyl ene(3-tert-butyl-5-ethyl cycl opent adi enyl
phepylmdthylene (3-tert-butyl-5-methylcyclopentadienyl) (1,1,
3, 6, 8, 8-hexanet hyl-1H, 8H di cycl openta[ b, h] fl uorenyl )z

3,6} 8 £LOAheamdteil o iden-d9cycel ta[b,h] fl 1) zi i
cyclohexylide%e(s-tert-bﬁ¥y|?g?gtﬁ§|cy%lo%%ﬁ?%%iéﬁi?gonl

um &ﬂ@ﬁi@ride,
(phenyl)(methYl)methylene(3~tert—butyl~5—methylcyclopentadi
enyl)(l,1,3,6,8,8—hexamethyl—1H,8H—dicyclopenta{b,h}fluoren
vl)zirconium dichloride,
(p—tolyl)(methyl)methylene(3—tert—butyl-5wmethylcyclopentad
ienyl)(1,1,3,6;8,8—hexamethyl—1H,8H—dicyclopenta{b,h]fluore
nyl)zirconium dichloride,
(phenyl)(ethyl)methylehe(3—tert—butyl—5—methylcyclopentadie
nyl)(1,1,3,6,8,8*hexamethylmlH,8H—dicyclopenta[b,h}fluoreny

l)zirconium dichloride,



10

15

20

6, 8, 8- hexanet hyl- 1H, 8H di cycl opent a[ b, h] fl uorenyl ) zir
coniu mdichl oride,
sr-didganzyl net hyl ene(3-tert- butyl 5- et hyl cycl opent adi eny
1)(1,1
3, 6, 8, 8- hexanet hyl- 1H, 8H—d|cyclopenta[b h] fl uorenyl)z
ircon 15 ium di chl ori de, :
phenyl met hyl ene( 3-tert-butyl -5-ethyl cycl opent adi enyl )
dip@bn&L&ethylene(3—tert~butyl*5wmethylcyclo entadienyl) {1,
6, 8, 8- hexanmet hyl- 1H, 8H di cycl opent a[ b, h]fFuorenyI)Z|r

1, 36@NisY emrdhGlile@hide n, gr-dicycl ta[b,h] £l
(p henyl )(netﬁ}l met hyl ene(l??yC Ogegu?§l ]etﬁ§F§§¥ﬁ%SérC°

ni U.Hlt @)q

l%gédﬁ 8, 8- hexanet hy1- 1H, 8H- di cycl opent a[ b, h] f |

| dk%S%ﬂ@ﬁefhaﬁ%&I% Tet Ry FeRuC Lo rebhiv) £v5)epRpF agirapl) (

1 1e|?fy |6) @1 8rhexemgtavRekBmBtingicyRlgreaiey bl bpéhvafbnmlt zir
| uoren yl)zirconiumdichloride, SF-1451 35
Con@pNedybh@@thﬁb)nethylene(3 tert-butyl-5-e
hyl cycl opent adi en -
blsyb}tilflaoﬁo&eﬁhbeﬁﬁﬁﬁymyﬁelﬂyﬁénéigF@M%hoﬁﬁﬁyﬂPbrﬁéﬁhyl
| uorenyl )zirconiumdichloride, .
cycg?ggﬁ?ghﬁghgxlqm§&§3£@th,bUBg&aﬁéﬁhpr§M9b9989&99i8£¥nta
{b,h]fluorgnyl)zirconium dichloride,
bis (m-trifluoromethylphenyl)methylene (3-tert-butyl-5-methyl
cyclopentadienyl) (1,1, 3, 6,8, 8-hexamethyl-1H, 8H~dicyclopenta
{b,h]fluorenyl)zirconium dichloride,
bis (p-fluorophenyl)methylene (3-tert-butyl-5-methylcyclopent
adienyl) (1,1,3,6,8, 8-hexamethyl-1H, 88-dicyclopenta(b,h]fluo
renyl)zirconium dichloride,
bis (m~-fluorophenyl)methylene(3-tert-butyl-5-methylcyclopent
adienyl) (1,1,3,6,8, 8-hexamethyl-1H, 8H~dicyclopenta[b,h] fluo
renyl}zirconium dichloride,
bis{p-chlorophenyl)methylene (3-tert-butyli-5-methylcyclopent
adienyl)(1h1,3,6,8,8—hexaméthyl—lH,8H-dicyclopenta{b,h]fluo
renyl) zirconium dichloride,
bis(m-chlorophenyl)methylene (3-tert-butyl-5-methylcyclopent

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

renyl) zirconium dichloride,
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5, 3 6, 8, 8- hexanet hy1- 1H, 8H—d|cyclopenta[b h]fluorenyl
)zircon iumdichloride,

Sp |ﬁ§;tolylnethylene(3 tert-butyl-5-ethylcycl opentadie
ny
1, 3, 6, 8, 8- hexanet hyl- 1H, 8§ﬁd|cyclopenta[b h] fl uoreny
)z |rc oni um di chl ori de, 10

1)z
bi s(p-trifluoronethyl phenyl) net hyl ene(3-tert-butyl -
o1 s RIS SR tr?erttﬁfx"ftiflll”st’ll“%ﬁtw&cémlo

, I dichlorid
per%as:ﬁﬂ}ﬁwﬂw 10 Gy Ay T et e R E e )
et hyl ¢

- Elupgicopentzddicomyiyy 2irrd g,i8les- hexanet hy1- 1H, 8H- di cycl o

penta[ 15 b, h]fluorenyl)zirconiumdichloride,
lSdmﬁﬂﬂyﬁﬂdamed@h&&yt}@ﬂﬁnm%aﬁﬂﬂbﬁMmﬁﬂhmkyﬁfﬁheﬁh&hqygD,3,
opent a

6, 8gisemExefnk it hy3 -6 H§ 88 hEX A MRIdNEktEH S H dii eeleonantzal.dh 1 um

]fluor enyl)zirconiumdichloride,
di dpiisndd uor ophenyl ) net hyl ene(3-tert-butyl-5-ethyl cycl
openta 20

di %F%Q%ék%; ??ISC%&F h%%% tgy%géyﬂcy ql%%%k%d%%%%ﬁg H 1,

bIS chloro henyl met hyl ene).(3-tert-butyl-5-ethylcyc
3, 603 P examet% %H 8H %lcyéhgpenta[b al %luoren % ) Zirconi

d|en I)(l 1, 3, 6, 8, 8- hexanet hyl- 1H, 8H di cycl openta[ b, h
um Fﬂp@épféﬁvh)2|rconlun1d|chlor|de SF- 1451 36
bi s(m chl orophenyl ) met hyl ene(3-tert-butyl-5-ethyl cycl
cycdpbetyglidene (3-tert-butyl-5-ethylcyclopentadienyl) (1,1, 3
dienyl)(1,1,3, 6,8, 8-hexanmet hyl-1H 8H di cycl openta[b, h
, 6, Bl, Berbe xRk hzl Feansumddiceiil@bed@a [b, h] fluorenyl) zirconiu
bi s(p-tert-butyl phenyl)net hyl ene(3-tert-butyl-5-ethyl
m de¥&herRide,
dibenzylmethylene (3-tert-butyl-5-ethylcyclopentadienyl) (1,1
r3r6,8,8-hexamethyl-1H, 8H~dicyclopenta[b,h] fluorenyl)zircon
ium dichloride,
phenylmethylene{3-tert-butyl-5-ethylcyclopentadienyl) (1,1, 3
r6,8,8-hexamethyl-1H, 8H-dicyclopenta[b,h]fluorenyl) zirconiu
m dichloride,
(phenyl) (methyl)methylene (3-tert-butyl-5-ethylcyclopentadie
nyl)(1,1,3,6,8,8~hexamethyl~1H, 8H-dicyclopenta [b,h] fluoreny
l)zirconium dichloride,
(p-tolyl} (methyl)methylene (3-tert-butyl-5-ethylcyclopentadi
enyl) (1,1,3,6,8,8-hexamethyl-1H,8H-dicyclopenta[b,h] flucren

yl)zirconium dichloride,
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5

entadienyl)(l,1,3,6,8,8-hexanethy1-1H,8H—dicyclopenta
SF_ hg H | uorenyl ) zirconi um di chl ori de,

|sopropylldene(3 5- d|nethy§§yclopentadlenyl)(l 1, 3, 6,

8, 8- he

xanmet hyl- 1H, 8H di cycl opent a[ b, h] fl uorenyl ) zi r coni um

di chl ori de, 10

ph%hgﬂg¥kgﬁ§9¥£898§§e§eqb”%&@¥'%%%&99%”E@Hy?”¥ci&§e%t§dlen
y1) |qmet byl 1H, 8t dieyel opental B, Bl Ll usrenyl ) 2l s eonium, )

cycl ohexyl i dene( 3, 5-di met hyl cycl opentadi enyl)(1,1,3,6
)21rg081Hm dlchlorlde,

exanet hyl- 1R, 8H di cycl opent a[ b, h] fl uorenyl ) zi r coni um
diphsngiivhEbyidee (3-tert-butyl-5-ethylcyclopentadienyl) (1,1
di benzylnet hylene( 3, 5-di et hyl cycl opent adi enyl ) (1,1, 3
; 3, 6068888hexamethyl~1H, 8H-dicyclopentaib,h] fiuorenyl) zircon
- hexanet hyl- 1H, 8H di cycl opent a[ b, h] fl uorenyl ) zi rconi u

lumnuﬂbﬁmbgiage
p enylnethyfene(B 5- d|nethylcyclopentadlenyl)(l 1,3,6

g LT H R C R BRe 475 BT SpBHE 4B RP AR KR PR ST FRGAT RN
?pﬁ hyéy?g%?ﬂ§F§ﬁéfﬁ§réﬁé€é0§9&PﬁﬁPE9ﬂEyEﬂ6b%ﬂ¥%ﬂ¥%h§lrc
Onlu@ @lghéoﬁéﬁgnethyl 1H, 8H di cycl opent a[ b, h] f 1 uor enyl )

zircon iumdichloride, SF-1451 37
bis@prtoi§1m@nemhyhyhphhyyéhaeshﬁldhaéﬁhybcyeb@pghfédéEhylc

yl) (1, |
ycladpdnbadi8nhexanpthgle 1B, 8Hhdkayekhpenl gl BEhiitvorepyhta |
)zirco niumdichloride,

b,h%??@BYéﬁﬁﬁfﬁiféﬂﬁlﬂM|@ﬂ@ﬁ§o§i€é?€thy|CyC|0pentadieny|
bis(m—érifluoromethylphenyl)methylene(3—tert—butyl—5—ethylc
yclopentadienyl}(1,1,3,6,8,8—hexamethyl;1H,8H—dicyclopenta[
b,h]fluorenyl) zirconium dichloride,
bis(p—fluoréphenyl)methylene(3—tert—butyl—5—ethylcyclopenta
dienyl) (1,1,3,6,8,8-hexamethyl-1H, 8H-dicyclopental[b,h]fluor
enyl)zirconium dichloride,
bis(m—fluorophényl)methylene(3—tert-butyl~5uethylcyclopenta
dienyl)(l,1,3,6,8,8—hexamethyl~lH,8H—dicyclopenta[b,h]fluor
enyl)zirconium dichloride,
bis(p—chlorophenylmethylene)(3—tert—butyl—5-ethylcyclopenta
dienyl) (1,1,3,6,8,8~hexamethyl~1H, 8E-dicyclopentalb,h] fluor

enyl)zirconium dichloride,
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5
3, 6, 8, 8- hexanet hyl- 1H, 8H di cycl openta[ b, h] fl uorenyl )z
i_.rconi umdi chlori de,
SFHi%hen yInethylene(3,5-dinethylcyclopentadienyl)(1,1,3
,6,8,8 '
- hexanet hy1l- 1H, 8H—d|cyclopenta[b h] fl uorenyl)zirconiu
m di chl ori de, 10
di - p-tol yl net hyl ene(3,5-di met hyl c clopentadlenyl)
blS gl@héorophenyl )methylene (3-tert-butyl- S5-ethylcyc Openta
8- hexanet hyl- 1H, 81- 1-di cycl openta[ b, h]fl uorenyl)zirc
deﬂyhhﬁLthm &pﬁd@ hexamethyl-1H, 8E-dicyclopenta[b,h] fluor
bi s(p-trifluoronethyl phenyl) nmet hyl ene( 3, 5-di net hyl cyc
enyilopemconium dichloride,
adienyl) (1,1, 3,6, 8, 8 hexanet hyl-1H, 84 di cycl openta[ b,
b1 stk t1putgNyyhnkdiyio etk dnehl30rdde ~butyl-5-ethylceyclo
bls(n}trlfluoronethylpheﬁ@l)nethylene(s g.dlwethg cgb P

I
sntalei (L3 &8 88 RSy I ST Sy speRta By M £
di chl d
luoﬁ%@?ggﬁ g¥6%;|rc r(rjlrlf‘)}:d%r'ie?g%l5€d|nethylcyclopentad
] I
3 opPPY L4 dere (3. SeRimeriyLovAl gpentarianasdivas 8, 6 By §-he

orenyl)zir coniumdichloride,

xamgit§yiriLHu SHophemdopeniipl [ bnb( 3 1Sodiematln licyohopant ad
enyl) (

dichldr3ddeé, 8, 8- hexanet hyl- 1H, 8H di cycl opent a[ b, h] f| uoren
yl)zir coniumdichloride, SF-1451 38

dibutylmethylene (3, 5-dimethylcyclopentadienyl) (1,1,3,6,8, 8-

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

dichloride,
cyclohexylidene (3, 5-dimethylcyclopentadienyl) (1,1,3,6,8,8-h

examethyl-1HE, BH-dicyclopenta[b, h] fluorenyl) zirconium

“dichloride,

dibenzylmethylene (3, 5~dimethylcyclopentadienyl) (1,1,3,6,8,8
~hexamethyl-1H, 8H-dicyclopentaib, h}fluorenyl) zirconium
dichloride,
phenylmethylene(3,5—dimethylcyclopentadienyl}(1,1,3,6;8,8~h
examethyl—lH,8H—dicyclopenta[b,h]fluorenyl}zirconiuh
dichloride,
(phen?l)(methyl)methylene(3,5—dimethylcyclopentadienyl)(1,1
+3,6,8,8-hexamethyl-1H, 8H-dicyclopenta[b, h] fluorenyl) zircon

ium dichloride,
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bi s( p- chl or ophenyl net hyl ene) ( 3, 5- di net hyl cycl opent ad
enyl) (
o 3, 6, 8, 8-hexanet hyl- 1H, 8H di cycl opent a[ b, h] f | uoren
% r coni um di chl ori de,
bls(n}chlorophenyl)nethyleﬁé(s 5-di met hyl cycl opent adi
enyl ) (
51,1, 3, 6,8, 8- hexanethyl 1H, 8H di cycl openta[ b, h]fl uore

ir, c l.ori
o R ot 1 E 8 Y8 harRag gt (1
tadle
L, 31981, %@’@“@@%M%W%W%W&@déﬁ%@ﬁi%f pgrco
orenyl )zirconiumdichloride, 10
niums ldrdpyinidene( cycl opent adi enyl ) (1, 1, 8, 8-t et ranet hy1-
1H, 8Hdi cycl opent a[ b, h]fluorenyl)2|rconlun1d|chlor|de
(phetintydt) ylerteiviy mene(dyeleoe rt-atdiremt il obedribeticayrt iy, 1,
1-1H,8 H-dicyclopenta[ b, h] fluorenyl)zirconium
3, eJigG l-Ofd:dhe thyl - 1H, 8H- dlcyclopenta{ éfluorenyl zirconi
cyclohexyl|dene(cyclopentad|enyl 8-tetranet hyl

um gﬁ hqgra dlcyclopenta[b h]fluorenyl)2|rcon|um

Orl
le%f i elégff%% Mom e e D AN W

-hegraRrDyd AV Sfe Féwcéﬁ’@ﬁtné@i %W)f(lPOfeswéJ FATEQRAAY 1
-1H, 8H -di cycl opent a[ b, h] f | uor enyl ) zi r coni um

dlC@ﬂ@ﬁﬂdﬁhde
20( phenyl) (et hyl ) net hyl ene(cycl opentadi enyl ) (1,1, 8,8

di—pPebﬂ@ﬁmethylene(3,5—dimethylcyclopentadienyl)(1,1,3,6,8
t hyl- 1M 8H-di cycl opent a[ b, h] fl uorenyl ) zi rconi um

;8 ﬁb&ah@&h@&rlﬂ 8H~-dicyclopenta (b, h]fluorenyl)Zchonlum

(p- tolyl)(nethyl)nethylene(cyclopentadlenyl)(l , 8-

dichebraf
et hyl - 1A, 8Hdi cycl opent a[ b, h] f 1 uor enyl ) zi r coni um

b Bk i coet nl eyl mernyTene 3 Srginerhy gvglogent

adlﬁwﬁ mlsi: dir gﬁv gﬁ@ﬁﬁé{“ﬁfcﬁ]yfll'&élr SRy svre GRefRA [P, h] £luo
di chl ori de,

renyilhRérgPratAy férblegérspent adi enyl ) (1, 1, 8, 8-t et ranet h
y1l-1H, 8H-di cycl openta[b, h]fluorenyl)zirconi um

bisdmchtéfﬂderomethylphenyl}methylene(3,5—dimethylcyclopent
di - p-tol yl net hyl ene(cycl opent adi enyl ) (1,1, 8,8-tetrane

adighy%? 11 _Hsas B @i, ey s-apgamakbyh-ikyereay bzl beeAtHMb, h] fluo

i chl oride,

ren?i§&@raah&hgoagaﬁﬁex&eeenyl)nethylene(cyclopentadieny
blsgénﬁﬁkggoéﬁﬁﬁhigmé@né LqycboReRLehb B L uBLaRul 2Lt ) ¢
1,1,3,6,8,8-hexamethyl~1H, 8H-dicyclopenta[b,h}fluorenyl) zir

cenium dichloride,

- bis(m-flucrophenyl)methylene (3, 5-dimethylcyclopentadienyl) (

1,1,3,6,8,8-hexamethyl-1H, 8H-dicyclopenta|b,h] fluorenyl)zir

conium dichloride,
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bi s(mtrifluoronethyl phenyl) met hyl ene(cycl opent adi eny
1)(1,1 10
, 8,8-tetranmet hyl- 1H, 8H di cycl opent a[ b, h]fl uorenyl) zir
SEddmilum di chl ori de,
bi s(p-fl uorophenyl ) net hyl ed&(cycl opent adi enyl ) (1, 1, 8,
8-tetr
anmet hy1- 1H, 8H di cycl opent a[ b, h] fl uorenyl ) zi rconi um
. dichloride, 15 . .
b1 i GR A neRr G HAThYEERR) dife Cofdrsidntsdicenpert ediegyl) (
8-tetr :
1, lardetth Bl -BHAH eSmmeitdye|-Ge Bt afdd, dylcfliopendry b) zil fdurirgmyl) z1ir
di chl ori de,
corfiive( pHeilerdplkenyl ) met hyl ene(cycl opent adi enyl ) (1, 1, 8,
8-tetr
biﬁ?ﬁﬁﬁmﬁbrﬁﬂh%Hydh%%ﬁkﬁﬂ%ﬁkﬂb@Bﬁhﬁh%Qﬁ%ﬂbbkébb%ﬁﬁbﬁ&bggl)(
i chl ori de,

1,12??&??%%L%%%%%%%ﬂyhﬁﬁ%h%@@%ﬁ%@%ﬁ%%%%%%ﬁ%L%ﬁ%ﬁh%}eﬁyﬁoéir
Conggﬁﬁpﬁi%é§F§EEQicyclopenta[b,h]fluorenyl)zirconiun1‘

_ bis&p-tert-but | phenyl ) met hyl ene(cycl opent adi enyl ) (1, .
bisfpgtgrt-gptyjipnesnylimethylene (3, 5-dimethylcyclopentadien

tetramet hyl- 1H, 8Hdi cycl opent a[ b, h] fl uorenyl ) zirconiu
v1)mldilgll,&r i8dé-hexamethyl-1H, 8H-dicyclopenta[b,hlfluorenyl

i sopropylidene(3-tert-butyl-cyclopentadienyl)(1,1,8,8
) ziretriam dichloride,
nmet hyl - 1H, 8H di cycl opent a[ b, h] fl uorenyl ) zi rconi um 5

isofirehalicdee (cyclopentadienyli) (i,1,8,8-tetramethyl-1H, §H-
TRty st py Y SacRepkadieny) (2, 1,8, 8 tetramerivi 11y

oy BRI B S ST SRR AES AR GaPBRS SR coni um
dib%%%ﬁh%%h%ﬁéne(cyclopentadienyl)(1,1,8,8~tetramethyl-1H,8
H-dicyclopenta([b,h} fluorenyl) zirconium dichloride,
cyclohexylidene (cyclopentadienyl) (1,1,8,8-tetramethyl-1H, 8H
—dicyclopenta[b,h]fluorenyl}zirconium-dichloride,
dibeniylmethyiene(cyclopentadieﬁyl}(l,l,8,8—tetramethyl;iﬁ,'
8H-dicyclopenta(b,h]flucrenyl}zirconium dichloride,
rhenylmethylene (cyclopentadienyl) (1,1,8,8-tetramethyl-1H, 8H
—dicyclopentalb,hlfluorenyl)zirconium dichloride,

(phenyl) (methyl)methylene (cyclopentadienyl) (1,1,8,8-tetrame
thyl-1H, 8H-dicyclopenta[b,h] flucrenyl)zirconium dichloride,
(p-tolyl) (methyl)methylene (cyclopentadienyl) (1,1,8,8~tetram

ethyl-1H, 8H-dicyclopentaib,h] fluorenyl)zirconium dichloride,

(phenyl)(ethyl)methylene{dyclOpentadienyl)(1,1,8,8—tetramet
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cycl ohexyl i dene(3-tert-butyl -cycl opentadi enyl) (1, 1, 8,
8-tetr 10
SF__grl%tlhyl-lH,8H-dicyclopenta[b,h]fluorenyl)zirconium
i'chl ori de,
dibenzylnethylene(3-tert-bﬁ%yl-cyclopentadienyl)(l,l,
8,8-te
tramet hyl- 1H, 8H di cycl opent a( b, h] fl uorenyl ) zi r coni um

P Ry P e RBe st b PGy e LR bpeRERBAER, P R Edde
G4BT et 1L SR AFEGLPBEERESE BTN I\GoR efly Py SPFEGRRERY1-2H,

di chl ori de,
8H-dprEAyPPERBERYF NHélhpireng( 3zt srpnbuny Hiehépspent adi en -
yl) (1, |
di-p-8p8vimethmeehylcikl8bediceyicEopént a| b, B] BFteteayb)ziyl-1
rconiu 20 in dichloride,
H, BHprig’L(Q%/ylbﬁaﬂtbyb), retrhybenay3d) bertohtiivl deyeh epeatadi e
ny ‘ .
blsi,(%ﬁg?f&ﬁ}&%?@%&%ﬁﬁ%?ﬁ% ﬁlb%ﬁ%h88@%9[:!?0{3]35&985@@&) {1,1
.8, ??P%E%E%éﬁ@ﬁﬁﬂi%Hih%%%b%)%‘ca*EHE ¥h 2E¥8LHGREDY BULEDY s um
. , 8-tetramet hyl- 1H, 8H di cycl openta[ b, h]fl uorenyl) zir
dlc@iﬂ?bﬂ?dichloride, :

, diphen¥lnethylene 3-tert-butyl -cycl opentadi enyl ) (1, 1,
bisgmgtfgrluoromethylphenyl)methylene (cyclopentadienyl) (1,1

tramet hyl- 1H, 8H di cycl opent a[ b, h1fl uorenyl ) zi r coni um
8, 8-dethéwetdel -1H, 8H-dicyclopenta[b,h] fluorenyl) zirconium
di - p-tolyl nethyl ene(3-tert-butyl-cycl opentadi enyl) (1,
dich]8rBde,
bis(p-fluorophenyl)methylene (cyclopentadienyl) (1,1,8,8-tetr
amethyl-1H, 8H-dicyclopenta[b,h] fluorenyl)zirconium
dichloride,

bis(mmfluOrophenyl}methylene(cyclopentadienyl)(1,1,8,8—te£r

amethyl-1H, 8H~-dicyclopentalb,h]lfluorenyl)zirconium

-dichloride,

bis{p-chlorophenyl)methylene (cyclopentadienyl) (1,1,8,8-tetr
amethyl-1H, 8H~dicyclopenta{b,h}fluorenyl) zirconium
dichloride,

bis {m-chlorophenyl)methylene (cyclopentadienyl) {(1,1,8,8-tetr
amethyl-1H, 8H-dicyclopenta[b,h] fluorenyl)zirconium
dichloride,

bis (p-tert-butylphenyl)methylene (cyclopentadienyl) (1,1,8, 8-
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t et ranet hyl- 1H, 8H di cycl opent a[ b, h] f| uor enyl ) zi r coni u
m di chl ori de,
sr-hizsGp- trifluoronEthyIphenyl)nEthyIene(3-tert-buty|-cy
cl open 10
tadienyl)(1,1,8, 8- tetranethyl 1H, 8H di cycl opent a[ b, h]
fluore nyI)2|rcon|un1d|chIor|de
bis(mtrifluoromnethyl phenyl ) net hyl ene(3-tert-butyl-cy
teteb@PEAyI-1H, BH- ~dicyclopental[b,h]fluorenyl)zirconium
tadienyl)(1,1,8,8-tetranmethyl-1H, 8H di cycl opent a[ b, h]
dlc&hgg&genyl)2|rconlunmdlchlorlde 15
bi's(p- fluor ophenyl ) met hyl ene(3-tert-butyl -cycl opent ad

150p$BBYLs gepe (3aterk - butil SEYAL VST SAGHERYE) (it ubr BrppEre

rco nium.dichlo
_met%V@(&ﬁfﬁﬂoﬁéﬁﬁ@ﬁypﬁﬁéﬁﬁyvEAéégpféayl%aﬁypoeyemopentad

i enyl)
dlcbiOIlges tetramet hyl- 1H, 8H di cycl opent a[ b, h] f | uor enyl
)zirco 20 nium di chl ori de,
dibbts@methymenph@HybnEPbytgmet&aibpéhtbdtyhymy¢tppﬁﬂtadtet
i enyl)
ramédn$i8i8; eataaazbmméeﬁtbﬁbkasgygbeeﬁyiﬁkbre$ﬁiaﬁrenyl
c

)zirco niumdichloride
rdlcglggghghlorophenyl)nethylene(s tert-butyl-cycl opentad
ienyl) " SF-1451 42

cyc§%hex lldgetrggﬁ ¥1@ét&§ttgkfgﬁégg gt 1?{&' oéegytetr

Z11rc nlum

t tyl h | th 3-tert-butyl |
ameﬁ?ﬁgp%HegH QEC¥C Ogg%tg?g h flgggeny5521rgoglu£yc ope

ﬁl)(l 1,8,8-tetranet hyl- 1H 8H di cycl opental b, h] fl uor
dichk 9;} e, 7

dibenzylmethylene (3-tert-butyl-cyclopentadienyl) (1,1,8,8-te
tramethyl—lH,8H—dicyclopenta[b,h]fluorenyl)zirconium

dichloride,

_ phenylmethylene (3-tert-butyl-cyclopentadienyl) (1,1,8,8-tetr

amethyl-1H, 8H~dicyclopenta[b,h] fluocrenyl) zirconium
dichloeoride,

(phenyl) (methyl)methylene (3-tert-butyl-cyclopentadienyl) (1,
1,8,8-tetramethyl-1H, 8H-dicyclopenta[b,h] fluorenyl)zirconiu
m dichleoride,

(p~tolyl) (methyl)methylene (3-tert-butyl-cyclopentadienyl) (1
,1,8,8—tetramethyl—lH,8H—dicyclopenta[b,h]fluorenyl)zirconi
um dichloride,

{phenyl) (ethyl)methylene (3-tert-butyl-cyclopentadienyl) (1,1
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5 irconium di chl ori de,
i sopropylidene(3-tert-butyl-5-nmethyl cycl opentadi enyl)

sp{1lash 8

, 8-tetranethyl-1H, 8H di cycl9pent a[ b, hif | uorenyl)zirco
ni um di chl ori de,
di butyl net hyl ene(3-tert-butyl-5-nethyl cycl opentadi eny
[)(1,1 10
8, Efed el ARyl bR O ARNAE A ARIAN ot um
dii%q§%¥ggylidene(31tertfbuty1-5-nethyIcyclopentadieny

. 8, 8- hyl-1H, 8H di I . h] fl [).zi
dlp%ﬁ%u%ﬁ%{ “?%¥%§k§—pé%tf§d@§if’§g¥éﬁéﬁtédie%3E?Q%,ﬁ%%ﬁ%—te
dibenzylnet?ylene(3-tert-buty1-5-nethyIcyclopentadien

tramethyI-1H, 8H~dicyclopenta[b, h] fluorenyl)zirconium
1,8,8-tetranet hyl- 1H, 8H di cycl opent a[ b, h] f| uorenyl ) zi
dighdeniiiden di chl ori de,
phenyl net hyl ene( 3-tert-butyl-5-nethyl cycl opent adi enyl
di-ptrollylmethylene (3-tert-butyl-cyclopentadienyl) (1,1,8, 8-
8,8-tetranmet hyl- 1H, 8H di cycl openta[ b, h]fl uorenyl)zirc

t e t@RPRRA -dirC Rlat;! clopenta[b,h]fluorengl%giﬁypniupop

(phenyl)(nefhyl)ne hyl ene(3-tert-butyl- t cyc
: [
dlc@%&%ggffl,8,8-tetranethy1-1H,8H—dicyclopenta[b,h]fluo

. _renyl), zirconiu i chl ori de, :

s EHerRy Ty LRy an B P An e G 8 -RuEHPrEyERgPen
pentad SF-1451 43 _

tadigpylly (1, 1,8, 8-tetramethyl-—1H, SH-dicycilopenta[ b, h] fllyore
orenyl )zirconiumdichloride,

nyli} pheepni@et kykchietrhyeene(3-tert-butyl-5- nmet hyl cycl ope
nt adi e '

bis mml—l):)érl,flu&ramtaehyapﬁtahyl-) hHtBH dineyc-epent-alibyhl-theobpen
enyl)z e

- tadienyl) (1,1,8,8-tetramethyl-1H, BH~-dicyclopentalb,h]fluore

nyl) zirconium dichloride,
bis{phfluorophenyl)methylene(3—tert—butyl-cyclopehtadienyl)
(1,1,8,8~tetramethyl-1H,8H-dicyclopentalb,h]fluorenyl)zirco
nium dichloride,

bis{m~fluorophenyl)methylene (3-tert-butyl-cyclopentadienyl)

(1,1,8,8-tetramethyl-1H, 8H~dicyclopental[b,h]fluorenyl)zirco

nium dichloride,

bis (p-chlorophenylmethylene) (3-tert-butyl-cyclopentadienyl)
(1,1,8,8-tetramethyl-1E, 8H-dicyclopenta[b,h] fluorenyl)zirco
nium dichloride,

bis(m~chlorophenyl)methylene (3-tert-butyl-cyclopentadienyl)
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5 irconiun1dich|orfde,
di phenyl net hyl ene(3-tert-butyl-5-nethyl cycl opentadi en

yl) (1, _ .
SF-1L48 18-t et r anet hy1- 1H, 8Hdi cycl opent a[ b, h] f | uor enyl ) zi

rconi u mdichloride, 4z

di - p-tolyl net hyl ene(3-tert-butyl-5-nethylcycl opentad

enyl)( 10

8-tetranet hyl- 1H 8H-di cycl opent a[ b, h] fl uoren I)
,ﬂ,ﬁg@wqqmﬁqmagﬁwdrﬁ@QBH dicyclopentaib, h] luorenyl)21rco
bi s(p-trifluoromethyl phenyl) et hyl ene(3-tert-butyl-5-

niuretthyhloride,
cycl opentadi enyl)(1,1,8,8-tetranet hyl-1H, 8H di cycl ope

b i stoafder oty p@rly)12 infeaoryi 1Wn i 3eart-tet vi5 cyclopentadie
bi s(mtrifluoronethyl phenyl)nethyl ene(3-tert-butyl-5-

nylﬁﬁﬁhﬁ|8 8- tetramethyl 1H, 8H-dicyclopenta[b, h]fluorenyl)z
cycl’opent adi enyl ) (1,1, 8, 8-tetranet hyl- 1H, 8+ di cycl opé

14 uQr I') zi rconi um di chl ori de,
lrc%&a%gffﬂ'oﬁg%hgﬁ%l)nethylene(S tert-butyl-5-nethylcyc

S s RS FeD e 35t R R T R D P ErG ARG ERYE Hip 1 8
| uoren 20 yl) zirconium dichl ori de,
» BHried Rt op e Y- Hsva a3 e iy oy eny e mposyamn

| opent
dicadiceriyle) (1, 1, 8, 8-tetranmet hyl- 1H, 8H-di cycl openta[ b, h] f
| uoren yl)zirconiumdichloride,

d1bb1lt§/(lﬁteG:iB1|yQ@@1@|'ISnytle&&t—'ﬁbd@le—)f(—&rdt@fyﬂ-@uﬂbb&rUMﬂ&ﬂyQy ql,1
| opent "SF-1451 44

, 8 @d%%%%%h%%h%iai%'%@ﬂ%ﬁﬁgydDGbéHﬂaﬁ%'%!Qﬂ%b&%%QHQEQIQbhlum

| uoren yI)Z|rcon|un1d|chIor|de

dlcpéggqhghlorophenyl)nethylene(S tert-butyl-5-nethylcyc

e AR S B G AT A U RN 1,

bi s(p-tert-but Iphen I)nethylene&? tert-butyl-5-nethy
8,8r§? F@methyl 1 icyclopenta[b,h]fluorenyl)zirconium

_ pentqdlenyl)(1,1,8,8 tetramet hyl- 1H, 8Hdi cycl openta[ b
dichRpflideer enyl ) zi rconi um di chl ori de,

dibenzylmethylene(3—tert—butyl—S—metﬁylcyclopentadienyl)(l,
1,8,8-tetramethyl-1H, 8H-dicyclopental[b,h]fluorenyl)zirconiu
m dichloride,

phenylmethylene (3-tert-butyl-5-methylcyclopentadienyl) (1,1,
8,8-tetramethyl~1H, 8H~dicyclopentalb,h] fluorenyl)zirconium
dichloride,
(?henyl)(methyl)methylene(3—tert—butyl—S—methylcyclopentadi
enyl) (1,1,8,8-tetramethyl-1H, 8H-dicyclopentalb,h]fluorenyl)
zirconium dichloride, '

{p~tolyl) (methyl)methylene {3-tert-butyl-5-methylcyclopentad
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i sopropylidene(3-tert-butyl-5-ethylcycl opentadienyl) (
1,1,8, 10
Sr-84tsat ranmet hy1- 1H, 8H—dicyc|openta[b,h]f|uorenyl)zircon
i um di chl ori de,
di butyl met hyl ene(3-tert- butyl 5- et hyl cycl opent adi enyl
) (1,1,
8,8-tetranmet hyl- 1H, 8H di cycl openta[ b, h]fl uorenyl)zirc
iengii)um, di ehBetkdeambbhyl-1H, 8H-dicyclopenta[b, h] fluorenyl
cycl ohexyl i dene( 3- tert-butyl-5-ethy|cyc|opentadienyl)_

) zibkoki8m dichloride,
8-tetranet hyl-1H, 8H—d|cyclopenta[b h]fluorenyl)2|rcon

Phs**%‘énz%?hzikﬂ? e T R P S S

oy Ly g Y ep e AREEhg AT E RGP JEr O ENEAPBERTRIROP bR I EPRED) =
oni.um 20 dichl ori de,

1rcpRén feERyPEREES- tert - but y1- 5- et hyl cycl opent adi enyl ).
1,1,8

dlpéeﬁﬁﬂmathh§nelB ~8Erdi-bytyopénafbyhitlopenyiadizéngbn(l,
i um di chl ori de,

1,8¢( Bheeykéuﬁﬁ’ehjzyl—lHEBH)’-HQG§6$OPEﬁtalpldt MifduetbyiTyel ppeniu
ntadi e SF-1451

m di¥h)62ide8, 8- tetranethyl 1H, 8H di cycl opent a[ b, h] f 1l uor
enyl )z irconi um dichl ori de,

ai-Rebolydd AT DXL TRtBY epgl g1 L 8 haPHE YAy 2185 ENE YLD ) |
1, 1e§yél§ 1% %nlétélayﬁt gggﬁgébﬁg'%égzgkﬂﬁ'x?%ﬂg T

gggnﬁl)(ethyl)nethylene(3 tert-butyl-5-ethylcycl open
:Lumt orid

yl)(1,1,8,8-tetranet hyl-1H, 8H di cycl openta[ b, h]fl uore
blshgfyyifl@Qﬁwmthybph@nyaémethylene(3 tert-butyl-5-methyl

cyclopentadienyl)(1,1,8,8—tetramethyl—1H,8H—dicyclopenta[b,
hlfluorenyl)zirconium dichloride,
bis(m—trifluoromethylphenyl)methylene(S;tert—butyl—S—methyl
cyclopentadienyl)(1,1,8,8—tetramethyl—lﬂ,8H—dicyclopenta[b,
h]fluorenyl)zirconium dichloride,

bis (p-fluorophenyl)methylene (3-tert-butyl-5-methylcyclopent
adienyi)(1,1,8,8—tetramethyl—lH,8Hmdicyclopenta[b,hjfluoren
vl)zirconium dichloride,
bis{m-fluorophenyl)methylene{3-tert-butyl-5-methylcyclopent
adienyl) (1,1, 8,8-tetramethyl-1H, 8H-dicyclopentaib, h] fluoren
yl)zirconium dichloride,

bis{p-chlorophenylmethylene} (3-tert-butyl-5-methylcyclopent
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di phenyl et hyl ene(3-tert-butyl-5-ethyl cycl opent adi eny
[)(1,1 10
SF-18,58-t et ramet hy1l- 1H, 8H-di cycl opent a[ b, h] fl uorenyl ) zi r
coni um di chl ori de, 44
di - p-tolyl nethyl ene(3-tert-butyl-5-ethylcycl opentadie
nyl) (1
,1,8,8-tetramet hyl- 1H, 8Hdi cycl openta[ b, h] fl uorenyl )z
adiliemgdni(lum, @i, Ghicertirdee thy1-1H, 8H-dicyclopenta[b, h] fluoren
bi s(p-trifluoronethyl phenyl) et hyl ene(3-tert-butyl-5-
1)etitHohium dichloride, ,
yclopentadlenyl)(l 1,8,8-tetranet hyl- 1H, 8H di cycl open

bisl %[%hﬁok%%%%%?ﬂxﬁk%h&ﬁ%ﬂb%@LQQ%@l ﬁ%g?s {Q?thlcyilgpent

bis(mtri orret hyf phenyl’) met hylen

adl%‘faﬁiaénfadi 6y FFEEAT5 LT 3Fr SRaChT o1 APBRt 8By BI SpBAToD
%b h.20 ]fluorenyl)zirconiumdichloride,

El EpPERToFdFRERYITRRt hyl ene(3-tert - but y1- 5- et hyl cycl
opent a di enyl)

blS(P teglsbusydaentiylnethygenegi(dytkopebtafb, ﬁ}meubyényclo
1) zirconiumdichloride, -

penbiesfmmilidiophengreerbybeng(31tHeBti-bHiutytibpehbyl[ByRl £1u
openta SF-1451 46

orediyenyhycdnluf, 8itatbamaehyl- 1H 8H di cycl opental b, hi f|
uoreny 1)zirconiumdichl oride,

isogkggglgagﬂéq@h@exknshgyhe@@ééﬁyﬁ@9klgggx%aéi85925?y0£ 8,
8- tgks% Cthordafl Buler Rnebiuhr 1 20 S Guelapent 2l oo

oreny zireconiu
dicg %”*Ch|0r0pheny|)nEtherne(3 tert-butyl-5-ethylcycl

g o TS b DA S d ey cpenal b )

bls(p?teft butyrphen;I)netEyFéne?S-fert?butyl-S-ithyI’ ’
8,83yetp@methyl—lH,8H—dicyclopenta[b,h]fluorenyl)zirconium_
dichloride,
cyclohexylidene(3—tertfbutyl—5—ethylcyclopentadienyl)(1,1,8
,8—tetramethyl—lH,8H—dicycloben£a[b,h]fluorenyl)zirconium
dichloride,
dibenzylmethylene(3*tert—butyl—5—ethylcyclopentadienyl)(1,1
»8,8-tetramethyl-1H, 8H-dicyclopenta[b,h] flucrenyl) zirconium o
dichléride, |
phenylmethyléne(3—tert~butyl—5—ethylcyclopentadienyl)(1,1,8
s B-tetramethyl-1H, 8H-dicyclopenta[b,h] fluorenyl)zirconium

dichloride,

(phenyl) (methyl)methylene (3-tert-butyl-5-ethylcyvclopentadie
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10 )
entadienyl)(1,1,8,8-tetranethyl-1H, 84 di cycl openta[ b,
h] fl uo renyl ) zirconi um di chl ori de,
Sk opyl i dene( 3, 5- di net hyl cycl opent adi enyl ) (1, 1, 8, 8-
tetram 45
et hyl - 1H, 8H di cycl opent a[ b, h] fl uor enyl ) zi r coni um
di chl ori de,
i hut.yl met hyl ene( 3, 5-di_net hyl cycl opent adi enyl ) (1, 1, 8,
ny]gl_ (tlgt],?/, 81,59—tyetram(ethyl—|1H, 81—%/—diycyclpopentall fb,%])f(luorenyl) zZ
~amet hyl- 1H, 81- 3-di cycl opent a[ b, h] f1 uorenyl) zi r coni um

irqﬂgﬂﬂmnqqﬁﬁloride,
cyclohexyl i dene( 3, 5-di met hyl cycl opentadi enyl)(1,1,8,8
(p—~todtyla {methyl)methylene (3~tert-butyl-5-ethylcyclopentadi
nmet hyl - 1H, 8Hdi cycl openta[ b, h] fl uorenyl ) zi r coni um

enyﬂﬂﬂﬂJﬂﬂgkﬁ—ﬂﬂ%ramethylﬁlH,8H~dicyclopenta[b,h]fluorenyl)
di benzyl nmet hyl ene( 3, 5-di et hyl cycl opentadi enyl) (1,1, 8

721 pcSrii&ln dichloride, _ . .
ramet hyl- 1H, 8S- di cycl opent a[ b, hi fl uorenyl ) zi rconi um

i.chl.ori.de .
ot RN B SEY 1678 et R e Sihargvp Lopentadien
,1,8,8-tetra , ,
yl) S.én Hy 18- PR ST arefevd et 8y Homaderempa b hd sArgrenyl) z1
SF- 1451 47 dichl ori de,
rcopgienyiyrtderigie) met hyl ene( 3, 5- di net hyl cycl opent adi eny
1)(1,1 ' -
diph8&nglietthyrieniey B-1Hr@Hotitey elSepaemydjdychbblenaadayh)zin 1, 1
coni um di chl ori de,
, 8, 8tpetelbntxtret-hyl, srethyhenepdndadibyel Frheyehonent 2db8 1 um

nyl ) (1,
dichi8r8yket ranet hyl- 1H 8H di cycl openta[ b, h] f | uorenyl) zi
rconi u mdichloride,

di—p—tglyimethylene(3—tert—butyl—5—ethylcyclopentadienyl)(l
»1,8,8-tetramethyl-1H, 8H-dicyclopenta[b, h] fluorenyl) zirconi
um dichloride,
bis(p—trifluoromethylphenyl)methylene(3~tert—butyl—5—ethylc
yclopentadienyl)(1,1,8,8—tetramethyl—1H,8H~dicyc10penta[b,h
]fluorenyl) zirconium dichloride,
bis(m-trifluoromethyiphenyl)methylene(3—tert—butyl~5—ethylc
yclopentadienyl) (1,1,8,8-tetramethyl-1H, 8H-dicyclopental[b,h
]fluorenyl) zirconium dichioride,
bis{p-fluorophenyl)methylene (3-tert-butyl-5-ethylcyclopenta
dienyl)(1,1,8,8~tetramethyl—lH,8H—dicYclopenta[b,h]fluoreny
l)zirconium,dichloride,

bis(m-fluorophenyl)methylene (3-tert-butyl-5-ethylcyclopenta
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) (phenyl)(ethyl)nethylene(3,5-dinethylcyclopentadienyl
) (1

8, 8- tetranethyl 1H, 8H di cycl opent a[ b, h]fluorenyl)2|rc
SFob#bin 10 di chl ori de,
di phenyl net hyl ene( 3, 5- di netd¥yl cycl opentadi enyl )(1,1,8
, 8-tet
ranmet hyl- 1H, 8H di cycl opent a[ b, h] f |l uorenyl ) zi r coni um
di chl ori de,
dl@mYblelyl&E$hw¢©n@m@t5yﬂrhﬁt&ﬁf@y@YQbQM$QUaéhyh)tﬂudreny
,8,8-t 15
l)eiraonihmldi&hB&kﬂﬂeyclopenta[b,h]fluorenyl)zirconium
di chl ori de,
blf’(@4@hlét$ﬁ>h@ﬁ@ﬁ§ém{;{m@§é‘y 3ot hylsnel B. 5= dinpl Byl £ySenta
opent
di&d e ! h L
PAENN ) {Js Jo e LShLopL IV, B 11 G 0YSLAPEE AP M reny
l)gopeﬁ$££$féuqhﬂgFthglphenyl)nethylene(3,5-d|nethylcyc
adi enyl ) (1, 8-tetraneth 1H, 8H di cycl opent a[ b, h] f

bl?UBr%%19¥99@?Qﬁ%ﬁTﬁﬁ%W%ﬁm%¥3ﬁ%ert -butyl-5- ethylcyclopenta

bi s(p-fl uorophenyl ) net hyl ene( 3, 5- di net hyl cycl opent adi
diemyl) (1,1,8,8-tetramethyl-1H, 8H-dicyclopenta[b,h] fluoreny

1,1,8,8-tetranet hyl- 1H, 8H di cycl opent a[ b, h] fl uorenyl)

1} zi rcomi unSFa 1dnlo ABd¢ um di chl ori de,
bi s(m fl uorophenyl) met hyl ene(3, 5-di nmet hyl cycl opent adi

bieW+ddrt-butylphenyl)meth lene(3-tert-butyl-5-ethylcyclo
1,1,8,8-tetranethyl-1H, 8 di cycl opent a[ b, ]fluoré%y % P

8-
engéfs(p cjhlugﬂr glphenyl nmet 1'Fenel)ﬂ( 31% %IH %Cfl%?%%%m’hdlfluo
reﬁ?% %ﬁ%??n%%%u%aﬁpﬁ?ﬁﬁ?%++dlcyclopenta[b h] f 1 uorenyl)
zirco m dj chl orj de

lscmfsﬂz %}%%énﬂs%ﬁm%mw@%%w lc{fet bporft dertram
etfm{lr, Q:@Hﬁ#@f@tmqﬂmlh ]1fhi%w}d@ezrﬁtl%i{m}ilrﬂm | dioriekyride,

' )zircon
dlbutylmethylene(3 5-dimethylcyclopentadienyl) (1,1, 8, 8-tetr

amethyl-1H, BH- dlcyclopenta[b h]fluorenyl)zirconium
dichloride,

cyclchexylidene (3, 5-dimethylcyclopentadienyl) (1,1,8,8-tetra
methyl—lH,8H—dicyclopenta[b,h]flgorenyl)zirconium
dichloride,
dibenzylmethylene (3, 5-dimethylcyclopentadienyl) (1,1,8,8-tet
ramethyl-1HE, 8H~dicyclopenta([b,h]fluorenyl) zirconium
dichloride,
phenylmethylene (3, 5~dimethylcyclopentadienyl) (1,1, 8, 8~tetra

methylmlﬁ,8H—dicyclopenta[b,h]fluorenyl)zirconium
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10 iumdichl oride,’
bi s(p-tert-butyl phenyl) net hyl ene(3, 5- dlnethylcyclopen
SF-flddilen
yl)(1,1,8,8-tetranet hyl- 1+#Bk+d|cyclopenta[b h] fl uore
nyl ) zi rconlun1d|chlor|de
i sopropyl i dene(cycl opent adi enyl ) (3, 6-di-tert-butyl-1,
1,8,8- 15
dichébranet hyl- 1H, 8S- di cycl opent a[ b, h3f | uorenyl ) zirconiu
m di chl ori de,
ph?h?mgyhaehpy reehoyehepentadieryh)y(3y6idpetentiibuyy i1, 1

,8,8: E@E&QHEEByi 1H, §H-ehe»%h%@%9k@[e Al b uerenyh ) 2k E€8A1 um

"fumdichlorid
dlcp%gggggxyl|dene(cyclopentadlenyl)(3,6 di-tert-butyl-1

1t,t, th cl.ope h'qu ren |rco
o~ s SNTOF b B tE%ﬂ F S et S LS A2 G
3,6-di -tert-but
(Q ~tetramrethyi-1H, Qé éR@Y@ﬂ@BéﬁﬁéﬂB hﬂﬁﬂH@F@ﬁyﬂjZFFéanlu
nium SF-1451 49 dlchlorlde
m dphbhytmﬁbhylene(cyclopentadlenyl)(s 6-di-tert-butyl-1

pheh?lvaﬁﬁh?Y1méth§&bdbq39BgﬁgﬁbabblbkﬁhupéﬁﬁﬁﬂléhymDmﬂ 1,
um di chl ori de,

8, 85€99§2M5iﬁgﬁthmlkﬁeeaﬁ&%m%g%x%hqaeﬁﬁ@@u@@gh}i$z§rebn£um
dichloride,
diphenylmethylene (3, 5~dimethylcyclopentadienyl) (1,1,8,8-tet
raﬁethyi-lH,8H~dicyclopenta[b,h]fluorenyl)zirconium
dichloride,
di~p—tolylmethylene(3,5—dimethylc?clopentadienyl)(1,1,8,8—t
etramethyl—lH,8H—dicyclopenta[b,h]fluorenyl)zirconium
dichloride,
bis(p-trifluoromethylphenyl)methylene (3, 5-dimethylcyclopent
adienyl) (1,1, 8,8-tetramethyl-1H, 88-dicyclopenta[b,h] fluoren
yl)zirconium dichloride,-
bis(m-trifluoromethylphenyl)methylene (3, 5-dimethylcyclopent
adienyl) (1,1,8,8-tetramethyl-1H, 8H~dicyclopenta[b,h]}fluoren
yl)zirconium dichloride,

bis (p-fluorophenyl)methylene {3, 5-dimethylcyclopentadienyl} (

1,1,8,8-tetramethyl-1E, 8H-dicyclopentalb,h]fiuorenyl)zircon
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yl-l}1,8,8-tetranethy1-1H,8H—dicyclopenta[b,h]fluoren
yl)zir coniumdichl ori de,
SFgﬂttolyl)(nethyl)nethylene(cyclopentadlenyl)(s 6-di-t

tyl-1,1,8,8-tetranethyl- 1H}8H di cycl openta[ b, h]fl uore
nyl)zi 10 rconi um di chl ori de,
(phenyl)(ethyl)nethylene(cyclopentadienyl)(3 6-di-ter

1““1df9P%?q}dﬁetranethyl 1H, 8H-di cycl opent a[ b, h] f I uor eny
[ )zirc oniumdichloride,
bl&ﬁﬁﬁﬁ%@ﬂrméﬂhyhéﬁ@Gﬁ¥nﬂ@weﬁﬁa@ﬂﬁﬁméﬁh?h&wmlopentaumEyyl
-1,1,8 15
1,1,8- Bem@anﬁmmwﬂxymiﬁﬂj&mAawdyﬁMﬂwéﬂﬂa[%thwqmamﬁhpll&@@con
ni um di chl ori de,
iundigzphtieivldeet hyl ene(cycl opent adi enyl ) (3, 6-di -tert-but
yl-1,1

bls’gh%hl%E% @Mﬁa&%flfgé)QGC%CBﬁ&%ﬁ%@h%y%h%b%8£gﬁikk§l

coni Um

1, 1???%p§tE%%%%% %qgﬁ%yl%h%g%&%qe %%%ﬂ?l%%%l%ggghgg ¥con

-di-tert-butyl-1,1,8,8-tetranethyl-1H, 8H di cycl opent a
lum[ﬁlﬁPﬂOF&@ﬁenyl)Z|rconlunmdlchlorlde

bis(mtrifluoronethyl phenyl) et hyl ene(cycl opent adi eny
bls|pcgh@orophenyl)methylene(3 S5—dimethylcyclopentadienyl)

-di-tert-butyl-1,1, 8, 8-tetranethyl-1H, 8H di cycl opent a
1,1LB,E}tetSEmbéﬁylsaﬂLBapamwybabp@@mquudnﬁmhefbﬂgl)zircon
bi-s(p-fl uorophenyl ) met hyl ene(cycl opent adi enyl ) ( 3, 6-di
ium- Hekhbuty 31, 1, 8, 8-tetranet hyl - 1H, 8H-di cycl opent a[ b, h

]fluorenyl) zirconiumdichloride, 5

bis?? TGS RN TR K LS sORTRER AV SRV S Bt s on
Lkt Foﬁe |or8§ﬁ@%§E¥§?hgr§H Sy enopanradben) fpareont) =i

tert 71,.1,8,8--tetranet hyl - 1H, 84 di cycl openta[ b
rconh&@lg éi?F} de;

isopropylidene(cyclopentadienyl)(3,6~di~tert—butyl—1,1,8,8~
tetramethyl-1H, 8H-dicyclopenta([b,h}fluorenyl) zirconium
dichloride,

dibutylmethylene (cyclopentadienyl) (3, 6-di-tert-butyl-1,1, 8,
B-tetramethyl-1H, 8H-dicyclopentalb,h]fluorenyl) zirconium
dichloride,
cycléhexylidene(cyclopentadienyl)(3,6udi~tert—butyl—1,l,8,8
-tetramethyl-1H, 8H-dicyclopenta[b,h]fluorenyl)zirconium
dichloride,

dibenzylmethylene (cyclopentadienyl) (3, 6-di-tert-butyl-1,1,8

;B~tetramethyl~-1H, 8E-dicyclopentalb,h}fluorenyl) zirconium
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10 zirconiumdichloride,
bi s(m chl or ophenyl ) net hyl ene(cycl opent adi enyl ) (3, 6-d
SF;ifgibutyl-l,1,8,8-tetranethy| 1H, 8H di cycl opent a[ b, h
uorenyl) zirconiumdichlaride,
bis(p-tert-butylphenyl)netﬁ | ene(cycl opent adi enyl ) (3,
6-di-t 15
ert-butyl-1,1,8,8-tetranet hyl-1H, 81-J-di cycl opent a[ b,

nyl ) zi rconi um di chl ori de,
dl%%%%?%ﬁ§1ldene(3 tert- butyl cyclopentadlenyl)(s 6-di -

ph%ﬁ%‘tf“ﬁt*iyjsefse t et HRAHPEERBH o S iopeittaibr ivi ude 8 8
enyl)z |rcon|un1d|chlor|de 20

—t off RIS bk -tiH (B a e kenaitya Loyl Dpermerdilomilnqce isud
i-tert

dichhiwdde, 1, 8, 8-tetranet hyl- 1H, 8Hdi cycl openta[b, h]flu
orenyl )zirconiumdichl oride,

(pmnhm@ﬂﬂﬂamﬁ(&rﬁ@me tattcl optated 00 3@05' enw )d(l&t@zd:l but
-tertbutyl-1,1,8,8-tetramethyl-1H, 8H— cyclopenta[b

141l uar enwla- a%Ft sl il Jcﬁ éﬂfH
Y |benzylnetﬁ§lé%e(3 tert utyl- open a enyéff@y% zir

Condnb ?:[JIChIlofléjes tetranmet hyl- 1H, 8Hdi cycl openta[ b, h] f

R AL B i g

-tertbutyl-1,1 8- tetraneth | -1H, 8H-di cycl openta[ b, h
£ Y5 dorkerRop Cramestm I, GH-obicds topen ta b, h) F 1oreyl) 2
(phenyl) (net hyl ) met hyl ene(3-tert-butyl-cycl opent adi en

rcogliyf3,dichloride,
6-di-tert-butyl-1,1,8,8-tetranethyl-1H, 8H di cycl opent
(phainly,1h] (kb yfil) u@r:emlehza (lcgenicpandi=ehledri1dg,3, 6-di~tert-buty
(p-tolyl) (et hyl)nmethyl ene(3-tert-butyl - cyclopentadle

1-10¥l, B(3-tetramethyl-1H, 8H-dicyclopenta [b, h] f
,6-di-tert- butyly 1,8, 8- tet?énepﬁylafH 8H—&F8§§nge21rc

_oDlhﬁ[glgpf%Eggrenyl)2|rconlun1d|chlor|de

(pheny et hyl') net hyl ene(3-tert-butyl -cycl opent adi eny
dlph%gylmethylene(cyclopentadlenyl)(3,6—d1mtert—butyl—1,1,8

,8—tetramethyl—1H,8H~dicyclopenta[b,h]fluorenyl)zirconium
dichloride, |
di~p—tolylmethylene(cyélopentadienyl)(3,6—diutert—butyl—l,1
,8,8—tetramethyl~1H,8H—dicyclopenta[b,h]fluorenyl)zirconium
dichloride, |
bis(p-trifluoromethylphenyl)methylene (cyclopentadienyl) (3,6
—~di-tert-butyl-1,1,8,8~tetramethyl-1H, 8H-dicyeclopenta(b,h]f
luorenyl)zirconium dichloride,
bis(m-trifluoromethylphenyl)methylene(cyclopentadienyl) (3,6

—di—tert-butyl—l,l,8,8—tetramethyl-1H,8H~dicyclopenta{b,h]f
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15
-di-tert-butyl-1,1,8,8-tetranethyl-1H, 84 di cycl opent a
SF{#@ f luorenyl)zirconiumdichl ori de,

I'p enylnethylene(3-tert-b%&yl-cyclopentadienyl)(3,6-
di-ter .
t-butyl-1,1,8,8-tetranethyl-1H, 8H di cycl openta[ b, h]fl
uoreny 1) zirconiumdichloride, 20

lué&%ﬁgifQQQégﬁfg&lqﬂfégiggiééputyl-cyclopentadienyl)(s,
01§ [P asa e Gt DLt S es) PPeg 88 Mo e

bi s( -trifluoronethylphengl%nethylene(3-tert-butfl-cy
bury ,8,8~-tetramethyl-1H, 8H-dicyclopenta [b,h] fluorenyl)

tadienyl)(3,6-di-tert-butyl-1,1,8,8-tetranethyl-1H, 8H
zirahmiywn BReHUEL &2, | opent a[ b, h] f I uorenyl ) zi rconi um

di chl ori de,

bib}r&( i d i S rearanedhdyh pheny [k yel byéeted Bedel f ¢ Dusydiieyert-
cl open

put Ol ey g (. Gstdi &tk o buiy led-di 8ySr&isis My £ kb Bbhy1)

-dicyc | openta[ b, hlfluorenyl)zirconiumdichloride, 5

Ziﬁ%gﬁ#ﬁ$léggﬁ¥gy¥3g)nethylene(3-tert-buty|-cyclopentad
I eny /

D1 SRR i SR LR ey £ 1) 648] SPere-

bi s(mfl uor ophenyl ) net hyl ene(3-tert-butyl -cycl opent ad
bu¢¥95491,S,Brtetramethyl-lH,B -dicyclopenta[b,hifluorenyl)

(3,6-di-tert-butyl-1,1,8,8-tetranmethyl-1H, 8H di cycl op
z1ipepalln 19 gHdd i@ enyl ) zi rconi um di chl ori de,

bi s( p- chl orophenyl net hyl ene) (3-tert-butyl -cycl opent ad
bis @mydhlorophenyl)methylene {(cyclopentadienyl) (3, 6-di-tert-

(3,6-di-tert-butyl-1,1, 8,8-tetranmethyl-1H, 8H di cycl op

pupt-af b1, dlfluonemyd 48y 1 con emgi 6 Dbpélesa (b, hi fluorenyl)
bi s(m chl or ophenyl ) met hyl ene(3-tert-butyl -cycl opent ad

2t 1%?%1%“ ATy 1-1, 1, 8/ 8- tet ramet hy171H, 8H di cycl
. opent a[.b fl uoren zirconiumdichl orid L

o1 LAY G A et A S AT P e Rl s ettt onvay B it
nt adi e ,

erypy st Bl -G Tt B e Eh Yl BB $hTLret iRpentp Byl Hipore
clopen ta[b, h]fluorenyl)zirconiumdichloride, 20

ny } soprepyl it ehie(tBl ek de but y 1- 5- met hyl cycl opent adi enyl )
(3, 6-d

isoptapyliisng (3t 8 Sot eyt aopt hydedth Bremy Ly (3 opedt-afdrt-b
,h] flu orenyl)zirconiumdichl ori de,

utfib%; %,I g7ed hoyd enad S 91 L1 g iy 1d B et byd ey£ | o pent Bekh 2511 ) =
ir%%§%+frd£éﬁgégfée}q8,8-tetranethy1-1H,8H—dicyclopenta
dibutyimethylene (3-tert-butyl-cyclopentadienyl) {3, 6—~di-tert
-butyl-1,1,8,8-tetramethyl-1H, 8H-dicyclopenta[b,h]flucrenyl
yzirconium dichleride, |
cyclohexylidene(3~tert—butyi—cyclopentadieﬁyl)(3,64di—tert—

butyl-1,1,8,8-tetramethyl-1H, 8H-dicyclopenta[b,h] fluorenyl)
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SF-1451 53 | uorenyl ) zirconi um di chl ori de,
cycl ohexyl i dene(3-tert-butyl-5-nethyl cycl opent adi enyl
) (3, 6-

spisgdgert-butyl-1,1, 8,8-tetranet hyl - 1H, 8H di cycl opent af
b, h] f uorenyI)Z|rconlun1d5§hlor|de 5
di benzyl net hyl ene(3-tert-butyl-5- nethylcyclopentad|en

yl) (3,
6-di-tert-butyl-1,1,8,8-tetranethyl- 1H, 8H-di cycl opent

Zlﬁﬁdhﬂﬂmfaﬂgnfngaglrconlun1d|chlor|de
phenyl net hyl ene( 3- tert- but y1-5- et hyl cycl opent adi enyl

dlaéi%é;ﬁeﬁﬁﬁlﬁn ].Ef%?tet aneﬁhfﬁ?ﬁqgﬂﬁﬁfﬁychoﬁentafter

= Ree u%%—%@f A e e U PR by o g eny

ent adi

1) ZFAondams Hichl&iidfn y1- 1, 1, 8, 8-t et ranet hyl - 1H, 8H-di ¢
ycl ope nta[ b, h]fIuorenyl)2|rconlun1d|chlor|de

phqﬂyhmﬂthManaG%ﬁQanﬁ*huuﬁﬁﬂﬁ?ﬁkﬂﬂ@dmmyﬁﬂﬁdndﬁhﬁﬂdwﬂaart—
pentad 15

butivaml, )1(, &, 6—die tremte tty-1-H, 85 -8 igicatopmtamy, hi 18k réhn v1 )
cyclop enta[b, h]fluorenyl)zirconiumdichloride,

zirdranw HiethwWpingt hyl ene(3-tert-butyl-5-nethyl cycl ope

ntadle
t H,_8H- di
BB LB S A S BTl
6— d%ﬂ%%%@ykﬁ%tgylqugﬁ t %&r%%}¥%yﬁ q?{?%f%y%&%ﬁ%gzﬁﬁbﬁg hj
6-di-tert-butyl-1,1,8,8-tetranethyl-1H 8H di cycl opent
flué’r—“ﬁnw]lm%@.own) ﬂlrcévémrm%ed. chl ori de,

di - p-tolylneth | ene(3-tert-butyl-5-nethylcycl opent adi
(D-E/yIY)L) methyl)methylene(3 tert-butyl-cyclopentadienyl) (3

3,6-di-tert-butyl-1,1,8,8-tetranet hyl-1H, 8H di cycl ope
6—dﬁaﬁbrt—BEty451,34ShEFk&&EemwhhyﬁFaﬂnBﬂﬁddbgbﬂapbdea[b,h
bi s(p-trifluoronethyl phenyl)nethyl ene(3-tert-butyl-5-
1 £10etByik 1) zirconium dichloride,
cycl opent adi enyl ) ( 3, 6- di-tert- butyl-1,1, 8, 8- tetraneth
(phﬁ%yiF%eghbg ﬁﬁ%%@@%%%ﬂbthkElBﬁ%%ﬁlb&éﬁoﬁgﬁkgﬁﬁenyl (3 6

~di%%§%9155£§i99r9”%t%¥ Rhgnyl) et hyleag( 3 tert butyl«p 1 ¢

cycl opent adi enyl ) di-tert-butyl-1,1,8,8-tetraneth
Luof¥ Ry P E Rk e et bendarse

Fpd ﬁ}fluorenyl)2|rcon|um
di chl ori de,

diphpay puethipl ephéAypmsrhykehecsclopenbatyenglidBhgrdycter
t—b58522%11(8,BrﬂbttembtbyﬂylﬁleraiaytebpaﬁeamyLhlfﬂﬂbkeny
l)ziigzgium dichloride,

di-p-tolylmethylene (3-tert-butyl-cyclopentadienyl) (3, 6-di-t
ert—butyl—i,l,8,8—tetramethyl-1H,8H—dicyclopenta{b,h]fluore
nyl}zirconium dichloride,

bis{p-trifluoromethylphenyl)methylene (3-tert-butyl-cyclopen

tadienyl)(3,6—di—tert—butyl—l,1,8,8~tetramethyl—lH,8H—dicyc
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10 openta[ b, h] fl uorenyl)zirconiumdichloride,

bi s(m fl uorophenyl ) net hyl ene(3-tert-butyl-5-nethylcyc
rlOpent

adienyl)(3,6-di-tert-butyl:z1,1,8,8-tetranethyl-1H, 8H

di cycl openta[b, h]quorenyF zi rconi um di chl ori de,

bi s( p- chl orophenyl net hyl ene) (3-tert-butyl-5-nethyl cyc

| opent 15

log?éﬂi‘?éq ,)kg ?’flﬁlﬁ rhf]f z:.brlg \%ﬂ ld Ch%_or%.tcf amet hyl - 1H, 8H
|cyc opent a 'uoreny Z|rcon|un1éachlor|de
blﬁ o;étm CHUOOI‘IOCPmeetr}}/ prheetn ll %’lneet %/lteenret 3bUt§/rt“%ur:[rleytlh cly(c:: open
dlenyl 3 6 di-tert-buty 8-tetranmet hyl - 1H, 8H
1?%ﬂ?1hkﬁ%h§hﬂm&wﬁnﬂqﬁﬁqmqﬂhx#ﬂéb8Hz@lcyc
bIS p tert butylphenyl)nethylene(S tert-butyl-5-nethy
logquﬁ&b hlfluocrenyl)zirconium dichloride,
pent adi enyl ) (3, 6-di -tert-butyl-1,1,8, 8-tetranethyl -
bia@H+ﬂhudnaﬁhaﬁyﬂﬁﬂdxﬂﬂﬂénﬂﬂ&yﬂéﬁﬁHHUﬁyﬂ4ﬂydﬁdﬂémwadi%nyl)
i sopropylidene(3-tert-butyl-5-ethylcycl opentadi enyl) (

(3,%-8Hdicerc-putyl-1,1, 8, 8-tetramethyl-1H, 8H~dicyclopenta [b
-tert- butyl 171, 8,"8-t et r anet hy1- 1ﬁ’8H-d|cyclogént§F€,a[

, hEh oy ni um di chl ori de,
]g bSt%P hy ene?glter¥%%uty%gg et hyl cycl opent adi enyl

blsof' ‘tfgﬁ“@&hﬁnyil g hg L eae At e PHS YaRSaicd pRes e Rt Py L)
h1f1 uorenyl ) zirconiumdichloride, 5

(3 éyéﬁoﬁgfﬁrhﬁéﬁécﬁuﬂeﬁv85&@%£ﬁ5@€¢ﬁ9réﬁeﬁ@p@ﬁpﬁ@ﬁ@ﬁ¢pﬁa{b
(3, 6-d

h]ﬁlvéﬁﬁnwdﬁyirﬂonl&den@hﬂaweﬁhyl 1H, 8Hdi cycl openta[ b
, h] flu orenyl)zirconium dichl ori de,

bisd??ehlytmphbm&&m@&&yﬂehéabBPyéfﬁmﬁmhylewng@@@h@QHQ@ﬁyl)
1)(3,6

(3, 6ddzteéktbﬁh2bildl18888L@b%§€ﬁbﬁﬁﬁilWH8@HdHQEQEQBSEB@a[b
[b,h]f 10 luorenyl)zirconiumdichlorid

,h}?%ﬁg¥%H§iW¥h%E@h§uh¢B&cﬁ%h¥1d§ ethyl cycl opent adi enyl)

- i-i = -1 8 etr H, 8H di cycl opental[ b
ot B oS n s P TR P ab - SN ShRERELRy
(3,ﬁ?§eggl%gggﬁg¥ﬁlq9th§‘Sn A AT R T L AR P8 N

ni (3,6-di-tert-butyl-1,1,8,8-tetramethyl-1H, 8H-di cy

h] £l epeanya| biKFPRaBReRyFREPEESRI UM di chl ori de,

(p-tolyl) (nmethyl)nethylene(3-tert-butyl-5-ethylcyclop
biséptheit-butylphenyl)methylene (3-tert-butyl-cyclopentadie

enyl)(3,6-di-tert-butyl-1,1,8,8-tetranmethyl -1H, 8Hdic

nylYCBpﬂedﬁiﬂébthbﬁtyQL@nY|%?Bﬁﬁéﬁkéﬁb@h9mL9H|@ﬁrdlcyclopen
20(pheny|)(ethy|)nethy|ene(3 tert-butyl-5 ethylcyclop

ta [N 91@@ 1)
al yi) ? o er%lgﬁ?§iu? dlgh% tetranethyl 1H, 8H di cyc

hlf d .
180%9%3%% 3 T EHEE TP ol E - RO TR C Ry PESEFBpLARRYl hys-d
l‘te%#'?%ﬁ¥lb%t9184?1?%?86@%??&%@%Hy&ﬂiﬂésypapﬁ9ﬁt@b@n$hflu
oreé§3{gircon1um dichloride,

dibutylmethylene (3-tert-butyl-5-methylcyclopentadienyl) {3, 6

-di-tert-butyl-1,1,8,8~tetramethyl-1H, 8H~dicyclopentalb,h]f
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SF-1451 56 | uorenyl)zirconium di chl ori de,
di -p-tol yl net hyl ene(3-tert-butyl-5-ethyl cycl opentadie
sFrAyL3{3 =
,6-di-tert-butyl-1,1, 8, 8-tetyanethyl-1H 8H di cycl open
ta[b,h ]Jfluorenyl)zirconiumdichloride, 5
bi s(p-trifluoronethyl phenyl)nethyl ene(3-tert-butyl-5-
et hyl c
luycéRpeN: et eMyln (Sidntbri@sf-butyl-1,1, 8, 8-tetranet hy
| -1H, 8 H-dicycl openta[b, h] fluorenyl)zirconium

Cyfﬂéﬁ%ﬁﬁ%%gﬁTﬁw%wﬁﬁ$®1b enylg ?&XlﬁﬁﬁlOp%ﬁ%aq%e%Xﬂ)S-
aly eg%%penlt1 At et ) {7 B LR kit Y SR A R R Ry | £
8 10 H-dicycl o enta b h] f I uor enyl ) zi rconi um

uo%ﬁ% o%%{ﬁpnlum dlC lori

bls(p quoropheqyl)neth Iene(3 tert-butyl-5-ethylcycl
Ipnethylene (3-tert-butyl-5-methylcyclopentadienyl) (3,

dienyl)(3,6-di-tert-butyl-1,1,8,8-tetranmethyl-1H, 8Hd
6~dlicyted ot genital -4, ] f3 Uorternyd e trioain Ly 8H -ehilord ldghenta [b, h ]
bi s(m fl uorophenyl ) met hyl ene(3-tert-butyl-5-ethyl cycl

flwopeitil )Ibi rconium dichloride,
dienyl)(3,6-di-tert- butyl 1 1,8,8-tetranethyl -1H, 8Hd

phébrﬁ??"g&éﬁﬁ?fﬁ% o Tt e (o T o e -

g%eny%iu(tédg dit ainﬁtliy%_%l’t%{"rd&r?éﬁ'})ﬂpefﬁaéﬁ'@] £l
tal b, h] fl I di chl d 20

%ﬁna R GTOpb AV HEU Y ehe( 3- Lort- buty 1 6t hyl oyo

(Phcﬂnéfr%w Omred bt 1d metdyt Lema (At ot - letrmesthinlicytH oglndg adi
|cyclo pent a[ b, h] fl uorenyl ) zi rconi um di chl ori de,

enydils beiﬂﬁﬁﬂﬂaﬂﬁﬂhﬁuyhﬁbrﬁﬂ&nﬂ%ﬂ&ﬂﬁhmeﬂﬁyibamyBﬂﬁfﬂmiwdlope
cycl op

ntadit, adifdmneh316 -dirdeeritunb w1 rh.d®,, 8- t et r anet hyl -
8Hdic SF-1451 57 ycl opentalb, h]fluorenyl)zirconium

(p-@icARI10rN i@ hyi)methylene (3-tert-butyl-5-methylcycl tad
|sopropylldg%e(3 &alnethylcyclope%}adlenyly'cyc gpen 2

ien by~ r 11
?& @u6 gl8t€eFr§hé?hyf fH 8&-&%§fgfbg§ﬁfaﬁg thF&SFClOp
h
enta&f%) 5}??%?’%&%?&2%%@9’&% SHRIOEG5Ent adi enyl ) (3, 6- di
-tertbut 1,8, 8- tetranethyl 1H, 8H—d|c¥clopenta [b, h
(PhERTaen ey} ) EPEBSRFHM G SESHREE YL~ 5-me Chyloyclopentadie

nyl)(3,6—diwtert—butyl—1,1,8,8-tetramethyl—1H,8Hfdicyclopen
ta[b,h]fluorenyl) zirconium dichloride,

diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl) (3,
6-di-tert-butyl-1,1,8,8-tetramethyl-1H, 8H-dicyclopenta([b,h]
fluorenyl)zirconium dichloride,
di—p—tolylmethylene(3—tert~butyl—5—methylcyclopentadienyl)(

3,6—di—tert—butyl—l,1,8,8—tetramethyl—lH,8H—dicyclopenta[b,
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cyclohexylidene(3,5-dinethylcyclopehtadienyl)(3,6-di-
tert-b
utyl-1,1,8,8-tetranet hyl-1H, 8H di cycl openta[ b, h] fl uor

grenylsiz 10 irconi um dichl ori de,
di benzyl net hyl ene( 3, 5-di netdw/| cycl opent adi enyl ) (3, 6-d
i-tert
-butyl-1,1,8,8-tetranmethyl-1H, 8H di cycl openta[ b, h]f 1u
orenyl )zirconiumdichl ori de,

h]pherylemet hyl eset 3uh- diphtibyliagc! opent adi enyl ) (3, 6-di -
tert-b 15

bilt( iﬁlt]_r,lk,lﬁo§b&§£ﬁ?ﬂ§h€ﬁ}lliﬂe%ﬂyﬂl—:-ﬁ¥QEOESB{:E‘BQth—f-EUﬁéthyl

c

enyl)z irconiumdichlorid

cy@@%@@é@a&%h?ﬁ ) gekhylengts. Eu‘éwﬁ‘i'ﬂﬂ_ gYELORERLAGLADY - 18,

tert-bu tet neth 1H, H— LC clopenta

B RV E Lo bRy Py T FLBRFGAY ) ChECPTpEn di chL8¥S

20(p-tol 1)(neth% lnethylene%S 5-di net hyl-cycl opent adi
bléﬁ?r$€3f uoromethylphenyl)methylene (3-tért-butyl-5-methyl

6-di-tert-butyl-1,1,8,8-tetranmethyl-1H, 8H di cycl opent
cvaflbpehthtdenghy $zbrdontemtdbohiydrildeé, 8, Bphenyhhethyl-1H,

(et hyl ) met hyl ene( 3, 5-di et hyl cycl opent adi enyl ) (3, 6-
SHdHiterlopuhyd i, ] 8l8okehiamet hybnltin8tk dhtyet apent af

b, h] fl  SF-1451 58 uorenyl)zirconium di chl ori de,

‘bidi thfﬂﬁb%bﬁaﬁ?ﬁ ehdtBydbretByteyelopept adigayhy(8y8i8pent
i -

ore conrum di ori fe/
Opeatg{éoh¥ffegpg E?&lkcogagﬁtg¥ch0|ogentadienyl)(3’6

rt-butyl-1 8,8-tetranet hyl-1H, 8H—d|c¥clopenta b, h]f
blﬁéﬁrgﬁu9F?Eh?%b%?@ﬁ?ﬁyéﬁpﬁﬂﬁdéert —butyl-5>-methylcyclopent

adienyl) (3, 6-di-tert-butyl-1,1,8,8-tetramethyl-1H, 8H-dicycl

adiQH §2Ir§i téEEngﬁ&EY% %H88§t9g9¥shgeﬁpia£§;théycycl

opentaib,h]fluorenyl)zirconium dichloride,
bis(p-chlorophenyimethylene) (3-tert-butyl-5-methylcyclopent
adienyl)(3,6—di—tert—butyl—l,1,8,8—tetramethyl—lﬂ,8H—dicycl
openta[b,h]fluorenyl) zirconium dichléride,
bis{m-chlorophenyl)methylene (3-tert-butyi-5-methylcyclopent
adienyl) (3, 6-di-tert-butyl-1,1,8,8-tetramethyl-1H, 8H-dicycl
opentab,h]fluorenyl)zirconium dichloride,
bis(p—tert—butylphenyl)methylene(3—£ert—butyl—5—methylcyclo
pentadienyl) (3, 6-di-tert-butyl-1,1,8,8-tetramethyl-1H, 8H~di
cyclopentalb,h] fluorenyl) zirconium dichloride,
isopropylidene (3-tert-butyl-5-ethylcyclopentadienyl) (3, 6-di

—tert—butyl—l,1,8,8—tetramethyl—1H,8H—dicyclopenta[b,h]fluo
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bi s(p-trifluoronethyl phenyl) met hyl ene( 3, 5- di met hyl cyc
| opent
SFei®Enyl ) (3, 6-di-tert-butyl-1,1, 8, 8-tetranethyl -1H, 8H
di cycl 10 openta[b, h] fluorggpyl)zirconiumdichloride,
bis(mtrifluoronethyl phenyl) net hyl ene( 3, 5-di net hyl cyc
| opent ,
adienyl)(3,6-di-tert-butyl-1,1,8,8-tetranethyl-1H, 8H
rergi Igyclr aopentra [dd,dh)fdriategnyl ) zi r coni um di chl ori de,
bi s(p-fl uorophenyl ) net hyl ene( 3, 5- di net hyl cycl opent adi

diHﬂﬁﬁBﬁéﬂH@lene(3“tert—buagl—5—ethylcYc10ﬁentadienyl)(3,6—
3,6-di-tert-butyl-1,1,8,8-tetranethyl-1H 8H di cyCl ope

| diJﬂéﬂﬂlbdﬂfﬁ_qgﬁ%%x%L@é“%%ﬁéﬁqg?fg%g%ﬁ%ﬁﬁygczopenta[bdp]fl

openta

bi s(mfl dor ophenyl) met ene cyc

I . . . :
lx)e?%@g%gngF}Hﬁiffgf;fﬁiQ§Jtetranethyl-lH,8H—dicyclope
ta[ b, _h]fluorenyl)zirconiumdichloride, 20
oy o YRR S SRe AT aNS) (3 S G ORyP S el 6peA 4d 6-0
) (

_enyl

1-tBré-—@uitdri. Buy B-Leot rergthatldie Bhly tithc8Hpencpadbopé f1u
nta[ b, h]fluorenyl)zirconiumdichloride,

orehiyd( mickbartaphenyh) metikyl, ene( 3, 5- di net hyl cycl opent ad
enyl ) ( , : _ _

dib3nk he&ﬁgﬁehéHﬁltémir%u%yﬂeBL%%%§ﬁﬁ%tlHp%ﬂtghﬁﬁﬁbQWQ3,6
nta[b, SF-1451 59 h]fluorenyl)zirconiumdichloride,

-diPe3eR=beEL104L Y BNBOYLLFBRAX G20, BrdLTRY BYLEYALARE ) £

I ~di-tert-butyl-1.1 8,6 8-tetranethyl-1H, 8H di cyc
;uo%gégﬁp95f5?ﬁf?ﬂu%ﬁ5ﬁé9ff%?éoniun1dich|oride, 5
[ [ I [ I -di vi nyl f1 I
phe%%ﬁﬁ%ggﬁhé%EESé%%%F? §2§?9%32¥h@ﬁgyglgkghggdiegga??g,6—d
di but yl net hyl ene(cycl opent adi enyl ) (3, 6-di vi nyl fl uoren

i-tgryzpptgdnilufy 8 8hitetirdmethyl-1H, 8H-dicyclopenta[b, h]lflu

cycl ohexyl i dene(cycl opent adi enyl ) (3, 6-di vi nyl fl uoreny
OrehY2Dz¢r¢0n®nmudidh¢hk¢dbde, _ :

di benzyl met hyl ene(cycl opent adi enyl ) (3, 6-di vinyl fluore
(phﬂy&lxKméﬁﬁplMﬂbdhghbﬁéudete;t—bﬂt'l—SPephylcFCEopentadie
phenylnethylene(cyclppentadlenyl){s,e-dIVIny fl uoreny
nyleELBCdQQtéﬂidbﬁﬁbQLHQQy8,8—tetramethyl—lH,8H—dicyclopen

ta[b,h]fluorenyl)zirconium dichloride,

(p-tolyl) (methyl)methylene (3-tert-butyl-5-ethylcyclopentadi
enyl) (3, 6-di~tert-butyl-1,1,8,8-tetramethyl-1H, 8H-dicyclope
nta[b,h] fluorenyl)zirconium dichloride,

(phenyl) (ethyl)methylene (3-tert-butyl-5-ethylcyclopentadien
yl) (3,6-di-tert-butyl-1,1,8,8-tetramethyl-~1H, 8H-dicyclopent
afb,h]lfluorenyl)zirconium dichloride,

diphenylmethylene (3-tert-butyl-5-ethylcyclopentadienyl) (3,6

—di—tert—butyl—l,1,8,8—tetramethyl-1H,8H—dicyclopenta[b,h]f
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15( phenyl ) (et hyl ) net hyl ene( cycl opent adi enyl ) (3, 6-di v
inylfluo renyl)zirconiumdichloride,
(p-tolyl) (et hyl ) et hyl ene(cycl opent adi enyl ) (3, 6-di vi
sr-mdF1 u orenyl ) zirconi um di chl ori de,
(phenyl) (et hyl ) met hyl ene(cgel opent adi enyl ) (3, 6-di vi ny
| fluor 20 enyl)zirconiumdichloride,
di phenyl et hyl ene(cycl opent adi enyl ) (3, 6-di vi nyl fl uore
nyl)zi rconiumdichloride, d
luonertydl )yd iretdnilen elicydlcopetat,adi enyl ) (3, 6-di vi nyl fl uore
nyl) zirconiumdichloride, SF-1451 60
dl-@ﬂidl#lFMJﬂHﬂreﬁf@GﬁYdéﬂtemﬁdﬁyﬁfmé M'o@@%ﬁb@@le@iw

)(3,6 divinylfluorenyl)zirconiumdichlorid

GJ%SJ(t'BrttU dt‘iﬂr Qﬂ urBV'SQ-bc%“&iJa)n{EBJHM elgie (B%ﬁ\ﬁ%l' g%%g%%%y[b, h

1)(3,6 Ivitnyl for'enyl) zi rconi"um
bi s f.l,uar.ophenyl ) Ien (cyclopentadlenyl)(s 6- di
) e R SRR or e,

bi s n}fluorophenyl)nethylene yclopentadlenyl) 3, 6-di
b1 s (o §LGHEmA D bGmy A sl - ter t-butyl -5~ “ethylc

bi s(p- chlorophenylnethylene)(cyclopentadlenyl)(3,6 di
yc hppgyitladi@nyidr @nyd-zirteorti-dmatdilcl dri8dé-tetramethyl-1H, 8
bi s(m chl or ophenyl ) met hyl ene(cycl opent adi enyl ) (3, 6-d
H-ddiayyd Mo demarag iy [h)j A rueomingh) diicdceriute dichloride,
~ bis(p-tert-butyl phenyl)net hyl ene(cycl opent adi enyl ) (3,
bi sGnetitwii MYIdronereMiohenia0mdtR it (3-itdet -butyl -5-ethyIc

yclopentadienyl) (3, 6-di-tert-butyl-1,1,8,8-tetramethyl-1H, 8.
H-dicyclopentaib,hlfluorenyl}zirconium dichloride,

bis(p—fluorpphenyl)methylene(3*tert~butyl—5—ethylcyclopenta

'dienyl)(3,6~di—tert~butyl*1,1,8,8~tetramethyl—lH;8H—dicyclo

penta[b,h}fiuorenyldzirconium dichloride,
bis{m—flﬁorophenyl)methylene(3—tert—butyl—S—ethylcyclopenta
dienyl)(3,6—di—tért—buty1—1,1,8,8—tetramethyl—lH,8H—dicyclo
penta{b,h]fluoreﬁyl)zirconium dichloride,
bisfp—chlorophenylmethylene)(3—tert—butyl—S—ethylcyclopenté
dienyl)(3,6~di—tert~butylul,l,8,8—fetramethylulH,8H~dicyclo
pental[b,h]lfluorenyl)zirconium dichloride,
bis (m~-chlorophenyl)methylene (3-tert-butyl-5-ethylcyclopenta
dienyl) (3, 6-di-tert-butyl-1,1,8,8-tetramethyl-1H,8H~dicyclo
penta[b,h]fluorényl)zirconium dichleride,
bis(p~tert~butylphenyl)ﬁethylene(3—tert—butyl—S—ethylcyclop

entadienyl) (3, é6~di-tert-butyl-1,1,8,8-tetramethyl-1H, 8H~dic
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'Pheﬁﬁf&aueé hyhened 36 2d iy

15
i sopropylidene(3-tert-butyl-cycl opentadienyl)(3,6-div
In%ﬂil uor enyl ) zi rconi um di chl ori de,
yl met hyl ene(3-tert-butyl -cycl opent adi enyl) (3, 6-d
i vinyl fluorenyl)zirconiunPdichl ori de.
cycl ohexyl i dene(3-tert-butyl-cycl opentadi enyl) (3, 6-d
vinyl f 20 Iuorenyl)zirconiun1dich|oride
di benz Iene(3 tert-butyl-c clopentadlenyl)(B 6-
YCIfiRA E/X SIRAYH o R e b o ke 1de
phenylnethylene(S tert-butyl - cyclopentadlenyl)(3 6- di
1sap iRy lidpreti )z imesrivua i i ort all enySh- (451 d6t-tert-bu
(phenyl) (net hyl ) net hyl ene(3-tert-butyl-cycl opent adi en
ty ] (13, 8 ,65-ehi evti eyl f tH uyair-€lniyy, | 9124 b icon: rp et iehlgrH [d8,uorenyl) zi
(p-tolyl) (nmethyl)nethylene(3-tert-butyl-cycl opentadie
reoilur idrdimideyl f 1 uorenyl) zi rconi um di chl ori de,
5(phenyl ) (et hyl ) nmet hyl ene(3-tert-butyl -cycl opentadi en

dl%apyhlg&rﬁll r%lcgh % gLQEJ%%%MbL%{{@E@pen?Q&an%% (d3L bt ert=
oug R et B R A Bisea i apesny

6- dIVI 10 nyl fluorenyl)zirconium di chl ori de,
2ingehddn (i SEdma-hyl phenyl ) met hyl ene(3-tert-butyl - cy

cl open tadienyl) (3, 6-divinylfluorenyl)zirconium '
cycdiadtaxorlidgiene (3, 5-dimethylcyclopentadienyl) (3, 6-di-tert-b

bis(mtrifluoromethyl phenyl ) net hyl ene(3-tert-butyl-cy
utyal-dpdn &, tertya)(cd her1cH M, iBH -fd iuora@mderitia [egmi ] fhuocrenyl ) z
di chl ori de, 15

i rdeins(ur fdikenephenyl ) met hyl ene(3-tert-butyl -cycl opent ad
ienyl) (3,6-divinylfluorenyl)zirconiumdichloride,

dlb@nsz(yrmatwl%%w'mwa@ ?3% y3at etm,%l gﬁ]xc('soge%a%rt

i enyl) d|V|nyIquore Zl rconi um

Rl hpron e SO S apeisg.

n}chlor henyl)nethylene(S tert-butyl-cycl opentad
er&ﬁ F S84 OFHG £ | uor eny 1) zi r coni um di chi ori de,

bi s( -tert but yl phenyl ) met’hyl ene(3-tert-butyl -cycl ope
5 S )hﬁfllﬁé’?éémﬂ%(nﬂardémﬂ % 6-01-tert-b
di chl ori de,

utyl—l,1,8,8—tetramethyl—1H,8H—dicyclopenta[b,h]fluorenyl)z
irconium diChloridg, |
(phenyl)(methyl)methyiene(3,5wdimethylcyclopentadienyl)(3,6
—di-tert-butyl-1,1,8,8-tetramethyl-1H, 8H-dicyclopentalb,h]f
luorenyl)zirconium dichloride,
(p—tolyl)(methyl)methyléne(3,5—dimethylcyclopentadienyl)(3,
6-di-tert-butyl-1,1,8,8-tetraméthyl-1H, 8H-dicyclopental[b,hl
fluorenyl}zircbnium,dichloride, |

(phenyl) {ethyl)methylene (3, 5-dimethylcyclopentadienyl} (3, 6-

di-tert-butyl-1,1,8,8-tetramethyl-1H, 8H-dicyclopental[b,hlfl
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i sopropylidene(3-tert-butyl-5-nethyl cycl opentadi enyl)
SEu(gﬁﬁgd i vi nyl fl uorenyl) zirconium di chl ori de,

&i u yInethylene(3-tert-bug§1-5-nethyIcyclopentadieny

1)(3,6 -divinylfluorenyl)zifconiumdichloride, 5

cycl ohexyl i dene(3-tert-butyl-5-nethyl cycl opent adi enyl

) (3, 6- divinylfluorenyl)zirconiumdichloride,
' | e -t ert-butyl-5-nethyl cycl opent adi en
LK)ny?g? ég§%@¥%§Fg%%§f§ﬁy "zi rconi um di chl ori de,

e S PR P BT e B e

(phenyl) (et hyl ) met hyl ene(3-tert-butyl-5-nmethyl cycl op
~Diditladic le |8r(t§,telaa16\HMﬂ(fh%ﬁwc)Yﬁlp@@ﬁﬁt@rhb:¥ﬂ tlorenyl
- dichloride,

) zigsomglug Y wbtlieydiaest hyl ene(3-tert - but yl- 5- met hyl cycl o
pentad ienyl) (3, 6-divinylfluorenyl)zirconi um
di-gi-ahllerlimdehvlene (3, 5-dimethylcyclopentadienyl) (3, 6~di-te
15(phenyl’) (et hyl ) met hyl ene(3-tert-butyl-5-nethyl cyclo
rt 43@1&%?%9 &rml,h@%&-ﬂm&m&g)ﬂm%&nﬂﬁy&%&% [b,h]fluoren
i chl oride,

i I 3.t ert-butyl-5-methyl cycl t adi
yl)%ﬁ??%?ﬁéﬁﬁhﬁxhﬁ%§ﬁ§kaef ut y1- 5- met hyl cycl opent adi en

I'vi nyl fluor'enyl ) zi r coni um di chl ori de,

o T G 1 e AL 3 P G R0 A

- -bis p-trifluoronethylphenyl)nethylene(3-tert-but%1-5-
adiggypy| (3, 6-di-tert-butyl-1, 1, 8,8-tetramethyl-1H, 8H-dicycl

cycl opent adi enyl ) (3, 6-di vi nyl fl uorenyl) zi rconi um
opegit@Hbehildédporenyl) zirconium dichloride,
bis(mtrifluoronethyl phenyl ) et hyl ene(3-tert-butyl-5-
bisnethylifluoromethylphenyl)methylene (3, 5-dimethylcyclopent
cycl opent adi enyl) (3, 6-di vi nyl fl uorenyl)zirconium -
adiénghlqni, dedi-SEri4pLtd -1,1,8,8-tetramethyl-1H, 8H~dicycl
bi s(p-fluorophenyl)methyl ene(3-tert-butyl-5-nethylcyc
opegl?gﬁlﬁg P?gggexhhgﬁq 6oV [yl Lzl r coni um
 bis(afluor ophenyl ) methyl ene(:3-tert - bytyl-5-nmet hyl cyc
o b SR Ay R st N
dichloride, 5 : ,
3, 6pPd [ HEERT BREBREhy Frdy BT ERE PSPt 15 PPT I4 cedAprRYE [0/
L opent adi enyl) (3, 6-divinylfluorenyl)zirconi um
h]fép@ﬁp@yﬂaé;rconlum dichloride,
bi s(m chl or ophenyl ) net hyl ene(3-tert-butyl-5-nethylcyc
bisl(opéatoadpbayl) ( Bebhgilwineyl3f, budieryhyicycdppemtadienyl) (
di chl ori de,
3;6Fa§eFekeLbubyqupneBy@)m%t&ﬁh@ma@3=uﬁcBﬂbdﬁwycioﬁehha[b,
cyclo
hlfluorenyl)zirconium dichloride,

bis (p—~chlorophenylmethylene) (3, 5~dimethylcyclopentadienyl) (
3,6—di—tert—butyl—i,l,8,8—tetramethyl—1H,8H~dicyclopenta[b,
h]fluorenyl)zirconium dichloride,

bis {m~-chlorophenyl)methylene (3,5-dimethylcyclopentadienyl) (

3, 6-di-tert-butyl-1,1, 8, 8—tetramethyl-1H, 8H-dicyclopenta [b,
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' cyq&qﬁﬁ&ylldene(cyclopentadlenyl

10 pentadi enyl) (3, 6-di vinyl fluorenyl)zirconi um
di chl ori de,
SFlfgg{opylldene(S tert-butyl-5-ethyl cycl opentadi enyl)(
V|nyIquorenyI)2|rcgglun1d|chlor|de
di butyl met hyl ene(3-tert-butyl-5-ethyl cycl opentadi enyl
)(3,6- divinylfluorenyl)zirconiumdichloride, 15
cycl ohexyl i dene(3-tert-butyl-5-ethylcyclopentadienyl)

AN} quor n oni um di chl ori de,
hléﬁ%enzy#%kﬁ C?Hé % %iiﬁj%%f 5- et hyl cycl opent adi eny

yIqu ir lori de,
bli)?én*gﬁ%t the iR c R Ll i eeﬁgﬁa)dlen
-d 20 |V|nyIfIuorenyl)2|rconlun1d|chlor|de
Yl)( M%WW%& i oo B tadrrans iyl -5 i diEsicdswen
ntadi e nyl) (3, 6-divinylfluorenyl)zirconi um
alliehflordmnyl) zirconium dichloride,
(p-tolyl) (et hyl)nmethyl ene(3-tert-butyl-5-ethylcyclop
i sE@pt s e e (S B s o tryd £ ruanersy,l 9-d ingionilliuorenyl) zirco
di chl oride, SF-1451 64

'nl&pngmﬂj&f§$yl)nethylene(3 tert-butyl-5-ethylcycl open

tadien yl)(3,6- d|V|nyIfIuorenyl)2|rconlun1d|chlor|de

- R S b (R G RS b 2

ol yl met hyl ene(3-tert-butyl -5-ethyl cycl opent adi e
CoQﬁHé&%& @é 3\Fr%ylfluorenyl)zirconiumdichloride
bi s(p- trlfluoronethylphen I)netﬁylene(s tert-butyl-5-
6—divinylfluorenyl)zirc

ycl opent adi enyl ) (3, 6-di vi nyl fl uorenyl) zi r coni um
onidine lligrildeside, :
bi s(mtrifluoronethyl phenyl) net hyl ene( 3- tert- butyl-5-

didriygllenethylene (cyclopentadienyl) (3, 6-divinylfluorenyl) zi
yclopentadienyl)(3 6- di vi nyl fl uorenyl) zi rconi um

rodHiG fii@8oride,

bi s(p- fluorophenyl)nethylene(s tert-butyl-5-ethyl cycl

ph%ﬁ%ﬁﬁ qg%mg)Jféf%ﬁgﬁeiadéé§5¥@?%Lkﬁefﬂyyfﬂaorenyl zirc

fl.uaor.ophenyl ) met hyl ene(3-tert-butyl-5-ethyl cycl
Onl“ﬁbﬁﬁgﬂﬂ1 H§f’(3 6-di vi nyl fl uorenyl ) zirconi um

di chl ori de, 15 bi_s(p- chlorophenylnethyleng
1%%g@érpeﬁgww mgquﬁﬂQﬁ&gxﬁkgﬂgytadlenyl 6-divinylfluo
di enyl ) (3, 6-di vinyl fluorenyl)zirconiumdi chl ori de,

renyilg (@hrelvndguop isamfi hamitdssl ene(3-tert - but yl-5-et hyl cycl
openta dienyl) (3, 6-divinylfluorenyl)zirconi um

(p-dicdllor(mdehyl ) methylene (cyclopentadienyl) (3, 6-divinylflu
bi s(p-tert-butyl phenyl) et hyl ene(3-tert-butyl-5-ethyl

oreeyal) 9B r¢@ etk dii I JKiHb- di vi nyl f 1 uorenyl) zi rconi um
dlchlorlde

pH %&ﬁr %%qugﬁb Pﬁ%ﬁﬁ%ﬁﬁiﬁq: éﬂﬁ%ﬁ?@ﬁ?ﬂ)?@%Qﬂ&fﬁ%&ﬂyf@luor

u or
but | met hyl en i met hyl cycl opent adi enyl ) (3, 6-d
enya Fd eﬁﬁl rum di chl ori de, SF-1451

dlphenylmethylene(cyclopentadienyl)(3,6~divinylfluorenyl)21
rconium dichloride,
di-p-tolylmethylene (cyclopentadienyl) (3, 6-divinylfluorenyl)

zirconium dichloride,
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65
cycl ohexyl i dene( 3, 5-di net hyl cycl opent adi enyl ) (3, 6-di v
i nyl flI uorenyl)zirconium dichl ori de,
SEdj zyl net hyl ene( 3, 5- di net hyl cycl opent adi enyl ) (3, 6-d
i vinyl fluorenyl)zirconiunt@ichloride, 5
phenyl net hyl ene( 3, 5- di net hyl cycl opent adi enyl ) (3, 6-di v
i nyl fl uorenyl)zirconiumdichl oride,
(phenyli:)d1nethyl)hly met hyl ene( 3, 5- dlnethylcyclopentadleny
bi UArRyerty éP@ﬁFWﬂiFF%%%YL%%&&Qﬂﬂl@Pﬁ@éadlenyl (3,6
(p tol y1) (et hyl ) net hyl ene( 3, 5- di net hyl cycl opent adi en
—diyingd, £ 1@ endilvizaylcbhdome syilchdiordgiei, um di chl ori de,
(phenyl) (et hyl ) met hyl ene( 3, 5- di net hyl cycl opent adi eny|
b1 5)(fn3,t6-1 fdindirioyet hyd baByik) 2 et eRilemedicel obede adienyl) (3, 6
di phenyl net hyl ene( 3, 5- di net hyl cycl opent adi enyl ) (3, 6-d
—dﬂvwd@mflhb&% ?ny&hébeﬁgﬂmuwf$n§®f96Ide 15
-p-tolyl nethyl ene(3,5 d|nethylcyclopentadlenyl)(B 6

I
bLs % %h%f%k P%gpg%e 5P5% Cﬁlﬁgkeneggngl&|néth9 gﬁgylf
' d IfI I
1“°5F§Hﬁ F%&%%n%u%(%lch 5¥& y uor enyl ) zi rconi um
bi s n}trifluoronethgyghen I met hyl ene( 3, 5- di net hyl cyc

bis|(gpéAitozoPraenERy INPE eaﬁdpﬁyﬂpp@@ﬁéﬁyppzﬂadénﬁuﬁﬁVlnylf'
di chl ori de,

luopesyp) tligerophanglirhiohydene( 3, 5- di net hyl cycl opent ad
enyl ) ( 3, 6-divinylfluorenyl)zirconiumdichloride,

bislibsthibiruphephengthypethyh eaecl obediaat Byl,cyehopent @dhy1 £
enyl)( 3, 6-divinylfluorenyl)zirconiumdichloride,

1uo®En$49%i66onium dichloride,
bi s{ p- chlorophenylnethylene)(s 5- dlnethylcyclopentad

TR PP O

3,.6-divin orenyl)zirconiumdichloride, 5

luogesi"?L ?éFFOBbP§I§ h; ﬁ§¥hylene(3 5- di met hyl cycl open

t adi e gS 6- di vi nyl fl uorenyl ) zirconi um di chl ori de,
bisy EOB?BEyPP Eb@QEIb%%ﬁhﬁéﬁ@ﬁyFyeiomeatadagnzblﬁ%xﬁnélv1

thyl 1
nylfbuorepyieetangdiendibehofbgdh}fl uorenyl) zi rconi um

di chl oride, 10
isopirboyyidebayBenettystopentadiepyh)didndl V(10618 hexal £1

met hyl
uoredy?®) 9i #8ch etk ahy ek Do i Bepzo[ b, h] f 1 uorenyl ) zi rconi um

di chl ori de,

dibutylmethylene(3*tert—butyl—cyclopentadienyl)(3,6—divinyl
filuorenyl)zirconium dichloride,

cyclohexylidene (3-tert-butyl-cyclopentadienyl) {3, 6-divinylf
luorenyl)zirconium dichloride,

dibenzylmethylene (3-tert-butyl-cyclopentadienyl) (3, 6~diviny
lfluorenyl) zirconium dichloride,

phenylmethylene (3~tert-butyli-cyclopentadienyl) (3, 6—divinylf

lvorenyl) zirconium dichloride,
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cycl ohexyl i dene(cycl opent adi enyl ) (1, 1, 4, 7, 10, 10- hexam
ethyl 1, 2,9, 10-tetrahydro-di benzo[ b, h]fl uorenyl)zircon
ium 15 di chl ori de,

Skdildérizyl met hyl ene(cycl opent adi enyl ) (1, 1, 4, 7, 10, 10- hex
anmet hy 61
1-1,2,9,10-tetrahydro-di benzo[ b, h] fl uorenyl) zi rconi um
di chl ori de,
phenyl et hyl ene(cycl opent adi enyl ) (1, 1, 4, 7, 10, 10- hexam

(peehyll) (2@thyl)methylene (3-tert-butyl-cyclopentadienyl) (3,
1,2,9, 10-tetrahydro-di-benzo[ b, h] fl uorenyl ) zi rconi um

6-diiehhgnifd@orenyl) zirconium dichloride,

(phenyl) (et hyl ) net hyl ene(cycl opentadi enyl ) (1,1,4,7,1

(pQcd@yR) (methyl)methyl 3-tert-butyl-cycl tadienyl) (3
pexang?th?l,g,éﬁfb-geﬁpgéydrgfdibghgb[gyﬁ]gpﬁgrgn§ﬁyg )

’6%%£?2%¥%??%§?%5&?hg§ﬁ§P§EE g?éf%%éﬁ?&&reny|)(1,1,4,7,
10- )
(Pﬁ%ﬁééﬁwy}) yeghydepsd Pah§dto P yansd B CREPFAGLERYL) (3/ 6

zircon iumdichloride, _ .
~di pReNyl ) perryy) et kgranarc gécbdentiddienyl ) (1, 1, 4, 7, 10
, 10-he 5 _
diphesiyhydtby2e8e]0-tettabydyd-diodopepbahithudl éAyFydiviny
rconi u mdichloride,

. 1rdupbenyl yet hybanatcyekapertadienyl ) (1, 1, 4, 7, 10, 10- hex

amet hy , ; . : .
di-p-tolylmethylene (3-tert-butyl-cyclopentadienyl) (3, 6-divi

nylfluorenyl)zirconium dichloride,
bis(p—t;ifonrometﬁylphenyl)methylene(3~tert~butyl—cyclopen
tadienyl)(3,6—divinylfluqrenyl)zirconium dichloride,
bis(m-trifluoromethylphenyl)methylene(3—tert—butyl—cyclopen
tadienyl) (3,6-divinylfluorenyl}zirconium dichloride,
bis(p—fluorophenyl)methylene(3—tert—butyl—cyclopentadienyl)
(3,6~-divinylfluorenyl)zirconium dichleride,
bis(mmfluorophenyl)methylene(3—tertfbutyl—cyclopentadienyl)
(3,6—divinylflﬁorenyl)zirConium dichloride,
bis(p-chlorophenylmethylene) (3-tert-butyl-cyclopentadienyl)
(3,6—divinylfluorenyl)zirconium dichloride,
bis(m-chlorophenyl)methylene (3-tert-butyl-cycliopentadienyl)
(3,6-divinylfluorenyl)zirconium dichloride,
bis(p-tert-butylphenyl)methylene (3-tert-butyl-cyclopentadie

nyl) (3, 6-divinylfluorenyl) zirconium dichloride,
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1-1, 2,9, 10-tetrahydro-di benzo[ b, h]fl uorenyl ) zi rconi um
di chl oride, 10
SFdi- -tolylmet hylene(cycl opent adi enyl) (1,1, 4, 7,10, 10-h
t

hyl-1, 2,9, 10-tetrahydro-di b&nzo[ b, h] fl uorenyl ) zi rcon
um di chl ori de,
bi s(p-trifluoromnethyl phenyl) nmet hyl ene(cycl opent adi eny

c 1)(1, 1

1S ORF, P YHG, dpge ex drretthyPr by, 12, 59, med-hye iovaryrdhes taidemyd) B 3h 6-d
]fluor 15 enyl)zirconiumdichloride,

1vifyiwl(fmuatieniydo zametdnylysh ehiyd ) Imetild,ene ( cycl opent adi eny
1)(1,1

di byl A chexaretd wl-th ;19 sLareteeiyn aliydigreditkenzel, N 3, 6

]fluor enyl)zirconiumdichloride,

—dlmlﬁ{gﬂffﬂu%%%%@%&lﬁé@h% enefayslierent adi enyl) (1, 1, 4,
Cy#%ZIr oﬁ%ﬁ#}érgh%wgﬁﬁéﬁfﬁgbﬂgﬁﬁy¥J%%F&ﬂé% d&%%%l?q% 6-

mqéyyfluoroehenyl netqylenﬁﬁcyclopentadlenyl)(l 1, 4,

fuoreny )zl rdoniu 1lorid

0- hexanet h , 2,9,10-tetrahydro-di benzo[ b, h] fl uoreny
dinenavl@eshiy ﬁn@n @mt@mtd@utyéFﬁrz;@rh@gcycmpentadlenyl} (3,

bi s( p- chl orophenyl net hyl ene) (cycl opent adi enyl ) (1, 1, 4,
6~dividyl fluerenyl) zirconium dichloride,

0- hexanet hyl-1, 2,9, 10-t et r ahydr o- di benzo[ b, h]fluoreny

phehnlyZimnee h@lietn( GI—&I:@J:(H—I}:Qle 5-methylcyclo entadlenyl) (3 6
bi s(m chl orophenyl ) met hyl ene(cycl opent adi enyl ) (1,1

dlvln#Qfluéren 1} 21rc0n1um dichlorid

0- hexanet hy1- , 10-tetrahydro- dlbenzo[b h] f 1 uoreny
(ph%%@ﬁ ngghgﬂhHE%E&%%B%%3~tert—butyl—S—methylcyclopentadi
enyl)(3,6—divinylfluorenyl)zirconium dichloride,

(p-tolyl) (methyl)methylene {3-tert-butyl-5-methylcyclopentad
ienyl) (3, 6~divinylfluorenyl)zirconium dichloride,

(phenyl) (ethyl)methylene (3-tert-butyl-5-methylcyclopentadie
nyl) (3,6-divinylfluorenyl) zirconium dichloride,

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

6-divinylfluorenyl) zirconium dichloride,

~ di-p-tolylmethylene (3-tert-butyl-5-methylcyclopentadienyl) {

3,6-divinylfluorenyl}zirconium dichloride,

'bis(pmtrifluoromethylphenyl)methylene(3~tert—butyl—5—methyl

cyclopentadienyl) (3, 6-divinylfluorenyl)zirconium dichloride,
bis(m-trifluoromethylphenyl)methylene (3-tert-butyl-5-methyl

cyclopentadienyl) (3, 6-divinylfliuorenyl) zirconium dichloride,
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bis(p-tert-butylphenyl)nethylene(cyclopentadienyl)(l,
1,4,7,
SF}g - hexanet hyl-1, 2,9, 10-t et rahydr o- di benzo[ b, h] fl uo
#Yt) zirconi um di chl or i dg., 10
isopropylidene(S-tert-butyﬁ-cycIopentadienyl)(1,1,4,7
, 10, 10 '
-hexanethyl 1, 2,9, 10-tetrahydro-di benzo[b, h] fl uorenyl

blgf i 3&%9% RS T A YT e TR Ry L opent
ad]i@ﬂéx%’fﬂ}lvlfﬁ L Bt B AU Y ruor en

yl)zir 15 conium di chl ori de,

bi gt iohioathdend (I3 w1k dng §3 ~toyol-dpentladi-emiyl Tyt Wpent
7,10, 1

adBerhelkafietanydti-vii,nd; 19 Thib #eat yiahyidrawrdire nidelhl, dylifdeyor eny
[ )zirc oniumdichloride,

blsid ﬂ;@ﬁd;g@i}i@ﬂﬁw@qtﬁde b WereyahARant-adLm Dy t1bpent

adle’lrﬁlr}e)gargem%nklﬁ% a{ﬁ rﬂrlyc%’n%'ugri Qﬂ%%[opc‘ilgi]ef luore

rconi um
bi s?ped}fxllorop}f]le%@i( met rytlebnu@} y_J> Ceyrctl %% t a%l lh) lcyclopent
0- hexanethyl 1, 10- t et rahydro-di benzo[ b, h] f| uor eny

adiigpylid S RSNy 9P e ey Aiehloride,

(phenyl) (net hyl ) met hyl ene(3-tert-butyl-cycl opent adi en
1§ﬂg1tgrt butylphenyl)methylene (3-tert-butyl-5-methylcyclo

1,4,7,10, 10- hexanet hyl-1, 2, 9, 10- t et r ahydr o- di benzo[ b,
pentjadiemyle yl, pzidiedmwdmldicaddrerli)dd, rconium dichloride,

(p-tolyl) (nethyl)nmethyl ene(3-tert-butyl-cycl opent adi e
isoploplyl idene (3-tert-butyl- 5 ~ethylcyclopentadienyl) (3, 6-di.

5,1,4,7,10; 10- hexanet hyl-1, 2, 9, 10-t et rahydr o- dlbenzo[
v1n@l&hﬁb¥enyl }zirconium dichloride,
dibutylmethylene (3-tert-butyl-5-ethylcyclopentadienyl) (3, 6-
divinylfliuorenyl)zirconium dichloride,
cyciohexylidene (3-tert-butyl-5-ethylcyclopentadienyl) (3, 6-d
ivinylfluorenyl)zirconium dichloride,
dibenzylmethylene (3-tert-butyl-5-ethylcyclopentadienyl) (3, 6

—divinylfluorenyl) zirconium dichloride,

phenylmethylene (3—-tert-butyl-~5-ethylcyclopentadienyl) (3, 6-d

ivinyifluorenyl) zirconium dichloride,

{phenyl) (methyl)methylene (3-tert-butyl-5-ethylcyclopentadie
nyl} (3, 6~divinylfluorenyl) zirconium dichloride,
(p—tolyl)(methyl)methylene(3—tert~butyl—5—ethylcyclopentadi

enyl) (3, 6-divinylfluorenyl)zirconium dichloride,



10

15

20

~orenyl)zirconi um di chl ori de,
(phenyl) (et hyl ) met hyl ene(3-tert-butyl -cycl opent adi eny

srlyfdh 1
4, ,10,10-hexanethy1-1,2,g,10-tetrahydro-dibenzo[b,h
]fluor enyl)zirconi um di chPéride, 10
di phenyl net hyl ene(3-tert-butyl-cycl opentadi enyl) (1,1,
4,7,10

o IENBIEe  2 A dOr s ratygl o o BERPLE IS oo

F'um
v 815 Pe L VLIt PV SRS (R 81 but -l opangadi eny!) (1.
.10, 10- hexanet hyl-1, 2, 9, 10-t et rahydr o- di benzo[ b, h] fl uo
dngﬁﬂyquEhﬁquﬁﬁﬁTﬁﬁqﬁTpﬂQyﬁTﬁ;ethylcyclopentadlenyl}(3,6
bi s(p-trifluoromnethyl phenyl ) net hyl ene(3-tert-butyl-cy
-dictigpelf luorenyl) zirconium dichloride,
tadienyl)(1,1,4,7,10, 10- hexanet hyl-1, 2,9, 10-t et rahydr
di -eo-ci diey Nz oy Tdrd U+ et i 11046 e il Ichldidp#etadienyl) (3
bi s(mtrifluoronethyl phenyl)nethyl ene(3-tert-butyl-cy

, 6-Ldapan, 120 1) zi ium dichlorid
fadi ey ) (L2 Y A T ek amst hy 1= 1. 9. 10- t et r ahydr

O SR ST anerese e
el O oA oy ol e yAL G o e oo e 2o

_[b, hif luorenyl)zirconiumdichloride, SF-1451 70

b 1 st i et oprdip Dohard erre(isc kante (huept-dypdiydpeneddylc
i enyl)

ycl(db e td 34, <y 10t hebeathist impdl- 111, 123 195 10l )t it reatmyidimo Add idbdeza. de ,
[b, hIf luorenyl)zirconiumdichloride, '

bi@ﬁﬁmWﬂmmww{&ﬁWuM%—ml@@@l@nta
i eny S

dié{[y%)%(jB:f,a6zwdliQﬁi]rQ(lh§L@@ﬂml)'zli€acﬁlilﬂﬁ tetdiahudrge:, di benz
o| b,

| uor enyl ) zi rconi'um di chl ori de,

bi%ﬂﬁ%ﬁ%&gyéﬂH@H?%pﬁQﬂH?f@ﬂé%gﬂégféﬂﬁdéva@Jéﬁﬂ?fﬁ%@ﬁ&ﬂénta
ot T AR B St bene

bi s(p-tert-butyl phenyl) net hyl ene(3-tert-butyl-cycl.ope
bisdgg%%éorophenf&ﬁéthfﬁgne)(fiteré-butyl—5—e€£ylé§cl&%enta

~nyl)(1,1,4,7,10, 10- hexanet hyl-1, 2,9, 10-tetrahydro-di b
diegyao[ (3 - enidiviiarveridlycziaragni almairehimd igdloride,
i sopropylidene(3-tert-butyl-5-nethyl cycl opentadi enyl)
bis((lh-thd crophenyl)methylene (3-tert-butyl-5-ethylcyclopenta
, 7,10, 10- hexanet hyl-1, 2,9, 10-t et r ahydr o- di benzo[ b, h] f
dieh@QUQG,6—divinylfluorenyl)zirconium dichloride,
bis (p~-tert-butylphenyl)methylene (3-tert-butyl-5-ethylcyclop
entadienyl) (3, 6-divinylfluorenyl) zirconium diechloride,
isopropylidene (3, 5-dimethylcyclopentadienyl) (3, 6-divinylflu
orenyl) zirconium dichloride,

dibutylmethylene(3,5~dimethy1cyclopentadienyl){3,6—divinylf

luorenyl) zirconium dichloride,
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15 yl ) zirconiumdichl ori de,
di but yl met hyl ene(3-tert-butyl-5-nethyl cycl opent adi eny
SF+}43]11 '
,4,7,10, 10- hexanet hyl-1, 2, 8510-t et r ahydr o- di benzo[ b, h
]flnor enyl)zirconiumdichloride,
cycl ohexyl i dene(3-tert-butyl-5-nethyl cycl opent adi enyl
) (1,1,
cy QDo 7= 10§ A chek-aimed dmettHy, 125 85 e ¢ et achigrdrlo- 03 fenkiofinyy1 £1
h] fl uore nyl)zirconiumdichl oride,
uokibehyyl rediyre ngi(ch Ieriadut y1- 5- net hyl cycl opent adi en
yl) (1,
di Herfa /1 s Hifr dyexeared hyiknels 12, 9 A0 & st - ahyide 8,101 benzofikeiny1
h]fluo renyl)zirconiumdichloride, SF-1451 71

£1 5 &iggfggégyﬁﬁbé§gﬁrg¥g&g;5-nethyIcyclopentadienyl

ph"ﬁ“dfr? 3{7113?192&%?8}- %}%X %’%&ﬁ‘% %%g%ﬁflcf @ eé I{taahc}/ ideIr noy' ﬂi (b3e,n5 —04 ibxf J}J y1fl

henyl met hyl ) net hyl ene(3-tert-butyl-5-nethyl cyclo
uoéé%x&ﬁ%%éconigg)dichfgridé, y yrey P

enyl)(1,1,4,7,10, 10- hexanet hyl-1, 2,9, 10-t et r ahydr o- di
(phsarzo] (ks H] 1 uerEnyllgna (dnidimeaditghl ordidenentadienyl) (3,6

(p-tolyl) (nmethyl)nmethylene(3-tert-butyl-5-nethylcyclo
—-dipeintyadluorenyl) zirconium dichloride,

ienyl)(1,1,4,7,10, 10- hexanet hy1-1, 2,9, 10-tetrahydro-d

dthsl 1l uRreMlorzd 6o umiahl Qrd dienyl) (3,
® 10(3ﬁ2n@$§(3{ﬁyl)nethyle%e(S-tert}%efﬁa-g%ﬁ%Fﬁyﬁé§gi3(3

oA uprenyd) 7 eandan SEM S %0- et ranydr o- di b
R B DL S S e s o
di‘%gél%lmrﬂ%@%wm,dé@lmiﬁ&r ahydr o- di benzo[ b,
digggggg%ethylene(3,5—dimethylcyclopentadienyl)(3,6~divinyl
fluorényl)zirconium dichloride, |
di-p-tolylmethylene (3, 5~dimethylcyclopentadienyl) (3, 6-divin
ylfluorenyl}zirconium dichloride,
bis(p~£rifluoromethylphenyl)methylene(3,5—dimethylcyclopent
adienyl) (3, 6~divinylfluorenyl)}zirconium dichloride,
bis{m-trifluoromethylphenyl)methylene (3, 5-dimethylcyclopent
adienyl) (3, 6-divinylfluorenyl) zirconium dichloride,
bis{p—fluorophenyl)methylene(3,5—dimethylcyclopentadienyl)(
3,6~divinylfluorenyl)zirconium dichloride,
bis(m-fluorophenyl)methylene (3, 5-dimethylcyclopentadienyl) (

3,6-divinylflucrenyl)zirconium dichloride,
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15 renyl)zirconi um di chl ori de,
di - p-tol yl met hyl ene(3-tert-butyl-5-nethyl cycl opent ad
enyl ) (
SF-4145M, 7, 10, 10- hexanet hyl-1, 2, 9, 10-t et r ahydr o- di benzo]
b, h1f 1 uorenyl)zirconi um deéhl ori de,
bi s(p-trifluoronethyl phenyl)nethyl ene(3-tert-butyl-5-
nmet hyl 20
. cyclopentadienyl)(1,1,4,7,10, 10- hexanet hyl-1, 2,9, 10-t
b1 e in-zyl araphdirhdmssiiy Frie uGHemd s tradmighopentadienyl) (
di chl ori de,
3, ©tdsi(ndrtyli Fllusareongl i pieniydn) nitdiylleenele3-tert - but y1- 5-
met hyl
bi £ e aRetteMl Yfels Hy Yorde 19, sLOtRexarmtdpci-cbeZtldiQaly1) ¢

et rahy dro-di benzo[ b, h]fl uorenyl) zirconi um

3,éﬁéﬁ#fH§ﬂ¥%uor%E%ﬁﬁ5§iﬂ%%ﬂium dichloride

bi s( p- 1 uor ophenyl’) net ene(3-tert-but'yl-5-nethyl cyc

. nt_.adi enyl . .
oi.q P SRS s hravhas i iers 6 VRS Y s arsatacien
zo[ b, hif l.uorenyl) zirconiumdichloride, .
YD S(ntiisndsiaAS e H Eirsram eicRnias- met hyl cyc
| opent : : : ‘ \
1 scqicndl Ddenel c,cA, o it diestaniet Gy 1, 4,7, , 3, 01,0-O-dterxaimediby 1 -1
-di ben zo[ b, h] fluorenyl)zirconi umdi chl ori de,
; 2 M8, S(0p-taht rahgpairemd imetring [@ne) [(f3-ucerensiytai-dpmieihy | cyc
| opent :
didﬁﬂdygdaxlq1,4,7,10,10-hekanethy1-1,2,9,10-tetrahydro
-di ben zo[ b, h] fluorenyl)zirconiumdichloride, 10

dik%?ié%)éiﬂe%'ﬁy‘i%%@]%‘% DIBHE BBt A - Bty B 1R MGG hy 1
-JqﬁgFﬁgﬁﬁ%&%r&ﬁ%@%@g%fggr%?ﬁ%%ﬁ@%%k}eg'ﬁa%gf%%ﬁﬁ%ﬁydro.

( Zo[b, doreny onirumdic €,
di%ﬁgﬁﬁiggsrt-butylphenyl)nethylene(3-tert-buty1-5-nethy

pent adi enyl ) (1, 1, 4,7, 10, 10- hexanet hy1-1, 2,9, 10-tetrah
Glphexy Ligdenpd syoUeHerfiassraayll)) @i do dnilurhOdiidmheriage thy 1 -
i sopropylidene(3-tert-butyl-5-ethylcycl opentadi enyl)
1,2@E,lp¢¢etrahydro—dibenzo[b,h]fluorenyl)zirconium

7,10, 10- hexanet hyl-1, 2,9, 10-t etrahydr o- di benzo[ b, h] f|
dictareryel) zi rconi um di chl ori de,
di butyl met hyl ene(3-tert-butyl-5-ethylcycl opentadi enyl

dibknblihetBYlene (cyclopentadienyl) (1,1,4,7,10, 10-hexamethy
4,7,10, 10- hexanethyl-1, 2,9, 10-t et rahydr o- di benzo[ b, hl

_+flbugrenyl) zi i_um.di i 48, o .
1L 2 PRy P SR R RS et mprepd gatesaiany )
. , L, ‘
dlc,glg}?fééf@hexanethyl-l,2,9,1O-tetrahydro-dibenzo[b,h]f

| uoren yl)zirconiumdichloride, SF-1451
phenylmethylene{(cyclopentadienyl) {(1,1,4,7,10,10-hexamethyl-

Cy

1,2,9,10-tetrahydro-dibenzo[b,h] fluorenyl) zirconium
dichloride,

(phenyl) (methyl)methylene (cyclopentadienyl) (1,1,4,7,10,10-h
examethyl-1,2, 9, 10-tetrahydro-dibenzoib,h] fluorenyl)zirconi

um dichloride,
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73

dibenzylnethylene(3-tert-buty|-5-ethy|cyc|opentadieny
srddd .

S; 10, 10- hexanet hy1-1, 2, 1710-tetrahydro-d|benzo[b,h
]fluor enyI)Z|rcon|un1d|ch ori de,
phenyl net hyl ene(3-tert-butyl-5-ethyl cycl opent adi enyl)
(1,1,4

Y/ f i Aenzq[ f
itk 1 -
(p o 3\)ZIrconl%ﬁq%ﬂ%%%%%gé%%kt%@ﬁ% %ﬂq q 129l 9 Hb 10
hex(a?nhg:hgl)-(lrﬁt,yll)ﬁer%yra yd % tdel tenpz%t[)f)l hﬁ f%.t M %{“l (.)zri?:con
nyl.) 1,1h4,7,10,10-hexanethy1 1,2,9,10-tetrahydro-di b
1une SR O TP uor enyl ) zi r coni um di chl ori de,
10(p-tolyl) (nmethyl)nethyl ene(3-tert-butyl-5-ethylcycl
ph@@gﬁtd@ﬁhgﬁympthylene(cyclopentadlenyl)(1 1,4,7,10,10~he
(1,1,4,7,10, 10- hexanet hy1-1, 2,9, 10- t et r ahydr o- di benzo
xanpthyﬂ}ﬂlQoBedwkﬁﬁumahdeMAﬂuﬂmnam{@eh}fluorenyl)21rconiu
(phenyl) (et hyl ) net hyl ene(3-tert-butyl-5-ethyl cycl open

m dﬂ@%ﬂ@ilde .
yl)(1,1,4,7,10, 10- hexanethyl 1, 2,9, 10-tetrahydro-dibe

) _| chl ar ixd
dlpg’?gﬁﬁme{ ?]ﬁ%’l 3@6 i %%ély %qgt’ﬁquc‘,;?éﬁgﬁelr?t DgraRethy

1-7, 2@ i&-i&tﬁs%&%ﬁbfnfodbxa ERPPERPATAZdTEBRIBT D, 1

: dlCgfluor enyl ) zi rconi um di chl ori de,

061 Fyl met hyl ene(3-tert-butyl- 5-ethy|cyc|opentadie
nyl)
di-pote; &lmelbyi@nﬁdﬂawépﬁﬁmt@dze@yi@ ﬂeﬂnéhydﬂﬁvd@b@ﬁz@met

[b,h]flu orenyl)zirconiumdichloride,
hylbils p 9t L0Ftroramsihy-dieeylzomet hy fénetantyan t:4 bebnl ub-
dic;&géggegadienyl)(l,1,4,7,10,10-hexanethy1-1,2,9,10-te

trahyd ro-di benzo[ b, h] f 1 uorenyl)zirconiumdichl ori de,
bis$5=%é§%laéromethylphenyl}methylene(cyclopentadiepyl)(1,1
,4,7,10,10—hexamethyl-l,2,9,10~tetrahydf6¥dibeﬁzo[b,h]fluor
enyl) zirconium dichloride,
bis(m—trifluoromethylphenyl)methylene(cyélopentadienyl)(l,l
+4,7,10,10-hexamethyl-1,2,9,10-tetrahydro-dibenzo[b,h] fluor
enyl)zirconium dichloride,
bié(pnfluorophenyl)methylene(cyclopentadienyl)(1,1,4,7,10,1
O-hexamethyl—l,Z,9,10—tetrah§dro—dibenzo[b,h]fluorenyl}zirc
onium dichloride,
bis(m—fluorophenyl)methylene(cyclopentadienyl)(1,1,4,7,10,1
Omhexamethyl—1,2,9,10—tetrahydro—dibenzo[b,h]fluorenyl)zirc

onium dichloride,
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bi s(mtrifluoromethyl phenyl ) nethyl ene(3-tert-butyl-5-
et hyl c
ycl opent adi enyl ) (1, 1, 4,7, 10, 10- hexanet hyl-1, 2,9, 10-te
SEt¥%hyd ro- di benzo[ b, h] fl uorenyl ) zirconi um di chl ori de,
bi s(p-fl uorophenyl)net hyl ed®(3-tert-butyl-5-ethylcycl
openta 5
dienyl)(1,1,4,7,10,10- hexanmet hyl-1, 2,9, 10- tetrahydro-
di benz o[b h]fluorenyl)2|rcon|un1d|chlon
b1 3R HARNS P RA DB ERA ) c%iqaﬁqtqiﬁ%ﬂyle (dtRyldeyelt0r 1
opent a
0 -hizama v, -1, £,, 2, 10,16 trerardstdnypi-be nz.od bl Ol tfétuoaiepdilozire
di benz o[ b, h] fl uorenyl) zirconium di chl oride, 10
onihins (dd-cttilcarigighenyl et hyl ene) (3-tert-but yl-5-et hyl cycl
opent a
bi direrdrbphehyl %Fét%%@@?éﬁ(@dnbbeht%d&e%%t) qtirahwdro4o, 1

di benz o[ b, h] Iuorenyl)2|rconlun1d|chlon

O—ﬂgfgﬂgﬁﬂleﬁQ@h%ﬂﬁkﬂQE§£QQH§Hy53&fﬂéﬁ%%%%x%]%1%%@%59&9%1rc

dlen 1)1, 7,10, 10- hexanet hy1-1, 2,9, 10-t et r ahydr o-
Onigi, é%f%ﬂé’dfﬁah]fIuorenyl)zirconiunwdichloride

bi s tert but%] henyl)neth | ene(3-tert-butyl-5-ethyl

bl%ﬁﬂﬂ -butylphenyl) methylene(cyclopentadlenyl){1 1,4,7,
entadlenyl)(1,1,4,7,10,10 hexanmet hyl-1, 2,9, 10-t et rahy

10, dlohegix aperrnofly,1h 12f 19u dletheitirahysimi-gbgingiol [br hdé luorenyl)
I sopropyl i dene(3, 5-di net hyl cycl opent adi enyl ) (1, 1, 4, 7,

zirthnidm 2 chloride,

~hexanethyl-1, 2,9, 10-t et rahydro-di benzo[ b, h]fluorenyl)

1so@kb@@ﬂ1@%ﬁbd8°@é$54$%t 1l-cyclopentadienyl) (1,1, 4, 7 lO 10
di butyl met hyl-ene(3, 5 dlnethylcyclopenta |enyl)(

—he%a#gt% lthyf f %0 tf6rah dro-dibe zo [b, h] Hffengre21rco

exa t et rahydr o- benzo[b
190, m di chl oride, SF-1451 75
nlu@;g38§EXyI%§éne(3 5-di net hyl cycl opentadi enyl ) (1,1, 4,7

..,.10,10

dibURLLRREDNY ERE (3§ STEPRYARTH I BEALSER YA H Fadr &yl 10+
gzirco ni um di chl ori de, _ .

10-arpangyhiverBy Pefe (9 -Sedirabyyiocydibepent kdheé Ay nprenylazir

, 7,10, 5

conlOmhdxahébhyﬁel 2,9, 10-tetrahydro- dlbenzo[b h]fluoren
yl')zir coniumdichloride,

cycm?g@iggmeubmbq Be(3rb-autgt byheyeepeatadnenyl()i(i, t,4,70,1

0-hehgxarRhyi- 3, 3, QOlQeE%%5§®x%L@m®e%%%quﬁq%hhb§g59my&irc

yzirco nium di chlorid

onium dichloride,

dibenzylmethylene (3-tert-butyl-cyclopentadienyl) (1,1,4,7,10
» 10-hexamethyl-1,2, 9,10-tetrahydro~dibenzo[b,h}lflucrenyl)zi
rconium dichloride,

phenylmethylene (3-tert-butyl-cyclopentadienyl) (1,1,4,7,10,1
0-hexamethyl-1,2,9, 10-tetrahydro-dibenzo[b,h] fluorenyl)zirc

onium dichloride,
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10(pheny|)(hethy|)nethy|ene(3,5-dinethylcyclopentadie

nyl)(1,1

;4,7,10, 10- hexanet hyl-1, 2,9, 10-t et rahydr o-di benzo[ b, h
SF4T4®mdr enyl)zirconi um di chl ori de,

(p- tolyl)(nethyl)nethylene@@ 5-di net hyl cycl opent adi en

yl) (1

1, 4, 7 10, 10- hexanethyl 1,2,9,10-tetrahydro-di benzo[ b,

h]fluo 15 renyl)zirconi um di chl ori de,

(pﬁfﬁﬁﬁykwéﬁﬁymd@eﬁhj@&m&&ﬁEtéru+hethy+cymimmmnﬂ&dﬁ&nmd)(l,
1, 4,7, 16, 10-hexanetiyl-1, 2, 9, 16-+ et £ ahydred fenzal b M £1uo

| uore nyl)zirconiumdichloride,

reﬁgphsmaﬁmwmﬁoéi&émt hyl cycl opent adi enyl ) (1, 1, 4
0- r r 0
pltgciffi(? ey éxl‘n%%l?%f'en e% @ng Qu%f) wﬁ&gﬁgicﬂé’%)
19,218 AR rllg&e A5 4l gep gyl eyelopsnt aghenyl) (1l ey
0, 10- hexanet hyl-1, 2, 9, 10- t et rahydr o- di benzo[ b, h] fl uor
orwlb%lq?@@wrmrﬁlmlekFqui@e SF- 1451 76
bi s(p-trifluoronethyl phenyl) nmet hyl ene( 3, 5-di net hyl cyc
(phapeht (ethyl)methylene (3-tert-butyl-cyclopentadienyl) (1,1
adienyl)(1,1,4,7,10, 10- nexanet hyl -1, 2,9, 10-tetrahydro

, 4 -1 bep gof dxdddniprenyl ) 2j 1ooné upadyehd-edisihzo [b, h] fluor
bi s(m-trifluoromethyl phenyl) nmet hyl ene( 3, 5-di net hyl cyc

enyPP§f£?§?1um dichlorid

adi eny 1,1,4,7, 10 10 hexanethyl 1,2,9, 10-tetrahydro
y4 h]f Z|r :
e B e by T T T ehE (o B pEr ol B o i 7 10
, 1R deme oy T aanchrib TS 5203V SE 0 o 2 . S L) 24
b, h1f 1 uorenyl)zirconiumdi chloride, 10
roq B 41 clok | ) met hyl ene( 3, 5- di net hyl cycl opent ad
enyl) (
di-pAt el 7] ek L drex Giret drytl=Hu ty - a 9 t epertadivanh behzof 4, 7,
b, h] fI uorenyl)zirconiumdichloride,
10&&&#?72&héﬂh¥i&ﬂwa;Eﬂ1@4ﬁﬁmﬁﬁﬁyﬁrd+@fb$@ddmhﬂhﬁﬁﬂﬁdﬁﬂnyl}
eny
z1 dadn furl » Al hexanet hyl- 1, 2, 9, 10-t et r ahydr o- di benzo[
b, h]f1
bis{p-trifiuoromethylphenyl)methylene (3-tert-butyl-cyclopen
tadienyl) (1,1,4,7,30, 10~-hexamethyl-1,2,9,10-tetrahydro-dibe
nzolb,h]fluorenyl)zirconium dichloride,
bis(m-trifluoromethylphenyl)methylene (3~-tert-butyl-cyclopen
tadienyl) (1,1,4,7,10, 10-hexamethyl-1,2,9,10-tetrahydro-dibe
nzof{b,hijfluorenyl}zirconium dichloride,
bis(p~fluorophenyl)methylene (3-tert-butyl-cyclopentadienyl)
(1,1,4,7,10,10-hexamethyl-1,2,9,10~tetrahydro-dibenzo{b,h]f

luorenyl) zirconium dichloride,
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15 uorenyl ) zirconi um di chl ori de,
bi s(m chl or ophenyl ) net hyl ene( 3, 5- di net hyl cycl opent ad

SF?ﬂ%hﬁ 7,10, 10- hexanet hy1- 1 8 9, 10-t et rahydr o- di benzo|

b, h]fI uorenyl)2|rconlun1d?chlor|de and
bi s(p-tert-butyl phenyl) net hyl ene(3, 5- dlnethylcyclopen
tadi en 20

blé/ﬁ ﬁ? %E%ggﬁgf?ilrcoglun1 ch%g%gréggﬁg&%g%%é t%gyl
1&da4nsf &{0‘338"?*"" Uhdve- éxe%ﬁh.f B ae = aheb: 1 £

examl es thereof include all the conpounds sati sfying
Lugnearldquincemeit’s ddstdesdideped in the SF-1451 77
cl ai ns. In the present invention, there nay be
b1 s pswrhdrpplophed y Lwetthattenan y 3-teintatbiuty,l = yddopeatiagéenyl)
in which a carbon-carbon doubl e bond contained in the
1,skel,t7gn 0gf:. Ot-he xsutegthviitan 2(, 9), 18t tehe adyeasi-didenzo [b, h] £
and/ or the 6-position of the fluorene derivative

1udrRRPRAS Nt nBYint @qﬂﬁwﬂe formula [I] is chem cal l'y
nodified by a well-known met hod, for exanpl e,

b3 & g_ r‘égh'e%y‘ﬁ‘? 'm%*% 3(1%%9%” t%%[tb%%t%“ @g%rl %‘é‘i’maﬁlenyl

epOXI the 1i ative

e S N A Y D e 81,

npound and the |ike, as | ong as the polynerization

lu%%ﬁﬂy}ﬂﬁﬁrépnﬂﬁ@|Q%ﬁﬁ%ﬂ ecan be exhibited. [0047]

Process for Produ0|ng Fl uorene Derivative 15The
bisflpudeatebuérilpheinyd ) ofe thiyd epedSene ritmbaityilowycanpbatadie

produced by a well-known nethod, .and the process for-
nylpﬂddacMng,ﬁhe19&@&%&maﬂﬂylp&nQL@uﬂ@FtﬁtEEMWUedrdibenzo[b

Exanpl es of the well-known production process include
, h1ENQoPEREESS 128 0diisel @Setloride, :
isopropylidene (3~tert-butyl-5-methylcyclopentadienyl) (1,1, 4
r7,10,10-hexamethyl-1,2, 9, 10-tetrahydro-dibenzo[b,h] fluocren
yl)zirconium dichloride,
dibutylmethylene (3—tert-butyl-5-methylcyclopentadienyl) (1,1
+4,7,10, 10-hexamethyl-1,2,9,10-tetrahydro-dibenzo[b,h] fluor
enyl)zirconium dichloride,
cyclohexylidene(3“teftnbutyl-5—methylcyclopentadienyl)(1,1,
4,7,10,10~-hexamethyl-1,2,9,10~-tetrahydro-dibenzo[b,h] fluore
nyl)zirconium dichloride,
dibenzylmethylene(3-tert~buty1~5wmethylcyclopentadienyi)(1,
1,4,7,10,10~hexamethyl~1,2,9,10~tetrahydro-dibenzo(b,h] fluo

renyl}zirconium dichloride,
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. in WO01/27124, filed by the present Applicant. First,
a 20 precursor conpound (1) of the general fornula
SF[%%igan be produced by the reaction schenme [A].

SF- 1451 78 [0049] In the formula, Rl
to R14 each have the sane Héanlngs as in the general
formula [I], and X1 and X2 each represent a hal ogen 5
atom a trifluoronethylsulfonate group, a sulfonate

engh fH By o cheh: ot her! P%%}ﬂ%@ep%}“?ﬁﬁ%ﬁ%w (21,

f.the f I 1 d th
¢ P R e IR YA S I

obt ai ned. The coupling reaction can be carried out in
ny} hai dorrabyedieclolopidgence of an organic sol vent, at
tenperature ranging from-80C to 300C, by using at

(pherasl) omecrsel et ey T ¢oen 31 ¢ amnshut win- Sredat h wonpolopkntadi
obtai ned by adding a ligand if SF-1451
enyl) (1,1,4,7,10,10-hexamethyl-1,2,9,10~tetrahydro- dlbenzo[
b,h]fluorenyl)zirconium dichloride,
(p-tolyl) (methyl)methylene (3-tert-butyl-5-methylcyclopentad
ienyl)(1,1,4,7,10,10—hexamethyl—1,2,9,10—tetrahydrq—dibenzo
[b,h]lfluorenyl) zirconium dichloride,
(phenyl) (ethyl)methylene (3-tert-butyl-5-methylcyclopentadie
nyl)(1,1,4,7,10,10—hexamethylm1,2,9,10~tetrahydro¥dibenzo[b
nlflucrenyl)zirconium dichloride,
diphenylmethylene {3-tert-butyl-5-methylcyclopentadienyl) (1,
1,4,7,10,10-hexamethyi-1,2,9, 10-tetrahydro~dibenzo[b, hlfluo
renyl)zirconium diéhloride,
di-p~tolylmethylene (3-tert-butyl-5-methylcyclopentadienyl) {
1,1,4,7,10,10-hexamethyl-1,2,9,10~-tetrahydro-dibenzo[b,h] fl
uorenyl) zirconium dichloride,
bis(p-trifluoromethylphenyl)methylene (3-tert-butyl-5-methyl
cyclopentadienyl) (1,1,4,7,10,10-hexamethyl-1,2,9,10~-tetrahy
dro-dibenzo{b,h]fluorenyl) zirconium dichloride,
bis(m-trifluoromethylphenyl)methylene (3-tert-butyl-5-methyl
cyclopentadienyl){1,1,4,7,10,1G—hexamethyl—1,2,9,10—tetrahy

dro-dibenzo[b,h]fluorenyl) zirconium dichloride,



10

15

20

79 necessary to a nickel salt such as nickel
chloride, nickel nitrate, a palladiumsalt such as
pal | adi um chl ori de, palladium acetate, in addition to
SFaldmt al such as copper, magnesium zinc, lithium
sodi um and potassi um and/&n organonetal lic conpound
5 such as al kyllithium al kyl magnesi um hal i de, and
aryl magnesi um hal i de. In addition, the conmpound
of the general fornula [ can be produced by the
big @t s Slrehet) qﬂthq%ﬁﬁﬁ43T¢ﬁrt qﬁz&y5 methylcyclopent
FCl - 6AP: 18D2Z". " .. ... .. A RO9- +71-
adienyl) (1,1,4,7,10,10- hexamethyl 1 2 9 10- —-tetrahydro-diben

zo[b,h]fluorenyl)zirconium,dichloride,

bis{m-fluorophenyl)methylene (3-tert-butyl-5-methylcyclopent

' adienyl) (1,1,4,7,10,10-hexamethyl-1,2,9,10-tetrahydro-diben

zo[b,h] fluorenyl) zirconium dichloride,
bis{p-chlorophenylmethylene) (3-tert-butyl-5-methylcyclopent
adienyl) (1,1,4,7,10,10-hexamethyl~1,2,9,10~-tetrahydro-diben
o[b,h]fluorenyl)2irconium.dichloride,
adienyl)(1,1,4,7,10,10~hexamethyl~1,2,9,10~tetrahydr0—diben
zo[b,h]fluorenyl) zirconium dichloride,
bis(p-tert-butylphenyl)methylene (3-tert-butyl-5-methylcyclo
pentadienyl)(1,1,4,7,10,1G—hexamethyl~1,2,9;10*tetrahydro—d
ibenzo[b,h] fluorenyl) zirconium dichloride,
isopropylidene (3-tert-butyl-5-ethylcyclopentadienyl) (1,1,4,
7,10,10-hexamethyl-1,2,9,10-tetrahydro-dibenzo[b,h] fluoreny
l)zircqnium dichloride,
dibutyimethylene(3—tert_butyl—5—ethylcyclopentadienyl)(1,1,
4,7,10,10-hexamethyl-1,2,9,10-tetrahydro-dibenzoib,h] fluore
nyl)zirconium dichloride,
cyclohexylidene (3-tert-butyi-5-ethylcyclopentadienyl) (1,1,4
r7,10,10-hexamethyl-1,2,9, 10~tetrahydro-dibenzo[b,h]fluoren

v1l) zirconium dichloride,



[0051] SF-1451 80 in the general fornmula [II1]. The
synthesis of the conpound represented by the fornul a
Fj% mhich is an internediate, is carried out in the
sence or presence of org?glc sol vent, at the
tenperature ranging from 0C to 200C, by using
fluorene 5 and wel | -known a, -unsaturated ketones as a
raw material, and in the presence of the catalyst, if

dl%?%]?x@%ar i"e4r?’ ﬁLg%%ecde%fe%OH& af'ccf%c ;‘)’én@gcﬁenyl Y (1,1

ICU

Dusl i e}é‘ff?l o A Sizféfonfdﬂé?%fzz%%h Jiguox

1 phenylpropenone 1, 3-di phenyl propenone,
ek B2 T S ehioie. o2 de i et hyl - pent - 3- en- 2- one
4,4-dinethy|-pent-|-en 3-one,
Pheﬁﬁﬁmﬂtﬁﬂlﬁnetﬁﬁ@ebﬁﬂbﬁbyﬂﬁﬁ“ethylcyclopentadienyl)(1,1,4
2,2,5-trinmethyl - hex-4-en-3-one. These nay be used 1

5 7,710 20 -atpsaned enelesl,, prefer-abdyrdh ito-dibenzo [b, h] fluoren
equi val ences, and nore preferably 2 to 5

y1)edui s apcesicHiglatdere 15 to fluorene. The solvent is
not particularly Iimted, but the reaction nay be

PP UL NS ABRETER. 81 SV B L M oncaaie
lglheclmrlgf.égr Hzoeﬁ.é)b%e}gaerégtalllcy or| de9 lc{)hltoertorbaehrgizderrg)e d;l_benzo [b
(hlfluorenyl)zirconium dichloride,

10 (p—tolyl)(methyl)methylehe(3—tert—butyl-s—ethylcyclopéntaai
enyl)(1,1,4,7{10,10—hexame£hyl—l,2,9,iG—tetrahyd:o—dibenzo[
-b,h]fluofenyl)zirconium dichloride, |
(phenyl)(ethyl)methylene(3—tert“butyl—5—ethylcyclopentadien
y1){(1,1,4,7,10,10-hexamethyl-1,2,9,10-tetrahydro-dibenzo[b,

15  h]lfluorenyl)zirconium dichloride,
diphenylmethylene(3—tert—butyl—5—ethylcyclopentadienyl){1,1
+4,7,10,10-hexamethyl-1,2,9, 10-tetrahydro~dibenzo{b, hjfluor
enyl) zirconium dichloride,
di-p-tolylmethylene (3-tert-butyl-5-ethylcyclopentadienyl) (1

20 »1,4,7,10,10~hexamethyl-1,2,9,10-tetrahydro-dibenzo[b,h}flu
orenyl)zirconium dichloride,
bis (p-trifluoromethylphenyl)methylene (3-tert-butyl-5-ethylc"
yclopentadienyl)(1,l,4,7,10,10—hexaméthyl—l,2,9,10~tetrahyd

ro—dibenzoib,h}fluorenyl}zirconium dichloride,
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ni trobenzene, nitromethane, carbon disulfide, hexane,
hept ane, 20 decane, and cycl ohexane. The catal yst may
be added to the reaction, if necessary. As the
Sreatalyst, one or nore of a well-known Lewi s acid such
as hydrochloric acid, hydragen chloride, sulfuric
acid, nitric acid, phosphoric acid, polyphosphoric
aci d, di phosphorus pentaoxi de, SF-1451 81
trifluoronethanesul fonic acid, nethanesul fonic acid,
bi gyt of { flond coreet oy 1 phemy hune ciy behel €3 -ts¢ @nribct y1-5-ethylc
chloride, ferric chloride, zinc chloride, boron
yclbpeonideieypy (T, Thhpv| U8, 1 e xisye by Dri de, 9 f14-anitihyd
tetrachloride, zirconiumb5 tetrachl ori de, hafnlum

| rOI@hBé&%&S '@ﬁl@éy&ympf@&% éf&ﬂi&rm@m de,

beryl liumchl oride, and zinc |un1ch orlde and a

LB A LA AP R loence

A RP R b 117 45k CTRTHES ﬁ?ﬁiidﬁiﬁéﬁéﬁéﬁra' tipen

formula (2) nay be carried out in the sanme nanner as

. ol Hel Bl sy k) DEredrivnt dkeptvatder epresent ed by the

formula (2). The internediate (2) nmaybe isol ated, but
bi$ﬁ@hfﬂudnaphdny1)mﬁmhy$ed6(Ikﬂémm&buﬂylfﬁﬁeﬁhymcytﬂnpenta :
the general fornmula [I1] directly wthout being
didmspl ated., 4,0053], 10-hexamethyl-1,2,9,10-tetrahydro-dibenz

o[b,h]fluorenyl)zirconium dichloride,

bis(p—chlorophenylmethylene)(3—tert-butyl-5—ethylcyclopenta

?dienyl)(l 1,4,7, 10 10-hexamethyl-1,2,9,10- tetrahydro dlbenz '

o[b,h] fluorenyl)zlrconlum dlchlorlde,
bisfmwchlorophenyl)methylene(3~tert—butyl—5—ethylcyciopenta
dienyl) (1,1,4,7,10,10-hexamethyl-1,2,9,10-tetrahydro-dibenz
ol[b,h]fluorenyl)zirconium dichloride,
bis{p-tert-butylphenyl)methylene (3-tert-butyl-5-ethylcyclop
entadienyl) (1,1,4,7,10, 10~hexamethyl-1,2,9, 10-tetrahydro-di
benzo[b,h]fluorenyl)zirconium dichloride,

isopropylidene (3, 5—-dimethylcyclopentadienyl) (1,1,4,7,10,10-
hexamethyl-1,2,9, 10-tetrahydro~dibenzo[b,h] fluorenyl)zircon
ium dichlicride,
dibutylmethylene (3, 5-dimethylcyclopentadienyl) (1,1,4,7,10,1
O-hexamethyl-1,2, 9, 10-tetrahydro~dibenzo[b,h] flucrenyl)zirc

onium dichloride,
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Process for Producing Transition Metal Conmpound The
transition netal conmpound of the present invention 20
SFEfESPe produced by a well-known nethod, and the
pr ocess for producing thengne is not particularly
limted. Exanples of the | - known production
process include the process as disclosed in
W01/ 27124, filed by the present Applicant. For
. 1 he. 0 hy enera
b A » 7
ey S oy O SR b B e 7 20, 20
foll ow ng steps., Firstly, the precursqgr compound ).
e R St A TN P B DeRbduce Tt 21.roo
_reaction schene [C] or [0]. [0054]
nium dichloride,

dibenzylmethylene (3, 5-dimethylcyclopentadienyl) (1,1,4,7,10,
10-hexamethyl-1,2,9, 10-tetrahydro-dibenzo[b,h]flucrenyl) zir

conium dichloride,

.phenylmethylene(3;5fdimethylcyclopentadiehyi}(1,1,4,7,10,10

-hexamethyl—-1,2,9%,10-tetrahydro-dibenzo[b,h}fluorenyl)zirco
nium dichloride,
(phenyl}(methyl)methylene(3,5—dimethylcyclopentadienyi)(1,1

,4,7,10,10-hexamethyl-1,2,9,10-tetrahydro-dibenzo(b,hlfluor

‘ enyl)zirconium dichloride,

(p—tolyl) (methyl)methylene (3, 5-dimethylcyclopentadienyl) (1,
1,4,7,10,10-hexamethyl~-1,2,9, 10-tetrahydro-dibenzo[b,h]£1luo
renyl)zirconium dichloride,
(phenyl)(ethyl)methylene(3,5—dimethyléyclopentadiehyl)(1,1,
4,7,10,10-hexamethyl~1}2,9,10-tetrahydro¥dibenzo[b,h]fluore
nyl}%irconium dichloeride,
diphenylmethylene (3, 5—-dimethylcyclopentadienyl) (1,1,4,7,10,
10—hexamethyl—l,2,9,10—tetrahydro—dibenzo[b,h]fluorenyl)zir
conium dichloride,
di-p-tolylmethylene (3, 5-dimethylcyclopentadienyl) {(1,1,4,7,1
O,lO—hexamethyl—l,Z,9,10—tetrahydro—dibenzo[b,h]fluo:enyl)z

irconium dichloride,
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R24 R25 or R23t R26 " R27'' R28 (7)

SF-1451
76

bis(p-trifluoromethylphenyl)methylene (3, 5-dimethylcyclopent
adienyl) (1,1,4,7,10,10-hexamethyl-1,2,9,10-tetrahydro-diben
zo[b,h]lfluocrenyl) zirconium dichldride,
bis(m-trifluoromethylphenyl)methylene(3,5-dimethylcyclopent
adienyl) (1,1,4,7,10,10-hexamethyl-1,2, 9, lo;tetrahydro—'diben
zo [b,h]lfluorenyl) zirconium dichloride;
bis(b—fluorophenyl)methylene(3,5—dimethylcyclopentadienyl)(
1,1,4,7,10,10~he2amethyl—l,2,9,10—tetrahydro—dibenzo[b,h]fl
uorenyl) zirconium dichloride,
bis(m—fluorophenyl)methylene(3,5—dimethylcyclopentadienyl)(
1,1,4,7,%O,lOwhexémethYl—l,Z,9,1G;tet#ahydro—dibenzo[b,h}fl
uorenyl)zircénium dichloride;
bis(pwchlorophenylmethylene)(3,5—dimethylcyCIOpentadienyl)(
1,1,4,7,10,10-hexamethyl-1,2, 9, 10-tetrahydro-dibenzo (b, h] £l
vorenyl) zirconium dichloride,
bis(m—chlorophenyl)methylene(3,5—dimethylcyclopentadienyl)(
1,1,4,7,IO,IO—hexamethyl—l,Z,9,10—tetrahydro~dibenzo[b,h]fl
uorenyl)zirconium dichloride and
bis(p-tert-butylphenyl)methylene (3, 5-dimethylcyclopentadien
yi)(1,1,4,7,10,10-hexamethyl-1,2,9,10-tetrahydro-dibenzo (b,
h]fluorenyl)zirconium dichleride. However, the transition
metal coméound of the present invention is not limited to the

above-exemplified compounds, and examples thereof include all

the compounds satisfying the reguirements as described in the
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(6) ° RL1R9 R87Re RioR (9) [0055]. SF-1451

SF-1451
77

claims.

In the present invention, there may be also employed,
without any iimitation, a derivative in which a carbon-carbon
double bond contained in the skelton of the substituent(s) at
the3—positionand/orthe6—positioncﬁfthefluorenederivative
represented by the general formula [I] is chemically modified
by a wellwknown method, for example, a derivative in which a
carbon-carbon double bond is epoxidized by a peracid and the

like, a derivative in which the epoxidized derivative is

. subjected to ring-opening with an active hydrogen-containing

compound, and the l1ike, as long as the polymerization activity
of the invention can be éxhibited.

[0047]

Process_for éroducing Fluorene Derivative

The fluorene derivative of the present invention can be
produced by a well-known method, and the process for producing
the same is not particularly limited. Examples of the
well-known production process include the process as disclosed
in WO01/27124, filed by the present Applicant. First, a
precursor compound (1) of the general formula [I] can be produced
by the reaction scheme {[Al}.

[0048}
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83 01 RR7 2 R28 or 0 R27".Y..."--R28 (4)(5)

SF-1457
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[0049]

In the formula, R' to R each have the same meanings éé
in the general formula [I], and X! and X% each represent a halogen
atom, a trifluoromethylsulfonate group, a sulfonate group, or
the like, which may be the same as or different from each other.
By coupling the compound of the formula (1) in accbrdance with
a well-known method, a compound.of the general formula [I] can
be obtained. The coupling reaction can be carried out in the
absence or presence of an orgénic solvent, at temperature

ranging from -80°C to 300°C, by using at least one selected from

a transition metal compound obtained by adding a ligand if



as in the general formula [I] and [III], and L
represents an 5 alkali netal. G and & each
fresent hal ogen or an anionic |igand, and these nay
ih the same or different conbination. For (1),
(2), and (5), it can be thdéght that there exist
i soners which differ only in the position of a double
bond in the 'cycl opentadienyl ring and only the one
among then1|s 10 exenplified herein, but there
eGREF Y ity DUNGTKT o> WTLIFS SEoKASL i Aierer nickel
only in the position of a double bond in the
nitgaieopamadiahiym frAG, swth asmadiadl whehéoridgoasd]ladium
The al kali nmetal used for the reaction of the
acgtedsd, On addition to a metal such as copper, magnesium, zinc,

lithium, sodium, and potassium, and an organometallic cempound
such as alkyllithium, alkylmagnesiumhalide, and arylmagnesium
halide.

In addition, the- compound of the general formula [II] can
be produced by the reaction scheme [B].

{.0050]

[B - | ' . '
: Rﬂ' RZO
' R"® 0O RZ O

[11]

[0051]

In the formula, R* to R?? each have the same meanings as
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5 schenmes [C] and [D] may be lithium sodium or
potassium and the alkaline earth metal may be
SFH? pesium or calcium In addition, halogen may be
fTuorine, chlorine, bromn or i odine. Specific
exanpl es of the anionic ||§8nd i ncl ude an al koxy
group such as nethoxy, tert-butoxy, and phenoxy, a
carboxyl ate group 10 such as acetate, and benzoate,

mameagevétgyat&rgyfy ﬁESthgts %@H LOg 'o%t %pe[t@&%étm

Next ,~ exanpl es of produci hg a t FARSIET on

ound f.rom the pre urs [ CcO 9 nd of the ene
re TR R O B 1EG 215 Thel B Chut G it T e s
scope of the invention. Further the transition netal
CalGhb I Ry tBE pPeERERPHPIARENNS PIkABUAN hBtFOHent, at
The precursor conpound of the general fornula (9)
thelieapeed thy et hengeagtiam of 00k treat b PON bychehs f1orene
and [D] is brought into contact with an alkali netal,

and wayldrogenat 69p20nakkakht BBt Bétods &k @r géQQQéMial, and
metal in an or gani C solvent at a reacti on terrper ature

in tﬁa%%gﬂégrbf% tc%tﬁgg:t tor HQ eggas! g;fl aaclurated

salt anpl e gahi'c so vent

kef&%ygs e@%&&ggekﬁél qgn@kb%%%ﬁ'%lQer lmiﬁﬂlgéu% néiude,

pent ane, Xxane eptane Shexane
aronatlc g) 51 8! rocarboqﬁ such as benzene,
o4 SR % 's REId 328 @ PRy dr of ur an,

dlethylether dloxane 1, 2- di met hoxyet hane,
VIsRAA e IR RE . drdheyollopernAeariAyioaeher |
and hal ogenat ed hydrocarbons such as 5
1-pdieiloropetivase and- dhpbemfbpnmpenoadd@Hmwmhymgnqyaﬂpne,,
of the alkali nmetal used in the above reaction

2, di-aid ety Y li-tointA 3 -2etH 248N N d., Betdd seithin] -@eanplieenof3-one,
t he hydrogenated al kal'i netal include sodi um hydri de,

2, 23d re@thaa sineR-ydin-ge o rNd examples et e hex-4-en-3-one.

or ganoal kal i net al i ncl ude nethylllthlum
The%%tﬁh&'EE'Hgbdamdt&OZ@h§ﬁgitéféﬂégg, preferably 1.8 to 10
equivalences, and more preferably 2 to 5 equivalences, relative
to fluorene. The solvent is not particularly limited, but the
reaction mey be carried out in the absence of a solvent or in
the presence of a solvent such as dichloromethane, chloroform,
carbon tetrachloride, chlorobenzene, dichlorobenzene,
nitrobenzene, nitromethane, carbondisulfide, hexane, heptane,
decane, and cyclohexane. The catalyst may be added to the
reaction, if.necessary. As the catalyst, one or more of a
well-known Lewis acid such as hydrochloric acid, hydrogen

chloride, sulfuric acid, nitric acid, phosphoric acid,

polyphosphoric acid, diphosphorus pentaoxide,
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[ 0059] Next, the netal [ ocene conpound

represented by the general formula [II1] can be

synt hesi zed by reacting the obtained dial kali netal
SFsalt1in the organic solvent with the conmpound 15

represented by the general gpormula (13) : MKk(13)

(In the fornmula, Mrepresents a netal selected from

Goup 4 in the Periodic Table, J may be selected from

the same or different conbinations of hal ogen, an
trafilapiremktjandsudfoni20aned] rakthhgapdl capabl gcof,

coordination with a lone electron pair, and k

hytieBresent s Akd NEeRinth hildr Bie) staSRSEIdHIGride, ferric
exanpl es of the preferabl e conpound represented by

ch§B§i989e5§hcfQﬁﬂykﬁdélgﬁoggx kﬂﬁg ?Setrhgslfgtcgioride,
tetraval ent tirtanium fluroride, chloridg, bron e,
and_iodide, .tetraval ent zjrconi flyroride, SF-1451
me R ek SPT a6 96t ot BB LMRACF BARABIOF SEF aval BHEP RAFI num
fluroride, chloride, bromde, and iodide, and conplex
tetRaFROPLIE h NedRdmst R 2aGh 1  F @By @lumdpan bromide, ferric
di et hyl et her, di oxane, and 1, 2-di met hoxyethan. In
braméfer operyhbiwn ganl erisid venmtd usied,map 13 ibe thiéosade, and
ones as nentioned above. The reaction of the obtained
a bl kaldidetah salHetdritdbdiReaeoaposndnlep) esrNted1bYe may
the general fornula (13) may be preferably carried
be O8hpDy¥yEHe equinol ar reaction, and may be carried out
in the above-nentioned organi c solvent at a reaction
terrpF(F@gy]r e 10 ranging from-80C to 200C. The
net al | ocene conpound obtained in the reaction nay be

i solated a urified in_accordance with the process
suor e SRR R e of PEEros Aa Rt ol Fabrosented by

sublimnation, and the |like. The transition netal

the SRfRARE dPriHd apl ésénfr PRV ilort comesiingg bgorasented by

process is identified
the formula (2) may be carried out in the same manner as the

synthesis of the intermediate represented by the formula (2).
Theintermediate(2)maybeisolated,butmayderivethefluorene
derivative represented by the general formula [II] directly
without being isolated.

[0053]

Process for Producing Transition Metal Compound

The transition metal compound of the present invention
can be produced by a well-known method, and the process for
producing the same is not particularly limited. Examples of
the well-known production process include the process as
disclosed in WO01/27124, filed by the present Applicant. For

example, the compound represented by the general formula [II171]



15 using the anal ytical method such as a proton

nucl ear magneti c resonance spectrum a |3C nucl ear

magneti c resonance spectrum - a nmass anal ysis, and an
SFe}ehental anal ysis. [0060) Preferred

Enbodi nent of enpl oying Tr8Asition Metal 20 Conpound

to Catalyst for Aefin Polynerization Next, the

preferred enbodi nent of enploying the transition

nmetal conmpound of the present invention to a catalyst
can §f RIXFIGEDEYyHeS LA BH NG FEehe- eXpiraitded. tihe pygsursor

case of using the transition netal conpound of the
compaseht{ 9 neénthengegeradsfogmuas {heltatah st dmyduced by

ol efin polynerization, the catal yst conponent
theprefarahiny seoprd sEs) A) [Hlhe above- nenti oned

transition netal conpound; (B) at |east one conpound

sel gaiped f rom

[C] GL /Gz ?
R23 R26 + w2 O 277
' R R R R28
(3) {4) (5) .
R# R R24  R25
— | R23 R® o R23 R26
R27 \RZS RZT, \Rza

[0055]
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(B-1) an organonetal lic conpound,

B-2) an organoal um num oxy- conpound, and
(B-3) a compound which forns an ion pair by reacting

SEWtH the transition netal compound (A); and further,
i f necessary, 10(C) a partféulate carrier. [0061]
Herei nafter, each conponent will be specifically
expl ained. (B-1) Organonetal |ic Conpound 15Exanples
of organonetal lic conpound (B-1) used in the present

[Bhventi on, specifically include the follow ng
orgaggrretLaI l'ig conmpounds of Goups 1, 2, 12 and 13.
An or gangal um num conpound.represent ed by the general

ekl Formul a (B-Gla) g2 RamAl ( ORb)$hHpEg

B° may-be t he 0{] dqm‘fer m\a%d

H r épr egenty=a drocarb npgroup avin

%refn&??al y' 1 g%o 4Rcarbon atons; 4E represents@

hal ogen &t om mis a nunber such that O<m C nis a

nunber such that On<3, p is a nunber such

5
(

———ean— Y- ’
or
R24 . st
R24 R25
L'Il
(12
f00506]

In the formula, R’ to R*®, and Y have the same meanings
as in the general formula [I] and [III], and 1 represents an
alkali metal. G! and G? each represent halogen or an anicnic
ligand, and these may be in the same or different combination.
For (1), (2}, and {5), it can be thought that there exist isomers

which differ only in the position of & double bond in the

cyclopentadienyl ring and only the one type among them is

exemplified herein, but there may be any other isomers which
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SF- 1451 88 that 010<3, and q is a nunber such that

0. g<3, provided that mtn+p+q=3. The specific exanpl es

-of the conpound i nclude trimethylal um num
srteuethyl al um num triisobutylal um num and

di i sobutyl al um num hydri de.g 5[ 0062] An al kyl

conplex of Goup 1 netal and al um num represented by

the general fornula: General Formula (B-1b): MAlRa4
- wherein M2 represents Li, Na, or K Ra represents a
diffehydnogathobhgrevpi hayhngf lat @odbie prefierablynd to

4 carbon atom( s ) . Exanples of the conpound -

cyh!]@bélﬂﬁa@:'ié%fzg%éf &Pdy Lh AL G- 118) 457 [ 0063]
A di al kyl conpound of Goup 2 or 12 netal represented

by tg§0§¢peral formul a: 15General Fornula (B-1c):
RaRb wherein Ra and Rb may be the sane or

ggipﬁéggipggggﬁggg%#Z&%%f%%%'%g@y%ggg%gggnogrgﬁg reaction
schemes [C] and [D] may be lithium, sodium, or potassium, and
the alkaline earth metal may be magnesium, or calcium. In
addition, halogenmaybe fluorine, chlorine, bromine, or iodine.
Specific examples of the anionic ligand include an alkoxy group
such.aSJnethoxy, tert-butoxy, and phenoxy, a carboxylate group
such as acetate, and benzoate, and a sulfonate such as mesilate
and tosilate.

[0058]

Next, examples of producing a transitidn,metal compound
fromthe precursor compound of the general formula (9) are listed
below, but do not limit the scope of the invention. Further,
the transition metal compound may be produced by any well~known
method. The precursor compound of the general formula (9)
obtained by the reaction of the reaction schemes fC] and [D]
is brought into contact with an alkali metal, a hydrogenated
alkali metal, or an organoalkali metal in an organic solvent
at a reaction temperature ranging from -80°C to 200°C, to obtain
dialkali metal salt. Examples of the organic solvent used in
the above reaction include aliphatic hydrocarbons such as

pentane, hexane, heptane, cyclohexane, and decalin, aromatic
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4 carbon atons, M3 represents My, Zn, or Cd. Anpbng

t he above-nentioned organonetal | ic conpounds (B-1),
sp-20; of ganoal um num conpound is preferable. In

addi tion, such organonetalggc conmpound (B-1) may be

used |nd|V|duaIIy or in a conbination of two or nore

ki nds thereof. [0064] (B-2) O ganoal um num

Oxy- Conmpound SF- 1451 89 An organoal um num

hyc@@c%ﬂ}%%@cﬁl%g)béﬁ%é N {8 HELS8A %ﬂ%!ﬁé‘t | QN BY such

be a wel | -known al um noxane or an organoal um num

3§¥ mhlch isdns l.ubl e t.0 _benzene as

25 di schgpc%%%durfaﬁanes ée%ahrﬁrrfe PACE Applicati on
u t|on No. 51-12- 78687 00651 The
&Bé‘t SAGRE ral GRIGHAYE- WEPEEducdd i n

accor dance Mﬁth, for exanple, the foll ow ng
cy Pranessseigue tdnd egdwarabing bblapredtad hydebeaiknafsuch as
hydr ocar bon solvent. 10 (1) Process which conprises
dicaddimgnegrhaoregandathbbnofoconpdimddsdthoas examples of the
trial kylalum numto a conpound containing an

alkadsongti Ve swat e 1ok S¢S reaptabhi e 1GIdst ath ek Slsodium,
for exanple, a nagnesiumchloride hydrate, a copper

ancﬁé@éé’é@zﬁﬁ(déﬁgﬁﬁlég A HHL B g@z%g]le AR VA Al € fal include

ni ckel sulfate hydrate, rium 15 chloride

rate, i.n, a h roc rbon me .Sfispen: |on
SOd?é%b%’ YHdY5us 6 ass%ﬁﬁ y4n e Ser yétal ﬁngFs thth

% % noalun1nun1conpo nd.
organoa 11 metal include methyllithium, butylllthlum, and

phenyllithium.

[0059]

Next, the metallocene compound represented by the general
formula [IIT] can be.synphesized by reacting the obtained
dialkali metal salt in the organic solvent with the compound
represented by the general formula (13):

MJk .. {(13)

(In the formula, M represents a metal selected from Group
4 in the Periodic Table, J may be selected from the same or
different combinations of halogen, an-anionic ligand, or a
neutral ligand capable of coordinationwith a lone electron pair,
and k represents an integer of 3 to 6.). Specific examples of
the preferable compound represented by the general formula (13)
may include trivalent or tetravalent titanium fluroride,

chloride, bromide, and iodide, tetravalent zirconium fluroride,
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(2) Process which conprises directly reacting water
ice or steamw th an organoal um num conpound such as
29 tkial kylalum num in a medi um such as benzene,
t ol uene, diethylether, and %@trahydrofuran.
(3) Process which conpriseg reacting an organic tin
oxi de such as dinethyl tin oxide and dibutyl tin
oxi de, with an organi oal um nunt conpound such as
[ yl i pum. _in. i yum, SF-145 0 .such ,
hRe e R faTen e B teir Pariti Purorice,
| um,noxane |, contain.a small anmount of an ,
Chg?ﬁéﬂ% ]ﬁFW¥E¥CGWﬁ£ﬁQHFaeFr%%?tqﬁpg' verggodor it gither
of 5 al um noxane, a solvent or .
sughr aacteeoriyemeal whrRund torpoleene s, disexaned oid
and subsequently the resultant nay be re-dissolved in
1, a-dohvemxyrtisas peddeddént Bopodhesokyenicofolvent used may
al um noxane. Exanples of the organoal uni num conpound
beuskd fate theeprepatast doned itheva) UThBOXaBRtE8R of the
specifically include the 10 sanme organoal um num
ob €Y 235110 egph £fy QA0 ]
o e above bt ned (B T Ao Fhegated by

| thd rgl%lé&y l]]alf@rgﬁg'ataiq%g:) Lr'}t}%é%é) %r@fe@a%@??%?&%{i%ﬁ Qut by the

pretferabl e, ['Uum numi's p
o preferable. The or %Qoalu i hum Cco| und nay be used
THHY AR 04 2 182 dfbi G o AUt vﬂdg drR%or e

Ki nds thereof. [0067] o
above-mentioned organic solvent at a reaction temperature
ranging from -80°C to 200°C. The metallocene compound obtained
in the reaction may be isolated and purified in accordance with
the process such as an extraction, a recrystallization, a
sublimination, and the like. The transition metal compound of
the present invention obtained by the process is identified
using the analytical method such as a proton nuclear magnetic
resonance spectrum, a “C nuclear magnetic resonance spectrum,
a mass analysis, and an elemental analysis.

(0060}

Preferred Embodiment of employing Transition Metal

Compound to Catalyst -for Olefin Polymerization

Next, the preferred embodiment of employing the
transitionmetal compound of the present invention to a catalyst
for olefin polymerization will be explained. In the case of

using the transition metal compound of the present invention
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In addition, the organoal um num oxy-conpound which is
i nsol ubl e to benzene used in the present invention is
preferably a conmpound having an Al conponent, which
sr+4 %5l ubl e to benzene 20 at 60C of generally 10% or
| ess, preferably 5% or |esgy particularly preferably
2% or less in terns of Al atons, that is, a conpound
which is insoluble or hardly soluble to benzene. The
or ganoal um num conpound (B-2) may be used
as it \dedudl st drot no lae Kiomyidlaimeon ft itomg themazraaalilyﬂﬂ:s
thereof. SF-1451 91 [0068] (B-3) Conpound

contiredhd HErdih RAI forldyr RRacting with  Transition
Met al Conpound Exanples of the conpound which forms

a0 (@ Rl B RRAGLIN LG ARSI OB ha;
_conpoun used e present i nvent
|naft ferre to as i zi ng ionic
orBing 3. RSB RO L LB o f M Compound, a
borane co ound and a carborane conmpound as
di scl osed (Bnl)apinesaanRBR AR AT PafBREAppl i cati on
Publicatlon Nos. 101-11-501950, H1-502036, H3-179005,
FB-179006ABPBJ26%7039aH©a20m10mm ama—usmpsezdtoand
etc€. Furthernore, a heteropoly conmpound and an
I sopoly coppoyurdcompohadexengi fbrad. anlThenipenizzbfGeacting
ionic compound (3-3) may be used individually or in a
w1 tHO M &tr 0N 18f] driVGnOra 1M B IS &her%%B.fh&t%%% cage
of using 15 the transition netal conpound of th
ned¥8sent invention as a catalyst for olefin
pon Vization together wi th the organoal um num
ggng d g u%g as net hyl ami noxane as a
é afy&ErE ﬁﬁ &t CgiVES -especi al |y hi gh

oI meri zation act|V|t for the ol efin conpound.
p ¥0061] y P

Hereinafter, each component will be specifically
explained.

{B-1) Organometallic Compound

Examples of organometallic compound (B-1) used‘in the
present invention, specifically include the following
organometallic compounds of Groups 1, 2, 12 and 13.

An organoaluminum compound represented by the general
formula:

General Formula (B-la): R®mAl (OR®)nHpEq

wherein Ra and Rb may be the same or different and each
represent a hydrocarbon group having 1 to 15, preferabliy 1 to
4 carbon atoms; E represents a halogen atom; m is a number such

that 0<m<3, n is a number such that 0£n<3, p is a number such
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20[ 0069] Mor eover, the catalyst for olefin
pol yneri zati on according to the present invention may
include a carrier (C, if necessary, together with
SEFtiSkransition netal conmpound (A), at |east one
conpound (B) selected fron8gB-1) an organonetal lic
SF- 1451 92 conpound, (B-2) an O ganoal um num
oxy-conmpound, and (B-3) an ionizing ionic compound.
[0070] (C) Carrier 5The carrier (C) used in the
thaly és@m3,i aventi 08 asnemselrisuch thet f&fqd Hf pgreaniyless that
or mcroparticles consisting of an inorganic or
m+ropgiar X- cGhpospdciAfongxsuphesomfothds coppefiedr édcasde
the i norgani c conpound are porous oxides, inorganic
tricf ty IdgsimiGhay, i hpiReralisnel, iten iesthardeai num,
| ayer conpounds. 10[ 0071] As the porous
and®H 1988 b 3RAG hdnfighiny hyalQ%e A 203, MO, Zr02, Ti 02,
B203, CaO~ ZnO, BaO, ThO02 and the like, or a conplex
or g,gxture thereof, for exanple, a natural or
synthetlé zeolite, Si02-M0, SiO02-Al 203, Si02-TiO02,

Si 02- V205, . Si 02- Cr 203 ] ,
An alkyl complex of Group 1 metal and aluminum represented

by the general formula:

General Formula (B-1b): M2A1R%,
wherein M4 represents Li, Na, or K, R® represents a
hydrocarbongrouphavingl&xj15,preferably11x)4carbonatom(s).
Examples of the compound include LiAl({(CpHs)s, and LiAl (CyHis)a.
- [0063}
A dialkyl compound of Group 2 or 12 metal represented by
thg general formula:
General Formula (B-lc): R®R°M°
wherein R* and R® may be the same or different and each
represent a hydrocarbon group having 1 to 15, preferably 1 to
4 carbon atoms,rM3 represents Mg, Zn, or Cd. Among the
above-mentioned organometallic compounds (B-1),
organoaluminum compound is preferable. In addition, such
organometallic compound (B-1) may be used individually or in
a combination of two or more kinds thereof.
[0064]

(B~2) Organcaluminum Cxy-Compound
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15 Si 02-Ti 02- Myo and the i ke, can be used. Anong

these, Si02 and/or Al 203 as a nain conponent are/is
srjrseferably used. The porous oxide has different

properties depending on thggkind and the production

method thereof. It is desirable that the carrier -

preferably used in the present invention has a

particular 20 diameter of 5 to 300mm nore preferably

10 @@.éQ&éﬁ&afﬁﬁ&%ﬁMﬂH%&éa&ﬁ Angazofuny te 40 resent

n2/ g, nore preferably from 200 to 900 n2/g, and a
| nvRYE P t C X rel : '
e be ety SR e inst® SRt B epdpminun

to 700C, jf necessary. _SE-1451 93 [0072] . As X
oyt Rk By SO o513 REErEDevhgL S SaRed in

and the |ike are used. The ingggﬁnic chl ori des n%y be
Japgdsd sdiUnecenynesr Prap e ARked Cafier Feiddg Geiiesr Need

by using a ball mll or 5 a vibrating mll. In
HZ-dddi%i-on, the inorganic chlorides can be used after

di ssolving themin a solvent such as al cohol, and

t heriOpeégi pitating theminto particul ates using a

precipitating agent. [0073] 10The clay used in the

presgat Hapeaniroer genehl kY uk9AsSkhhHt %12 ¥ @¥roduced in

m neral as the main conponent. The ion exchangeabl e
accb%ﬁ%ﬁc%omﬁ%%ﬂdfﬁ?xgigh%. ,pEﬁée@Bligﬁfaﬁ:g%okﬁgges, and

compound having a cryst structure o

| anes constituted by iagni¢c bondi are piled up to
9o B TR RER Pt 85pd) STG SRRy P on IVER B g g oL et -
strength, in which the ions contained can be _

- exchahgB8ocRBEt WHE ChhECEPAy SRENBPEL8YafE aRIRBARIUMINUM
exchangeabl e | ayer conpound. For clays, clay mnerals
comprygndopu el cirigdan ke lladywri regnpouadsomppesd containing an

synt hesi zed artificially can al so be used w thout
adsbephdgvkiwatieedot gafllte @Ontatwtady cpyedadttvaatd®) for example,
addi tion, exanples of the clay, clay mneral, and ion

- a méyebangeabheokayer hgarpewndai pelkde gha¥sreChd¥rate, an

m nerals, and crystalline ion conpounds having a

aluh@hBREL 1IN B o SLEMCIURECRHE L A5 A NEYAIOPA! and a cerium

cl ose-packed siructure, antinonyl type, CdCl2 type,
chlgggdgdﬂgdfgggjjgégggh%%c%&tkgﬁm%h%%maggsﬁéggion, sCc as to
react the adsorptive water or the crystal water with the
organocaluminum compound.

(2) Process which comprises directly reacting water, ice
or steam with an organcaluminum cdmpound such as
trialkylaluminum, in a medium such as benzene, toluene,
diethylether, and tetrahydrofuran.

(3) Process whichlcomprises reacting an organic tin oxide

such as dimethyl tin oxide and dibutyl tin oxide, with an

organioaluminum compound such as trialkylaluminum, in a medium
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SF-1451 94 m neral include kaolin, bentonite, kibush
clay, gairone clay, allophone, hisingerite,
sppysophyllite, mca group, nontnorillonite group,
vermculite, phyllite grou pal'ygorskite, kaolinite,
nacrite, dickite, halloysite, and the 5 Iike.
Exanpl es of the ion exchangeabl e | ayer conpound
include a crystalline acid salt of nultival ent netal

suSHChs ase @il ( HASOMZd - 1205 a5 BEdAPA) 2,
a- Zr (KPO4) 2.3H20, " a- Ti (HPO4) 2.~ a- Ti ( SAs04) 2. H20,

a- Sn ) 21420, y-Zr (HPO4) 2, y-Ti (HPO4) 2,

y-TiQ M) 2H20, and the like. The clay and cl ay

m neral used 10 in the present invention

ar eéﬁlﬁ YR edted 18 ChéniTalt ARRenet Ay
of the chemi cal treatnment such as a surface treatnent

OIGFIEH Ve SaMRRire R es Faprachedreaovaseduepiebion of
treatments giving an effect on the crystal structure

alwiindwarsd,ag smdvéehe dn keregaheeongseda 1Specivn compound is
exanpl es of the chem cal 15 treatnent include an acid

didt et it £, amritd kakbsddeaitmBattha AdRatdmt iy be
salts, a treatnment with organi c conpound and the

redd K& o [N 4ln Thesd o gx changeall fid Ayel ac%imﬂu%llabd%‘?ﬁ of

in the present 20 invention may be a | ayer conpoun

ald’l\filitxﬂ))!anlee i ”EQQ@XSE g@'t%{eﬁé?g%%g?f@%f{i%&@% areéruniﬁjuﬁs(?/d for

exchangedbl e"Ton"Inside Fa _
end BRI L5 PRI Aeaty Lo T B 18T e ene

and is generally '
same organocaiuminum compound as those exemplified as the
organcaluminum compound in the above-mentioned (B-la). Among
these, trialkylalminum and tricycloalkylaluminum are
preferable, | and timethylaluminum is particularly preferable.
The organoaluminum compound may be used individually or in a
combination of two or more kinds thereof.

[0067]

- In addition, the §rganoaluminum oxy-compound which is
insoluble to benzene used in the present invention is preferably
a compound having an Al component, which is soluble to benzene
at 60°C of generally 10% or less, preferably 5% or leés,
particularly preferably 2% or less in terms of‘Al atoms, that
is, a compound which is insoluble or hardly scluble to benzene.

The organcaluminum compound (B-2) may be used individually or

in a combination of two or more kinds thereof.
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called as a pillar. Also, the introduction of other

substance SF-1451 95 to the inside |ayer of the

| ayer compound is known as the intercal ation.
srExaspl es of the guest conpound for intercal ation

i nclude a positive ion inorgani c conpound such as

Ti C14 and Zr014, a netal al koxide (where Ris a

hydr ocar bon 5group or the like) such as Ti (OR)4,

Zr(OR) 4, POQ(OR)3, and B(OR)3, a netal hydroxide ion

such{ase§ A11304(OH) 1 ' :

24: +r [Zr4(01fl 14] 2+, [Fe30(000CH3)6]F, and the I|ike.

Thes ep CONPAURGISUARYwRECHSES-A N Vi ] | Yo PIRddb@ing with
conbi nation of TWo or nore Kinds thereof.1n

Trgggi£i89’ﬂ$@§? bgﬁgggghatlng t hose conpounds, a
hydroly2|ng nmet al al koxi de (R
|s h%m%fcar(%)%%l%rougle% %‘{Sdgﬁl rﬁe such as Si ( Lﬁ%j?r by

such as SiI2 or the like can be coeX|sted Exa | es
regfting Pithakhenbragel hhopxneea brodiredny ( %hrmwﬁgm the
out thermal dehydration after intercalating the 15
prapeve-imsmrntoned (Fetddl (hydebradeerarefartd® Hoayer *ionizing
i nside. Anong these, preferred ones are clay and cl ay
iom netahpoand’ ppeastingal 4 yLowes eaced, oaesiéiec compound, a
nontnorillonite, vermculite, pectorite, tainiolite,

bo Al Sy dﬂ@&ﬁ& nE&&- a[99¥§$r§Q§&§ﬂR$§§n@faéh§19 ﬁﬁg%& in

conpoun ncl ude a granule or a particulate so

Ja%@?(éé;pem PR U 2o CLATPAG0L | Do f N6, T ANOE: OF 5?5%300

I C exarnpl es Ude A

Hl%@ﬂ%@%ﬁﬁ%ﬁ@g‘pr%ﬁy#ﬂ%@@g ' ”f%%ﬂe%iool%n&? bog 5

Il_ entene as the
H3- 20770 USP-5321106, etc. Furthermore, a heteropcly

compound and an isopoly compound may be exemplified. The
ionizing ionic compound (B-3) may be used individually or in
a combination of two or mere kinds thereof. In the case of using
the transition metal cdmpound of the present invention as a
catalyst for olefin polymerization, together with the
organcaluminum oxy-compound (B-2) such as methylaminoxane as
a co-catalyst component, gives especially high polymerization
activity for the olefin compound.

[0069]

Moreover, the catalyst for olefin pelymerization
according to the present invention may include a carrier (C),
if necessary, together with the transition metal compound (A),

at least one compound {B) selected from {B-1) an organometallic
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SF- 1451 96 mai n conponent; a (co)pol ymer - produced
from vinyl cycl ohexane, styrene as the nmain conponent;
and a nodified one thereof. [0076] The catal yst for

SFellébiin pol ymeri zati on according to the 5 present
Invention may contain a camger (C) and a specific
organi ¢ conpound conponent (D) to be described |ater,
i f necessary, together with the transition netal
conmpound (A), at |east one conpound (B) selected from

cofBedldan (Bt Yanometmtdrica lcompoun ez y-Botpoamd, and (B-3) an
or ganoal um num oxy- conpound, -and (B-3) an 10 ionizing

ioh0piggCcOBPOYNHombOQAd] (D) Organi c Conmpound Conponent
In the present invention, the organic conpound
comppiieng] (D) is used, if necessary, for the purpose
of inproving the 15 pol ynerizati on performnce and

prop }iég&fqeéhe produced pol ynmer. Exanpl es of the
orgaﬁ?e—eﬁﬁpﬁuﬂd i ncl ude al cohol s, phenolic

co unds, carbaoxylic acids, phosphorous conpounds, .
and foraes, (Gutuspe ot PrF?ganFrﬂer%‘é?fb?lC[IDG‘Ps? solid

. 20At the tinme of polynerization, the type of usage of
inglled) form of granules or microparticles consisting of an

inorganic or organic compound. Among such compounds, preferred
astheinorganiccompounaareporousoxides,ingrganicchlorides,
clay,_clay minerals or ion exchangeablé layer compounds.

[0071]

Asiﬂkaporouéoxides,épecifically,SiOz,Alzdh MgQ, Zr0O,,
TiOy, BZOQ, Ca0, ZnO, BaQ, ThO; and the like, or a complex or
a mixture thereof, for example, a natural or synthetic zeoclite,
510,-MgO, Si10,-A1,03, Si0,~Ti0s, Si02~V.0s, SiOg—C£203,
5i0,-Ti0,~MgO and the 1like, can be used. Among these, Si0; and/or
Al;03; as a main component are/is preferably used. The porous
oxide has different properties depending on the kind and the
pfoduction method therecf. It is desirable that the carrier
preferably used in the present invention has a particular
diameter of 5 to 306pﬁu more preferably 10 to 100um, a specific
surface area of 50 to 1000 m®/g, more preferably from 200 to
900 m’/g, and a pore volume of 0.3 to 3.0 cm’/g. The carrier
may be calcined to be used at 100 to 1000°C, preferably 150 to

700°C, if necessary.



10

15

20

conponent and the add?ngrsequence of each conponent
can be arbitrarily selected, and the foll ow ng

p sses can be exenplified. (1) A process
SF"iﬁgfising addi ng the conponent (A) alone SF-1451 97
to a pol ymeri zation reactof3 (2) A process
conprising adding the conponent (A) and the conponent
(B) to a polynerization reactor in the arbitrary
orde@ere (3) A process conprising addi ng the catal yst
conp in which the conponent (A) supported on the
carrier (C, and the conponent (B) to a
pol ﬁ%ﬁh@a}tnmar@a%pbﬂomdﬁﬁe Mg®la,r ¥eghror ¥ofl:, MnBr; and
(4) A process conprising adding the catal yst
thedmperrerst uddd i n el o tdeen tonhdnente 6B)a yShppeetett et 1y,
the carrier (C, and the conponent (A to a

or Py mer Lzati 90t &eass Diig iguter afdi tyyaky iekdersall mill or.
(5) A process conprising adding the catalyst

a ﬂyya@%&%ﬁtmiﬂlvw“fH“aBB%tEQHPOPﬁ@tldJ§ ¢ Lheori can be

conmponent (B) both supporteéed 15 on 't e carrier Féf
uséé)é%ﬂgy %U%%b %%hﬁ¥1t%%%FE% a solvent such as alcohol, and
thenprecipitatingtjuﬂnintopartiéulatesusingzaprecipitating
agent.

[0073]

The élay used in the present invention‘generally
constitutes a clay mineral as-the main component. The ion
exchangeable layer compound used in the present invention is
a compound having a crystal structure of which the planes
constituted by ionic bonding are piled up to one another gn
parallel with arweak bonding strength, in which the ions
contained can be exchanged. Most of the clay minerals are an
ion exchangeable layer compound. For clays, clay minerals and
ion exchangeable layer compounds, onesrsynthesized
artificially can also be used without being limited to the
natural products. In addition, examples of the clay, clay
mineral, and ion exchangeable layer compound include clays, clay
minerals, andcrystalline ion compounds havinga layered crystal

structuresuchasaahexagonalclose—packedstructure,antimonyl

type, CdCl, type, and CdIzrtype. Examples of the clay and clay
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[ 0079] In each of the above-nentioned
processes (2) to (5), at least two of each catal yst
onents may be contacted in advance. In each of
SFT Bbove- nentioned processes (4) and (5), of which
20 the conponent (B) is sufported, the conponent (B)
that is not supported may be added in the arbitrary
order if necessary. In this case, the conponent (B)
ei ther be the same as or different from each
mll?ﬁlh%]r ingdugfekapl juyr Esndiopsttceokionent GlpshPehrehe clay,
conponent (A) is supported on the above-nentioned
alBphars, 98 dogsoniert, (@ rorand tie soliiach agatalpist
conponent in which the conponent (A) and the
morctompoiteldn i(tB) afcaus,upporfiied: onr 4 hephavie-dreniduped -
conponent (C), olefin nmay be prepol ynerized, and

palyd el ddhexsat ahy sk, aprmonant dE@)ﬁl@@ SUPP &G DNand the
the solid'5 catal yst conponent which Is

1ile epggg fé%% t;h%o§g11 exchana%éa(blcéw?La@{e%c?ﬁrﬁpégﬁd :mtclude

roduc INng an O cor € presen

| nvantgl}on an o] efin ﬁéy Wﬁ%@:ﬁqd%blwqmés

esence of 10 such catalyst for olefin
a‘i%ﬂ@%%hﬂzaﬁwa%ﬂ#ﬁﬁﬁﬁ@ﬁnedaabeW§E0Um'BﬁeopresehKHPOUz
i nvention, the polynerization can be carried out in
o TANYHAGIO .82 | Hayi deHrasePQoOk yHED,i 2airdHPORY hod-guqHPas) 4
sol ution polynerization and a suspensi on

y-TRQNy RS j)Zatii®N.ardNéha U8Re Phase PPhymBId zakiOfineral used
nmet hod. SpeC|f|c exanpl es of the inactive 1

in Bydrerhen: ARdhURCWSEEs i e abl1 QUi Gy PPESEY to a chemical

pol yneri zati on nmethod i nclude aliphatic hydrocarbons

‘treScH:‘Hén%s. gﬁrg ‘aﬁgt QHSmlng ngatﬂg%@ng cﬁeg%.agesurface

octane ecane an erosene,; |cyc

B

treatments ¢giving an effect on the crystal structure of the clay
and the 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.

[0074].

The ion exchangeable layer compound used in the present
invention may be a layer coﬁpound with the interlayer enlarged
by exchanging an exchangeable ion inside the layer to the other
bulky ion using its ion exchangeabili’cy. Such bulky ion plays
a supportive rele to support a layer structure, and is generally

called as a pillar. Also, the introduction of other substance
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20 as benzene, toluene, and xyl ene; hal ogenated

hydr ocar bons such as ethyl ene chl ori de,

chl orobenzene, and di chl oronet hane; and a m xture
SFtheseof . Also, olefin itself can be used as the

solvent. [0081] SF-1451 995 When the olefin

pol yneri zation is carried out by using such the

ol efin polynerization catal yst as nentioned above,

t he conponent (A) is used in such an anpbunt so as to
to behgeives adid y1 4 yam dO-8hd old@=2 emhpyuahd priefembly the

from10-7 to 10-3 nole per 5 a reaction volume of 1
interddEs€0sPONeRanBel) Jrs t%%e%de%ts wehpbiesaraunt

that the nolar ratio [ (B-1) / of the conponent
t t
BB, %%ﬁ;cakf%zm BiotPal B Mgpa suer

.ef.erabl.y. m Q. 05 t The .co nent_ (B

as 512125 Kk Rl P Setne Sharrite (ISR 0 Fa%.fafoQOCarbon
(3- IM _of an alun1nun1aton1|n the conmponent (B-2)

9Tty Pﬁetfé%tlullkg t$ars e bh (Bt &l ZEMPRT v EREOROPPEHENE (OR) 3,
(A) is generally from10 to 5,000, preferably from 20

a mefl ot hiaa opormuth (8 BDAJHSOU&Q%@ Zih'sudBrt HeH) 1417,
amount that the nolar ratio [ (B-3) /M of the

[ FeeOnPaneEns ) {1B-, 3antio thike lamkki.r eTheasstbmedumdt ahaylSoe used
atom (M in the conponent (A) is generally from1 to

-indiGsi duzef18f al ynfd @Brb R85 .od 8882ko or more TPends thereof.

conponent (D) is used in the anount such that the

M5t ) glg%# Lo
10 d’j:ip}:r C?%er g‘g{eyn( grnc?rﬁ%%gtlﬂ tdo en the cg%g]o%e%%l&%er
onent 1 hat ratio

Obt(ad)ne;ds %}éhés 7 Yfl@@ﬁ&%&#f S b5 ﬁydﬁ?’é%?éﬁwoupr

fromQ.005 t o 1 when the conponent (B) is th
or 53ﬁp&ﬁ§ﬁt £58C5) asand (PRaer the(Qfaptr GEilBR] 4 ([9 golloidal

(B-3)] is generally fromO0.01 to 10, preferably from
InoFgpntE @ow@@@nﬁhéugbnpgn@nag@B)thg like can be coexisted.

Examples of the.pillar include an oxide produced by carrying
out thermal déhydration after intercalating-the
above-mentioned metal hydroxide ion to the layer inside. Among
these, preferred ones are clay and clay mineral, and
specifically preferred ones are montmorillonite, vermiculite,
pectorite, tainiolite, and synthetic mica.

[0075]

Examples of the organic compound include a granule or a
particulate solid having a particular diameter in the range of
5 to 300 um. Specific examples thereof include a (co)polymer
produced from an a-olefin having 2 to 14 carbon atoms such as

ethylene, propylene, l-butene, and 4-methyl-l-pentene as the
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SF- 1451 100 the component (B-3) . [0083] In
addition, the polynerization tenperature of olefin
using the olefin polynerization catalyst is generally

SFwitthin 5 the range from-50 to +200C, and preferably
fromO to 170C. The pol ynemiezati on pressure i s under
the condition of generally from atnospheric pressure
to 10 MPa gauge pressure, preferably from at nospheric
pressure to 5 MPa gauge pressure, and the

ma pol|gomgrdrratti ;on ( earho byreamp elwsd fednowt n Pt edbiserane,
10 sem conti nuously or continuously. The

st PobyEeak Zah Ofa LRANCRBL SRERt L0208t 2 Do @ i L Nehd Nehereot.
process into two or nore stages which use different
reactd@ngrondi tions. The nol ecul ar wei ght of the
obt al ned olefln pol ymer can be al so adj usted by

al | y e pol.ynerizati
sys%ﬂn%] Py R aPok AL RS Er S grcording to the
te erature , Nbreover t he nol ecul e wei ght can be
Ust BV SRCHRRITRY t PR UFR L BEE hE ccﬁfﬁfbr?erﬁpe(CB)flc
used. When addi ng hydrogen, a suitable anount to be
OTrGRiYed FePewi ab@WRORio01(Ro 1ot derrikpdflagief i .t
[0084] 20In the present invention, the olefin
necapETed tiooea hpal yireh iat teansdadbhanet st aborp@asid 0AE, at
ki nd of nmonomer sel ected from et hyl ene and an

leasleid rednpomrchsat sb@aatean@rtsmn@aoi @E‘Qi@jarlcﬁnetalllc
preferably ethyl ene or propylene. Exanples of” the

conwirﬁil NENG! yde 63 gL LR S AR oL -REARSHSY, 25 0h e sy 4

havi ng

ionizing ionic compound.
fO077]

(D) Organic Compountd Component

In the present invention, the organic compoﬁnd,component
(D) is used, if necessary, for the purpose of improving the
polymerization performance and properties of the produced
polymer. Examples of the organic compound include alcohols,
phenolic compounds, carboxylic acids, phosphorous compounds,
and sulfonates, but ére not limited thereto.

[0078]

At the time of polymerization, theé type of usage of each
component and the adding sequence of each component can be
arbitrarily selected, and the following processes can be
exemplified.

(1) A process comprising adding the component (A) alone
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SF-1451 101 3 to 20 carbon atons, preferably 3 to 10
carbon atons, such as propyl ene, 1-butene, 2-butene,
1- tene, 3-nethyl-I|-butene, 1-hexene,

SF2L4t hyl - 1- pent ene, 3-nethél-l-pentene, 1- oct ene,
1-decene, 1-dodecene, 1-tePradecene, 1-hexadecene, 5
1-oct adecene, and 1l-eicosene. Additionally, exanples
of the a-olefin include a cyclic olefin having 3 to
30 carbon atons, preferably 3 to 20 atons, such as

toJd e & ®ne, norbornene,

5- net hyl - 2- nor bor nene, tetracycl ododecene and

2-ne@HyIA process comprising adding the component (&) and

101, 4, 5, 8-di net hano- 1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr onapht h
thalcomponagnpol &y toaopel yméok zekanplesa@mr in the arbitrary

aj -unsaturated carboxylic acid such as acrylic acid,
ordeet hacrylic acid, fumaric acid, maleic acid

anhydride, itaconic acid, itaconic acid anhydride and

bi cy&))0( R, ZrddePs RERMENEs i BB /P XY b &by drd donent

and -a 15 rnetal salt thereof” such as sodiumsalt,

- t.assi Li thi Lnc esj u

in B8 U Pikboner T Shbrufedipliithy SRS UE), ana
a, P-unsaturated carboxylic, ester such as nethyl .

ENS EPPAPEN el Bl IE Aar BF AVECE AZpF OBy IS SR meS, Lhe arbitrary
i sopropyl acrylate, n-butyl acrylate, :

orgegobut yl acryl ate, tert-butylacrylate, 2-ethyl hexyl 20
acrylate, nethyl nethacrylate, ethyl nethacryl ate,

n- priégpy| Anetdees 5| atmp risiopy epidingethaceytat est component
n- butyl methacryl ate and i sobutyl nethacrylate; a

in whiyhesther cstigbnastvi(Byl sapgbated vhnyhe pdopioaat €), and
vinyl caproate, vinyl caprate, vinyl laurate, vinyl

thest:%ﬁb@h‘én@ngl\)\/'tr&h %Mﬁné@i,@é\@%ﬁtféa@{bﬁiﬁﬁaﬂ% it trary
gl ycidyl SF-1451 102 such as glycidyl acrylate,

Orcf;gry_cidylnethacrylate, nonogl yci dyl itaconate.

urt hernore, vinylcycl ohexane, diene, polyene and

o OB, oA SOTIRMIL o S0l e S £05 @Mbponens
iilgﬁgg£Q%L§E%&gggént (A) and the component (B) both supported
on the carrier (C), to a polymerization reactor.

[0679]

In each of the above-mentioned processes {(2) to (5), at
leasttwoofeachcatalystcomponentsmaybeconﬁactedinadvance.
In each of the above—mentionec-i"processes {4 and (5), of which
the component (B) is suppo;:ted, the component (B) that is not

supported may be added in the arbitrary order, if necessary.

In this case, the component (B) may either be the same as or

different from each other. As the solid catalyst component in

which the component {(A) is supported on the above-mentioned
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5 m et hyl styrene, p-nethylstyrene,

o, p-di net hyl styrene, o-ethyl styrene, methyl styrene,

p- et hyl styrene; a styrene derivative containing a
srfupstional group such as nethoxy styrene, ethoxy

styrene, vinyl benzoate, viggyl nethyl benzoate, vinyl

benzyl acetate, hydroxy styrene, o-chlorostyrene, 10

p- chl orostyrene and di vinyl benzene; and

3- phenyl propyl ener 4-phenyl propyl ene and a- et hyl
copyhene, (OF, thet lite sJBY ateagxkstefpbAchfein which the

reaction systemto carry out thé polynerization.

15 c r Cl '

o s B o nef Lot B B T4 A Ao e
ne kind of the nononer is ethylene or propyl ene. :
Al e RIS of o dier e BRe BE et enq yuerized,

referabl e that the anount of ethylene, propylene, or
an@tfrﬁltéﬁé e Fapwless FIBRREDY My ke §KPRers cdmisEheciplid
-the 20 total anount of nononmers. Specifically, the
catpphonercamprimnprefbeabl y msepbIorepraeiici ng an
et hyl ene/ propyl ene copol yner (EPP), a
pr opyl0eid/ et hyl ene copol yner (PER), a
propyl ene/ et hyl ene random copol yner (RCP), a

propyl ene/wtdyd enerdnpastiueopg! é/r@%rle(fligp%)ol er according
propyl ene/ butene SF-1451 103 copol yner (PBR), a

co RO IR L aeL By e, SORL TSI RIS A1 oy
oo RS e P FSLRRRRE ! PSR SBkence o
such catalyst for oclefin polymerization as mentioned above. In
the present invention, the polymerization can be carried out
inany of a liguid-phase polymerizationmethod such as a solution
polymerization and a suspension polymerization, and a gas-phase
polymerization method. Specific éxamples of the inactive
hydrocarbon medium used in the ligquid-phase polymerization
method include aliphatic hydrocarbons such as propane, butane,
pentane, hexane, heptane, octéne, decane, dodecane and
kerosene; alicyclic hydrocarbons such as cyclopentane,
cyclohexane andmethylcyclopentane; aromatic hydrocarbons such
as benzene; toluene, aﬁd.xylene; halogenated hydrocarbons such
as ethylene chloride, chlorobenzene, and dichloromethane; and
a mixture thereofﬁ Also, olefin itself can be used as the

solvent.

[0081]
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Et hyl ene Content in Pol yner By the use of

Fourier transforminfrared spectrophotoneter

FT/1 R-610 manufactured by JASCO Corporation, 10 the
SFak%sl in the vicinity of the rocking vibration-of 1155

call based on a nethyl gro8@p of propylene and the

absorbance in thefl vicinity of the overtone

absorption of 4325 cm1 due to a CGH stretching

vi bration were determ ned, andbyusi ng the obtained

rat Wgent kecephgféneredrnent zphiehel potymeiedemit by using

cal culated from 15 the standard curve (prepared by
sualsthg dlkd ist antwrdr saapien whitel viss s8¢ ardaridineedatyve, the

13C-NVR). [0087] Intrinsic Viscosity ([qg]) The
congReeIftd QAYi $608kEN NSRS HAeheblinhedol As desald Fedlerally

20 135C using an automatic viscosity-neasuring
frAPRAFRALUS] ¥R OP3PC, i actuiad, By R 9870, 1d-dn@ddper

I mproved version of Ubbel ohde capillary visconeter,

lcu he.i-ntrinsic viscosit ccqrding to the

= RSt o - SRS <TG dif 0kt e i Buen

nunber > _ [ 0088
theamounttdﬁtth molar ratio [ {B~1}/M] of the component (B-1)

to the entire transition metal (M) in the component (A} is.
generally from 0.01 to 5,000, and preferably from 0.05 to 2,000.

The component (B-2) is used in such the amount that the molar

- ratio [(B-2)/M] of an aluminum atom in the component (B-2) to

the ent;re transition metal (M) in the component (A)~%s
general%y from 10 to 5,000, preferably from 20 to:2;000. The
component (B-3) is used in such the amount that the molar ratio
[.(B~3) /M] of the component (B~3) to the entire transition metal
atom (M) in the component (A) is generallf from 1 to 190,
preferably from 1 to 5.

100821

The component (D) is used in the amount such that the molar
ratio [{D)/(B-1}] is generally'ffon10.01 to 10, preferably from
0.1 to 5 when the component (B) is the component (B-1), that
the molar ratio [(D)/(B-2)] is generally from (.01 to 2,
preferablyfromo.OOStxnlwhenthecoﬁponent(B)isthecomponent
(B-2), and that the molar ratio [(D)/(B-3)] is generally from

0.01 to 10, preferably from 0.1 to 5 when the component (B) is
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Wei ght average nol ecul ar wei ght (My) and Nunber
aver age nol ecul ar wei ght (M1) 5The neasurenent was
carried out by transferring 500 of a sanple solution
SE4h 0.1 wt % concentration at a flowrate of 1.0
m/mn using Alliance GPCHOD0 manuf actured by Waters
Co., Ltd. The standard pol ystyrene made by Tosoh
Cor poration was used and cal cul ated as the calibrated
nol ecul ar wej ght of 10 each pol yner.
Eheg PmRRnSIY dcﬁg—@dn TSKgel GVH6- HT and TSKgel GVH6- HTL
(each col um having an i nner dianmeter of 7.5 nmand a
| endtd®8a¥] 300 nm) Col um tenperature: 140C 15Mobil e
phase: o-Di chl orobenzene Detector: D fferenti al
r ef rlac tagivBttdonEx abjpl ee 1[y0@89]zatdcel nafdbetrattibe of olefin
present invention will be further 20 explained in
usidet aiHe \Mlte&ihef)@n?mésikatE&arr@!a@aybﬂtiat, heerf¥esent within
invention is not Timted thereto. I n addi ti on,
t r rec-Qf.co tai [ n [ o
the&%%ees%%%gxs 38 £ §OrPoyRd. k?qcf‘ﬁ'}%qfer%b Z%ESM to 170°C.

etérmned Vit e use o

The;Eéa {T\I%Ieég% %é%%f%aens%fu%%t le.J g %dncpé/r %E&:O%’lt 1)t’io'§1D<5 P%%%erally

from atmospheric pressure to 10 MPa gauge pressure, preferably
from atmospheric pressure to 5 MPa gauge pressure, and the
polymerization reaction can be carried out batchwise,
semicontinuously or continuously. The polymerization can be
carried out by dividing the process into two or more stages which
use différent reaction conditions. Themolecular weight of the
obtained olefin polymer can be alsc adjusted by allowing
hydrogen to exisf in the polymerization system, or by varying
the polymerization temperature. Moreover, the molecule weight
can be adjusted according to the amount of the component (B)
used. When adding hydrogen, a suitable amount to be added is
from about 0.001 to 100 NL per kg of olefin.

[0084]

In the present invention, the olefin supplied to a
polymerization reaction is at least one kind of monomer selected
from ethylene and an a-olefin in which at least one kind of
monomer is preferably ethylene or propylene. Examples of the

a—olefin include a linear chain or branched a-olefin having
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SF- 1451 105 manufactured by JEOL Ltd), and the 1ike.
[ Exanpl e 1]

SFLf 4,3,6,8, 8- hexamet hyl- 1H, 8H di cycl opent a[ b, h] fl uore
net]!l %To a 300-m three-neglgmfl ask, 25.8 g of
anhydrous al um num chloride,” 5.18 g of fluorene, and
200 m of carbon disulfide were charged under
nitrogen atnosphere. 6.18 g of nesityl oxide was

dded i se theret ver, 15 mj in_a_water
g R e A TR RE
refJux. After 10 stapding to.cool, 100 m of ter
Pr (it Shited EHGEERo. ZaR-BHE- of R ety o Ry L 1 butene,
separ-ated. The aqueous | ayer was extracted with 300 -
1-hgxere hekaireh RN S ar at etk idngari-®andgsee wds octene,
conbi ned, and washed with water and a saturated
1-dapreous soladdamaf Soditumdsderd, dd.-haftaeteddre,
sol ution was dried over magnesi um 15 sulfate, the

1o acbiie S athics tli-lddied sefrfe;.  amald 1 heoebt By etk PFOICIof the
was purified by columm chromat ography, and

o AR e Py IS AR ¥ Facat 93k groms.
prer esu ?lr gggs %a%t%tswyglul%g\ié%r rr(]fjo(f—%?eﬁtneegg’urc%ﬁrgheptene' |
Leh SR S r(%,“ésnﬂsiﬁeﬁn%a%&)@é Y@O%%e%e@%wahd

2_;%;%?58, 6H), 8 1.33 (s, 12H)
l,4,5,8—dim¢thanq—1,2,3,4,4a,5,8,8a—octahydronaphthalene; a
polar monomer, for example, an o,B-~unsaturated carboxylic acid
such as acrylic acid, methacrylic acid, fumaric acid, maleic
apid anhydride, itaconic acid, itaconic acid anhydride and
bicyclo(2,2,1)—5—heptene—2,3—dicarboxylic anhydride, and a

metal salt thereof such as sodium salt, potassium salt, lithium
salt, zinc salt, magnesiumsalt, calciumsalt and aluminumsalt;
an o, pB-unsaturated carboxylic ester such as methyl acrylate,
ethyl acrylate, n-propyl acrylate, isopropyl acrylate, n-butyl
acrylate,isobutylacrylate,tert—butylacrylate,2~eth§lhexyl_
acryiate, methyl methacrylate, éthyl methacrylate, n—p;opyl
methac:ylate,isopropyln@thacrylate,n—butylmethacrylateand
isobutylmethacrylate;avinyleStersuchasvinylacetate,vinyl
propionate, vinyl caproate, vinyl caprate, vinyl laurate, vinyl

stearate and vinyl triflucrocacetate; an unsaturated glycidyl
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[ Exanpl e 2] SF-1451 106 [0091] [ (Phenyl)
(met hyl ) met hyl ene(3-tert-butyl-5-nethyl cyclo
spR @gﬁdlenyl)(l 1, 3, 6, 8, 8- hexanet hyl- 1H, 8H di cycl opent
F fIuorenyl)2|rcon|Uf69|chIor|de] 5(1)
Synthe3|s of

3-tert-butyl -6-phenyl -1, 6-di met hyl - ful vene " To
a 100-m three-neck flask 1 50 g of potassium
BM% 01 8-
oDy O 0 YA L B0 LI RO

lt?é%‘? B Brréné @%&&ﬂh%ﬁ%%%%%%u h5i5i BaLyene and

thereto over 10 minutes_in a water bath, and the
AT o WS IR or LI AR Lo S SHT RS GHShas

added with 11.33 g of acetophenone dropw se over 10
nopeHbfesstwirhe e pPkyatbyhasysene ranttf os @2ndiduysstyrene,

The reaction solution was poured into 100 m of 2N 15
m-theyide pedit yoraree ,a g -due gl of gesri €, | @yerdMest Isepaiateats,

and the aqueous | ayer was extracted with 200 m of

o-SExENe: y e | S epas &t ek 0 SaHd C ﬁﬂé‘&{ﬁé@f&rﬁé’mﬁ N8drene
an mashed with a saturated aqueous solution of

def%“ﬁﬂﬁ@gwg§€??gﬁﬁgfpgﬁgéﬁloH%ig .agqg%?%ﬁghﬁE%B%gstyrene,

agueous so lumcC er the

sol.uti.on was nesium.sul f at t he
et ﬁoeniiyrmélsefd.vslﬂd% ST Ctnd ThE St AP RRe st vinYl
mas purified by col um chronatography The yleld was
benzyyg areqadént mr&r%mmbrﬁwrb%r FOTIFEiP H5 EOPE IR

spectrum The neasurenent result is shown as foll ows.

P-CtHe rassinenst anse ddviNNR dprotanam @mrol el pheaty igwopylene,
4-phenylpropylene and a-methyl styrene, or the like, may be
coexisted in the reaction system to carry out the
polymerization. |

[0085]

In the process for preoducing an olefin polymer according
to the present invention, at least one kind of the monomer is
ethylene or propylene. When two or more kinds of monomers are
used, it is preferable that the amount of ethylene, propylene,
or ethylene + propylene is 50% by mole or more, based on the
total amount of monomers. Specifically, the monomer can be
preferably used for prgducing'an,ethylene/propylene copolymer
(EPR), a propylene/ethylene copolymer (PER), a
propylene/ethylene random copolymer (RCP), a

propylene/ethylene impact copolymer (ICP), a propylene/butene
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SF- 1451 107 obt ai ned conpounds are a mnixture of the

i soners. [0092] 1H NMR (270 MHz, CDC13, TMS standard):
sp34s37-7- 30 (m 4H), 7.24-7.20 (m 1H), 6.33+5.56

(TP 1H), 6.17+6. 11 (d+d 1), 52.50+2.41 (s+s, 3H),

2.34+1.36 (s+s, 3H), 1. 1949301 (s+s, 9H) [0093] (2)

Synt hesi s of (phenyl)

(et hyl ) met hyl ene( 3-tert-butyl-5-nethyl cycl opent ad

corB¥ks (AR ABEORYE/ AR R PSS TR T ST (BEER)

andgp%%ya£ke. To a 100-m three-neck flask, 1.71 g

1,1,3,6,8, 8-hexanet hyl-1H, 8H-di cycl openta[ b, h] fl uoren

e ah@raonaftef, deky drasantethdenmps ¢hat dedexplsimed in

(5.4 mol) of 1.54 M n-butyl!lithium hexane sol ution
detwad wmdtiedrdfepense tb Ehemellesover 3 minutes in an

i ce/ acetone bath. The solution was. -stirred for 21

hourgo®sbil e gradual |y el evating the tenperature

thereof to roomtenperature. Thereto, diethyl ether

sol %éé’@ﬁl?éméﬂélbd%tl(lgd9%0?”?%%??% ies]

3-t-buty phenyl - 1, 6- di net hy vene was added over

10 jnutes, After.stirring for 7 days under

refﬁggglg%%—é%%ééﬁgﬂigﬂk%i¥%§£mas poured into 100 n

of 1 N hydrochloric acid. The organic | ayer was

sepaY aFé%, USH Pt hECRHLeBUST RRFEP Thasn BXd Fot ed twi ce

with 75 m of hexane. The obtained organic |ayers
Spegererbohbinabar WasHe® Yhaenmitelrtarsdt by aPe§Caguepusation,

sol ution of _
the area in the vicinity of the rocking vibratiom ¢f 1155 cm”

1

based on a methyl group of propylene and the absorbance in the.
vicinity of the overtone absorption of 4325 cm™ due to a C-H
stretching vibration were determined, and by using the obtained
ratio, the ethylene content in the polymer was calculated from
the standard curve (prepared by using the standard sample which
is standardized by '*C-NMR). |

[0087]

Intrinsic Viscosity ([nl])

The specific viscosity ns was determined in decalin at
135°C using an automatic viscosity measuring apparatus
VMR—053PC manufactured by Rige Co. Ltd. and improved version
of Ubbelohde capillary viscometer, to calculate the intrinsic
viscosity aécordin_g to the following equation:

[N] =nsp / {C{1 +K* ngp) } < C: selution concentration



SF- 1451 108 sodi um hydrogen carbonate, twice with
water, and once wth saturated brine, and dried over .
magnesi um sul fate. The solvent was distilled off. The
SFobtalned solid was purified by col um chromat ography
and washed wi th nethanol. Th¢ yield was 0.70 5 g.
Identification was perfornmed by FD- M5 spectrum The
nmeasurenent result is shown as follows. FD Ms:
m Z=564 (M+) [0094] (3) Synthesis of 10(phenyl)
[a{det hyK) neehstamne 8Rer t= but yl - 5- met hyl cycl opent adi
enyl) (1, 1, 3, 6, 8, 8-hexanethyl-1H
8H di®@y&2 openta [b, h] fluoren yl) zirconium
di chl oride To a 30-m Schl enk tube, 0.691 g of
( phenyi gh Bl ABLE¥LEAe weight (Mw) and Number average
(3-tert-butyl-5-nethylcycropentadi1I5 enyl) (1, 1, 3,
mo P 811 87 NXAGRL hyds)lH 8H-dicyclopenta [b, h] fluoren
' - ' her were charged under nitrogen
. at here. 1.75 m (2.70 nmol) of 1.54 M. n-BuL
5 hexollF GRS RS Y a16a ERErLOU L By ahtiRSF RELRBR00 11
bath, and then the m xture was stirred for 10
of & RaRde TReUSHPRYIdH Rad WEFrFRRCERtFRBIRR @ipar Bloygrate
20 for 24 hours. After cooling the solution in an
of jlod) adetmyme Wsdnly, 201489cg GPC880fAfDRnefazturenilymWaters
tetrachl ori de was added thereto, and the m xture was
Costilrrded The dirdvnnd palivise ytdwend erpler biyUTesdheT@foration
was gradually el evated back to room tenperature.
wahhiseid bhe sl ¥enht¥asaditsd ld-ad p¥ffred R8186LURLESight of
were extracted with

10 each polymer.

Separating Column: TSKgel GMH6-HT and TSKgel GMHG-HTL
{(each column having an inner diameter of 7.5 mm and a length
of 300 mm)
Column temperature: 140°C
i5 Mobile phase: o-Dichlorobenzene
Detector: Differential refractometer
Examples
[0089]
Hereinafter, the present invention will be further
20 explained in detail with reference to Examples, but the present
invention is not limited thereto.
In addition, the structure of cémpound obtained in
Synthesis Examples was determined with the use of 270 MHz ‘H-NMR

(GSH-270 manufactured by JEOL Ltd), FD-mass analysis (SX-102A
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SF-1451, 109 hexane. The solvent was distilled off,
and the obtai ned product was recrystallized with
gr-Qtzigr. Obtai ned crystals were washed with pentane.
The yield was 52 ng. |dengification was performed by
1H NMA spectrum and FD-MS. The neasurenent 5 results
are shown as follows. 10 [0095] 114-NWVR 7.94-7.90(m
7.76-7.73(m (d,1H),6.03 5.54(d, 1H), (d,3H), 1.53

manufactured by JSJEOL Ltd), and the like.
[Example 1]

'[1,1,3,6,8,8—hexamethyl—1H,8H—dicyclopenta[b,h]flugre

ih>a300—mlthree;neckflask,25.8g;ofanhydroﬁsaluminum
chloride, 5.18 g of fluorene, and 200 ml of carbon disulfide
were charged under nitrogen atmosphere. 6.18 gofmesityl oxide
was added dropwise thereto over 15 minutes in a water bath, and
the mixture was stirred for 10 hours under reflux. After
standing to cool, 100 ml of water was added thereto, and the
organic layer was separaﬁedu The aqueous layer was extracted
with 300 ml of hexane, and the separated organic layer was
combined,andwashedwithwaterenuiasatﬁratedaqueoussolution
of sodiumchloride. After the sclutionwas dried over magnesium
sulfate, the solvent was distilled off, and the cbtained product
was purified by column chromatography, and recrystallized with
a mixed solvent of ethanol/hexane. The yield was 1.14 g.
Identification was performed by 'H-NMR spectrum. The
measurement results are shown as follows.

- [009C]

'H-NMR (270 MHz, CDCl;, TMS standard): & 7.62 (s, 2H), §
7.43 (s, 2H), 8 6.03 (s, 2H), & 3.89 (s, 2H), &6 2.19 (s, 6H),
6 1.33 (s, 12H)

[Example 2]
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spectrum( 270 MHz, CDC13, TMS standard): 8
1H), 7.87(s, 1H), 7. 85(s, 1H), 7. 82( s, :
1H), 7.65-7.50(m 1H), 7. 45-4. 38(m 2H),

SF«(Idi80H) , 5. 90(d, 1H), 5. 90(d, 1H), 5. 87(d,
2.78(s,3H), 2.42(s, 3H), 2. 2Q(dk 3H),
(s,3H),1.35(s,6H),1.21(s,1H),1.01(s, 1H), 6.09 1H),
2.16 9H), 0.96 (s, 3H), 0.86 (s, 3H), FD-Ms: m Z=724
(Mt) 15[ Exanple 3] - Preparation of Supported
Cat dICp#fL 1- To a 100-m three-neck flask, which
had been thoroughly purged with nitrogen, and
equifppednyilth hma tet/i1n hieR@ vyl ede (3-08rg-Bhityi-5-methvlicycio
silica-supported nethylalum noxané (Al = 14.6 M%)

pedﬁ%ﬁienyl){1,1,3,6,8,8—hexamethyl—1H,8H—dicyc10penta[b,h]

fluorenyl)zirconium dichloride]

(1} Synthesis of
3~tert—butyl-6~phenyl—1,6~dimethyl—fulvene-

Te a 100-mi tﬁree—neck flask, 1.50 g of potassium
hydroxide pulverized in mortar, 0.91 g of 18-crown-6 and 45 ml
of THF were charged under nitrogen atmosphere. 2.70 g of
t-butyl—methylcyclopeﬁtadiene was added dropwise thereto over
10 minutes in a water bath, and the mixture was stirred for 3
hours. The solution was added with 11.33 g of acetophenone
dropwise over 10 minutes, and the mixture was stirred for 22
hours. The reaction solution was poured into 100 ml of 2N
hydrochloric acid. Thé organic layer was separated, and the
aqueouslayerwasextractedwith200rmLofhexane. The separated
organic layers were combined, and washed with a saturated
aqueous solution of sodium hydrogen carbonate, water, and a
saturated agueous solution of sodium chloride. After the
solution was dried over magnesium sulfate, the solvent was
distilled off, and the obtained product was purified by column
chromatography. The yield was 1.98 g. Identification was
performed by 'H-NMR spectrum. The measurement result is shown

as follows. The result of the 'H-NMR spectrum proved that the
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20 added. 10 ml of dehydrated tol uene was added
thereto at roomtenperature, 20 m of a tol uene
SFsp%gilon of 21.0 nmg of the
enyl)(nethyl)nethylene(3,}ert-butyl-S-nethyIcyclop
entam
enyl) (1,1, 3,6, 8, 8 hexanet hyl-1H, 8H di cycl openta[ b, h]f
| uoren yl)zirconiumdichloride synthesized by the

ob‘c?§0r18d r@o% Ioounecij aSrFe 1451 ]tluorcee o%g.{%l rGr ?ins\é\olasg%gdteﬂeas a

ansi t1o conpoun r
m xt S st|rred for 1 hour. The obtained slurry
was q red, and powder on the filter was washed

once with 10 m of dehydrated toluene, and
subsBqU¥RL 137 WaE he § DO e MY seandapdl} h51’03rﬂ 30 {m, 4H),
dehydr at ed hexane. The washed powder was dried under

7. YeducHd (pr,eddine6f 38+3.A6urn+nhp ObY ai . 0798411y @f+d, 1H),
powder. The obtai ned powder was mxed with 8.41 g of

2. 5041 ner alk+ei, | 389, obtdA 34 0.0t ¥sl urryg{ E@@mrt:hes 9H)
4] 10- Propylene/Etherne Copol yneri zati on
an §4ggyrgde autocl ave having an internal volune of
2000 m, "whi ch had been thoroughly purged wth

n|tr l'i qui d propyl ene was charged, and
then ea?e§%%8g§58funder sufficient stirring. The

|ns e of _t e aut ocl ave was 15 pressurized wt
(p elrret&:y 6 Ty egred éersu%%qdeénng%thwécacéepentadl
for charging a catal yst having an internal volune of
enydg (#H, 1 :ﬁhﬁp% ﬁa@e@e@ﬁtﬁhdrd@g%ﬁydp@wgé@pwmﬁh[b,h]fluoren
nitrogen, attached on the autoclave, a mxture
yl}solution of 4 ml of dehydrated hexane and 1 ml of a
hexane solution (A1=1.0 M of isobutyl al um num 20 was

added, aandoshar gedebonthe #uhegl ave mh'gl Bf
pressurizing it with nitrogen. Next, to the pot for

1, 16harKgisng -gatalksthy LA, @HKBHE%CQBp%ﬁ%aT% af f1R8rene ang
supported catalys?'s urry prepared In

<0 BEPEE RN ARESE St ek Bl %JJF‘J% %L%%Q%%@%) of

1.52n% %hgu ygllghEG% héia%%ssolutlon was added dropwise
thereto over 3 minutes in an ice/acetone bath. The solution
was stirred for 21 hours while gradually elevating the
temperature thereof to room temperature. Thereto, diethyl
ether solution of 1.41 g (5.92 mmol) of
3-t-butyl-6-phenyl-1, 6-dimethylfulvene was added over 10
minutes. After stirring for 7 days under reflux, the reaction
solution was poured into 100 ml of 1 N hydrochloric acid. The
organic layer was separated, and the aqueous layer was extracted
twice with 75 ml of hexane. The obtained organic layers were

combined, washed once with a saturated agueous solution of



10

15~

20

111 autocl ave while pressurizing it with nitrogen to
initiate the polynerization. After carrying out the
pol ymeri zation for 3 mnutes, a snmall anount of
SF‘rﬂe‘Jt%anol was added to terninate the pol ynerization.
The pol yner was added to arPtexcessive anount 5 of
- nmet hanol added with hydrochloric acid to carry out
deashi ng. The resultant -pol ymer was separated by
filtration, and then dried at 80C for 10 hours under
Sodigf dBHE TS (rag om agist- aitiy 16 P ighofwad egol wmsr onfige with
pol yneri zation activity was 342 kg- Pol yner/ mmol - Zr hr.
satTira traeb bk i se pfangollyhed careal ysgseshaned1f@tan eThylsenieent
content of the polymer= 30%by nole, [TO= 2.22 dl/g,
wasMi s238,1@800ran MM MabtdiGed B6anRl Rablpurified by column
Propyl ene/ Et hyl ene Copol yneri zation - The :
chrRAMRI AR QRAVGE sRAAM ,SEnOME L HAABH . t he, Sapk. 11P wgs, 0.70

condition as in the above Exanple 4, except that

. r slur epared in t
9. TRaBhelBecRURBATLEL BRERLYREASLYEY ALOBRLER-LN & Mhe.
aut ocl ave was _pressurized with ethylene gas to 35
MESTUFEEL FH7F trat St REOUS PrierficZdtd"6h was carried out
for 4 m nutes. The obtai ned polymer was 50.9 20 g and
t he EpoMyrer 2abPdnMatti vity was 773
kg- Pol yner/nmmol -Zr. hr. The results of pol yner
anall$8i°4 ishowed an et hyl ene content of the pol yner=
47% by nole, [1]=2.55 dl /g, Mwm=250,000, and Mw~ Mh=2.0

[ E8amplatlbksis of
(phenyl) (methyl)methylene (3—tert—butyl—5——methylcyclOP_entadi
enyl) (1,1,3,6,8,8-hexamethyl-1H, 8H-dicyclopenta[b, h]fluoren
yl)zirconium dichloride |
To a 30-ml Schlenk tube, .O .691 g of
{phenyl) (methyl)methylene (3-tert-butyl-5-methylcyclopentadi
enyl) (1,1,3,6,8,8-hexamethyl-1H, 8H-dicyclopenta[b,h] fluoren

yl}) and 15 ml of ether were charged under nitrogen atmosphere.

1.75ml (2.70 mmol) of 2 1.54 M n-Buli hexane solution was added

thereto in an ice/ acetone bath, and then the mixture was stirred
for 10 minutes. The solution was stirred at room temperature
for 24 hours. After cooling the solution in an ice/acetone bath,

0.439g (1.88mmol) of zirconium tetrachloride was added thereto,

and the mixture was stirred for 19 hours while the temperature

thereof was gradually elevated back to room temperature. After

the solvent was distilled off, the solubles were extracted with
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SF-1451 112 - Propyl ene/ Et hyl ene Copol yneri zation -
The polynerization was carried out under the sane
t|on as in the above Exanple 4, except that 199
San4 "the supported catalyst slurry prepared in the
above-nenti oned 5 Exanpl e B%as used, the inside of
t he autocl ave was pressurized with ethylene gas to 40
kg/ cnm2G and that the polynerization was carried out
for 4 minutes. The obtain poI per was 24.3 g, and
he%?@@po Fetq %ﬁq%ﬂaﬁﬁ%aﬁ% $3§ndtheobta1nedproduct
kg- Pol ynmer/ mmol - Zr-hr. The results of pol yne
waR g GRS adidwed Yo tanebhay} eﬁi&)tcaelmeéhtcr@fsteﬂe were washed
pol ymer = 6096bynol e, [n]=3.04 dl/g, Max=305,000, and
wimmwmﬁﬁﬂﬁﬂe-[E&anpﬁel@]waspﬁépmbenelﬁmmtification was
Pol ynmeri zation - To a 50-m side-armflask which had
pe beermd a5 UghhyrRp wiged riin \indh Mui-MsQyemh e angh eguipped
with a magnetic stirrer, 1.02 g of the supported

reddt@d Vote SIHHWY @geﬁajﬁglw n the above-nentioned
Exanple 3, 1.0 nmmol of a hexane sol ution (Al=1.0M of

tr||§ﬁ§§ ylal uminum and 5.0 m of dehydrated hexane
were éd_ The resultant m xture was introduced to
an SUS- nade aut ocl ave_20 havingﬁan I nternal vol une of

2000HMMRWAPERCREB BEER MREr obfRLy piM Fgeatwqfhrdh 5
nitrogen. Thereafter, 500 % l'i quid P yl ene was
7. ral herdto. "ABTer(sthéHpol YrBPi iatlbﬂ was- &ar fs.edH) ,
out at 70C for 40 m nutes, the autoclave was cool ed, -
7-%ﬁﬂﬂ-ﬁﬁbﬁymehs)Ma§.@ﬁf@e50t0nxéﬂﬂhnatesehe38 {(m, 2H), 6.09
pol ynmeri zation. The pol yner was
(d, 1H), 6.03 (d, 1H), 5.90 (d, 1H), 5.90 (d, 1H), 5.87 (d, 1H),
5.54 (d, 1H)}, 2.78 (s, 3H), 2.42 (s, 3H)}, 2.20 (d, 3H), 2.16
(d, 3H), 1.53 (s, 3H), 1.35 (s, 6H), 1.21 (s, 1H), 1.01 (s, 9H),
0.96 (s, 3H), 0.86 (s, 3H),
ED-MS: m/Z=724 (M+)
[Example 3]

- Preparation of Supported Catalyst -

To a 100-ml three-neck flask, which had been thoroughly
purged with nitrogen, and equipped with a stirring rod, 1.00
g of silica-supported methylaluminoxane (Al = 14.6 wt%) was
added. 10 ml of dehydrated toluene was added thereto at room
temperature, 20 ml of a toluene solution of 21.0 mg of the
(phenyl)} (methyl}methylene (3-tert-butyl-5-methylcyclopentadi

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

yl) zirconium dichloride synthesized by the above-mentioned
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SF-1451 113 dried under reduced pressure at 80C for
10 hours. The obtai ned polyner was 248.9 g of the
isq%actic pol ypr opyl ene and the pol yneri zation
SFactiVity was 128.6 kg-PP/mnpl - Zr-hr. The resul ts of
pol ymer anal ysis showed [i]E¥8.77 dl /g, Mw=606, 000, 5
MV WMn=2.9, and Tm=147.4C. [Exanple 8] - Propyl ene
Bul k Pol yneri zati on The pol yneri zati on was
carrigd out under the same, condition as in the above |
FRAfof é’a’f,a%%cgaﬁ 4 haEE~ 348" Febr L FREITAYRG BRGFESE Ering,
catal yst slurry prepared in the above-nenti oned
anEifpine 4 uigs Wase $ i@ Har 3. BONTof R cfdrdeged siurry
added after charging 500 g of liquid propylene. The
wapiftiditeeddpobpdarowdar 328 thegf bl t&hevd soleattsidconce with 10
pol ypropyl ene and the polynerization activity was
ml DE0dehkgr PPAATED 2 LEndf . ankheubesdhibs tof, pekyeBrtHfee times
anal ysis showed [i]=2.18 dl/g, Mw=261, 000, Mwm M=2.7,

witdd oTRE1SP. dh v hEXABR! e ne, PrORYLE8R=BUbKvder was dried
Pol ynmeri zation - The polynerization was carried out

und’@}dggdhggdmssure for 2 hours te obtain 0.934 g of powder.

Ex

The obtained pbwder was mixed with 8.41 g of a mineral oil to
obtain a 10.0 wt% slurry.
[Examplé‘4]

~ Propylene/Ethylene Copolymerization —

To an SUS-made autoclave having an internal volume of 2000
mi, which had been thoroughly purged with nitrogen, 300 g of
liquid propylene was charged, and then heated to 55°C under
sufficient stirring. The inside of the autoclave was
pressurized with ethylene gas to 30 kg/cm®G. Subsequently, to-
a pot for charging a catalyst having an internal volume of 30
ml, which had been thoroughly purged with nitrogen, attached
on the autoclave, a mixture éolution of 4 ml of dehydrated hexane
and 1 ml of a hexane solution (Al=1.0 M) of triiscbutylaluminum

was added, and charged to the autoclave while pressurizing it

‘with nitrogen. Next, to the pot for charging catalyst, the

mixture of 344 mg of the supported catalyst slurry prepared in
the above-mentioned Example 3 and 1.0 mmol of a hexane solution

(Al=l-. 0 M) of triisobutylaluminum was addéd, and charged to the
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20 condition as in the above Exanple 7, except that

0.201 g of the supported catalyst slurry prepared in

t he above-nenti oned Exanpl e 3 was used, and that 0.60
SEFNL4®I hydrogen was added after charglng 500 g of

l'iquid propylene. The obtained pol yner was 255.0 g of

the isotactic pol ypropyl ene and the pol ynerization

SF- 1451 114 activity was 670.2 kg-PP/ mmol -Zr. hr. The

results of polymer analysis showed [1]=1.16 dl/g,
auiMy=ilde 000, 1 evipirMss2r3 z iandi Tre-lia0 € rdgexanpl tndOjate the

5di - p- Tol yl net hyl ene(cycl opent adi eny1(1, 1, 3, 6, 8, 8- hex
po bymet ivyd t- 1dh SHaditeyclcapent Pbohkf tHEr SOYINGI I EQP SN for 3

dichloride (1) Synthesis of 6,6-di-p-tolylfulvene To '
mi i 209 Qﬂshﬁ@lﬂ%ﬁguﬁ{Qﬁkm%gH BBQdWH%té&d%d“%QP?éf%l&&%e the

stlrrer a three- may cock . (31.9

| b 0 none and

po e 2 i ad HhoPRTUREF ud” e kel P gucess ive amount
at of a 2.0 nol/1 sodium -

of W?ﬁsﬁsﬁt%%%%W/%%W%wﬂa%@m%ﬁ%& PG fagut deashing.
gradual |y added thereto, while cooling it in an ice
Thepdtestu IgaiiH, DIGLaRY (RS rAsnana ahmdstiited tdiomoemd then
tenperature for 6 days. 100 ml of 1 N hydrochloric

drigsl dtviEy® Qrradubl I vaddedds hereetumedvbiréesaooltongot&inrmne. 7
an ice water bath and 100 m  of diethyl ether was

g atdegolfhe:or gaﬁiaCpb@yﬁérM§t§@ﬁaé@t§Git%nﬁag\’a@ﬁ@d
twice with 100 mMl of water, and once with 100 m of

kg—sf%tl%@r%uﬁﬂ-lﬂﬂ 9 of 720 ﬁ@édltf&%@ﬁl\;@rﬁeﬁ%&i&g% W wed

dri éd over magnesium sul fate,

dj ed_of f t.he obt ai ned duct_ wa urjfjed
an EERybphE e B Gy e ot HEUTOH qUaNT 1 y20ds /-

6. and the yje s 74.5% ldentification was
Mw_pgb%d?)l%)d ' I“Vﬁm gpggtrum The nmeasurenent result

is shown as follows.
[Example 5]

- -~ Propylene/Ethylene Cbpolymerization -

- The polymerization was carried out under the same

condition as in the above Example 4, except that 347 mg of the

supported catalyst slurry prepared in the above-mentioned

Example 3 was used, the inside of the autoclave was pressurized
with ethylene gas to 35 kg/cm?G; and that the polymerization
was carried out for 4 minutes. The obtained polymer was 50.9
gandtﬁuapolymerizatianactivity&uns773kg—Polymer/mmol—Zr-hr.
The results of polymer analyéis showed an ethylene content of
the polymer= 47% by mole, [n]=2.55 dl/g, Mw=250,000, and
Mw/Mn=2.0, |

[Example 6]
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SF-1451 115 [0096] " 1H NMR (270
MHz, CDC13, TMS standard): d 2.39 (s, 6H), 6.2-6.3

6.5-6.6 2 7.1-7.2" 2 0097] 5(2
SF%%esus (m 2H), (m 2H [ 1 5(2)

of
(1,1, 3, 6, 8, 8-hexanet hy1- 1H.8H di cycl openta[ b, h] fl uore
nyl) (c ycl opentadienyl)di-p-tolyl net hane To a
200-m two-neck flask equi pped with a magnetic
stlrrer a three ma%_cock an a 50 m_.dropping
erlzatlon -

f unrel r99ﬁ§Qﬂ§ sy ley

1,1, 3,6, 8, 8-hexanet hyl- 1H, 8H—d|cyclopenta[b h] f | uoren

e a@%@qﬁwmrlt@ttr@m@ra@f ey sk @ughainged Ghgesame

ni trogen atnosphere. 1. 56m (2. 43mmol) of 1.
corffinoildrl aw but yhe i ddiweanFlrexeie 4ol excopt wasm igldduabl gf the

added thereto, while cooling it in an ice water 15

sufad i e @Nsh 18,98 X 1uie: & ¥ @ di ratt HeO P dvermeiratiwed
for 6.5 hours. 718 ng (2.78 nmol) of

Exa@anréjB Pad Aleplyf %N@Q%sqfc'ﬁesekv@lqe arﬂzt%glmveoxfras gressurized

ahydrofuran i n advance was- gradual | y adde

i SPSLELO LT, 20 1 L G5, MRERT Lhg LOPRNIO SRSl 2ot o

i
tenperature of the reaction 20 solutlon was radually

wap|eatisd BREKTPE T dbitieer APGr 8PTAAACE ROSBIRK i'BrE 243

was stirred at roomtenperature for 20 hours. 50 m
g, Gind Neshyrirloetd ordad igel daiElsy gradiad |A84added t her et o,

and 50 m of diethyl ether was further added to the =
kg<Rodt e /mivel -Girgaryi.c  Tayere svabt s efigraltyeesr maghgdis showed
twice with 50 m of water,
an ethylene content of the polymer= 60% by mole, [n]=3.04 di/g,
Mw=305,000, and Mw/Mn=2.1. |
[Example 7]

- Propylene Bulk Polymerization -

To a 50-ml side-arm flask which had been thoroughly purged
with nitrogen, and equipped with a magnetic stirrer, 1.02 g of
the supported catalyst slurry prepared in the above-mentioned
Example 3, 1.0 mmol of a hexane solution (Al=1.0M) of
triisobutylalurﬁinum, and 5.0 ml of dehydrated hexane were added.
The resultant mixture was introduced to an SUS-made autoclave
having an internal volume of 2000 ml, whj_ch had been 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 terminate the polymerization. The polymer was
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SF- 1451 116 once Wwith 50 nl of saturated sol ution of

salt. After the solution was dried over magnesi um

sul fate, the solvent was distilled off, and the
srehtigiined product -was purified by colum '

chromat ography. The productign quantitywas 397 ng (0

. 679 mmol) , 5 and the yield was 29 . 6%

| dentification was performed by 1H NVR spectrum and

FD- M5 spectrum The measurenment results are shown as

drfeblowsr [8898kd MY «gBur®s 38 di®t) for 10 hodds NMRhe obtained
- spectrum 12H),1.8-2.2(m (s,1H),5.9-6.0 (270

_po%&?egiﬁag IMp. st n@ﬁrgﬁeol§0%aéglc polypropylene and the

3(m6 2 1(br
polymerization activity was 128.6 kg-PP/mmol-Zr-hr. The

re_s_ults of polymer analysis showed [n]=3.77 dl/g, Mw=606, 000,
Mw/Mn=2.9, and Tm=147.4°C.
[Example 8]

- Propylene Bﬁlk Poljmerization -

The polymerizatioh was carried out under the same
condition as in the above Example 7, except that 0.340 g of the
Supp0rted catalyst slurry prepared in the above-mentioned
Example 3 was used, and that 0.30 N1 of hydrogen was added after
charging 500 g of liguid propylene. The obtained polymer was
328.9 g of the isotactic polypropylene and the polymerization
activity was 510.0 kg~PP/mmol-Zr-hr. The results of polymer
analysis showed [n]=2.18 dl/g, Mw=261,000, Mw/Mn=2.7, and
Tm=150.1°C.

[Example 9]

- Propylene Bulk Polymerization -

The polymerization was carried out under the same
condition as in the above Example 7, except that 0.201 g of the
supported catalyst slurry prepared in the above-mentioned
Example 3 was used, and that 0.60 N1 of hydrogen was added after
charging 500 g of liguid propylene. The obtained polymer was

255.0 g of the isotactic polypropylene and the polymerization
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"(m2H),6.0-6.6(br,4H),6.7-7.5(br, FD-MS: Mz 584
(MF) [0099] 15(2) Synthesis of di-p-tolyl nmethyl ene
(cycl opentadienyl) (1, 1, 3, 6, 8, 8-hexamethy 1-1H

SF8HL &l cycl openta [b, h] fluorenyl) zirconiumdichloride
To a 100-m G rudarl flaskli¥equi pped with a three-way
cock a magnetic stirrer, 376 ng (0.643 mvol) of 20(1,
1, 3, 6, 8, 8-hexanethyl-1H, 8H-dicyclopenta [b, h]
fluorenyl) -(c ycl opentadienyl) di-p-tolylmethane, and

acyYvriy ofaditdithyl ketré/ mperle Zeharge dChmders ity oyferpolymer
at nosphere. 0.86 m (1.3 mmol) of a 1.56 nol/l

andik sy | dHdwddinihfTexiaies sl Ad,1 ofv-viees) , roaguad Avragded and
thereto, while cooling it in an ice water bath, and

Tmd ¥y Megt ure SF-1451 117

[Example 10]

di-p-Tolylmethylene (cyclopentadienyl(1,1,3,6,8,8-hexa

methyl-1H,8H~dicyclopentab,h]fluorenyl)zirconium

dichloride

(1) Synthesis of 6,6-di-p-tolylfulvene

To a 200—ml‘two—neck flask equipped with a magnetic
stirrer, a three-way cock, 6.72 g (31.9'mmoi) of
4,4’ -dimethylbenzophenone, and 30 ml of tetrahydrofuran were
charged under nitrogen atmospherg. 19 ml (38 mmel) of a 2.0
mol/l sodium cyclopentadienyl/tetrahydrofuran solution was

gradually added thereto, while cooling it in an ice water bath,

" and the mixture was stirred at room temperature for 6 days. 100

ml of 1 N hydrochloric acid was gradually added thereto, while
cooling it in an ice water bath and 100 ml of diethyl ether was

added. The organic layer was separated, and washed twice with

- 100 ml of water, and once with 100 ml of saturated solution of

salt. After the solution was dried over magnesium sulfate, the
solvent was distilied off, and the obtained product was purified
by column chromatography. The production guantity was 6.15 g,
and the yield was 74.5%. Identification was performed by *H

NMR spectrum. The measurement result is shown as folliows.
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was stirred at roomtenperature for 20 hours under
ni trogen atnosphere. 0.260 g (0.688 mmvl ) of
zirconiumtetrachl oride tetrahydrofuran conplex
SF{14%2) was added thereto, while cooling it in a
nmet hanol /dry ice bath. Thaiznperature .5 of the
reacti on solution was gradual ly el evated back to room
tenperature and the solution was stirred at room
tenperature for 17 hours. The solid obtained by
di stlidd9aig of f the sol vent under. reduced pressure was
extracted with hexane, and the solvent of the
obt aHRRERS QR Wb @Az YWasDdi gt ithed fdddmder g edwsedsl0eH),
pressure. The obtai ned product was washed wth
6. Rentang,, and then extd acl edpy thy dichlorgrethgne. The
.sol vent of the obtained solution was di'stilled off
unde[roorgiﬂuced pressure to obtainS a title compound.
The "pridéduction quantity was 149 ng (0.200 mmol ), and
the yield S 31.1% ldentification was 15 perforned
by f%)T-SNIV\g%?ﬁéét Pdm and FD-MS spectrum The 20
neasurenent results are shown as follows. [0100]
{1/ 1H-3NNR 89 Fedremamet230. -z B HeDEry c It nded hd ard dtucgegy 1) (c
(s, 6H),1.04(s,6H),2.17(d, 6H), 2. 35(s, 6H), 5. 68(t, 21i),
yClDp@(tehcldnyd.) B0 - tAarlREmeth2ide, 6. 28(t, 2H), 7. 1- 7. 3(m
4H),7.8-7.9(m 4H), 7. 91(s, 2H) i
To a 200-ml two-neck flask equipped with a magnetic

stirrer, a three-way cock and a 50 ml dropping funnel, 749 mg
(2.29 mmol) of
1,1,3,6,é,8—hexamethyl—1H,8H—di¢yclopenta[b,h]fluorene and
30mloftetrahydrqfuranwerechargedunderhitrogenatmosphere.
1.56ml(2.43mm§l)ofl.56nml/ln—butyllithium/hexanesolution
was gradﬁally added thereto, while cooling it in an ice water
bath, and the mixture was stirfed at room tempeﬁature for 6.5

nours. 718 mg (2.78 mmol) of 6,6-di-p-tolylfulvene dissolved

in 30 ml of tetrahydrofuran in advance was gradually added

thereto over 20 minutes using the dropping funnel, while cooling
it in a methanol/dry ice bath. The temperature of the reaction
solution was gradually elevated back to room.temperature,'and

the solution was stirred at room temperature for 20 hours. 50

“#»ml of 1 N hydrochloric acid was gradually added thereto, and

50 ml of diethyl ether was further added to the mixture. The

organic layer was separated, washed twice with 50 ml of water,
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FD-MS: M z 744(M+) [Exanple 11] - Preparation of
Supported Catal yst - SF-1451 118 To a 100-m
t hree-neck flask, which had been thoroughly purged
SEF+vli4Fl nitrogen, a stirring rod was equi pped and 0. 989
g of silica-supported nethylal um noxane (Al = 19.3
w% and 42 m of toluene were added. Thereto, a
sol ution prepared by 5 dissolving 20.2 ng (0.0271
nmol ) of
ona# -wi-tthol 50 met o eefypdlegpattiadiiemy DE1 s813,..6, 85 8:hexee
nmet hyl -1H, 8H di cycl opent a[ b, h] fl uorenyl ) zirconi um
solditcidrori0e RS 3y Riviees mzethddyi unhevalFere- MRkl @dedent was
- Exanple 10 in 8.0 m of toluene, was gradually added

diASi 18 dd 82 11,00 +hRt 8bt §OARAUPEL 4 IO 3Rd f)ﬁ@lﬂé@itﬁf column
masstwredatroomtemmrMUrefor:lhow After

rr luti S
ch:HRRRdB #ﬁgﬁ“—”?ﬁu%éﬁa%ér %aet Hole 85! o
ecant.ati on eafte eratlon of addi
and RN i Pand tar | Taemtt EHERET 3t s 5 Wﬁl‘?fgbé’h@ ~NMR
m xture to stand, and renDV|ng the 15 supernatant by
speg tqathaAnathiloMs %\B%Cb@#lﬂor e DRRSRreMeRs results are shown
. Subsequently, heptane as added to obtain 50 m of a
as dladrlops.Thereto, 2.0 m " (A1=2.0 mml) of an n-decane
sol ution of ‘triisobutylalum numwas added-whil e

st i g, ethylene was blown into the slurry, and the
pol yneri zation was carried out 20 at 20C for 34

mn%ﬁﬁm%@&ﬁh@p@mmpwmg, eiMly | eReand) : 0.8-1.4

stlrrlng the m xture, the solution was settled "and

E up rgaé LI%?§% f?gﬁ%gépﬁhgm gﬁgtﬁ% of heﬂ?éﬁe
o 2ﬁzf AT T ek e e e R o
12H)

FD-MS: M/z 584 (M%)
[0099]
{2) Synfhesis of
di-p-tolylmethylene {cyclopentadienyl) (1,1, 3, 6,8, 8-hexamethy
1-1H, 8H~dicyclopenta b, h] fluorenyl) zirconium dichloride
V-T-o a 100-ml Girudarl flask equipped with a three-way cock
a magnetic stirrer, 376 mg (0.643 mmol) of
(1,1,3,6,8,8~hexamethyl-1H, 8H~dicyclopenta[b,h] fluorenyl} (c
yvclopentadienyl)di-p-tolylmethane, and 40 ml of diethyl eth’.e-r
were charged under nitrogen atmosphere. 0.86 ml (1.3 mmol) of
al.56mol/]l n-butyllithium/hexane solutionwas gradually added

thereto, while cooling it in an ice water bath, and the mixture
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SF-1451 119 a decantation, was performed three tines.
Subsequent |y, heptane was added to obtain a total
SF??ggft of 100 mM of a slurry. Fromthis, a heptane
y of the supported catalyst of the previous
pol yneri zation was obtai nett’ 5[ Exanpl e 12] - Et hyl ene
Honmopol yner - To an SUS-nmade aut ocl ave havi ng
an internal volune of 1 litter, which had been

t hor pughl y purged mnth nitro 500 ifie
weh o Sreeend e, L SRE G e ed pasudy dger mitrogen
therethrough to saturate a I| qui d phase and a gas -
atppEke st + hn0elR{) BndC- §§§s€{§9éht P¥, zisFARivRe
hydr ogen- et hyl ene m xed gas (hydrogen concentrati on:
telor &h Vot 94s - teieramtdrafalraaysoepl eas( Is@bsta s atlddd tdmdreto,
then 0.25 mmol of triisobutylalumnum and 5.0 m of
whihe sigiperdt ed ¢at alysthsldr fyrpriepabadhi.n The oyl ure
11 15 were charged thereto in the order. The

of AP RIS 0L e 13yslam Yagqagheyat @ge*gé’t@(@cba@@dco room
the polynerization was carried out at 0.78 MPa-G for

ter#pgp%u%-rh%n%b{:ﬁl n 9119955%}1'3551#‘%%1‘1 dﬁ§{‘]g§5mvtaq lérpatuu:e )

Gurs Tt 6 ob eNé po

fomid £y %?”E 2 bR '%&*’e@f”ﬁwééb% Jﬁ%iih% sggvent

dl/g. [Exanple 13] - Ethyl ene/ 1- Hexene Copol yne

UNGRY Fi IS RFE SRS R arbAang ath Wiitehexatisol el Ghe

1 liter, which had been thoroughly purged with
solnigrtogénihe5@0tadned solution was distilled off under reduced

pressure. The obtained product was washed with pentane, and
then extracted with dichloromethane. The solvent of the

obtained sclution was distilled off under reduced pressure to

~obtain a title compound. The production quantity was 149 mg

{0.200 mmol), and the yield was 31;1%. Identification was

performed by 'H-NMR spectrum and FD-MS spectrum. The

measurement results are shown as follows.

f0100}

'H-NMR spectrum (270 MHz, CDCls, TMS standard): 0.94 (s,

~eH), 1.04 (s, 6H), 2.17 (d, 6H), 2.35 (s, 6H), 5.68 (t, 2H),

5.95 (d, 2H), 6.10 (s, Ar (Flu), 2H), 6.28 (t, 2H}), 7.1-7.3 (m,
4H), 7.8-7.9 (m, 4H), 7.91 (s, 2H)

FD-MS: M/z 744 (M)

[Example 11}

- Preparation of Supported Catalyst -
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SF-1451 120 of purified heptane was added, and
et hyl ene was passed therethrough to saturate a liquid
phase and a gas phase with ethyl ene. Subsequently,
SEO12%l nmol of triisobutylalumnum and 3.0 m of
1-hexene, 1.4 ml of the supgmrted catalyst slurry 5
prepared in the Exanple- 11 were charged in the order.
The tenperature of the systemwas el evated to 80C,
and the polynerization was carried out at 0.78 MPa. G
f or Ubanindtes. tTheeobt it fed ol weichwhsddréead tindeughly
vacuum for 10 hours to obtain 74.7 g of an '
pusidylweney hibexena, capst yreing Thel pelsy BgGi paktiosind @ . 989 g
activity was 7060 g-PE/g-cat-h. The density of the
of ahtiaied gidene rae! &uﬁﬁ%o@;a%@ (@hcaBi o[ 9101dy ang 42

[ Conpar ative Exarrpl e - Preparati on of Support e
m k[l
o R B ARl

wi t.h st 01 f silica-supported
d3354 Jh‘gﬂnaﬂ L%Plr#oi‘%n Cb( fﬁrg%ﬂ was added. Thereto,
10. M_ of dehydrat ed toI uene was added at room
diRsrhsenafigtdy Em e cystlopardlaskira sl lutli-oh ©f Zohexagethyl
of ‘the 20
~1H, S0 myid ldeee(ta: &mrhj-m@b@mmmwmmuﬂmrewl ps
(fluor enyl)zirconiumdichloride synthesized in
syraceeridane @ widhe \MNa2 A4 iwaseadietas ao Hansi.ui en of
nmet al conpound under stirring, and the m xture was

tol8tdnd, egabof riqhaun ¢ Theegbial é‘e@réﬁﬂiﬂor\(\%ﬂdﬂ )| (Rhfbund,

and povvders on the filter were washed once
and the mixture was stirred at room temperature for 1 hour.

After stopping stirring the solution,.the solution was left to
stand, and then the supernatant was removed by decantation.
Thereafter, the operation of adding 45ml of heptane and stirring
tﬁe mixture, settling the mixture ﬁo stand, and removing the
supernatant by a decantation, was performed three times.
Subsequently, heptane'was"added to obtain.50 ml of a slurry.
Thereto, 2.0 mi (Al=2.0 mmol) of an n-decane solution of
triiSobutylaluminum was added while stirring, ethylene was
blown into the slurry, and the polymerization was carried out
at 20°C for 34 minutes. After stoppingrsupplying ethylene and
stirring the mixture, the solution was settled, and the
supernatarit was removed by a decantation. Thereafter, the
operation of adding 45 ml of heptane and stirring the mixture,

leaving the mixture to stand, and removing the supernatant by
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SF-

121 with 10 m of dehydrated tol uene, and then washed

three tinmes with 10 ml of dehydrated hexane. The

ed powders were dried under reduced pressure for

ours to obtain 0.929 g %@ powders. The obt ai ned

powders were mxed wth g of a mneral oil 5to

obtain a 10.0 mﬁ@bslurry [0102] [ Conparative Exanple
- Propyl ene/ Et hyl ene CbpolynErlzatlon - To an

| ut ocl.ave having an inter.nal
é%%%ﬁp%Q%hqkh ad Heen ™ %r%ﬁg %y pueﬁﬁd %F ?Fquen(ay’
|tro en 00 i quid propyl ene was _cha t hen
heg, e Brcnt il pi et SEOTRE Ny, 1 pea STotey .

|nS|de of t he aut ocl ave was pressurized wth ethyl ene -

- Frogadhie 35 Rgreape sSubsgquertiy, surperigst dagralyst of the

charging a catal yst having an internal volune of 30

previoms, pelivote riach thieen wielsoobtighinedpur ged with

ni trogen, attached on the autoclave, a mixed sol ution
of 4Emhmepfiedehydrated hexane and 1 m of hexane
solution (A1=1.0 M of trllsobutylalun1nun1mas added,
and._. cgghgggngpogg gg&aggaye whil e pressurizing it
wi th nitrogen. F o the pot for charging a
catalys 2 ure of Q of -the_su
catg ys% 5 uf%vﬂ%repéFg' EFHé §b89elﬂ%%f$%ﬁ'%ﬁiume of 1
. nparativ mple 1 and 1.0 mmol of .a hexane
11 '§8Fut‘i"%hc%2f%1<%@em tRer Ry LY mHIA HAthuRt WeRI RSP0 m1
and charged to the autoclave while pressurizing it
of pirhfapdr bgehane wWaist pddedy hanpoleyhederat Wen. PAsted

carrying out the SF-1451 122
therethrough to saturate a liquid phase and a gas phase with

r‘r

ethylene. Subsequently, using the hydrogen-ethylene mixed gas
(hydrogen concentration: 0.99 vol%), the internal system was
substituted, and then 0.25 mmol of triisobutylaluminum, and 5.0

ml of the supported catalyst slurry prepared in the Example 11

'werechargedtheretointheorder, The temperature of the system

was elevated to 80°C, and the polymerization was carried out
at 0.78 MPa-G for 1 hour. The obtained polymer was dried under
vacuum for 10 hours to obtain 56.7 g of an ethylene polymer.
The poiymerization.antivity was 1120 g-PE/g-cat-h. The [n] of
the obtained ethylene polymer was 0.88 di/g.

[Example 13]

- Ethylene/l—Hexene Copolymer -

To an SUS-made autoclave having an internal volume of 1

liter, which had been theroughly purged with nitrogen, 500 ml
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pol ynmerization for 5 minutes, a small anount of

met hanol was added thereto to term nate the

pol ynmeri zation. The pol ynmer was added to an excessive
SFahbuht of nethanol added with hydrochloric acid to

carry out deashing. The resxdtant polyner was

separated by filtration, and then dried at 80C for 10

hours under reduced pressure to obtain 19.6 g of a

polymer. The polynerization activity was 174
of KeguPof iperiieniingvashradder, rasilethoferpolwamempassed

anal ysis showed an ethyl ene content of the polyner=
thSS8thyounaht eqo [FaltarktR adlliguidMvphi4e080d angaMyidse with

2.0. 10[0103] [Conparative Exanple 3] - Propyl ene :
etiBpl &nd0l ¥OBEEGAENENy; 0.25 mmol®At2918bbek¢eadifinum, and

flask, which had been thoroughly purged with

3. 6":&10&?”1 RAUI PPLG, M & %d&ﬁ'ﬂﬂly slurry

0. 262 g of e supported cata urry prepare

préﬁfagﬁgﬁnt?n%ﬂg%méﬁa}%\@ aorfge :Ln ]’dhe orﬂo.l The

triisobutylalum numand 5.0 ml of -dehydrat ed hexane
tenperatgyfedt THe restfiamnitasisdaraiams d mi°6ducad toe

an SUS- made autocl ave having an internal volunme 20 of
PolDOBO: Idat i elrshad e ©oér etighl y8p¥iPged fwr 5 minutes.

nitrogen. Thereafter, 500 g of |iquid propyl ene was
Thehlat geded helger wddihed thd3G Wlcwim ydridgesu naso obtain
- added. After the polynerization was carried out at

74.70G beradQGuAIHes/1 el QaMemeas cppd b1 @Rd-ization

propylene was purged to termi nate the polynerization.

thRA £ Shrakd 9 6h23 Ryl S %;Egdle{ Ucﬁ’?éj b
e pressure at 8§C§f0r/ aours d#%e 0 talﬁéﬁﬁgo Y talned
s 171, |sot propyl ene, and the
e'th\/%efr?e ]1 |eorn YIe |vc§tdé’cv§) I%46kg- PP/ mol - Zr - hr. The
res %égf pol ymer anaIyS|s showed [i]=1.67 dl/gqg,
NMFl@ 0, MW Wh=2.2, and Tnrl1l42.3C. Industria

licabilit
App[Comparat{ve Example 1]

- Preparation'of Supported Catalyst -

To a 100-ml three-neck flask, which had been thoroughly
purged with nitrogen, and equipped with a stirring rod, 1.01
g.of siiiCa—supportedumethylaluminoxane (Al = 14.6 wt%) was
added. Thereto, 10 ml of dehydrated toluene was added at room'
temperature, 20 mi of a toluene solution of 20.6 mg of the
isopropylidene (3-tert-butyl-5-methylcyclopentadienyl) (fluor
enyl)zirconium dichloride synthesized in accerdance with
WO01/27124 was added as a transition metal compouﬁd under
stirriné; and the mixture was stirred for i]nour. The obtained

slurry was filtered, and powders on the filter were washed once
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[0104] The fluorene conmpound in which a carbon-carbon
10 unsaturated bond is substituted at the 3- and
6- itions thereof, and the useful and novel

SFFF%% ition nmetal conpound which has a |igand
contai ning a fluorenyl groliplcorresponding to the
fluorene conpound, are novel and useful as a catal yst
conmponent for olefin polynerization. The catal yst for

rization_containi the transition

w1 DL RSO aRV BRRF B CoRMEPEeTSA HIGH HEERoRt yhice tines

~which accordingly provides a process for nore
wigkorfbmilcal Bghplsaterngeaanet efling peshadcowdeas geapmsied
1. A fluorene derivative, represented by the foll ow ng

ungenercgludest poe as it¢ [forRRhowR;s RblgbiRHn RHIZBR2P &£, pdyders.
The obtained powders were mixed with 8.36 g of a minerai oil
to obtain é 10.0 wt% slurry.

[0102]

[Comparative-Example 2]

- Propylene/Ethylene Copolymerization -

To an SUS-made autoclave having an intefnal volume of 2000
ml, which-had been thoroughly purged with nitrogen, 300 g of
ligquid propyleﬁé was charged, then heated to 55°Clunder
sufficient stirring, and the inside of the autoclave was
pressurized with ethylene gas to 35 kg/cm’G. Subsequently, to
a pot for charging a catalyst having an internal volume of 30
ml, whibh had been thoroughly purged with nitrogen, attached
on the autoclave, a mixed solution of 4 ml of déhydrated.hexane
and 1 ml of hexane solution (Al=1.0 M) of triisobutylaluminum
was added, and charged to the autoclave while pressurizing it
with nitrogen. Next, to the pot for charging a catalyst, a
mixture of 170 mg of the suppo;ted catalyst slurry prepared in
the above-mentioned Comparative Example 1 and 1.0 mmol of a
hexane solution’{Al:l;O M) of triisobutylaluminum was added,

and charged to the autoclave while pressurizing it withnitrogen

to initiate the polymerization. After carrying out the
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wherei n R15, 16and Rn are each sel ected from hydrogen,
a hydrocarbon group, a silicon-containing group, a
SFSi%élJr contai ni ng group, an oxygen-contai ni ng group,
rogen cont ai ni ng group,. and a hal ogen-cont ai ni ng
group, and may be the sang%s or different from each
ot her. 2. The fluorene derivative according to
claiml, wherein in the above general fornula [II]
nd R22.are each

Pol@%éurpl,Zagﬂnl&%%er#dmﬁﬁuiﬁa ORCH Ay br OleR T OF Mechnod was

4%£n3|t|on net al nEound reEresented by the

ad FBW%‘@O&&E?@W% ffite pPplyperigation. [The polyper was
wherein R23, R24, R25, R26, R27, and R2 are each

adags é@taéldem@mhv@-la@@@nﬁ &t h?@héﬁ@ﬁlmiﬁﬁﬂ eoiph hydrochloric
silicon-containing group, a sulfur-containing group,

acight oxypgey- contaashigggr Al rasnilteageicanrtiavss B@parated
group, and a hal ogen-contai ni ng group, and may be the

by samerasieh, drid enentd rmeasdr ©trheri o adideeMder reduced
substituents of R2Z3 to R28 may be bonded to each

preostg‘u%re tt% T8, rHing, oifs aﬁgg sel ect ezﬁéiﬁrﬁbrlzatlon

IS car on at

act&éful?c e Eg b et g on i RBCGTHIE ] shge1mer

ectron pair, mhlch may be selected i n_the sane
a“agé( S eweRd G %WY%%%FO@&%%%? it& PPLlymesn oatiegaple,

of 1 to 4, and Z is
[(nl= 1.00 dl/g, Mw= 74,000, and Mw/Mn= 2.0.

[0103]
[Comparative Example 3]
- Propylene Bulk Pelymerization -

To a 50-ml side-arm flask, which had been thoroughly

‘purged with nitrogen, and eguipped with a magnetic stirrer,

0.262 g of the supported catélyst siﬁrfy prepéred in the
above-mentioned éomparative Example 1, 1.0 mmol of a héxane
solution (Al=1.0M}) of triisobutylaluminum and 5.0 ml of
dehydrated hexane were added. The resultant mixture was
introduced to an SUS-made autoclave having an internal volume
of 2000 ml, which had been thoroughly purged with nitrogen.
Thereafter, 500 g of liquidmpfopylene was charged‘thereﬁo, and
then 0.30 N1 of hydrogen was added. After the polymerization
was carried out at 70°C for 40 minutes, the autoclave was cooled,

and propylene was purged to terminate the polymerization. The
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126 a fluorenylidene group having a free val ency of
di val ence, which is derived by renoving two hydrogen
SFfif%f at the 10- position of the fluorene derivative
0 aim1l or 2. 4.The transition netal conpound
according to claim3, wherl¢i*h R24 and Rmin the above
general fornmula [I11] are each hydrogen. 5. A catal yst
for olefin polynerization conprising the transition

met al conpound according to claim3 or 4. 6. A

POl yef Roi o) RIRT OISR PAEFGHTEonpri Eingor 10 hours.
(A)=the transition nmetal conpound according to claim

They ghytagneghgolymer wap) 131 - | st T ohed eaipou P lysIrepydgne
from (B-1) an organonetal lic conpound,

andq Bh2)parynrgaroal ameativoky- eodpoiindg-8Rdnmeol-Zr-hr.  The
(B-3) a compound which forns an ion pair by reacting

resNiltfs bifepbl aRskth M Yt alsherROPRI=(AF7 d1 Ay PMAEass, 000,
for producing an ol efin pol ynmer

‘Mw/Mn=2.2, and Tm=142.3°C.

Industrial Applicability

[0104] |

The flucrene compound in which a carbon-carbon
unsatuﬁated bond'is_Substituted at the 3- and 6-positions
thereof, and the useful and novel transition metal compound
which has a ligand containing a fluorenyl group corresponding
to the fluorene compound, are novel and useful as a catalyst
component for olefin polymerization. The catalyst‘for olefin
polymerization containing the transition metal compound

exhibits extremely high activity, which accordingly provides

a process for more economically producing an olefin polymer.



conpri sing polymerizing one or nore nononer sel ected
fromethylene and a-olefins, in the presence of the
catal yst for olefin polynmerization of claimb5 or 6,
wherein at | east one nononmer 127 is ethylene or
propyl ene. 8. The process ﬁgr produci ng an ol efin

pol ynmer according to cl ai 7, wherein the transition

nmet al compound represented by the general formula
CLA&Q@] is used in a formof supported on a support.
Fl uorene Derivative, Transition Metal Conpound,
Catal yst For A efin Polynerization, And Process For

Produci ng. A efin_Pol ymer ABSTRACT Provided is
 Rovel "Th GorCHBZHRF v AP A G | SRS Rg g Y © the

foltalahysyesonponestmdof oiefi n polymerization, a
transition
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wherein R, RrR', RrRY, ®r'@, R, RrR?", R?', and R** are each
selected from hydregen, a hydrocarbon group, & silicon-
containing group, a sulfur-containing group, an oxXygen-
containing group, a nitrogen-containing group, and a
halogen-containing group, and may be the same as or

different from each other.

2. The fluorene derivative according to claim 1,
wherein in the above general formula [IT}, R*®, RrR'®, R'®, R'?,
R*', and R*? are each a methyl group, and RY and R*® are each

hydrogen.

3. A transitien metal compound represented by the

following general formula [ITII]:



5 netal conpound containing the fluorene derivative
as a part of ligand, a catalyst for olefin

pol ynmeri zation containing the transition netal
conmpound, and a process for producing ol efin polyner.
The fluorene derivative |s haracteri zed by being
represented by the foll ow ﬁé general forrmula [I]: 10
wherein Rl, R2, R3, R5, R6, R7, R8, R9, AUR , and
R14 are each sel ected from hydrogen, a hydrocarbon
group, Er P4 sili CRQEDN ai ni ng group, and nmay be the
same as di ffer 15 from each other, A4 and R13
are each sekected from hydrogen, a hydrocar bon group,
a silicon-cgatai)ing group, a sul fur-containing

group, an cg ont ai ning group, a

nitrRQB Ol o and a hal ogen-containing
group,» and Jext he sane as or different from
each ot her, adj acent substituents of Rl to Rl4

@/ be bongé ‘each other to forma ring, except
R at the gase wheke R4 and R5, and R12 and R15 are .

Z - [ TIT]

wherein R%3, R?%%, R%, R?ﬁ R?", and R*® are each selected
from hydrogen, a hydrocarbon group, a silicon-containing
group, a sulfur-containing group, an oxygen-containing
groug, a nitrogen-containing group, and a . halogen-
containing group, and may be the same as or different from
each other, adjacent substituents of R* to R*® may be bonded
to each other to form a ring, M 1is a CGroup 4 transition
metal, Y is carbon atom, Q may be selected from halogen, a
hydrocarbon group, an anienic 1iigand and a neutral‘ligand
capable o¢f coordinating with & lone electron pair, which
may be selected in the same combination or different

combination, J is an integer of 1 to 4, and Z is



S provided is a bridged netall ocene conpound havi ng
both of the skeleton and a cycl opent adi ene skel et on.
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a fluorenylidene group having a free valency of divalence,
which iIs derived by removing twe hydrogen atoms at the 10-

position of the fluorene derivative of claim 1 or 2.

4. The transition metal compound according to claim
3, wherein R*! and R?® in the above general formula [III] are

each hydrogen.

5. A catalyst for olefin polymerization comprising

the transition metal compound according to claim 2 or 4.

6. A catalyst for olefin pelymerizatiocn comprising:
(A) the transition metal compound according to claim 3
or 4; and
(B) at least one compound selected from;
{(B-1) an organometallic compound,
(B-2} an organcaliuminum oxy-compoiund, and
(B-3} a compcocund which forms an 1on pair by

reacting with the transiticn metal compound (A).

7. A process for producing an clefin polymer
coemprising pcelymerizing one or more monomer selected from
ethylene and o-olefins, in the presence of the catalyst for
clefin polymerization of claim 5 or &, wherein at least one

monomer



127

is ethylene or propylene.

8. The process for producing an olefin polymer
according to claim 7, wherein the transition metal compound
represanted by the general fermula [III] is used 'in a form

of supported on a support.



128

Fluorene Derivative, Transition Metal Compound, Catalyst For
Olefin Polymerization, And Process For Producing Olefin
Polymer

ABSTRACT

Provided is a novel fluorene derivative which is useful
asacmtalystcompoﬁentforoléfinpolymerizathnh étransition
metal compound containing the fluqfene derivative as a part of
‘ligand, a catalyst for olefin polymerization containing the
transition metal compoﬁnd, and a process for producing olefin
polymer. The fluorene derivative is characterized by being

represented by the following general formula [I]:

10

15

wherein R!, R?, R, R?, r®, R’, R®, rR’, R'?, RY, Rr2, and
R are each selected from hydrogen, a hydrocarbon group, and
a silicon~containing group, and may be the same as or different
from each other, R* and R'® are each selected from hydrogen, a
hydrocarbon group, a silicon-containing group, a
sulfur-containing group, an oxygen-containing group, a

nitrogen-containing group, and a halogen-containing group, and
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may be the same as or different from each other, and adjacent
substituents of R' to R' may be bonded to each other to form
a ring, except that the case where ®* and R®, and R' and R*? are
each bonded to each other to form a vinylene.group. Also

provided is a bridged metallocene cbmpound having both of the

skeleton and a cyclopentadiene skeleton.



