;e3el pl MIB6LTRV -1 28 January 2003 OLEFI N POLYMERI ZATI ON CATALYST AND
PROCESS FOR EFI N POLYMER BACKGROUND OF THE I NVENTION 5 Field of
the Inventl Immmmmmmmumm invention relates to an olefin polynerization
catal yst preparggd, by, using a nodified al um nunoxy conpougg‘ﬁﬁ, fe 003
conponent, and a process for producing an olefin polymer wt 3
catal yst. 10 Description of Related Ati{s Many processes for producing an
ol efin polymer using a netall ocene conpl ex have been al ready reported. For
exanpl e, a process for producing an olefin polyner, using a netall ocene
conpl ex angrLePIN POLYMERTSATIONSRATAZY ST AND PROTEEP FoR BROBUGING L hi s
process using bis(n 5-cycl opentadi enyl ) zi rconi um di chl ori de and
met hyl al um noxane provi ded ol ef OLEFINy POLYMER | ow nol ecul ar wei ght. Though
many proposals relating to nodification of an 20 al um num oxy conpound have
been reported in order to solve these problens, there have been few
proposals relating to a nethod for |ncreaS|ngche nol ecul ar wei ght of

ol efin polymers. For exanPREKGROUNDHLQP 7TH\ ) INVENTION 5 25

benze |ns E:g a%uglnugnx¥ cozgound prepared by reacting an al um noxane

mnth di scl oses an al um nunoxy conpound

obt ai ”ed by reactpid (I AL M b Ao bl 68! arlP B Al THE
polymerization catalyst prepared by using a modified
aluminumoxy compound as one component, and a process for
producing an olefin polymer with sald catalyst.

10 Description of Related Arts

Many processes for producing an o}éfin polymer using
a metallocene cémplex haﬁe been already reported. For
example, a process for producing an olefin polymer, using
a metallocene complex and an aluminoxane is reported in
15 JP58-19306A. However, this process using bis(n
S.cyclopentadienyl)zirconium dichloride and
methylaluminoxane provided olefin polymers of low
molecular weight.
Though many proposals relating to modification of an
20 aluminum oxy compound have been reported in order to solve
these problems, there have been few proposals relating to
a method for increasing the molecular weight of olefin
polymers.
For example, JP-A-02-172991 discloses a
25 benzene-insoluble aluminumoxy compound prepared by
reacting an aluminoxane with water. Further,
JP-A-07-70145 discloses an aluminumoxy compound obtained

by reacting an aluminoxane with a catecol borane. The
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28 January 2003 -2 increase of the nol ecular weight of the olefin polyner
according to these nethods has not been conpl eted. Though an ol efin
pol ymeri zati on process using zirconocene and an al um num oxy conpound

having an el ectron withdrawing 5 group such as a pentafl fﬁﬁﬂﬁ oup
gr the like is disclosed in JP-A-06-329714, the nnlecula?gmelg ?9§¥xg%e

ol efin polynmers obtained is not necessgrily sufficient. Therefore, the nore
i ncrease of the nol ecul ar wei ght has been required. 10 Though Choong Hoon
Lee et al. in Journal of Ml ecular Catalysis A Chem cal 132(1998)231-239,

reported withnEReREE! of OtRbChbleBRLYFERELIGht 0BFUEHBY 08 FEAC boRYmaroduct  of
nmet hyl al um noxane and tri spent afl uor ephenyl borane, and

bi s(cycl openaadbeayhyztoceness fleehbasi Hes hbe Bekacdbmplétedei ght of the
ol efin polynmer was not nentioned. As a nethod for increasing a nolecul ar
wei ght of a olBiduglpahydef in pwligerildiaiiodppd5468 Wiy nirsonocenef i n
pol yneri zati on met hod whi ch uses bi s(cycl opent adi enyl ) zi rconi um di chl ori de,
20 net hyl al URRRGRAEURFRUR XY LePRRYRE dNng #R edwicdaonayl thdsaving t hus

r was insuffjicient fromthe industrjal_view point.

bt ai d ol efi |
Parti chl ar | yOTARNSEGPoRS R POt AEHIGTORRER PR cTEPER SEhERS nbike L8/ 11 ed

t at high aht qf ' 2 I
vas very TodtRUTERes S it B R e ol SRR TRG NP ™
very [0y bk 3. _
i het byt si 15T Shott R TR b By oot ath eny 1) oo TR HTY SR

(3-tert-but ythéreedhy| - 2he hsrax Midreddiel Bfdic BBl Abldeulbki we0GHE V@S UM num
and N, N-di net hyl aniliniumetrakis (pentafluorophenyl)borate. Though a
copol yner ofbeampeegiivedy hi gh nol ecul ar weight is obtained with a high 5
activity by using them further increase of the nol ecul ar wei ght has been

desiré@ . Sumiiireugh- Cheengwiaoen desveoiectinfJepengk et Molesekaron is to
id 1 | efi I i zat] i Vi | efi f
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have. oxt ons BBl ForbIuR A o ioh LA 28k ol UG b radBEBRTEMGLEV N 01

for long 15 4¢ gRengidldamih®xdnbsand e¥0dpanthes ubirephlelilboRankBisgat i on

catal yst prepared Dy using a nodified alum nunoxy conpoOund obtai ned by
pre-react i ngh | G ¢ PeiPxdi ERyPP2tc s itim @ iTPEGFfiide benemensdmoLds, . and

the like; and a process for producing an olefin polyner by polynerizing an
ol efi A5wi t h Wwéighat doD| €lié nobaf imepo kymmeéenrwast mdéysmentioned.

As amethod for increasing a molecular weight of a olefin
polymer, thought JP-A-64-045406 discloses an olefin
polymerization method which uses
bis(cyclopentadienyl)zirconium dichloride,

20 methylaluminoxane and tetraethoxysilane, the molecular
welght of thus obtalned olefin polymer was insufficilent
from the industrial view point. Particularly, when
copolymerization of ethylene with l-hexene is carried out
at high temperature, the molecular weight of thus obtained

25 copolymer was very low.

Further, JP-A-09-087313 discloses a process for producing
a copolymer of ethylene with 1-hexene using

dimethylsilylene(tetramethylcyclopentadienyl)



That is, the present invention relates to an olefin polynerization catalyst
prepared by contacting (A) with (C described below, or (A, (H and (O
tescri bed bel ow, and further to a process for producing an ol efin pol yner
which 25 conprises polynerizing an olefin with said catajysSianuaf) 2003
transition netal conpound in which the nunber of a transition netal 1s the
Same as that of group having a cycl open_.}_adi ene type anion skeleton, inits

nol ecul e. 28 January 2003 -4 (B) at I'east one al um num conpound sel ect ed
fromthe followng (Bl) to (B3); ( Bl ) an organoal um num conpound

LSE{ ho a oty ibeE PERERL L %he"ﬁ}'f%aaé?é%%i’é%?) PoFaftah Q1RhTprLsl, “E‘&“’?E‘f‘e
o2 ! . |

Goner al 1 or it ST EESR SR PAEERG "6, B A ERYT End SHRTRGTLESARES e

respectively [opieseTNoraptudy rBsLate 10Ta6AUR. a2ddpblivRbr B2 and E mmy be

the sane or Z represents a hydrogen atom or "a hal ogen atom and

all of Z may &empdeatr@lphidhiheledilan wedlhtsesiobtaingewathehighyi ng
OCaS 3, b represents an integer of not less than 2, and c represents an

I nt eger5of nadctisskty gnusliingatded fuxthen imuxbidassl offi thiemobeyutanpound
obt ai ned by reacting (cl) an al um nunoxy conpound with a boron conpound
represent ed Weidkt deaerbeen odasline®dQI Q2@ (wherein His a boron atomin
the trivalent valence state; and QL , Q2 and (B are respectively a hal ogen
atom a hydrocarbon 20 group, a hal ogenated hydrocarbon group, a

aﬁlb(s:';]l ';T;t ed silyl group, apﬁw A0 orxﬁggs-r@#)st I tuted am no group
y be the same or di ). B I ON OF THE DRAW NG 25
R s S S S
10 olefin polymerization catalyst giving an olefin polymer of
highermolecularweight and a process for producing an olefin
polymer having a high molecular weight using said catalyst.
The present inventors have extensively studied
concerning modification of an aluminumoxy compound for long
15 time, and as results, found a specific olefin polymerization
catalyst prepared by using a modified aluminumoxy compound
obtained by pre-reacting an aluminumoxy compound with a
specific boron compound, and the like; and a process for
producing an olefin polymer by polymerizing an olefin with
20 said olefin polymerization catalyst.
That 1s, the present invention relates to an olefin
polymerization catalyst prepared by contacting (A) with ( C)
described below, or (&), (B) and (C) described below, and
further to a process for producing an olefin polymer which
25 comprises polymerizing an olefin with said catalyst:
(A) a transition metal compound in which the number
of a transition metal 1s the same as that of group having

a cyclopentadiene type anion skeleton, in its molecule.



of the node of operation of the present invention, but the present

i nvention is not limted thereto. 28 January 2003 -5 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON The present invention is further iIIustrated i n detai
below. 5 (A)Transition nmetal conpound: The transition nmep ?Q?ﬂ)
transition netal conpound in which the nunber of a tran5|t|on nme 0 the
Goup IV of the Periodic Table of the  Flenents is the sane as that of a
group having a cycl opentadi ene type anion 10 skeleton, in its nolecule, and
for exanple, a transition netal conpound having one transition netal of the

Group I'V and one (ghoyp f'é‘é{éf‘gox?e QAUPRAM npfund/ BR 13t gkeheiage, and a

u -oxo type dimrer thereof . Herein, the transition netal atomof the G oup
|V 15 represgstisorihgaqBil)i es yBB3; atomof the Goup IV of the Periodic
Tabl e of the Elements (Revised edition of |UPAC Inorganic Chem stry

Nonencl at ure 1839)an andargaipiniaumicompoundceépresanted by the generai
zirconiumatom, a hafniumatomand the like. A titaniumatomor a

zi rconi um at §armylacEpAdiZerabl e. The transition netal conpound used in the
present invention is pref erabl¥ a transitjon netal conpound regresent ed by

the geheral fdBANACYFIGaIINIno¥pRRNAYIRG R SAFYCERIRTADT

by the general formula {-A1(E?)-0-},, and
(B3) alinearaluminoxanehavingastructurerepresented
by the general formula E3{-Al(E*®)-0-)}.AlE3,
(whereinEl,EzandE3respectivelyrepresentsaahydrocarbon
10 group, all of E!, E? and E® may be the same or different,
Z represents a hydrogen atom or a halogen atom, and all of
Z may be the same or different, a represents a numeral
satisfying 0<a=< 3, Db represents an integer of not less than
2, and c represents an integer of not less than 1): and
15 (C)amodified aluminumoxy compound obtainedby reacting
(cl) an aluminumoxy compound with a boron compound
represented by the general formula BQ'Q?%Q?
{wherein B is a boron atom in the trivalent valence state;
andQ!, 0’andQ’are respectivelyahalogenatom, ahydrocarbon
20 group, a halogenated hydrocarbon group, a substituted silyl
group, an alkoxy group or a di-substituted amino group which

may be the same or different).

BRIEF DESCRIPTION OF THE DRAWING
25 Fig.lshowsaflowchart forassisting the understanding
of thepresent invention. The flowchartisatypical example
of the mode of operation of the present invention, but the

present invention is not limited thereto.



(wherein Mrepresents a transition netal atomof the Goup IV of the
Periodic Table of the Elenents; Cp represents a group having a
tycl opent adi ene type ani on skel eton; each 28 January 2003 -6 of X1

represents a hydrogen atom a hal ogen atom an al kyl gfoﬁeuéﬂba'*ﬂdaé
group, an aryl group, a substituted silyl group , an al koxy grogﬁ ., an

aral kyl oxy group , an aryloxy group ,_g_di-substituted am no group, an

al kylthio group, an 5 aral kylthio group, an arylthio group, an al kyl sel eno
group, an aral kyl sel eno group or aryl sel eno group; X2 represents an atom of
G oup XVI of the Periodic Table of the Elenments; mis 1 or 2; and a
plurarity of respective Co M X1 and X2 nay be the sane or different and Cp

and X1 may be bonded 10pgesirLEbhPESORIPTION bFr wHEhIRVENTIONNG group.) Mis
the sane transition netal atomof the Goup IV of the Periodic Table of the

El ement s as descTheecprdoert . 1huentdon esanpheshet tlduptmgptddving a

cycl opent adi ene type ani on skel eton represented as the substituent group,
15 Cp, incl degadd e Xewbstitut ed)cycl opent adi enyl group, an

n5- (substituted)i ndenyl group, an Qr5-(substituted) fluorenyl group and the
li ke. 8pecilA)Trapghiion mabaldcompasrsicycl opent adi enyl group, an

2720 5111 hot y RS CEAOREQEEn I AL RHEE. L oHERRDE E9 O dFeHPadi ony
group, N NeBy AR ATEHWhEXS! OEHANEMr O 8Wns34Bn metal of the

5- et hyl cycl opent adi enyl group, n- propyl cycl opent adi eny grod%, an 25

5-isopropyl grehpPenteelitay lPediedic 2Abledof-thHe HWieHdnieAkadhenyamgr oup, an
n 5-sec-butyl cycl opent adi enyl group, an 5-tert-butyl cycl opentadi enyl group,

an n 28 Jasuahut20@83a grplapnihaviaigopekyadopeyitagiens typen anion
5-trinmethylsilylcycl opentadi enyl group, an
5-t ar i0but ysltedethyl sihyitgchopecuddi cand foogxampls, | adergnsihtbep, an
r!'5-nmet hyl i ndenyl group, _an n 5 5-di et hyl i ndenyl grogg, an
Q75- n- pr opyPEhA&GPmRPBRd hawrlng one tEAREATLPRJENLAL fiodhe GROHP IV
5-n-butylindenyl grou an S5-tart-butyli gen l,.arou an_.n
- phenyl | naBRBIons Sa8ue AR ehad A SRS BHERbRRGRN Y HS SR e Leton,
n5-naphthy|hﬂgegykngiguhyﬁglé¥§ﬁéﬁlfﬁgfgg€3Iyllndenyl group, an 10
5-tetrahydrol ndenyl group,” an -tluorenyl group, an
Herein, the transition metal atom of the Group IV
15 represents a transition metal atom of the Group IV of the
Periodic Table of the Elements (Revised edition of IUPAC
Inorganic Chemistry Nomenclature 1989), and examples
thereof include a titanium atom, a zirconium atom , a hafnium
atom and the like. A titanium atom or a zirconium atom is
20 preferable.

The transition metal compound used in the present
invention is preferably a transition metal compound
represented by the general formula (I) or (II):

CpMX's (1)

25 (CPMX'n) 2X%3.n (11)
(wherein M represents a transition metal atom of the Group

IV of the Periodic Table of the Elements; Cp represents a

group having a cyclopentadiene type anion skeleton; each



5- et hyl fl uorenyl group, an n 5-di nethyl fluorenyl group, an ~
s-tart-butyl fluorenyl group, an n 5-di-tart-butylfluorenyl group, an
n5- phenyl fl uorenyl group, an Q75-di phenyl fl uorenyl group, an 15

5-trimethylsilylfluorenyl group, an 5-bis-trinethylsilyl&bqghgﬂxk 3P and
the like. An 5-cycl opentadienyl group, an n5-nethyl cycl opentadienyl” Qroup,
an Q75-n-butyl cycl opent adi enyl group,_an 5-tart-butyl cycl opent adi enyl

group, an n 20 5-tetramet hyl cycl opent adi enyl group, an n5-indenyl group, an
n 5-tetrahydroi ndenyl group or an n 5-fluorenyl group is preferable. As the

hal t OMei 1 i i { hl Qr i
b onre ot ol £ babraditled dohbarddenaton D BRaBdth ofefil Sh Afgi 01 2
brom ne at Oakbﬁ?Pré‘ri %&%ﬁ!k%{laﬁﬁoég(({mrpﬁir% Gt06p | | FRbetRkakenadPi By1 As the

al kyl group™in the substifuent, , an al kyl group having 1 to 20 carbon

atoms is prgkeupsahn flKbeXerPLps an sifa lleylatygroa8, ag drydlditegroup] hy!
group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl

group, a sea-Adtghbgtdtpted aminobgtpupgr enp alkylitdbdloutgrougr,o@m a n- pentyl
group, a neopentyl group, a sec-amyl group, a n-hexyl group, a n-octyl 5
group, 5a n- acaykydtbdp IRPUR d8baSH 1 il groupn -3 AlETdSpl e§Oo0TRO VR,

n-ei cosyl group and the_like, and a nethyl group, an ethyl grou , . an

i sopropyl gPBugFaékY%??l%?ﬁr%’BLﬂf- GrY P18 SRR o fp TIPEEERRES 1y |

W th a 10 MERGRE HonrouerLs o hEcPPREoSts AR EROE R LAY Ut o ne
atom or an pOg ne g3t o xgg%v;@gﬁ&ﬁ%fiewef%ybeewuienéﬁi 9x1 4 182 carbon

atons which is substlfd? e hal ogen at om e a fluoronethyl
group, a trinhiUpeOEREhY¥AmEr 6¥Pd1eFehbAtOARENED 8hAUR' maj Tod rbérided onmet hyl
group, a fluoroethyl group, a pentafluoroethyl group, a perfluoropropyl
groupl0a peehthootharydigeoctpy &hpenghuar dbirddgingr gumoupa )per f | uor ooct yl
group, a perchloropropyl group, a perchlorobutyl group, a perbronopropyl
group and the |iMels Xheganeertrapsibkon makahiagom pbuphe fEowR b‘zrti ally

of the Periodic Table of the Elements as described above.
Further, examples of the group havinga cyclopentadiene

type anlon skeleton represented as the substituent group,

15 Cp., include an n°-(substituted)cyclopentadienyl group, an
n3-(substituted)indenyl group, an 7 °-(substituted)
fluorenyl group and the like. Specific examples include an
n3%-cyclopentadienyl group, an n°-methylcyclopentadienyl
group, an N 3-dimethylcyclopentadienyl group, an 7

20 S_trimethylcyclopentadienyl group, an 7
S-tetramethylcyclopentadienyl group, an 7
5-pentaméthylcyclopentadienyl group, an 7]
5-ethylcyclopentadienyl group, an 7
5-n-propylcyclopentadienyl group, an 7

25 5_isopropylcyclopentadienyl group, an 7
S_n-butylcyclopentadienyl group, an 7
5-sec-butylcyclopentadienyl group, an 7

S-tert-butylcyclopentadienyl group, an 7



substituted with an al koxy group such as a net hoxy group, an ethoxy group
or the like ) an aryloxy group such as a phenoxy group or the |like or an

ar al kyl oxy group such as a benzyl oxy group or the |ike, etc. 25 As the

aral kyl group in the substituent, X1, an aralkyl group hggi g

carbon atonms is preferable ) and exanples thereof includé& a benzyl group, a
(2 met hyl phenyl ) met hyl group, a (3-netfyl phenyl)nethyl group, a 28
January 2003 -g (4-nethyl phenyl)nethyl group, a (2, 3-dinmethyl phenyl) et hyl
group, a (2, 4-dinmethyl phenyl)methyl group, a (2,5-dinethyl phenyl) net hyl
group, a 5 @2pﬁeﬂyﬂE&B!bBEﬁE¥hl€ﬁ§ﬂyerEBUpanaJX3 4-di net hyl phenyl ) net hyl
group, a (3,5-dinethyl phenyl) net hyl group) a (2,3,4-tinethyl phenyl) net hyl
group, a (2%3tpiimbERyhyhphesyt)epehyhdgenyn, ggodd, an 7

(2, 3,6-tinmethyl phenyl)met hyl group, a (3,4, 5-tinethyl phenyl)nethyl group, a
(2,4, 6- t|nefhyéphebytyhéimgthglsmmylayclpﬁﬁntadienyansrhypphanyWbnethyl
group, a (2,3,4, 6-tetranethyl phenyl)nethyl group, a 15

(2,3, 5h6|tﬁtr&ﬁéﬁhytpﬁéﬂyp)néﬂhﬁl'@ﬁ&bﬁliéseﬁﬁﬂtaﬁﬁﬂﬁyl5ﬁbﬂyl)nethyl gr oup,
(0 ségié;y)yrpﬁgﬁ#n?eﬁ%ﬁ(wgéﬁi’sﬁpgraﬁxgnp%%)f ﬁni%&mnéﬁn ofpoug. an
(epenty! phanyttdehr Ldats Srelel & 7 S RTIR ORI e c¥el n

(n- hexyl pheryyt){@}ﬂiqugjﬂkpdé’:(f% Egﬁ?ph&mghenyl%wthy grl%roup, an

(n-decyl phenyl ) et dgroup, a écyl ou
napht hyl met hy#- ﬁmp@hmﬁum}eﬂgkm?hﬁn ariomapirid idenyl feoupnd a

benzyl group is nore preferable. Al t hese aral kyl groups nmaybe
partial |y sanstr t-treshetityl s el iogtenydt @onouph as @ fl uori ne atom a
chlorine atgm a brom ne atomor an iodine _atom an alkoxy group such as
28 Jadlary ebgtrgbyarﬂtnﬂgnylggsgpp aﬂneﬂhoﬁ}ugﬁéaﬁloBrPW@ | iamke 7 an

aryl oxy groyp such_as a enox rou r an aral kyl oxy group
S’ sy o behastnyPinaehnel S R, 7erdimetny felioRengl Gnten dne

substit uent n Xl Iap %#%%ﬁo@ena.f%ﬁlé%es 40 RO car bon atons is pr ef erabl e,

and exanpl es theteot ‘oup, 2-tolyl group, a 3-tolyl

group ( a 4s: aQLvérsreeeylf@ugrenﬁ J¥bi gaﬁuw-pﬁe%ylf&uoﬂwl group , a
2,5-xylyl group, a 2,6-xylyl group,-2a 3,4 xylyl group, a 3,5-xylyl group) a

2,3, 4-t1i neigipupheayl T-@iphenyliE Rickenyl gty pheny!
group, a2, 3, 6-tri net hyl phenyl group, a 2,4, 6-trinethyl phenyl group, a

3,4, 545r|nefhyrpmethlgibubflaofeﬂyl 5:09praantﬁylphenyl group, a
2,3,4,6-tety aneth grouE a 2,3,5, 6- tetranethg phenyl groug,a
pentanethylphbﬁ?f f Be ylsily fluorenyl group and the like. An

5-cyclopentadienyl group, an 7°-methylcyclopentadienyl
group, an n%-n-butylcyclopentadienyl group, an 7
S_.tert-butylcyclopentadienyl group, an 7
20 S_-tetramethylcyclopentadienyl group, an ns-indenyl group,
an 7 °-tetrahydroindenyl group or an n®-fluorenyl group is
preferable.
As the halogen atom in the substituent, X!, a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom
25 are illustrated. A chlorine atom or a bromine atom is
preferable and a chlorine atom is more preferable.
As the alkyl group in the substituent, X!, an alkyl

group having 1 to 20 carbon atoms is preferred, and examples



15 an et hyl phenyl group, a n-propyl phenyl group, an isopropyl phenyl group,
a n-butyl phenyl group, a sec-butyl phenyl group, a tert-butyl phenyl group, a
h- pentyl phenyl group, a neopentyl phenyl group, a n-hexylphenyl group a

n- octyl phenyl group, a n-decyl phenyl 20 group,a n- dodecy Ph 2Q§?
n-tetradecyl phenyl group, a naphthyl group, an anthraceny group an he

i ke, and a phenyl group is nore prefegable. All of these aryl groups nay
be partially substituted with a hal ogen atom such as a fluorine atom a
chlorine atom 25 a bromine atomor an iodine atom an al koxy group such as

a et hoxy OuGiéludla®hBRNY106208p 0 al ey K Yrdtib A6y haptopyauaraiigh as a

phenoxy group or the like or an aralkyl oXy group such as a benzyl 0xy group

or the |likeancigoprop¥llgpoapy aHWdbutsl drouwnpH iskeid-@tht3il wrowpqua in the
substituent, X1, 1s a silyl group substituted with a hydrocarbon group, and

exanpl es of temrt -iydydc groap ,groupsobaltyde gaiokpl, ¢r oupenltiznli ggyotpt 0all
carbon atons such as a nethyl group, an ethyl group, 5 a n-propyl group) an
i sopropyl W@PG@YQ—MW grﬁﬁﬂra“&’]s%mémﬂng’#@%mlga’OP@r:tabuP?Ithroup, an
isobutgl group, enté Qﬁéy a cycl ohexyl group and
the |iRe, aHéF°é‘|PyI a bﬁﬁ Yha9F ‘gpup?tno 8 OMPo e EuEﬁnﬁg‘dS Bheny!
group and the |like) etc 1 ubstl ut ed roup havi ng
grow end [ dikel o ’c?aﬁ%%ww@?%’%t@aﬁsrm & BEsRLSFAEBL 0 20
carbon atong,s S th e 0
phenyl si | ylrrggrgggygn%eoﬁg éﬁllisiéa(;ﬂ sﬁﬁ%{bedtsamé;l??tgrhtgrl g\?iu goﬁ to 20

carbon at omans#gbbatya graﬁphdfsalsséc-@nmp grbup? i@ pbRu! ?réfbrebmap a
di phenyl silyl group and the like; and tri-substituted si groups having 3

to 20 carbon at ozdlswth thesa adkgﬂtbybapbymagrbapsuhstitetbﬂlwltylagroup, a
tri-n-propylsilyl group, a triisopropylsilyl group, a tri-n-butylsilyl
groupl0a trhadegepuegodi sjchgasug, fauogingi atem; - gucplgripe gtemp, aa
tr|-|sobutyIS|IyI ou a tart-butyl-dinmethylsjl group,.a
tri-n-pent yP&P pegmrﬁ oz,ap AodtnecAyPR: | %vm# of tRe EJHIINERIFR, | y!
group, a tr # ou and the |I§ﬁ tgy yg roup , a
tart-butyl dk‘%\éﬁ'ﬁl z él 1% %%‘g" o a?f%"ﬁ Eﬂ? )PI Pgaﬁ’- gg i’t ]Fgrabl e.
All of the g nggr ggmgr “Eﬁﬁﬁ% these ARl yI groups may be
partially subStituted w'th ogen atom suc as a uorlne atom a
chlorine at @i faubirefettydl ¢Fodp,2d chloromethyl group, a
15 trichloromethyl group, a fluoroethyl group, a
pentafluoroethyl group, a perfluoropropyl group, a
perfluorobutyl group, a perfluorohexyl group, a
perfluorooctyl group, a perchloropropyl group, a
perchlorobutyl group, a perbromopropyl group and the like.
20 Further, all of these alkyl groups may be partially
substituted with an alkoxy group such as a methoxy group,
an ethoxy group or the 1like, an aryloxy group such as a phenoxy
group or the like or an aralkyloxy group such as a benzyloxy
group or the like, etc.
25 As the aralkyl group in the substituent, X!, an aralkyl
grouphaving 7 to 20 carbon atoms ispreferable, and examples

thereof include a benzyl group, a (2-methylphenyl)methyl
group, a (3-methylphenyl)methyl group, a



28 January 2003 -12 iodine atom an al koxy group such as a nethoxy group,
an ethoxy group or the like ( an aryloxy group such as a phenoxy group or
the Iike or an aral kyl oxy group such as a benzyloxy group or the like, etc.
5 As the al koxy group in the substituent, X ,an al koxy gr i to 20
carbon atons is preferable, and exanples thereof includezgpﬁgﬁﬁﬁyyga?%up,
an et hoxy group, a n-propoxy group, afgksSopropoxy group, a n-butoxy group,
a sec-butoxy group, a tert-butoxy group, a n-pentoxy group, a neopentoxy 10
group, an-hexoxygroup, an-octoxygroup, an-dodecoxygroup, a n-pentadecoxy
group, a n- qicaethy1Pheny1anetiia |dksup angd a nmet hoxy group, an ethoxy
group, an isopropoxy group or a tert-butoxy group is preferable. All of

t hese al koxy 2gr3ciddmertingy ph ereyrdt )imed iy Is idrsddg uteed 16 with a hal ogen at om
such as a fluorine atom a chlorine atom a brom ne atomor an iodi ne atom

an al koxy grGup-Siatethy lphenyHome thydugraup etéhoxy group or the like, an

aryl oxy group such as_.a_phenoxy group or the like or an aral kyl oxy group
such as a bgﬁzﬂ‘we&h@d@h&nﬁlﬁé“qqm& HWP2F® As the aral kyl oxy group in

t he substityent, X1 n -akral kwl.ox r.oup having 7 to 20 carbon atons is
prefergble,%gné'gégﬁﬁaggaﬁaﬁi;ﬁméﬁﬁ%%ué?%?Qka yl oxy group, a

(2- met hyl ph l4)_ - et enyl ) met hoxy group, a

(4-net hyl phgrr?yw @?ﬁ%lﬁ%ﬁl)}e@%ﬁ?@@%%yl phenyl ) net hoxy group, a
(2, 4- di met hylspserd merRiNPReng 10wty 1 % et hyl phenyl ) met hoxy group, a

(2, 6-di net hyl phenyl ) met hoxy group, a 28 January 2003 -13

(3, 4- di met hyl2pi3eAy-timattheplphangl)mex iyd, graupst [yl phenyl ) net hoxy group, a
(2, 3,4-trinethyl phenyl)net hoxy group, a (2,3,5-trinmethyl phenyl) nmet hoxy
group, a 5 ((2,.3,.6-ttdmedhiyliphieayd)medhiydx grpugup,a a

(2,4,5-trinmethyl phenyl ) net hoxy group, a (2,4, 6-trinmethyl phenyl) net hoxy

gr oup,10a ( 3,(2.3-6rtAPetRyipaen FOWP - &

(2,3,4,5-tetra hyl.ph | t h roup, .a_ 10

(23 4. 61l Pamecry T PRy p aur

(2,3

5, 6-t hy , thyl phenyl ) met h
et(rzaqetg 361&{3%%{1?@%5@‘1’%%@? &@H&’ggy amet hyl phenyl ) met hoxy

group, an (et Hyl'pheny oxy “grou phenyl ) nmet hoxy group, an
(i sopropyl phiengl, uBt kety atie®thy1 phenPut)HeRhgnY IgdRighody 15 group, a

(sec-butyl phenyl ) met hoxy group, a (tart-butyl phenyl) nmet hoxy group, a
(n- hexyl pherggl, B4t lBexgtramethylphenyl )methyl group, a
15 (2,3,5,6-tetramethylphenyl)methyl group, a
(pentamethylphenyl)methyl group, an (ethylphenyl)methyl
group, a (n-propylphenyl)methyl group, an
(isopropylphenyl)methyl group, a (n-butylphenyl)methyl
group, a (sec-butylphenyl)methyl group, a
20 (tert-butylphenyl)methyl group, a (n-pentylphenyl)methyl
group, a (neopentylphenyl)methyl group, a
(n-hexylphenyl)methyl group, a (n-octylphenyl)methyl group,
a (n-decylphenyl)methyl group, a (n-dodecylphenyl)methyl
group, a naphthylmethyl group, an anthracenylmethyl group
25 and the like, and a benzyl group is more preferable.
Allof thesearalkyl groupsmaybepartially substituted

with a halogen atom such as a fluorine atom, a chlorine atom,

a bromine atom or an iodine atom, an alkoxy group such as



group, a (n-octyl phenyl)nethoxy group, a (n-decyl phenyl)nethoxy group) a
napht hyl met hoxy group, an anthracenyl net hoxy group and the like , and a
benzyl oxy group 20 is nore preferable. Al of these aral kyl oxy groups nay
be partially substituted with a hal ogen atom such as a fééorine agﬁgQSa
chlorine atom a brom ne atomor an iodine atom an al ko Y as a
met hoxy group, an ethoxy group or thejpike, 25 an aryloxy group such as a
phenoxy group or the like or an aral kyl oxy group such as a benzyl oxy group
or the like, etc. As the aryloxy group in the substituent X ,an aryl oxy
group having Retfo%fy §RORAN ahOBBhbRY PEREEP 2B Crn&Nfli R ANPH 6gry1 88y January
2003 - 14 thereof inclUde a phenoxy group , a 2 -nethyl phenoxy group , a

3- met hyl pheges\pds ey, as &t phrehbylpgeoap oy i 1ike? o2~ dh etk pheepXy
group, a 2, 4-dinethyl phenoxy group, a 2,5-dinethyl phenoxy group, a

2, 6- di met hyppbeposuchr eapa hebz§léxygi gebhpl phrerttvey lgkeup eta.

3, 5-di met hyl phenoxy group, a 2-tart-butyl -3-met hyl phgnoxy group, a
2-tart-butyl - 4- MAshtheREydxgrowp s themubkgilipient . K paath prFReIRYP gr oup, a
2-tart-buty] - 6- et hyl phenox rou a 10 2, 3,4-trjpethyl ghenox roup, a
> 375 Br 1 mPAYEBACAOKD SPcHBTOAnoREORS: Lp Bt RSP EAENGXy SBRo TP EES

> Car't - but y FRS-808 TRYHHE L pipa. ot AL ABRO S S bt phenoxy
3,60 -tar ¢ SO S nEt IS BROHBAy o ol B PAR B LRyt phenoxy

group, a 2, &-gi staylybug¥bup; "Bt NYé PREIPX g B @HIP a 83 34 4x Pyl | gERdyy) phenoxy
group, a 20 2, 3,4,5-tetranet hyl phenoxy group, a

2-tart-bugyh-3,agﬁyl$lggagpphgan%.?Fﬁuﬁme&h&l@h&n@&tgmna@ethylphenoxy
group, a 2-tart-butyl-3,4,6-trinethyl phenoxy group, a
356 fol L aqe nyl phenoxy oroub. & St ot t- ULy 3.5 6-cr L nst iyl phen
,3,5,6-tetrane enox roup, .a 2tert-butyl-3,5,6-trinethy enoxy
group, a 2,B-ai4téFEF%H?§¥YngggYﬁegﬁ9PBheﬁo§y4gpdﬁﬁ}mﬁéﬁﬂéPBFﬁgﬂphenoxy
roup, an ethyl pheno o] 2 nyary.2003 -15_n- propyl phenox
groug, an iéﬁé?gpy?pggﬁg&ygSFSgﬁ?m3§H§EHE§P%ﬁe%5§VPQr3Up? apy P Y
SeC‘bUtylph§?§¥¥,9£989raﬁe£ﬁ§i‘HFE?EpBEBQ§¥ group, a n-hexyl phenoxy group,
a n-octyl phenoxy group, a n-degy phendxy group, a 5 n-tetradecyl phenoxy

group, a naphghexy-geerame8RyaphBhRLYJioup 04 PeR tamd thiye phiekgl d¥dupf these
aryl oxy groups may be partially substituted with a hal ogen atom such as a

fluoriihe atam ebthyhpbenyd gtroup,aabnepropydpbenyl gmoupdi ae at om an al koxy
group such fgopropylphenyl group, a n-butylphenyl group, a
sec-butylphenyl group, a tert-butylphenyl group, a
n-pentylphenyl group, a neopentylphenyl group, a
n-hexylphenyl group, an-octylphenyl group, an-decylphenyl
20 group, a n-dodecylphenyl group, a n-tetradecylphenyl group,
a naphthyl group, an anthracenyl group and the like, and
a phenyl group is more preferable.
All of these aryl groups may be partially substituted
with a halogen atom such as a fluorine atom, a chlorine atom,
25 a bromine atom or an iodine atom, an alkoxy group such as
a methoxy group, an ethoxy group or the like, an aryloxy

group such as a phenoxy group or the like or an aralkyloxy

group such as a benzyloxy group or the like, etc.



10 a nethoxy group, an ethoxy group or the like, an aryloxy group such as a
phenoxy group or the like or an aral kyl oxy group such as a benzyl oxy group
or the like, etc. The di-substituted amno group in the substituent , X1,
is an am no group substituted with two hydrocarbon groupsgl i
groups, and exanpl es of the hydrocarbon group include aI%s‘iaﬂgﬂgsiqéﬁing 1
to 10 carbon atons such as a nethyl grqQup, an ethyl group, a n-propyl

group, an isopropyl group, a n-butyl'éﬁdup, a sec-butyl group, a tert-butyl
group, an isobutyl group, a n-pentyl group, a n-hexyl group, a 20

| ohexyl d i ke; | having 6 h
24 o phomy! “or oo e ae tisked sild SeBRaLE Rhis! ays s SEBYaxton ot o

h bgnzy! ' t oyl ' de, of
xanp o, a oP BT Brgth, pls L EGre8 G ol 4 ¥irtleakutP grBBR SEhe o e
like . aa”@kﬁﬁp@%g%@@hé’hyﬁ&}g%h%ﬁh@%&iﬂ 10c DAQY B 1KY i g HAGEBAGY! am no

group, a diethylam no group, a di-n-propylamno group, a di't sopropyl am no

group, a di intduloytasbb Htsm suzhdas Sehelbbt/ll GEdd@P, HrPeRhyd grddpJanuary
2003 -16 di-tart-butylam no group, a di-isobutylamno group) a

tart-batyl i aoprppypxili googpoupn dsdprophidxgranpnoagnebptyd grewpocayl am no
group, a diphenylam no group, a bistrinethylsilylamno group, a 5

bi s-t art - busprdPrEYAYIEPUD| advi ter tyrivigy rgrauprs Ankdsobudyd arauPhya ani no
group, an di et%l am no group, a diisopropylam no grou

, a
di -t art - but PrE&EPEFILTRIR - & BrRexyi s GYGH? %xﬁgcﬂﬁpué? angr eherred.
All of thes i-substituted amn Loups 1Q.partially suybstituted
Wih a hal obshea: narrt Erbhe Re¥iRe Goohy 1T snesbi &' s R34 ne
atomor an Lodj {0 X ro_lyjl_qf uc S alf.E?érﬁ?i‘é( g et hoxy
group or th% Icils e,ﬁanggro;alpo%&grgﬁg suc é’asggébhenoxy gr O?Jplbglrjp?%%lpl i ke or

an ar a0 kyl oxibge@uateucit Bpl FricRipzNaOXHgdN @8P2d Tatibdhatbmkein€lvde As the
al kylthio group in the substituent, X1, an alkylthio group having 1 to 20

car bon at ommone-pubstitudedasilelagmpdess ihectinge latoehycabbongaoems an
ethylthio gr oug, a n-pr opélatlhi 0 group, an isopropylthio group, a
n- but yl t hi osBghgramipa ametlaybstlyl higFoutoupana ed¥lsukyd t BEEU§rowd, a

S R SRS AR T o o
gr oup, ;n 2‘32?’28%%6@9 % Ri 826#8%&%&9% ﬁ%ﬁrp[a- ﬁ?y&i‘rﬁ?gﬁgygﬁﬁ%ﬁs&%}%’%
pref efabl e. a%%yi?ff?l kg ,hiaﬁ ddpReRT 1ERY 1€ g B@t hhd! eheVi ik 2_hal ogen

<
atom such as orine atom a chlorine“atom 28 January 2003 -17 a

brom ne at oghartman duls tiec i eds 1 Eyl td¥dupfhhvehgthese2 @y bbhi Dt ghi®ups may
be partially substituted with an al koxy group such as a net hoxy group, an

et hoxy groupuch asealtkbmetinybsilykygyoupp & uutiethyl phnbxgreupu® or t he

| i ke or an 5 aral kyl oxx group such as a benzyl oxy g_{ou or the like, etc.
tri-n-propylsilyl group, a triisopropylsilyl group, a

tri-n-butylsilyl group, a tri-sec-butylsilyl group, a
20 tri-tert-butylsilyl group, a tri-isobutylsilyl group, a
tert-butyl-dimethylsilyl group, atri-n-pentylsilyl group,
a tri-n-hexylsilyl group, a tricyclohexylsilyl group, a
triphenylsilyl group and the like, anda trimethylsilyl group,
a tert-butyldimethylsilyl group or a triphenylsilyl group
25 is preferable.
All of the hydrocarbon groups of these substitutedsilyl
groups may be partially substituted with a halogen atom such

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



As the aral kylthio group in the substituent, X1, an aral kylthio group
having 7 to 20 carbon atons is preferable, and exanples thereof include a
benzyl thio group, a (2-nethyl phenyl)nethylthio group, a 10

(3- net hyl phenyl ) net hyl t hi o group, a (4-nethy|pheny|)neth¥ét H%a rggﬂx3a
(2, 3-di nmet hyl phenyl ) met hyl t hi o group, a (2, 4-dinethyl phenyl netgyl 10
group, a (2,5-dinethy|phenyl)nethylthhg_group, a 15

(2, 6-di net hyl phenyl ) net hyl t hi o group, “a (3, 4-di net hyl phenyl ) net hyl t hi o
group, a (3,5-dinethyl phenyl)nmethylthio group, a

(2,3, 411 ol gaeRKbNToREY Wt BBy Bubz: de 5 hOERGH, PREN ) TERNY L 0

group, a 20 6-t1 net enyl’) I'0 group,

(2,4, 5-ti rebhnbRRCHYOSUFRIN¥hEN e QRPar{l b2y 4rrdg BRERYAPREpNEnsRY Y thio
group, a (3,4,5-1inethyl phenyl)nmethylthio group, a

(2, 3, 4, 5-t eyiroupt dwy [thlee DYk ¢ redt Ayl 414 Dk Pl oxp grdutbsuch as a benzyloxy
(2,3,4,6-tetranet hyl phenyl ) methylthi o group, a

(2,3,5, 6-t egranpt byl thenylikest leict.hi o group, a

(pent anet hyl phenyl ) methyl thi o group, an (ethyl phenyl) et hylthio group, a
28 JanBary 2003 Asgthg- aLBpyypeeeyP )Hettia subs tditaignt af an alkoxy

sec by BRI oo Bt org SR b RN IE, AT,
(1 decy! phorgP ReEryTTd SRty deodh rheti ardthr b blgpest® °
ant hracenyl gebiy!, td q-ﬁfﬁt‘bcﬁfyj?&‘%ﬁpl.' &6 -B¥bAy L ReNZyl & y_o%‘g% is nore

preferable. "All  of these aral Ky['thi 0 groups may be parti al stituted

wi'th a hal ogesupt, cinteweh bad okyf gHehp P& At pEhtoxgYrBupc aaisspet kPN ne
atomor an i1odine atom an al koxy group such as a nethoxy group , an ethoxy
groupl@r thgrbupe an-ltrexoxygybory agr-cupt eXrdrasp aamhelostecogyogmouwp, t he | i ke
or an aral kyl oxy group such as a benzyl oxy group or the like, etc As the
aryl t hi o gr8up ReN 3RS CUEE GTOWPNt 2 e LGP SIAXN IROYPgaRd Fheadikg . ard 20

carbon atons is preferable, and exanples thereof. include a phenylthio
oroup. a 2 AcPRYBAER,FERFE" 280 o3 EAOKY ;950WRY (9P HATRTORPLY FENE OF

4-nethy|pherL%gggagggg?%ggﬁépg%ghgﬁ%g¥ggg$§¥Ithio 2, 4- di et hyl phenyl t hi o

group, a group di et hyl phenyl t hi o group, a 25

group, a 2-tart-Ryhyde %haﬁb@ﬂlﬁxf?féﬁbs RidkVbe HarlByh s i Pted
2-tart-butyl-5-nmethyl phenylthio Z-Tart-butyl -6-nmethyl phenyl thio group, a

2, 5- digret hylpbRryhabgefratym sach,.ds difidwidrndanyht i ehzemyhehdogy oup, a
group, a group, a group, a
a bromlne atom or an iodine atom, an alkoxy group such as
a methoxy group, an ethoxy group or the like, an aryloxy
group such as a phenoxy group or the like or an aralkyloxy
group such as a benzyloxy group or the like, etc.
20 As the aralkyloxy group in the substituent, X!, an
aralkyloxy group having 7 to 20 carbon atoms 1s preferable,
and examples thereof include a benzyloxy group, a
(2-methylphenyl)methoxy group, a (3-methylphenyl)methoxy
group, a (4-methylphenyl)methoxy group, a
25 (2,3-dimethylphenyl)methoxy group, a
(2,4-dimethylphenyl)methoxy group, a
(2,5-dimethylphenyl)methoxy group, a
(2,6~-dimethylphenyl)methoxy group, a



28 January 2003 -19 2, 3,4-trinethyl phenylthio group, a

2,3,5-trimethyl phenylthio group) a 2, 3,6-trinethyl phenylthio group, a
2,4,5-trinmethyl phenylthio group, a 5 2,4,6-trinethyl phenylthio group, a
2-tart-butyl -3, 4-di net hyl phenyl t hi o group, a

2-tent-butyl - 3. 5-di net hyl phenyl thi o group, a 28 January 2003
2-tart-butyl -3, 6-di methyl phenyl thio gpqup, a
2,6-di-tart-butyl - 3-net hyl phenyl thio group, a 10
2-tart-butyl -4, 5-di net hyl phenyl thi o group, a

2,6-di -tart4Rutyylsy4- i 4,5-trinmet hyl phenylthio
group, a 2, é134t45d€.éﬂ{e?f§#2¥>hep?%éh{f:%mx%r groﬁlﬁ’,aE g&
2,3, 4, 6-t et anstay makagipheng19methoxy Houp, a
2-tart-butyl-3,4,6-trinmethyl phenylthio group, a

2, 6-di -t art {RyBy4-Frimeithytlphlenyan) vethoxydigawup .2 a
2,3,5,6-tetranet hyl phenyl thio group, a

2-t art - but yl(23 35 56 trimesthintppleamt ) meithogyo group, a
2,6-di-tart-butyl -3, 5-di met hyl phenul thi o group, a 20 pentanethyl phenylthio
group, 3an eKRyPpﬁeﬁy#@#ﬁBYépﬁéﬁyldmﬁiﬁpﬁﬁyBﬁﬁ%ﬂylFhio group, an

[ | ph | .t hi -b I | t hi , - but yl ph I 'th

o oup. 5 Lt e Baby PRSP PEeBY IR RER SR Py hi o group, A
tyl ph l,t Ri < I j , 25

< otyl pheny Py 8- SraRR Ry 1 PrgayTheRCRY, bhed 3, ©

n-tetradecylghgnylihiRe@hgiPhedyidRiiRvkiNig@otipOUR an ant hracenyl thio
group and tﬁe i ke. Alf o? Phgsg grylthkkhggbuég may be partially 28

January 20082-30458bstitranedhyilbheaylimeatoxyt @cipch aas a fluorine atom a
chlorine atom a bromne atomor an iodine atom an al koxy group such as a
met hotQ grodB, 3ad, éthekyagetsbylohenyd ) meltboxyn gmopdpoxya gr oup such as a
phenoxy groug or the like or an 5 aral kyl oxy group such as a benzyl oxy
group or thé2kPké:6atetramgtRylpbrayd )FRSBOXYn IOO8Psuldst i t uent , X1, an

| kyl havi to_20 carbon. at i f d | es i nclud
2 ot hyl ool SREBGADEERYRAERRY) BERLRSY iR AP HH PR LR ertRy an
i | - -but yl sel ,
tort-butyi sdr a8 ?fotn-BroRyIpiEhy 1 IfeRASAY BB’ 30 PNV SFere afoun. o
n-hexyl sel ep@sgpPHBy18hBnYEH MbERLRYO gHHARY. (B -BudydPhEnSAl)FRENYHUP. 2

n- pent adecyl sel eno group, a n-eicosylsel eno group and the 15 |1 ké, and a
met hylisel engrgupypa éseetbyutgtphenayd)mnephoxy igxoRpgpw sel eno group or a
tert-butylseleno group is nore preferable. All of these al kyl sel eno groups
may be part (&ery¢-bubyiphenyd ) methoxygdaumnadirorhexylphkenyl fnethdxe at om

group, a (n-octylphenyl)methoxy group, a
(n-decylphenyl)methoxy group, a naphthylmethoxy group, an
anthracenylmethoxy group and the 1like, and a benzyloxy group
20 is more preferable.
All of these aralkyloxy dgroups may be partially
substituted with a halogen atom such as a fluorine atom,
a chlorine atom, a bromine atom or an iodine atom, an alkoxy
group such as a methoxy group, an ethoxy group or the like,
25 an aryloxy group such as a phenoxy group or the like or an
aralkyloxy group such as a benzyloxy group or the like, etc.
As the aryloxy group in the substituent X',an aryloxy

group having 6 to 20 carbon atoms is preferable, and examples



20 a chlorine atom a brom ne atomor an iodine atom an al koxy group such
as a nethoxy group , an ethoxy group or the like , an aryl oxy group such as
a phenoxy group or the like or an aral kyl oxy group such as a benzyl oxy
group or the like. As the aral kyl sel eno group in the sub an 25
aral kyl sel eno group having 7 to 20 carbon atons is prefe?gb%ﬂﬁﬂﬁxé%*§anples
t hereof include a benzyl sel eno group.1a-(2-met hyl phenyl ) nmet hyl sel eno gr oup,
a ( 3-net hyl phenyl) net hyl sel eno group, a 28 January 2003 -21

(4- et hyl phenyl ) net hyl sel eno group, a (2, 3-di nmet hyl phenyl ) net hyl sel eno

group, a (2thetedt DHERAABYA )SREABAP YWD ghoﬂpmeéhylphenoxy group,
(2, 5-di net hyl phenyl ) net hyl sel eno group, a

(2, 6-di met hy phaethyphenoxs @r@ugy,odp 4-me(t&ytlpdieiﬁ:dyylgdm1y,l )aret hyl sel eno
group, a (3,5-dinethyl phenyl)net hyl sel eno group, a

(2, 3, 4- ti nekhgl~-ddeerhyiphieposxyl gnoupr cup?,, 4adimethylphenoxy group, a
(2,3,5-timeth Iphenyl)nethylseleno group, a 10

, 6- t i meRhy-FAESFhYAPhSROXY 8ROUBF GUR.- 6adimethylphenoxygroup.

(2,3 6-ti
Eg j:gé{; Eé:§33ﬁ§k§ﬁ§¥ﬁék§§{gﬁgu :%ﬂ% 5—dimethylphenoxy group, a
(5845 te??%?ﬁg?“ﬁ’eﬁ?ri“ Fripefody ordue. 2 15
Eg g 212 tebL%G%EhbhEEQDM h@%h?i?&eh%§9 grovR, &

n

-tetranet hyl phenyl ) net | end group, a

a (n-propyl phenyl) met hyl sel eno group, an 20 (i sopropyl phenyl) nethyl sel eno
group, a (n2bteyitpbatyl)temerhydpbenogyogroup, (aec but yl phenyl ) net hyl sel eno
group, a (tart-butyl phenyl)nethyl sel eno group,

(n- hei9|pheﬁyﬂ)ﬁEFﬁ}m§§h¥ABhQP93ﬁ gxomp, (ﬁ-8@5yﬁpﬁ€#ﬂ§ﬁmmﬂﬂﬂﬁﬂﬂxyho gr oup,

a (n- decylphen ) net hyl.s a napht hyl net hyl sel eno group, an
anthracenylﬂﬁ? Pl s énd- g gﬁgmgﬁgyﬁﬁgepPﬁ 5%& Py Benzylseleno group is

o oot B0l - SR AN BRLERN et LA o oL ReRE AERALAR B, o ouPe

may be partlélly su m sucC uofirne atom a

chlorine at gipud,bhOBLRBral 8 - Qn4L€ih€%h§lﬁﬁbn%&yab&%ﬁb gigoup such as a
net hoxy group, an ethoxy group or the ik 57an aryl oxy group such as a

phenoxy grogptetttbatiiks, endameahynbnbnbxyggﬁunpsueh as a benzyl oxy group
or the like. As the arylseleno group in the substituent, X1, an aryl sel eno
grouplhavi ng-sert-RotydrBoh-dimathirdpheebsyabgreupanad exanples t her eof

i ncl ude a phenyl sel eno rou a 10 2-net hyl phenyl sel eno group, a

3- nethylpheﬁyﬁs@#eﬁérﬁrgHEY a32mpEhK}PBRBAYYs GFEHS - gRoup, a

2,3 dlnethyhgge ¥-gu£y994,5-dimethylphenoxy group, a
2,6-di-tert-butyl-4-methylphenoxy group, a
3,4,5-trimethylphenoxy group, a

20 2,3,4,5~-tetramethylphenoxy group, a
2-tert-butyl-3,4,5-trimethylphenoxy group, a
2,3,4,6-tetramethylphenoxy group, a
2-tert-butyl-3,4,6-trimethylphenoxy group, a
2,6-di-tert-butyl-3,4-dimethylphenoxy group, a

25 2,3,5,6-tetramethylphenoxy group, a 2-
tert-butyl-3,5,6~-trimethylphenoxy group, a
2,6-di-tert-butyl-3,5-dimethylphenoxy group,

pentamethylphenoxy group, an ethylphenoxy group, a



roup, a 2,4-dinethyl phenyl sel eno group, a 2,5-di net hyl phenyl sel eno group,
6- di net hyl phenyl sel eno group, a 15 3, 4-di net hyl phenyl sel eno group, a
di met hyl phenyl sel eno group, a 2-tart-butyl-3-net hyl phenyl sel eno group,
2-tert-butyl -4-nmet hyl phenyl sel eno group, a
2-tert-butyl-5-nmethyl phenyl sel eno group, a 20 28 January 2003
2-tert-butyl -6-net hyl phenyl sel eno grogg,.- a 2, 3, 4-tri net hyl phenyl sel eno
group, a 2,3,5-trimethyl phenyl sel eno group, a 2,3, 6-trinmethyl phenyl sel eno
group) a 2,4,5-trimethyl phenyl sel eno group, a 25

2, 4, 6-tri nehhyrppenphealoRkPO gilotpl, ad A€dpriogitipHenddyy Gririgy|Hhenyl sel eno
group, a 2-tart-butyl-3,5-di net hyl phenyl sel eno group, a

2-t ert - but y h-8néydipienioxyp geowlps e lac se oty l phend8r arawgp y £003 - 23
2,6-di-tert-butyl - 3- net hyl phenyl sel eno group,

2-t ert - but yltertsbyityd phehoxangrosibend gr&dexylphenoxy group, a
2,6-di-tert-butyl -4-net hyl phenyl sel eno group a 3,4,5-trinethyl phenyl sel eno
group, a 5 ¥- 9°£Y§PP@PP&WEEWVP§heﬁyP§ &Sy E¥QQﬂ¥Yer°uP' a

2 var t Shut y P 3es THoBRTTEhRBeRRe e H e o igeipoxy group. an
g 6-di-tert- §#%¥h % é %lgggpélgggpxh%ehq group, a'

3,5, 6- tetr no group,
2-tert-butyl -3, 5A§1t6£ ﬁEéEé(IaEPQ &ftﬂs:ﬁé?B&pa%tially substituted
2,6-di-tert-butyl -3, 5-di net hyl phenul sel'eno group, a pentanet hyl phenyl sel eno
group, an et @Wykphehilsgearmtan suph @s a-filuyipd atyns ca ehd ogritiepatom,
~i sopr opyl phenyl sel eno group, a n-butyl phenyl sel eno
group, asec- Bubybphaayatencon ars ipdine atomer enbalitbpgyegypupl suchgasup, a
n- pent yl phenyl sel eno group, a neopentyl phenyl sel eno group, a
n- hexy phen?l@éFBﬁﬁYggﬁﬂBP-aaﬂ %EP?*&hSﬁ?PEe?Ethﬁrgﬁbe a@n aryloxy

napht hy sel SRBBy BARH 4 SaRERPREENTF CBPLTE b K50 OB an HEERRLOXR | of
these aryl sgksnpnghe PSBY 726k 3RS kbid! qd i e hal ogen atom

such as a fFuor on1 ac ine om "a om né dnlor an i odi ne atom

an al koxy group sHehdafSs@b sl HoKyd A g@auﬁtihptsue%m&ﬂuéﬁ@ ktke, 25 an
aryl oxy group such as a phenoxy group or the |ike or an aralkyloxy gr oup

such as a bépzyh catyigs @youy stibs titeredXith pwofkydbbyarbbal goewpsit om an
al kyl group, an aral kyl group, an al koxy group, an aryloxy group or a 28
Janualy 2000r- iyl sgbewps utard sexamphesupt the hﬁdeogaebena9r9ua hal ogen

atom an al kyl _group,. an al koxy group or an aryl oxy grou XZ in the
gener al forﬁﬂFé“@P)aQFY%I9¥°F85rg§§ﬁgg nt%t%91?ﬁrQQg $HCR 1S Per i odi ¢

Tabl e of the El C f i_nc] ude an _pxygen
atom a sul ?&etmxg%u a %ﬁﬁ&#n a@% )éq{%lzeo%]éﬁrgygma& TPRLTR atomis
preferabl e gpdugN aRMEIBY PEPEUP S aBUL BUR 0§ 2BLS; a tert -butyl group,

an isobutyl group, a n-pentyl group, a n-hexyl group, a

gro
a 2,
3, 5-
a

20 cyclohexyl group and the like; aryl groups having 6 to 10
carbon atoms such as a phenyl group and the like; aralkyl
groups having 7 to 10 carbon atoms such as a benzyl group
and the like, etc. The silyl group include, for example,
a trimethylsilyl group, tert-butyldimethylsilyl group and

25 the like. Examples of suchdi-substituted amino group include
a dimethylamino group, a diethylamino group, a
di-n-propylamino group, a diisopropylamino group, a

di-n-butylamino group, a di-sec-butylamino group, a



In the general forrmula (I) or (lI1) above, Cp may be bonded to X1 directly
or trough a bridging group . The bridging 10 group includes a dival ent

bri dgi ng group containing an atom of the Goup XV of the Periodic Table of
the Elenents and the like, preferably a divalent bridgin I L Ni ng
a carbon atomor silicon group, nore preferably a divale%@gﬁﬁﬁ%5§ﬁ§6g$oup
in which an atom bonded to Cp and X1.iij32a 15 carbon atom and/or silicon
atom further preferably a divalent bridging group in which an atom bonded
to Cp and X1 is a carbon atom and/or silicon atomand in which Cp is bonded
to X1 through -dlerBHutydinflifo FRAR [iL EXABYBStI@nE0d dPGhpdesa

nmet hyl ene group, et hyl ene group, propyl ene 20 group, dinethylnethylene

group( i sopr daeti-terty ldrsmprjopydiguhiaryy Igretdyy,| andignehexyllamiaoegbpuet hyl ene
group, silylene group, dinethylsilylene group, diethylsilylene

gr oup, di phefydi-nyioaiylamdng, tanaumetehydithanyd aminerexeup diaret hoxysi | yl ene
group and the like , preferably a nmethylene 25 group, ethylene group,
dinethylnetP%F@ﬁ&ﬂﬁﬁﬁﬁis¥£ﬁ%§ﬁ%ﬂQﬁQRHQBKE%noup, di et hyl si |yl ene group and

di ph I silyl . Pref o] t t it d

I TR S L NGy T
t iti I j i j t t h brid

o 1oL 0 WA bl S OB, Uty 10h 0 br 00 10

t iti £ Tl PSP N
([?/)nSIbe: 8\?\/ F‘%iﬁ.?’r"???é‘?@‘?é‘%fﬁ Cp\?w%ga%tf&ft{b) ( c:p~r|“;nc§§1ra2H 2,291” ()|3r)

(wherei n r ebpectrimeltthydsiflamichoXyricap laxres prefmaraii ned 10 in the
general formula (I ) or ( Il ) above; Y is a group having at |east one
atom of the G ouplivody thdsepfdiitsubrdriitattiesd Rablne draups Baygdra s and Q
-bonding to Mthrough the atomin the group; Cp and X1 may be bonded each
ot her i r ecPRF td Ll SRFE LEBFed widy @g@dﬁg%‘ atop syichas afluopinearity 15

P re et KR, bt RRg APl B bRTRE SRR ol ShLBhrsrdidl & bhe w
or XVl of thg gingg:O 6réap! ueh hB%aEhEERSLky §PGuf?, - BR"GLAG:K) O bl Ough

the atomin th
or the like, an aryloxy group such as a phenoxy group or

the like or an aralkyloxy group such as a benzyloxy group
15 or the like, etc.

As the alkylthio group in the substituent, X!, an
alkylthio group having 1 to 20 carbon atoms is preferred,
and examples include amethylthio group, an ethylthio group,
a n-propylthio group, an isopropylthio group, a n-butylthio

20 group, a sec-butylthio group, a tert-butylthio group, a
n-pentylthio group, a neopentylthio group, a n-hexylthio
group, a n-octylthio group, a n-dodecylthio group, a
n-pentadecylthio group, a n-eicosylthio group and the like,
and a methylthio group, an ethylthio group, an

25 isopropylthio group or a tert-butylthio group is more
preferable.

All of these alkylthio groups may be substituted with

a halogen atom such as a fluorine atom, a chlorine atom,



for exanple, a group having an oxygen atom nitrogen atom 20 sulfur atom
or phosphorus atom and Q -bonding to Mthrough the atomin the group,
respectlvely, pref erably having an oxygen atom or nitrogen atom and

o' -bonding to Mthrough the oxygen atomor nitrogen ato dﬂwy

formula ( I'll ) or ( I1V) described above, 25 respectlveHZp an are onded
each other directly or through a bridghpng group. The bridgi ng group

i ncludes a dival ent bridging group containing at | east one atom of the
Goup XIV, XV orXVl of the Periodic Table of the Elenents (Revised 28
January 2003 b26mediel a2BmObr! HRAS T dtidh Crerfittdy, NOMENSE aind s 1989)
preferably a divalent bridging group containing a carbon at om and/ or
silicon atoslkyathiprefarmbnaydapant tal 1prdute it iedipith ashalRoryp at om
bonding to Cp or Y is a carbon atom6 or silicon atom and particularly
preferably groupasest as adgehgoyy@geum, wn ehharyagooupowiithg 1dbke€p or Y is
a carbon atomor silicon atom and in which Cp is bonded to Y through at
nost 3 at omBR EXKEHPKE Q)?O‘%P@‘tﬁl'vaseﬁt PBPPGﬁYn%r@\iBlR)rlﬁhﬁ dd&e pE 2Bl | owi ng
di val ept gro -SQz > > 10
R R B P oRR LsvigRdhoup Such apd bRpzyLaKy G5RIR PRAES Qilifer SFR: Ra

hal b ,
&EFEﬁsﬁgtyst "ol R0 BL A By s8R0 shplR RefBI0g AT L

20 carbon ageEBkyWEheb é&ﬁ@ﬁa@@n@uﬁ%b'iybﬁ%%t&&n@%' gf%f:?tglé’r an aryl

group having 6 t0 20 carbon atons, which may be substitute a hal ogen
and examples thereof include a benzylthio group, a

(2-methylphenyl)methylthio group, a

10 (3-methylphenyl)methylthio group, a
(4-methylphenyl)methylthio group, a
(2,3-dimethylphenyl)methylthio group, a
(2,4~dimethylphenyl)methylthio group, a
(2,5-dimethylphenyl)methylthio group, a

15 (2,6-dimethylphenyl)methylthio group, a
(3,4-dimethylphenyl)methylthio group, a
(3,5-dimethylphenyl)methylthio group, a
(2,3,4-timethylphenyl)methylthio group, a
(2,3,5-timethylphenyl)methylthio group, a

20 (2,3,6-timethylphenyl)methylthio group, a
(2,4,5-timethylphenyl)methylthio group, a
(2,4,6-timethylphenyl)methylthio group, a
(3,4,5-timethylphenyl)methylthio group, a
(2,3,4,5-tetramethylphenyl)methylthio group, a

25 (2,3,4,6-tetramethylphenyl)methylthio group, a
(2,3,5,6-tetramethylphenyl)methylthio group, a
(pentamethylphenyl)methylthio group, an
(ethylphenyl)methylthio group, a



atom and X represents a hydrogen atom or hal ogen atom Specific exanples
t hereof preferably include a nethyl ene group, ethylene group, propylene
group, 20 di net hyl net hyl ene group(i sopropylidene group), diphenyl nmethyl ene
group, tetranethylethyl ene group, silylene group, dinmethyhksjl n up,
di ethyl silyl ene group, di phenyl silyl ene group,tetranethyl %lhs‘]ﬂ&ﬁag\ﬁ?(&%up,
di met hoxysilyl ene group and the like_;gore preferably a 28 January 2003
-27 met hyl ene group, ethylene group, élnethylnethylene group,

di met hyl sil yl ene group, diethylsilylene group and di phenyl silyl ene group.
As Y, exanples I 0 rou an 5 oxygen atom i ncl ude
"o 6ﬁ p9E8819h8H§}§@593§1Qﬂ1% 3¥bh ?H

an al koxy~group, ar oup and aral’kyl'oxy group, and specific

exanpl es i n¢gh4d8ropy1pRdniIgmpaR1@K3BPGeSuRS whose listed in the al koxy
group, aryloxy group and aral kyl oxy group of XI. Herein, -O neans that an

oxygen at om(hsbQtyhphdaglmevhgathis baoded o Cp through 10 a bridgi ng
group. As Y, exanples of a group Q -bonding to Mthrough a nitrogen atom

i ncl ude a mbaecsbbtyiphesylametbyditbdp gmroupi.- @ubstituted ami no group, and
specific exanples include the sane_exanples as those listed in the

di - sub8t it uf E8TEnbREYIBhERELPMELhYLthA® groypst Atuent) VY, a

nono- substit ut ed 0 i s,an 1n roup substituted with one hydrocarbon

or silyl grgﬁﬁgeﬁgépﬁggyi}ﬂﬁﬁgghﬁgﬁggPEEHPPnéludes an al kyl group having 1
to 10 carbon.a gr ethyl group, n-propyl 20 group,
i sopropyl g 8u%?gﬁ;ggggyingﬁg§&gég9b8?§ﬁpgr%up, tert-butyl group, isobutyl
group, n'pe0h¥he8§959en?1Wﬁé¥hy§%ﬁ!8 gremskanﬁaknﬂh?q&e%aqlkmgo"ke , an

aryl group having 6 to 10 carbon atons such as phenyl group and the like;

and an ar al gybufl cap dreehrdcehyImefh ¥R Hos ande theas1brazyan@% gr oup
and the |ike. Exanples of the silyl group include trinmethylsilyl
groupl@ert - bengvithitohgreupyisgmonp mmefemablleke. Exanpl es of the

nono- substituted am no group i nclude, for exanple, a methylam no group,
et hyl ami no group®ll 98 IBRESr predsylthdo greppsymayi e Pastdally

Rt oR T B R R e e e
Pyl am 12 Qi PuPCkY| £8LAROLOUPon IERN) A0 LD o8 LIRS 1111

preferably grggp @ﬂ&{ﬁa@.oagﬁé’éﬁbxyﬁfg@d@ﬁ BR SEKBEy JrRRIY %EW:R@H&Q:&I oup,

tart-butylam no group and trinethylsil'yl amno group. These

MoNo- $31bst | &t &xly Boky @r@yup B udhy abea Pstidndty Wrodls ort thedlike vt fara hal ogen
atom such as a fluorine atom chlorine atom brom ne atom and i odi ne atom
an al koxy gavapkyliekygroun such g upenasvioxy group amdhenbikeketan

aryl oxy group such as phenoxy group and the |ike and ap aral kyl oxy group
such as benzyl ox$s FhGAF Brichin@roprdn the substituent, X*, anarylthio

group having 6 to 20 carbonatoms is preferable, and examples
thereof include a phenylthio group, a 2-methyphenylthio
20 group, a& 3-methylphenylthio group, a 4-methylphenylthio
group, a 2,3-dimethylphenylthio group, a
2,4-dimethylphenylthio group, a 2,5-dimethylphenylthio
group, a 2,6-dimethylphenylthio group, a
3,4-dimethylphenylthioc group, a 3,5-dimethylphenylthio
25 group, a 2-tert-butyl-3-methylphenylthio group, a
2~-tert-butyl-4-methylphenylthio group, a
2-tert-butyl-5-methylphenylthio group, a

2-tert-butyl-6-methylphenylthio group, a



15 In the nono-substituted amno group as Y, the nitrogen atomis Q
-bonded to Mand is bonded to Cp through a bridging group. Specific
‘exanpl es of the transition netal conpound represented by the general
formula (111) or (1V) include 20
dinethylsiIerne(nethyIanino)(cyclopentadienyl)titaniun1a§deﬂ%Q$§OO3

di met hyl silyl ene(tert-butyl am no) (cyglepentadi enyl)titani umdichloride,

di mret hyl si | yl ene (phenyl am no) (cycl opent adi enyl )titani um di chl ori de,

di met hyl si |l yl ene(cycl ohexyl am no) (cycl opent adi enyl ) 25 titaniumdichloride
and the Iikgu3gqamggﬂg%h&ﬁpwghgatgw@ erepadienyl in the above-conpounds is
repl aced with methyl cycl opent adi enyl, "t etranmet hyl cycl opent adi enyl)

et hyl cycl opgnBagi-erimethybphehgyehapeiratipgnyd ., 28 January 2003 -29_
tart-butyl cycl opentadi enyl, di-tart-butyl cycl opentadi enyl,

tart-butyl n2tBybsitrimeybliydpbengditadyl grpwgnylacycl opent adi enyl, et hyi ndenyl
phenyl i ndenyl or 5 fluorenyl, conpounds in which dinethylsilylene in the
above- conpodnds Srrimpthydphenyh toleegmpudi.| W ene, di phenyl silyl ene,

nmet hyl ene, ethylene or isopropylidene, conpounds in which titaniumin the
above-éonpoanﬁs6F§rF@ﬁFQ¥éghﬁB§ﬁtgﬁPc8EQ$ﬂ«ma haf ni um and conpounds in

whi ch 10 digb%or'd L0 the ,akove: conpounds .i§ repl aced with dinethyl,

di met hoxi de“”BF§ 6§H§¥ﬁ Baﬁigg egﬁy@%@ &?@F Caf-F&Pr 2@

-oxobis{dinnggkzL Wl mé ngLﬁxggqh g#&ﬁ r@ig t@@éip | )a titanium chloride},
- oxobi s{di net hyl si ylgne?fart- uty?a %§§]15 ?Eyclo éntadi enyl ) titani um

chloride}, a-texebbat¢iostbyhsinb¥hglphenylthio group, a
(phenyl am no) (cycl opent adi enyl )titanium chloride}, u

- oxobi s{di ne{ Bytsrkgrenb(tytlohmeyhgiphenfdyrhliopeatomhi,e anyl ) titani um
chloride} and the |ike, conmpounds in which 20 cycl opentadi enyl in the
abovel@onpo@ntiertsbutpladel - dimpthyipheaydtbiengxeudnyia
tetranethylcyclagentadien ¢l opent adi enyl ,

|, ethylc I
n- but yl cycl 8p8n dFeﬁeru¥X#f45@?§P§}BP8&¥&F§&PeﬁfPPPr a
di -tart-butyl ¢ygl n ienyl rt-butyl qet hyl silyl cycl opent adi enyl ,
phenylcyclO%eﬁtga?ggv%?ggﬁﬁéﬁﬁﬁiﬁ9ﬁs ﬂﬁg Viﬁdenyl or fluorenyl, conpounds
in which di hyl gL ! (o] ds_is replaced with
dinethylsi|§?ghg:§ £§§E§§ﬁﬁg?59§8§ PRI SRR 2 Uyl ene. met hyl ene,

et hyl ene or2i3on; epybtéanathg2pREHFUSHED Yibeh,t @t aniumin the
above-conpounds is replaced with zirconiumor hafnium and conpounds in

whi chl@&hl or 2dterh-bhéyabdyé,; 6etpimatibyilpheayllibdd groapnewhyl, 5 met hoxi de.
di met hyl am do or diethylam de; and di-,u

-oxob!s{d!n%tﬁyﬂ%fF?Féanﬁi@h?bénﬁﬁ@?Fby&PbﬂéﬁﬂﬁbﬂénQFPuPhtén!un}_, di - u.
0xb1 ol et Loyl Y prell RLL BULKL IR GL5yg] ogent adl enyl )t tani u
2-tert-butyl-3,5,6-trimethylphenylthio group, a
2,6-di-tert-butyl-3,5-dimethylphenulthio group, a

20 pentamethylphenylthio group, an ethylphenylthio group, a
n-propylphenylthio group, an isopropylphenylthio group, a
n-butylphenylthio group, a sec-butylphenylthio group, a
tert-butylphenylthio group, a n-pentylphenylthio group, a
neopentylphenylthio group, a n-hexylphenylthio group, a

25 n-octylphenylthio group, a n-decylphenylthio group, a
n-tetradecylphenylthio group, a naphthylthio group, an
anthracenylthio group and the like.

All of these arylthio groups may be partially



(phenyl am no) (cycl opent adi enyl )titaniun}, di-,u
- oxobi s{di net hyl si | yl ene(cycl ohexyl am no) (cycl opentadi e nyl)titani unt and
the |ike, conmpounds in which cycl opentadi enyl in the above-conpounds is

replaced with 15 net hyl cycl opent adi enyl, tetramet hyl cycl gpe '
et hyl cycl opent adi enyl , n-butyl cycl opent adi enyl tart-butgpdgﬁﬁ%%22¥gﬁ?enyl,
di -tart-butyl cycl opentadi enyl, tart-bgpyl net hyl silyl cycl opentadi enyl, 20
phenyl cycl opent adi enyl, et hyi ndenyl, phenylindenyl or fluorenyl, conpounds
in which dinmethylsilylene in the above-conpounds is replaced with

di net hyl si | gheseitditpacaytni hyhanegefehbyhesachehByheneuorih&oREORY! i dene,
and conpounds in which titaniumin the above-conpounds is 25 replaced with

zi rconi um oa diaforime alome arkferiaid etbmassian bodimeadtamwaauatkoxed i n t he
present invention include transition nmetal conpounds represented by the
general for@uPEp $ugh gsyp)mekhoxyigyoup, 28 gbhoxyyaroup or3the Like P~-M-X~ R
RA Acv) RB/ RLR R~J/CP~-MXi X~MCP~JiRs 4 R5 ~\X2/ ~~R5 4 R~ A A/
R R3 / R- RRN-ARELe3Y@ropR sUY) H5CP° RRSBORY (FXOUROD the likexgr/an “ps 4 R
~AA 4 RR3.~.RL.RL ~ R3 R2 R2.5 wherein, iin_the general formyla (V), (V)
or (Vif) AFBHRELERTSOROPARIER B fePaPEXiomToB M Crotha Wi  he
Periodic Table o té}&%ﬁ $er ? r th XVI  of
the Periodic Tab g% E‘?E?%n%% foﬁBrjgﬁfﬁégrlﬁ%s%tgrwﬁngm%f'%[n% oup XV
of the PerigdbGp it h@Ph t§20EELPBHE R tom01 Epr e 88! and &E&%Dlé@v' ng a
cycl opent adi ene type ani on skel eton; each of X1, Rl, R2, R3, R4, RS and R6
I ndependent Lyclafiecacneshglbgdeagengratip) aa bthggse lanongraupgl lkyl group,
an aral kyl group, an aryl group, a substituted silyl group, an al koxy
group, an anabkopyksedenapgranpar phoigopropylsgleno group, a
10 n~butylseleno group, a sec-butylseleno group, a
tert-butylseleno group, a n-pentylseleno group, a
neopentylseleno group, a n-hexylseleno group, a
n-octylseleno group, a n-dodecylseleno group, a
n-pentadecylseleno group, a n-elcosylseleno group and the
15 like, and a methylseleno group, an ethylseleno group, an
isopropylseleno group or a tert-butylseleno group is more
preferable.
All of these alkylseleno groups may be partially
substituted with a halogen atom such as a fluorine atom,
20 a chlorine atom, a bromine atom or an iodine atom, an alkoxy
group such as a methoxy group, an ethoxy group or the like,
an aryloxy group such as a phenoxy group or the like or an
aralkyloxy group such as a benzyloxy group or the like.
As the aralkylseleno group in the substituent, X', an
25 aralkylselenogrouphaving 7 to 20 carbonatoms ispreferable,
and examples thereof include a benzylseleno group, a
(2-methylphenyl)methylseleno group, a

(3-methylphenyl)methylseleno group, a



28 January 2003 -32 di-substituted am no group, an al kylthio group, an

aral kylthi o group, an arylthio group, an al kyl sel eno group, an
aral kyl sel eno group or aryl sel eno group; X2 represents an atom of G oup XV
of the Periodic Table of the Elenents: 5 Rl, R2, R3) R4, ,B5 1’3{{”%?62 be
optionally conbined with each other to forn1a ring; and |n era
formula (M) or (VII ) , two of M A_23- Cp, X1, X2, Rl, R2, R3, R4, RS and
R6 may be respectively the sane or different.), M Cp , and X2 in the
general formula ( V) , (M ) or ( VIl ) 10 are the sane as those defined

in the general-nfethiilpRehk )tHe thyllde Derfde f¥ddied sabove . And, each of X1, X2
Rl ( R ,( ?1@ IYan)deRGY:nethee ge%ilrnerdzga formula (V), (VI) or (M)

is |ndependqmtByduhetmqa@h@myxnmtﬁhynyhmdndIyrquyun&u formula (1) or (I1)
descri bed above. 15 Further, each of Rl, R2, R3 and R4 is independently

preferably d2hyGHUgeﬁh@ﬂ@mwnwanm@mhyisﬁmenﬂlquoqpoup, aral kyl group, aryl

group, substituted silyl group, alkox roup, aral kyl oxy group or aryl oxy
group, and d@nﬁgdﬂm@§@¥1@%@PW end GRAD, aaryl group or

substi tuted silyl S Rl are nnre referable. Moreover, each of RS
and R6%| SeﬁémﬁﬁgﬁﬁpﬁﬁpglomQFPY ﬁ? d% GOHPNv2 | ) |, is independently
pr ef er abl y h%d %thtl%ﬂeﬁxylbmet% 1. gﬁiﬁ% Jr Qup, aryl group,

substltuted grou group group or aryloxy group.
25 Further re5,_d,§m|e|% h383a" e thy18d12 0 Y% (v or (VM 1), is
an aton1ofn3he G oup X@ﬁﬁof ?@g 5@%&25“% Table é?Jthe Elenents such as an
oxygen at om(zsal, ﬁukiﬂleﬁyl@ﬁb@l&lll)me&&@mmdn@ drdup, R eferably an oxygen
atom 28 January 2003 -33 J in the general formula (V) , (VI )or (W
I ) , repred@nts 5atiimethyliphenydt)ale thiydmedfeniohgro@pgu@m | V of the Periodic

Tabl e of the Elenents such as a carbon atom silicon atom gernmani um atom
and tH8 |ikdé2.3né- 5ﬂ@ﬁ§hﬁﬂpyanédN@Sﬁm&ﬁﬁ%&@@dQﬂquOO@-6 atom As such

;;ﬁgf;f'?gr zl qﬂ Rgi@heQGEBRE%hgéanHL%% %Eo%ges%.represented by the
i chl or i de, %ét%l SRR AT SR ey TR by R aRR e T Eantum
(3-tent-but yh-3- Bh%EﬁéihbibﬁthﬁbﬁbQ %bQQn%EbE%h e@n

5-cycl opentadi'enyl ){3-tart - but yl -5- e | - 2- phenoxy)tlt ani um di chl ori de,
met hyl ene( l2539!9bomemﬁ:aﬂleenyhbhanghe)melth&ll@la%@by)gtﬁotu@v @n di chl ori de,

nmet hyl ene(n 15 5-cycl opent adi enyl ) (3-tart-butyl di met hyl silyl-5-nethyl
2- pheddxy) t (Radi, 4bditeliramedbylpbenyllomethylseleno group, a
(2,3,5,6-tetramethylphenyl)methylseleno group, a
(pentamethylphenyl)methylseleno group, an
(ethylphenyl)methylseleno group, a
(n-propylphenyl)methylseleno group, an
20 (isopropylphenyl)methylseleno group, a
(n-butylphenyl)methylseleno group, a
{sec-butylphenyl)methylseleno group, a
(tert-butylphenyl)methylseleno group, a
(n-hexylphenyl)methylseleno group, a
25 (n-octylphenyl)methylseleno group, a
(n-decylphenyl)methylseleno group, a naphthylmethylseleno

group, an anthracenylmethylseleno group and the like, and

a benzylseleno group is more preferable.



5-cycl opent adi enyl ) (3-trinet hyl silyl-5-nmethyl -2-phenoxy )titanium

di chl oride, nethyl ene(n

5-cycl opent adi enyl ) (3-tart-butyl -5-net hoxy-2- phenoxy)ti 20 tani um

di chl ori de) nethyl ene(~J

5-cycl opent adi enyl ) (3-tart-butyl -5-chl oro-2-phenoxy)tit a%{ﬂﬂ%?QQ%Qg?de
met hyl ene(n 5-tetranethyl cycl opent adiLenyl ) (3, 5-di net hyl - 2- phenoxy)t itani um
di chl ori de, nethylene(~n 25

5-tetramet hyl cycl opent adi enyl ) (3-tart-butyl -2-phenoxy)t itaniumdichloride,
net hyl ene(~1 5-t efinamet RHeREC laeRAKAdELQRH (GF-dud We paraifnil
phenoxy)titani um di chl ori de, net hylytaalne ~ f%'\]ug{]ug{ra)? 2003r -34 Iy

5-t et ramet hgubgtiapeedadiehyh) hdlpgenyhtdmpsechxast at fhuotbndi £bdmy i de)

met hyl ene(n 5-tetramet hyl cycl opentadi enyl)(3-tert-butyldinethylsily

1- 5- net hyl - 2-¢phkowolays Eitoani arhntindrieoetds, onemhybdhpératdn, an alkoxy

5- tetranethylcyclopentadlenyI%(3-trinethyIS|IKI-5 nmet hy

1-2 phenoxy?FPPQn?‘&ﬁ@(ﬂscﬁllb?F ‘éerﬁs‘fC?ﬁHeﬁ@(et OXy group or the like,

gi Eﬁf{) in‘g';h ¥ ?gﬁQESPAEEVJJ&B atseratp en :lcx_rngr'rglE;r)moe/ t%e Riﬁnox tl tanium

o Ch oo MUY Ry 3BGY! 30LARY LLCA B8 b BUhE 133" 6Rolp? o ¢RICATRY). T ANt um

di chl oride, 1 SO

5- cycl opent adi eny&ls) &%e%@&%bh)éhb%%%@)omtt e Btditdnd,| %8, an
i sopropylidene(n 5-cycl opéntadienyl’) (3-tert-butyl-2- phenoxy) tifani um

di chl ori de, argopedpybi giong) having 6 to 20 carbon atoms is preferable,

5-cycl opent adi enyl ) (3-tart-butyl -5-nmethyl -2-phenoxy)tit anium dichl ori de,
i sopropyl i dené (examgb¢©pémead¢énquxﬁd@h@ngmeﬂybheheug)grOHpiua1

di chl ori de, |so yl i dene(~J

5- cycl®pent 3dl“é EPQGPEF-F%GP?I%%& h{ 3rmethylphenylsedeno group,

2- phenoxy)titaniu i sopro Ildene( ~7

5- cycl opent &d éﬂ@f%w(%i’l??mfﬁm?@r 88 et AR RFAP R YL R L RRO

di chl ori de,

5- cyclopentg ?{g gg§?$8ZP§}pgeﬁ¥%ﬁg%§ng 8ﬁ8H8nyt| tani um di chl ori de,

lsoprOpylldQns aﬁméfﬁyﬁyﬁéﬁgfsaﬁehsngkbﬁﬁ tgrt-butyl-5-chloro- 2- phenoxy)
titani umdichloride, 1sopropylidene(~7

5-tetranet hgl, 6yadlmpenyaphenyllyéBehodgpotpyl a2- phenoxy)t itani um di chl ori de)
|sopropyI|dene( ~7 28 January 2003
3,4-dimethylphenylseleno group, a
3,5-dimethylphenylseleno group, a
2-tert-butyl-3-methylphenylseleno group, a
2-tert-butyl-4-methylphenylseleno group, a
2-tert-butyl-5-methylphenylseleno group, a
20 2-tert-butyl-6-methylphenylseleno group, a
2,3,4-trimethylphenylseleno group, a
2,3,5-trimethylphenylseleno group, a
2,3,6~trimethylphenylseleno group, a
2,4,5~-trimethylphenylseleno group, a
25 2,4,6-trimethylphenylseleno group, a
2-tert-butyl-3,4-dimethylphenylseleno group, a
2-tert-butyl-3,5-dimethylphenylseleno group, a

2-tert-butyl-3,6-dimethylphenylseleno group, a



-35 5-tetramet hyl cycl opent adi enyl ) (3-tert-butyl -2-phenoxy)t itanium

di chl oride, isopropylidene(n

‘5-tetranet hyl cycl opent adi enyl ) (3-tert-butyl-5-methyl-2phenoxy)titani um

di chl oride, isopropylidene(~7 5

5-tetranet hyl cycl opent adi enyl ) ( 3- phenyl - 2- phenoxy) titan ?%ﬁ%aé‘.“@ﬁY groloc?e,

i sopropylidene(~7 5-tetranet hyl cycl opggtadi enyl)(3-tert-butyldinmethylsily
1- 5- net hyl - 2- phenoxy) ti tani um di chl ori de, isopropylidene(~ 10

5-tetramet hyl cycl opent adi enyl ) (3-trinet hyl silyl-5-nethy

1- 2- phenoxyyt st @Rl vy gl pk9iLl deme kAGRPARBYY 1 481RND group, a o
5-tetranet hyl cycl opent adi enyl ) (3-tert-butyl-5-nmethoxy-2 -phenoxy)titani um
dichl ori de, 2L s@ptopitiylea¢b=dimethylphenylseleno group, a

5-tetranmet hyl cycl opent adi enyl ) (3-tert-butyl-5-chloro-2 15 phenoxy)titanium
di chl ori de, 2dépltnyemttbukghed-hethylphenylseleno group, a
5-cycl opent adi enyl ) ( 3, 5-di net hyl - 2- phenoxy) ti tani um di chl ori de,

di phenyl et By#ehetriBethylppenvagrdappr) @ZouPnt abut yl - 2- phenoxy) ti t ani um
di chl ori de, _di phenyl neth Iene&~J 20

5-cycl%pent%d?eﬁyP)FSFF€¥FIBM pheBYlE8ehERO29FRERexP) tit ani um di chl ori de,

di 6hi or | de, 247 phesyFAEE R ERETREERFTELROPRRRYy, ZaPhen Xy T Lant u
5- cycl opent adj L =4 apt 2Dt i L 3 h
2-phenoxy)t?tg§?ﬁn%§?¥ﬁlgf%dg,¥gggﬁgﬁg¥%§%h¥Fgﬁégﬁ% Yrod, a
g; CKfl OPSnt @gs EﬁyLi.éﬁt{-EhFﬂ h?l, i;i-h!ﬂne’éhﬂbﬁ&hy@sﬂh@ﬁ@xbrbhipt,a'&i um

i chl oride, diphenyl nethyl ene(~
5-cycl opentagB ehyb ) t8ttamethylphebyleéherny- grphpnoay) ti 28 January 2003
-36 taniumdi chl oride, diphenyl nethyl ene(~7
5- cycl®pent 2dtenyrputyledt Shat yrisethydpbenypresory) groudni @ém di chl ori de,
di phenyl nmet hyl ene(~7
5-t et r anet hgt 8yt obeht aBRER T3 (37 41Be HRYADREBULREAERY) 8T8UP: afli um
di chloride,_di phen | e
5. Lot raret 19T RERRSERRTRAVRETRS Tano group  ah o5 PR RRERYFESLERR TRIR chi or f de,
di phenyl et . :
S Lot et Kol SyET SBLR AT ERS Pl 030 879 B S B RTREY 8RR A2 PP ani um

di chl ori de, geo@psay mRitplpheyisel eno group, a sec-butylphenylseleno
5-tetranet hyl cycl opent adi enyl ) ( 3- phenyl - 2- phenoxy) titan ium di chl ori de,

di phety| netdwoepe(a7tert-butylphenylseleno group, a
5-tetranethy|cycI0£entadien 1)(3-tart-butyldimethylsily
1- 5- net hyl -R=-pértvipheny hae landgsoup.ianeonephEAaphaavhgréano-B-au.ra 15

ot hy| oyl opentad Sl ) (Y LE It VLS YL 8-S Iyl 2 phe. PR v

o Letranet | gvel apet adl eoul 143 L85 PUAYh - BaPELBREY1 BraREBRXKL! 2T U

di chl ori de,
5-tetranet hyr&ys! e eRpAENSIEeledo! §EbuByt dh -di it &yl 1 e
titaniumdichloride and the |ike ; conpounds in which titanium of 't hese
conpa2nds i&ndettha@ckilkai t h zi rconi um or hafnium conpounds in which
di chl ori de of these conpounds is replaced by dinethyl,
di benzyl, di met hokldeofi pheaexat¥lseiendi geeupsamamopeopapitdadilygt hyl am no) ;
conpounds in
P substituted with a halogen atom such as a fluorine atom,
a chlorine atom, a bromine atom or an iodine atom, an alkoxy
group such as a methoxy group, an ethoxy group oxr the like,
25 an aryloxy group such as a phenoxy group or the like or an
aralkyloxy group such as a benzyloxy group or the like.
X! is preferably a halogen atom, an alkyl group, an

aralkyl group, an alkoxy group, an aryloxy group or a



25 which ( n 5-cycl opentadi enyl ) of these conpounds is replaced with
(~75- et hyl cycl opent adi enyl ), (n 5-di nethyl cycl opentadi enyl), (n
5-trinmet hyl cycl opentadi enyl), (n 28 January 2003 -37
5-n-butyl cycl opentadi enyl), ), 5-tent-butyl cycl opent adi egnyl ~
S-trimethylsilylcyclopentadienyl), (n @§~%h%an/2003
S-tert-butyl di methylsilylcycl opentadiggyl), (~75-indenyl), 5 ( n

5-met hylindenyl ) , ( n 5-phenylindenyl ) or ( n 5-fluorenyl); conpounds in
whi ch (3, 5-di net hyl - 2- phenoxy) of these conpounds is replaced with

(2- phenoxy) a1 £ 3aBBt Dyht 2aPARIES Wrod, 3md mbek! phuERkaB1PhEMENdgen

( 3- phenyl - 5- et hyl - 2- phenoxy), 10 (3-tert-butyl di nethylsilyl-2-phenoxy) or
(3-trimet hyasomylar-glx1ogypbuphuah helkaee grdiure oy bai dyyEory (droup.

5-cycl opent adi enyl ) (2- phenoxy) titani um di chl ori de,

di net hyl si | yl ene(¥5inythepgenadatnformika (G heathyl ID) preposgents an um

di chl oride, dinethylsilylene(~)5-cyclopentadi enyl)

(3, 5- di net h§Fon-ohPERYD XY hrrhintke HRGkedC Table of the Elements,

di met hyl si |l yl ene(~75-cycl opent adi enyl 3-tart-butyl-2-phenoxy)titani um

di chl 2%' i de, g@%sag’ﬁi?ﬁﬂ%ﬁﬂfﬂ %%E%?/%Féﬁéﬁa% gen aBOR) Y4

(3-tert-butyl-5- | - 2- )4 tani Lch | d

di et h_yI Si l%:%rﬁeﬁé]gcsyeéeg%%%o@w% g%geﬁ. E\?Hn Sr a sulfur atom

(3, 5-di -terjshytyteabienand) bht 884 48hdbE6MOLEdfRore preferable.

di met hyl si |l yl ene(~75-cycl opent adi enyl ) 25

(5- et hyl - 3- phenynh - eh@ hgeweyal i ferheDa di Chliex i dEI) above, Cp may be

di met hyl si | yl ene(~75-cycl opent adi enyl )

(3-tert- butwmde@tbwlslimeﬂmrmﬂo@mburdﬂ}y)inigtgmbupn fhelimirdgiag

di met hyl si |l yl ene(~ 28 Januaﬂ{ 2003 -38

5- cycl®pent gEeepyncindes aydivakenthbridod ngygroupicondaining anjakam

di chl oride, dinethylsilylene(n

5. ycl opent ot AreuR KIFGECThe PaRAINLS TEBIRCREGIPIEASIORES Ah or i de,

di et hyl si | (= 5

5. Cycl spent S A9 PREESEARKY £ BLYRFEPS EHATHRL, SO SRR or i de.

di met hyl si | ¥1ene{dd a®ohy st WEM GSH GBdu,3merdi pE&Le2AY Ly % RIIGAERH | tani um

di chl ori de, dinethylsilylene(~!

5- cycl opentwehi @iy g (drowdp il yh Loty an | dttom woried |1 icke,anld X1 1s a

di met hyl silyl ene (Qr5-tetranet hyl cycl opent adi enyl ) (2- phenoxy)titani um

di chl b¥ i de,calitven hytem| ghdhef ~silicon atom, further preferably a

5-tetrameth Icyclqgentadienyl)(3-nethy|-2-phenoxy) titani umdichloride,

dinethylsil%&%ﬂkﬁn- bridging group in which an atom bonded to Cp and
X' 1s a carbon atom and/or silicon atom and in which Cp is
bonded to X' through at most 3 atoms. Specific examples
thereof include amethylene group, ethylene group, propylene

20 group, dimethylmethylene group(isopropylidene group).,
diphenylmethylene group, tetramethylethylene group,
silylene group, dimethylsilylene group, diethylsilylene
group, diphenylsilylene group, tetramethyldisilylene group,
dimethoxysilylene group and the 1ike, preferably amethylene
25 group, ethylene group, dimethylmethylene group,

dimethylsilylene group, diethylsilylene group and
diphenylsilylene group. Preferably, the transition metal

compound represented by the general formula(I) or (II) is



15 5-tetranet hyl cycl opent adi enyl ) (3, 5-di net hyl - 2- phenoxy)t itani um

di chl oride, dinethylsilylene(~7

‘5-tetramet hyl cycl opent adi enyl ) (3-tart-butyl -2-phenoxy)t itaniumdichloride,
di et hyl si l yl ene(~7 5-tetranet hyl cycl opent adi enyl ) (3-targgb |- yl-2
20 phenoxy)titani umdichloride, dinethylsilylene(~ iB.HﬁeréZﬂf&?
5-tetramet hyl cycl opent adi enyl ) (3, 5-dLggart - butyl - 2- phen oxy)titani um

di chl oride, dinethylsilylene(~7

5-tetramet hyl cycl opent adi enyl ) (5- et hyl - 3- phenyl - 2- phen oxy) titani um

di chl ori de, a dig@dI\t 19n i{é €4E compound in which Cp is bonded to X! trough
5-tetranet hyl cycl opentadi enyl ) (3-tart-butyldi nethylsily

1- 5- et hyl - 8- phedginyt gtanpum di chl ori de,

di met hyl silyl ene(r 15-tetranet hyl cycl opent adi enyl )

(5- met hyl - 3-tri neA$iyihs tyangighenonet el tcompened sifeast faethe pr@senthuary
2003 -39 dinethyl sil yl ene(n5-tetranethyl cycl opent adi enyl)
(3-tart-but}FVSBH%PHOX®¥§Fﬁﬂﬁ%ﬁ$GBfWQP%¥ Gema@reRdoFpRESSented by the

di met hyl silyl ene(n5-tetrane yclo adi eny!|

(3 Cart - bu dpBeEe pEnstar LRt Eyy Sro L MnPaiBl bs merespreterable:

di met hyl si | yl ene(n5-tetranet hyl cycl opent adi enyl )

(3,5-di -sec-anyl - 2- phenoxy) titani um di chl ori de, and

di met hyl si | yl eneCp®M&&i r anet hyl cycl opent@dildnyl ) (1- napht oxy-2-yl) titanium
di chl oride; conpounds wherein (n5-cyclopentadienyl) of these conpounds is
repl aced by 10 ( (CPEMXsth¥l=zycl opentadi €RY) ) , ( n

5-di et hyl cyc¢l opent adi en

1), .
5-tri et hyl ERIPEISLY o(M7sCRe H§1 2901 Kol Khpehghp, as defined

5- n; I i -i i
iy 1 Cy et i BEfe By R £ (130 FY) MHABEE S8l bve igkring
5-isobutyl cyel ppgot agh&Wtom oF t@d @:%%é el opefird£ite Pdilodic
5-trinmethylsilylcyclopentadienyl), (n 2

5-tart - but yrebretdythid ghemehepeanhadoemdndiny penythyetgnetnaditny! ),
(n5-indenyl), 5-nethylindenyl), (n5-phenylindenyl) or (n5-fluorenyl);
conpounds wher the (Re@ipndyy jamd Kiesay cohepoomdied | esache i thoaxd ddindctly

(3- phenyl - 2- phenoxy), (3-trinethy|siIyI-2-phenoxy£ 25 or

(3-tart - but 9F dt e ¥gh & (BAldging gepp: Sodfolnds 1h A ch REYRRTREYI | y| ene

f th ds i I it bet hyl.silyl di | silyl
of nfge comounds i ropl el dhetiule Ll e deefiasilyiene o
I d 28 J - i i i fni d
Pl aced 28 Janyary DDt PLE (900 YR il KL AR SATRPUTCS 1

di et hoxi dean H f4peREXLHE I HWBENXV 26 HDhePPelidadiceral andNdhe and the
like. 5 Specific exanples of the transition netal conmpound represented by

t he general Elements drd )0 + behdileg,tto M through the atom in the group,

- oxobi s{i sopropyl i dene(n5-cycl opent adi enyl ) (2-phenoxy)titaniumchloride},
u- oxobi s{i sbpr @XANRlene @-Froup \ltad vlrg aRd cXIgeR 2tphe kiyegem wtom,

nmet hoxi de}, 10 -oxobis{isoEropﬁlidene n5-%§ilopentadien¥l)

(3-t afd - but FRIEURAIRM oF BREABROFESt aRhPA ARt GrPaBfing to'M through

- b i | H _ | . |
(3 Carts o RS Rna B B8 B¥GUR0 T S0aE vy  Rrefgrayly having an

- bi s{i i - ; ) . .
chlori dey - OkFgHn SENR (Je b LGN A 0RRMRY O ohdt 2ol froliE RBEOGH ANt um
(2- phenoxy) thé apkygeneabeni 6e}nitogeabasdinsopr opyl i dene(n

5-nmet hyl cycl opent adi enyl ) (3-tart-butyl -5-net hyl - 2- phenox y)titani um
chl oride}, , ct-ofobthé igemyeradyEoumnda (III) or (IV) described above,
25 respective Cp and Y are bonded each other directly or through

a bridging group. The bridging group includes a divalent

bridging group containing at least one atom of the Group

XIV, XV or XVI of the Periodic Table of the Elements (Revised



20 ( n 5-nethyl cycl opentadi enyl ) (3-tart-butyl-5-nethyl-2-phenoxy)titani um
nmet hoxi de}, ~C -oxobi s{i sopropylidene

"(QL5-t etranet hyl cycl opent adi enyl ) (2- phenoxy) titani um chl ori de},

u- oxobi s{i sopropyl i dene(~ 25

5-tetranet hyl cycl opent adi enyl ) (2- phenoxy)titaniumnethoxz%‘ﬂanuaryzo03

1 ~- oxobi s{i sopropyl i dene(~

5-tetranet hyl cycl opent adi enyl ) ( 3- tert- butyI-~5 met hyl - 2- p henoxy)titani um
chl oride}, ,u-oxobis{isopropylidene 28 January 2003 -41

(~75-t et r anglsh¥h 6¥CHEPEODAE! £RYE af Bc t@dmPsE ¥y -Nom@i &Vt e Nes@xy) ti tani um
nmet hoxi de}, -oxobi s{dinethylsilylene(~

5-cycl opent pdegeyhblz- ahd@Doxyeht tbidging| grow®lcontabning a carbon

- oxobi s{di nmet hyl sil yl ene(n 5-cycl opent adi enyl ) (2- phenoxy)titani um

met hoxi de}, aaom@mquqsﬁ1¢¢¢wathymgmqpreferabryadivalentbridging

5- cyclopentadlenyl)(3 tert-butyl-5-nethyl - heno§y)t|t ani um

chl ori de} " ugsRup; L0 dmﬁlhﬁrsﬁtwehepﬁime tO P or ¥ is a carbon atom

?E:fﬁﬁ'odf’g? dPheshyt PRy RERT %l RFRYFLYBF SBRERAPERPLY( 3. BHERCEPFL t ant Um
g- ng'[ Ly?iycﬁopeﬁ?hg{@&ﬁi ?é %eérﬁogg%&maﬁ?ﬁ%iﬂgt% CPHE ¥ 1ga carbon

, ~- oxobi s{ d{a?@ﬁl@il §':L|l3i|c%ﬁe£t&n a% in wh:l.ch Cp is bonded to Y through
5- met hyl cycl opent adi enyl) (3-tert-butyl-5-nethyl-2-pheno xy)titanium

chl ori de}, atomethédaaembylskhmbgaeéﬂ the divalent bridging group
5- et hyl cycl opent adi enyl ) (3-tert-butyl-5-nmethyl -2-pheno xy)titanium

met hoxi de}, inuludebthédfaﬁibylaglﬁlvakenf gboups:
5-tetramet hyl cyal opent aglj enyl ) (2- phenoxy) titani um chl ori de},

, U- oxobi s{di netlhyl si | yllgne(n
5-t et ranet hytT pent renyl‘)‘QZ—phEISoxy)ﬁSt-am'unﬁﬁ!Dho;(l—e@(})Q—

u- oxobi s{di net fyl si | yl
5-t et t&net hyl cyXl opent |enyl)(3 tert butyl-5-nethyl-2 25 phenoxy)titani um
chl ori de}, u-oxobis{dinethyl si
5- tetrarnethym@yclopeRﬂadlen?ﬁ)(S iart bB@yI 5-met hyl - 2phenoxy) ti tani um
met hoxi de} oundspln whi ¢h titani um &f thes %ﬁnpgggds is replaced with
zi rconi um or gafnrun” —28 JBruarytzo03—Ne2 cﬁﬁgo 8s+tt®whi ch chlori de of
t hese conpoungs is replaced wth nethyl, benzyl, phenoxide, dinethylam no
or dlethylanlno conmpounds in which ( n 5- cyclopentadienyl) of these

COMPOUNS | SerBlace 1oL S 0 TEL LN Y Gl OBEL SN bl naping
AN z#&%cw%%%%% oY AL IR b s RS (7 20
S-methyl i ndgpyh, )an drdligyPRABIY RASINy ¥ €6 20 carbon atoms, which

15 may be substitutedwith a halogen atom or an aryl group having
6 to 20 carbon atoms, which may be substituted with a halogen
atom, and X represents a hydrogen atom or halogen atom.

Specific examples thereof preferably include a
methylene group, ethylene group, propylene group,

20 dimethylmethylene group(isopropylidene group),
diphenylmethylene group, tetramethylethylene group,
silylene group, dimethylsilylene group, diethylsilylene
group, diphenylsilylene group, tetramethyldisilylene group,

dimethoxysilylene group and the like, more preferably a



5-fluorenyl); and compounds in which (2-phenoxy) of these conpounds is
repl aced with (3-nethyl-2-phenoxy),

13, 5-di net hyl - 2- phenoxy), (3, 5-di -tart-butyl -2-phenoxy), 15

(3- phenyl - 5- et hyl - 2- phenoxy) or (3-trinethylsilyl-5- net 5 gggggﬁy?.
Speci fic exanples of the tran5|t|on met al conpound represen H

general formula (VII) include di- -27-

- oxobi s{i sopropyl i dene(~75- cyclopentadlenyl) 20 (2- phenoxy)titaniunt,
di -, u- oxobi s{i sopropyl i dene(~7

5- cycl opentagtﬁwéﬁéiqf&m %Ltwle%enﬁkbﬁb 24 PREERY Yhb thy 88hdGroup,

di -, u- oxobi s{i sopropyli dene(

5- et hyl CycHopethals enylehe- Qbeﬁpxymetnmuﬂlyléhe, dgroup and
-oxobis{isopropylidene(~75-nethy|cyc|opentadienyl) 25
(3-tart-butgipbeneglsyly2epbegoayptitani un}, di-

- oxobi s{i sopropyl i dene( ~5- tetranethylcyclopentadlenyl)

(2- phenoxy)tltahﬁuﬁj eygamplegxebi 3{ gTopPofyihandidaid B tbttturauglylan

cycl opent adi en 28 January 2003 -43

(3-tark- but%Y%e’ﬁﬁW iEcﬂrHQﬁox%t |atnaﬁHSﬁ’}‘Y HrQUP « FEIFOXYATREERA | y| ene

El ~75- cycl open %flﬁ%f?.% 5%532388@9 A0 Whiples 1nclude -0- and the

, u- oxobi %

R e

, U- oxobi s yIcyc openta
(2 phenoxy) g+é@pi and pEaIry1oxpLasbe) TBE ) Sigpen, ~o- ‘means that
(n5- nethylcyclopentadlen (3-tart-butyl -5-nethyl - 2- phenoxy)titani unt,
di -, u - oxobars{cdiygerhgkeml /4 enebonridéd to M and is bonded to Cp through
5-tetranethy|cyc|opentadienyl)(2-phenoxy)titaniun}, di u
- oxobl&{ di ret byl dging egeQuUP. 5-t et r anet hyI
cycl opent adi enyl ).(3-tart-butyl-5- neth @henox titan jiunt; compounds in

whi ch titaniu 8f¢?ﬁ§@9%%ﬂﬁ @ﬁ%@?& I FPMEBT QRS AT IFHOIEIY ni um

d whi | f h d
S e iR e mhwaéﬁfﬁﬁaﬁ%ﬁa#sﬁ andpd’ gbBEBCaRETPOUNIS 1S

5-trineth I c b I t

5-tart- bu%/y %/yéc open d| 4’"%1)11& ?’r?u%d gh?ﬁ%@éﬁ??é?%@:ﬁ%&’% pent aéi renyl), (n
S-tart-but yik a‘ahaxéxﬁardméysétheaﬂimahn(ﬂﬂédinsﬁaykitueea amino

5-net hyli ndenyl ) , ( 5- phenylindenyl ) or ( n 5- quorenyI ) ; and

conpolids |graﬁpomf(xﬁ.phenoxy) of these conpounds is replaced with

(3- et hyl - 2- phenoxy), 25

(3, 5-di net hyl Az-@ﬁ@rb@xyi)ttl(es% ‘di itmpnObauystztpﬁ@dcgmup is an amino

( 3- phenyl - 5- nethy henotﬂé é3 trimeth |IyI 5- et hyl - 2- phenoxy); and
the like. %ﬁ"d&? &P OTs§htKesgoup . and

the hydrocarbon group includes an alkyl group having 1 to

10 carbon atoms such as a methyl group, ethyl group, n-propyl
20 group, isopropyl group, n-butyl group, sec-butyl group,
tert-butyl group, isobutyl group, n-pentyl group, n-hexyl
group, cyclohexyl group and the like; an aryl group having
6 to 10 carbon atoms such as phenyl group and the like; and
an aralkyl group having 7 to 10 carbon atoms such as benzyl
25 group and the like. Examples of the silyl group include
trimethylsilyl group, tert-butyldimethylsilyl groupandthe
like. Examples of the mono-substituted amino group include,

for example, a methylamino group, ethylamino group,



28 January 2003 -44 by a known nethod. (B) Al um num conpound The al um num
conpound(B) used in the present invention is an al um num conpound sel ected
fromthe following (B1} 5 to (B3); (Bl) an organoal um num conpound
represented by the general fornula ElaAl Z3_a. ( B2 ) a cygl| ) ane
having a structure represented by the general formnula { igija?w%w?dbg }b
and 10 (B3) a linear alum noxane havj@?_a structure represented by the
general formula E3{ -Al ( E3) -O }~AIE32 (wherein E1, E2 and E3
respectively represent a hydrocarbon group, all of E1, E2 and E3 may be the

sane or di fﬁﬁ%f%%léniﬁcprGfgﬂ#:?ei‘sg%ﬂ{)ggfami‘henbﬂmﬁ,hﬁl-gﬁ%?lﬁ}n‘i’.ﬁb and all

of 15 Z may sane or di ren represents a nuneral satisfying

Ofas 3, b r@ﬁé@?,enééca@ui:ﬁlé&ﬁﬁﬁoo r8ab, | esstt Baby2amind gro@presents an
integer of not less than 1.) As the hydrocarbon group in E1, E2 or E3, a

hydr ocar bonigobupyhawimg groopd napénthyiamisoi grpupf,enabegyadanian al kyl 20
group is nore preferable. Specific exanples of the organoal um num conpound
( Bl ) , reg¥resRntRdodiyiamigengroups ophenalamingigaoupe! ude

trial k%l al um nuns, such_ as trjnethylal um nu triethylal um num

tri-n-propy¥alwethayhsibel 3ning & alteRtrbmtvldd L3 LK ARA

tri-n-hexyl al um d t | i ke; ;dial kyl ' | or i h

i oty AT S0 O F it B8 9P| RAPRAFREAY of | BB ERALRLBR oy PHPami num
hloride. dii | L . 3. -

i1 Sobut y1 o7 o reed BT SToBEbRT enr o, RAMNEL serhlontitentor,

al kyl al um ngre,eih CAM@T ¢ FiiRe B¢ 1s BBy ITRAMYA G| §PbAPM dhelkori de, ethyl al um num

di chl ori de, n-propyl al um num di chl ori de, i sopropyl al um num di chl ori de, 5

i sobut yl al unemorswhstd. U teid ani-rde gloalpumagube it el The sand gitmtedke; and
di al kyl al um num hydri des such as di net hyl al um num hydride, diethylal um num
hydriHe, diwktipeohglageniatom ispugh g8 a filiucadinspatanunthler iy atem,

di i sobutyl al um num hydri de i -n-hexyl al um num hydri de and 10 the |i ke,

, d
etc. Trial QFMRS ALRE andlpaineainm, apd KAXegR9PRISHAhARMEtoxy

iisob | al um f gpopeci fi I f E d E3
he cycl| o SO nEEHIESF RRR ACCLAS ik B BEYSCAR 60B) THHP Qlneral 15

formula { - C | i e i<ng a
Struct ar ¢ ooy gkodd ol PR Lk lddibah SUTIDPRAY ofoll dug Sl 3,
include al kydn#y1roies il asnd@ £k hyixgroup, an ethyl group, a n-propy
group, an isopropyl group, a n-butyl group, an isobutyl group, a n-pentyl
groupls a 20 reompbhet ongrsupstetateld amino gndvepesis Af Ndthd edtriogen 2, C i S
an integer of not less than 1. Preferably, each of E2 and E3 is

i ndependentd§om igsefmpongeslifodf and 1 s domded §e im thivoughfa dmiAgingl0 and c
is from1l to 40. Methyl al um noxane, nethyli sobutyl al um noxane and

but yl al um rBPQHR: are

Specific examples of the transition metal compound
represented by the general formula (III) or (IV) include

20 dimethylsilylene(methylamino) (cyclopentadienyl)titanium
dichloride, dimethylsilylene(tert-butylamino)
(cyclopentadienyl)titanium dichloride, dimethylsilylene
(phenylamino) (cyclopentadienyl)titanium dichloride,
dimethylsilylene(cyclohexylamino) (cyclopentadienyl)

25 titanium dichloride and the like, compounds in which
cyclopentadienyl in the above-compounds is replaced with
methylcyclopentadienyl, tetramethylcyclopentadienyl,
ethylcyclopentadienyl, n-butylcyclopentadienyl,



25 particularly preferable. The above al um noxane is prepared by various
nmet hods . The nethod is not specifically limted, and the al um noxane may
be prepared according to a known net hod. For exanpl e, 28 January 2003 -46
t he al um noxane i s prepared by contacting a solution obt? | vi ng
a trialkylalumnum (e. g. trimethylalumnum in a suitable organYc sol vent
(e. g. benzene, aliphatic hydrocarbop)ygwith water. Al so, there can be
illustrated a 5 nethod for preparing tﬁe al um noxane by contacting a

trial kylalum num(e.g.trinmethylalumnumetc.)with a nmetal salt containing

crystal wat %r(._ebgtygegg%pgﬂltgaggnpxdr ate, etc.). It is supposed that thus
obt ai ned al um noxang of a conmercial al umi noxane is generally a mxture of

(H2) and 10g§B8grt-bGrylbe¢clibpenghamenyagxy conpound The nodified al um num
oxy conmpound (C) used Iin the present invention is a nodified al um nunoxy

conmpound obterhetubylmesbyileglghcgbilnppotadieayipound(Cl) with a 15 boron
conpound (C2) represented by the general fornula: BQ QzQs wherein 8
represents HhQDYéﬁYGﬂQEﬁnﬁaﬂhénYluvatbﬁﬂndényﬂaePbﬁaﬂéimgﬁmmi QF are
respectlvelgga hal ogen atom a hydrocarbon a hal o enated hydr ocar bon

group, 3 sub&tPPHERY 5|F9WPQBHGF0 B, WBﬁCHIQ& gﬁlg;e edilns H9&t i t ut ed

am no group, nd the

conpound An® Pvﬁfﬁﬁﬁngxgﬁnﬁauﬁap?aEﬁa wg§gu éﬁg%8y3 é Fﬁg%ngﬂgxﬁodlfled

al um nunoxys¢ 5 of d:@l;@pr_p#g}% i ncl ude
nethylalunlno gggymgi%g?apén1ﬁ%xa igﬁ%rd%éﬁgfﬁégﬁ%gghe t'ylal ulm noxane,
i sobut yl al ugbfipsanas TRt AMhehhyhabhHiuROXAN@heMBbBY R dbipandisnaxane, 28
January 2003 -47 nethylisobutyl al um noxane, n-pentyl al um ni xane,

n- hexyl al unraptacedantith lzd ridond umForthefnidhe aaldicomponndsc bnpehueh ( Cl)
preferably include a cyclic alum noxanes (Cla) having a structure 5

r epr edént eddbghipnridedarthe abﬁmi-aomﬁupéa)isc;?mlac wittBadireg thirhoxane

(d b) having a structure represented the general formul a ESE -Al ( E3)
-0- }~A1E324% mﬁEBPE#ﬁeEzbaﬁngBeF%gb%@¥F9él9 r BH7 bdLatnE1aDdise ar Hon group,

all of E2 and, 8hlsPh1mdthPY syl 8e PATENDLaft hEF 89 10p3nt2RABRFRYHS

titanium chloride}, U4
-oxobis{dimethylsilylene(tert-butylamino)

15 (cyclopentadienyl)titanium chloride}, 4«
-oxobis{dimethylsilylene
(phenylamino) (cyclopentadienyl)titanium chloride}, U
-oxobis{dimethylsilylene(cyclohexylamino) (cyclopentadie
nyl) titanium chloride} and the like, compounds in which

20 cyclopentadienyl in the above-compounds 1s replaced with
methylcyclopentadienyl, tetramethylcyclopentadienyl,
ethylcyclopentadienyl, n-butylcyclopentadienyl,
tert-butylcyclopentadienyl,
di-tert-butylcyclopentadienyl,

25 tert-butylmethylsilylcyclopentadienyl,
phenylcyclopentadienyl, ethyindenyl, phenylindenyl or
fluorenyl, compounds in which dimethylsilylene in the

above-compounds is replaced with dimethylsilylene,



10 an integer of not less than 2 , and c represents an integer of not |ess
than 1.), and a mxture thereof. The ( da) and ( (b ) are the sane as (
‘B2 ) and ( B3 ) described above, respectively. As the al um nunoxy conpound

(Cl) used in the present invention, isobutylalum noxane ﬁé J‘Ta‘?\%tar%,?oo _
preferable. The al um nunoxy conpounds may be used al one Of 1n conbination

of 2 or nore kinds. (C2) Boron conpougg_A boron conpound (C2) represented
by the general 20 formula: BQLQR2Q wherein B and Qlto B are the sane as
defined above, is used in preparation of the nodified al um nunoxy conpound.

Fach of QL &okBni2sPIglEnab! e fnPEbREC e oY Mle I VAARARAN Endlr OUP

having 1 to carbon atons, a ogenat ed "hydr ocar bon 'group having 1 to 20
carbon at ongompéufi@ssiht wheehstiyhngagupnhadengbdveocdfipeanaenigt ons, an

al koxy group having 1 to 20 carbon atonms or a di-substituted am no group
having 2 Péplacedmwitd0@ircdBitum @0 hafrolum atamds compduadshinfwiniorhe
preferable QL to (B is a hal ogen atom a hydrocarbon group having 1 to 20
car bon at on8hberidealngehetakp e urURRe s g#ﬁ)l}‘rﬁnﬂemﬁﬁg wil thy meeg-hsgsl bon

atons._Each of the_nor referable QL to is a 5 fluorinated hydrocarbon
G oup havi MEMEBLen. caBeRhEt ambdanpEraLeRrELpG e+ | 8Gt Sdné 11 vor | ne

aroup havi P Bopee S BEFBERE L Bhe b er bR AR RE | B BrakeR e B e Y adr  ne

?ﬁ?gzpégtgPﬁﬁ%%%%%§§§r§ g?égg,tPfig?ng?2?6§E§%r;Png?gphenyl)borane,

tris(2, 3,4, SHotebisf aureeRPeOYLyDORaeert LbatP14mPnbYi f | uorophenyl ) borane,
(cyclopentadienyl)titanium}, di-u

10 -oxobis{dimethylsilylene
(phenylamino) (cyclopentadienyl)titanium}, di-u
-oxobis{dimethylsilylene(cyclohexylamino) (cyclopentadie
nyl)titanium} and the like, compounds in which
cyclopentadienyl in the above-compounds is replaced with

15 methylcyclopentadienyl, tetramethylcyclopentadienyl,
ethylcyclopentadienyl, n-butylcyclopentadienyl,
tert-butylcyclopentadienyl,
di-tert-butylcyclopentadienyl,
tert-butylmethylsilylcyclopentadienyl,

20 phenylcyclopentadienyl, ethyindenyl, phenylindenyl or
fluorenyl, compounds in which dimethylsilylene in the
above-compounds is replaced with dimethylsilylene,
diphenylsilylene, methylene, ethylene or isopropylidene,
and compounds in which titanium in the above-compounds is

25 replaced with zirconium or hafnium.

More preferable transition metal compound used in the
present invention include transition metal compounds

represented by the general formulas (V), (VI) and (VII):;



15 tris(2,3,4-trifluorophenyl)borane, phenyl bi s(pentafl uorophenyl)borane
and the like, and tris(pentafl uorophenyl)borane is nost preferable.
*Production of nodified al um nunoxy conpound The nodified al um nunoxy
conmpound (C) used in the 20 present invention is obtaineggby r i t he
al um nunoxy conpound (Cl) with the boron conpound represgﬁf%@uggyg¥¥§b
‘general formula $QLQR@ ( C2 ) . The.geaction is preferably carried out
under an inert gas atnosphere. The reaction tenperature is not specifically
25 limted, and is usually -80C to 200 , preferably -50C to 150C , and nore
preferably 500C to 150C . The reaction tinme is not specifically limted,
and is usually 1 mnute t% 20 hours and preferably 2 mnutes to 15 hours.
Further, the 28 Januarf OO}CPJ\Q rga(,]ti on may be carried out in the
presence or absence of a Jrent. "Mhe sol vent used is not specifically
limted, and includes anRalijphatic/ hydtocarbon sol vent or an aromatic

hydr ocar bon sol vent. écifilc exagpl es thereof include 5 hexane, heptane,
benzene, toluene and theNA Pfhe nol ar ratio of respectj ye conponents
used in the reaction is ng gcifically limted, and th | ar ratio of
the conponent ( Cl ) to tX& oplponent ( C2 ) [ (C1 ) : (C ) ] is
preferably within a raR@e 0 X ﬁ1to 1: 0. O1, nore preferably 10 1 . 1
to 1 . 0.05. The nodified allum nunoxy comnpound obtai ned by the reaction
descri bed above can be usedRfs a catal yst conmponent for olefin

pol ynmeri zation after purification by isolation such as recrysStallization or
the like, but the reaeifi on . SOl i can al séused for the catal yst
conmponent for ol efin &Dﬁﬁhmﬁn@asgﬁ\m{l?m/ﬁari zation of Oefin]
The pol yneri zation catRfl ykt obt af ne h@’iﬁhqgctino t above-nenti oned (A
and (Q, or (A), (Br*tand \C) ia used. As coptact \gethqggs , any neans can be
adopted so far as conity Xof (A and (C ) oy 7 (B) #v® (O is
conpleted to formthe For exanpl e , hod in which ( A) and
( C) or further (ggs” Q 0 contact thenr her, after diluting at

| east one of them oR witRput dRIuting themRand § mettdd in which they are
separately supplied in a | ynmerization 25 reactgp to contact them together
in the reactor, and the I'tke can be adopted. As met hod for suding
respective catal yst cQgponepts to a | ymeri ion rgactor, they are
preferably 28 Janudg Gogb ,saﬁﬁ ' '§2~\ ter-free condition in
an inert gas such as gstiogen, o1 en (A , (B) and (O
are used to formt catulyst,/a regcti on produc} obtajzned by previously
contacting 5 arbitr ‘ ,ﬁbonents of t ' ey ema(VHEEr nmay be
separately supplied tqg yneri zation react h respect to anmounts of
the respective conpong ced, it is usually ble to use the

respective conponergy at~ghe nolar raf'd o e ~@Pum num conpound ( B
) to the 2 2
R R
5 wherein, in the general formula (V), (VI) or (VII), M

represents a transition metal atom of the Group IV of the
Periodic Table of the Elements; A represents an atom of the
Group XVI of the Periodic Table of the Elements; J represents
an atomof the Group XIV of the Periodic Table of the Elements;
10 Cp represents a group having a cyclopentadiene type anion
skeleton; each of X', R*, R*, R’, R*, R® and R® independently
represents a hydrogen atom, a halogen atom, an alkyl group,
an aralkyl group, an aryl group, a substituted silyl group,

an alkoxy group, an aralkyloxy group, an aryloxy group, a



10 transition netal conpound (A)[transition netal atom contained in the
transition netal conmpound] is 0.1 to 10000 and preferably 5 to 2000, the
holar ratio of the nodified al um nunoxy conpound(C) to the transition netal
conpound (A)[transition nmetal atomcontained in the trangatj 5
conpound] is 1 to 10000 and preferably 1 to 5000. Wen t%% Jra?e\gggﬂzﬁygl
conponents are used as a solution, a.-gpspension or slurry in which they are
di ssol ved, suspended or slurried in a solvent , the concentration of the
respective conponents is appropriately selected according to the 20

condi tions gucBuBstibetadi hkhih6SgPbuphPanabikgitheb SRRy, AG t he
respective conponents in a polynerization reactor, etc. It is desirable to
use the resagealkykthbogyoarn sas@nyidthitdigroupc et adkydsedenp/Agrowp usual |y
0.001 to 200 nmol /L in terns of a transition netal atomcontained in the
transition 26 arabkylbesdbenedroyp omery isedencasreup; 80ireprasntanl /L and
further preferably 0.05 to 50 mol /L; that_ of respective Eﬁl?’zﬁand (O is
usual |y 0.03nt3a®eF GReVP XVietfetheReripdic Faplig 055608 FAfMentid f urt her

preferably 0 1,tQ32 | /1 s 28 January 2 -51.i.n ter of Al atom
The net hod go’r 1!sugﬁ)l' ng%#@sﬁ‘@é’tgeeo% SO&ngeggtﬁ'BI%?hi n a
pol yneri zat | eact 'S arti r | 1.m 'ﬂ'ﬂg‘ﬁ ive

cat al yst coér)r%g%%nﬁg %Ifhbaér%f% 'pp%é%gir?oéqaedé@oéﬁlérl Za llgﬁ {‘g@gfﬁ in a
solid state(yif)a sfdtse M, a,s9,ukponxti sgol wed pd t lR%a RYJrEFcangoRres sol vent
in a suspension state or in a slurry state,” or the Iike. As ol efins which
can be applme&g be téspeotyvelyzehéosam8 bhedpf€eseshti.nyention, ol efins
having 10 2 to 20 carbon atons such as , particularly, ethylene and an a
-ol efin havi ngM3 €p. 2nd¢ F’bbn themenattall dormulieatVlg 4VId @0 (&on at ons
and the |like can be used, and two_or nore of olefins described above as

nmonont? s cafdrel therang s hogs dpfedird yin $heigane @b fAEWIR he ol efin
15 i ncl ud traight. chai | ef i t hyl - put ,
Soenc i 3kl 08 4, Yo Y e herse b
b hed ol gf i : -ql- t = ,
T e

vi nyl cycl ohexddfeRiént 1P the BAmB! £5 M ad£1188d 110N thBOyésle FO1 frnli1d ted to
t he above-nentioned conpounds . Specific exanples of the conbination of
nmonomner s i n(Taser of ITpndesttbgedogbdyeaeri zati on i ncl ude conbi nati ons of
ethyl ene with an a-ol efin havi ng 3 o 230 car b9n atons 25 such as ethyl ene
wi t h P¥ opyl en&dFurdthiey,ee@chi of R buRaneR”™ anfByRenks win@ependenhdy et hyl ene
with 1-octane, a conbinati on of propylene_with 1-butane and the |ike, but
the presentPTefeRePLh 3Hayfroger ALOM; etadeRertry. alB¥ljgRA¥Py 2003 - 52

D o B G LS Sl ARl 31 5 By B o e
1-butene, 45pBLPY|arEIRGAHAE griuBed LNy 1lo:8F (38%up0" ahBCahdk§ these,
alkyl group, aralkyl group, aryl group or substituted silyl
20 group as R! are more preferable.
Moreover, each of R® and R® in the general formula (V),
(VI) or (VII), is independently preferably a hydrogen atom,
alkyl group, aralkyl group, aryl group, substituted silyl
group, alkoxy group, aralkyloxy group or aryloxy group.
25 Furthermore, A in the general formula (V), (VI) or (VII),
is an atom of the Group XVI of the Periodic Table of the

Elements such as an oxygen atom, sulfur atom, selenium atom

or the like, preferably an oxygen atom.



5 The pol ynerization process should not be also specifically limted, and

there can be a solvent polynerization or slurry polynerization in which an

‘al i phati c hydrocarbon such as butane, pentane, hexane, heptane, octane or

the Iike; an aromatic hydrocarbon such 10 as benzene, 8%§dp% ?*ﬁ;?i Kk

or a hal ogenated hydrocarbon such as nethyl ene dichl ori P PHEV i IS

used as a pol ynerization nedi um Furthgr, a high pressure ionic

pol ymeri zation in which the polynerization of an olefin is conducted

wi t hout a sol vent under which a produced olefin 15 polymer is nmelt in the

olefin in a sypgpCihbi §8helhPUtskmifd { AL, 3 VH)OBrt PVRE) Al HESr&gdREsa high

pressure, and a gas phase polynerization in a gaseous nononer and the |ike

are possi bl &.tfdtiditeilon hethleftom 68l GRBAPIDY YHEthe RerddddroTab bat ch- wi se

pol yneri zati on are possible. 20 The pol ynerization tenperature can be

usual | y adopfethemléemenias sanhasod casbolf atond581 ] 1cor adoah| geidhium 300C |

nore preferably 500C to 300 . The present invention is preferably applied

to a hi gh tarperanditdepblisprerandpires epablygacantn ptiordasdrsbliceR ue. The
%nerlzatlon tenperature is particularly preferably within a range of

150C t® 3508teHe pol ymeri zati on pressure can be adopted at a range of

usual Iy normal, pres ure. t o 0 I ESpure anuar 003 -53 to
300Mpa, and e ;’5’r° era Si?tﬁ' %néqetpa%éscsolﬁn 1Y SZOO‘Wpecj‘Bﬁ#u Bnt
I nvention, EPetHBEX”FégpéééHEeas 9r%ﬁ@rthKrHEVEBEﬁﬁiabXVQ Hh%ﬁuﬁ essure

ionic polynerlzatlon ecifically, the polynerization i's’5 Carried out at

a tenper at ungtR{y 1408 ( or° -Byiclopintlarriaiipl )35 3-@ ikt hy Wlgihehdtepsur e of
at | east 30MPa preferably 35 to 300MPa. Thnéfolynerlzatlon may be perforned

in a bat ch-titaniamnéichlioaident nathyienag cyarleipamataddienydont i nuous 10

manner. As a reactor, a stirring vessel type reactor or a tubular reactor
can bﬂ)used(3Therbobyﬁﬁlr2aPh@hOEEhtbéapéﬂmdﬂmédqniiﬂsmﬁghﬁlﬂeaéﬂlon zone

Al 't t th t b b tit
one 1 eact or' TSP HHALIIYL B GRS TORCEDTR S eh T SORERVERI FhG o |

plurality of ac ri lLJel . In case of using a plurality

of reactors® “igm %%%ﬁ% F?%g $35g§ gﬁe?ééctors or a conbi nation of a vessel

react or ands a. Ayl A dERGHAT ) (B éﬁ?hT f@%@ for polynerizing
ura

using a plurality of reactlon zones or a Ity of reactors, polyners

havi ng di ff@ienloehae achethglesie( ean al so be produced by changing the
tenperature pressure and gas conposition of each reaction zone. In

gener 8 , t he’ mtolupemradimnytl NS 4 te miprbwipy 1dited th s by bf Simethyteor di ng to
the kind of a desired folyner and a reaction gﬁgaratus and the conditions

are not spedrPhenpxy)tikartumadiicalenhde. omethilaneé o 20 hours can be
adopted. Fuy tcrirec:rlopaencth inex{yrla)n ferringetrﬁyfsuf{]yl gmef?t? uf r%-ggggoxy
Ytitanium dichloride, methylene( 7
S.cyclopentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)ti
20 tanium dichloride, methylene( 7
®-cyclopentadienyl) (3-tert-butyl-5-chloro-2-phenoxy)tit
anium dichloride, methylene( 7
S-tetramethylcyclopentadienyl)(3,5-dimethyl-2-phenoxy)t
itanium dichloride, methylene( 7
25 5-tetramethylcyclopentadienyl)(3-tert-butyl-2-phenoxy)t
itanium dichloride, methylene(n
S-tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2-

phenoxy)titanium dichloride, methylene( 7



-54 as hydrogen or the |ike can al so be added to adjust the nol ecul ar
wei ght of a copolyner in the present invention. EXAMPLE 5 The present
‘invention is further illustrated in detail according to Exanples and
Conpar ative Exanpl es below, but the present invention is,pof |im:¢

thereto . Properties of the polynmers in Exanples were ne%guk@WaHﬁgﬁ%ﬁﬁng to
‘met hods described bel ow. 10 (1) N@|t|% _point of copolyner: It was neasured
under the follow ng conditions using SSC5000 thermal analysis system

manuf actured by Sei ko Instrunents |Inc Heating: heating to 150 and
mai nt ai ni Ngs £t arder HY o0t HORE

mai nt ai ni ng f%ﬁtlﬂ n1nd?§§2%%asuréﬂéﬁﬁﬁﬁpﬁs to ﬁ6%8é§ @ﬂﬁén) ( 2)
Content of iepealeRlodpaé, daetugleheom a -olefin in 20 copolyner It was
det er mi ned fron1the characteristic absorption of ethylene and a -olefin
usi ng an i nT-toe tarhmsigct Yonet epe i A RIGAD) 62+ € est - butyldinetkyl dyly
Perkin-Elmer Inc. ) and was represented as a short-chain branch ( SCB )
nunber per 2554imethyhr Borharewy) tiganivnr fhshdoviideosmeyphyflape( 700 ny of a

obtalned copol ymer was di ssol ved in 50ni
—tetramethylcyclopentadienyl)(3 trimethylsilyl-5-methy

l-2-phenoxy)titanium dichloride, methylene( 7
*-tetramethylcyclopentadienyl) (3-tert-butyl-5-methoxy-2
~-phenoxy)titanium dichloride, methylene( 7
S-tetramethylcyclopentadienyl) (3-tert-butyl-5-chloro-2-

10 phenoxy)titanium dichloride, isopropylidene(7n
*.cyclopentadienyl) (3,5-dimethyl-2-phenoxy)titanium
dichloride, isopropylidene(7n
S_cyclopentadienyl) (3-tert-butyl-2-phenoxy)titanium
dichloride, isopropylidene(7n

15 ®_cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)tit
anium dichloride, isopropylidene
(ns—cyclopentadienyl)(3-phenyl-2-phenoxy)titanium
dichloride, isopropylidene(7n
S.cyclopentadienyl) (3-tert-butyldimethylsilyl-5-methyl-

20 2-phenoxy)titanium dichloride, isopropylidene(7n
S.cyclopentadienyl) (3-trimethylsilyl-5-methyl-2-phenoxy
Jtitanium dichloride, isopropylidene( 7
S_cyclopentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)ti
tanium dichloride, i1sopropylidene

25 ( n3-cyclopentadienyl) (3-tert-butyl-5-chloro-2-phenoxy)
titanium dichloride, isopropylidene( 7
S-tetramethylcyclopentadienyl) (3,5-dimethyl-2-phenoxy)t
itanium dichloride, isopropylidene(n



of tetralin at 135 and the solution was set in an oil bath 28 January
2003 -55 maintained at 135i. Using an Ubbel ohde visconeter, the intrinsic
'viscosity was determned by the falling speed of the tetralin solution in

whi ch said sanple was dissolved. (Unit: dl/g) 5 ( 4 ) Whgh f
ol ecul ar weight ( Mv ) , nunber average nol ecul ar meigh%g( @@%gﬁgﬁﬁbs
mol ecul ar wei ght distribution (MV Mh)zsThey were determ ned under the
foll owi ng conditions using gel perneation chromatograph ( 150, C,
manuf actured 10 by Waters Co.). Columm: TSK gel GvH HT Measurenent

tenperature%-@é%réﬁegﬁgﬁé@gﬁgﬁgﬂgaaigﬂyfFUEE@ékeﬂbu%91U§L%9eﬂbxy)t

ort ho-di chl or obenzene 15 ference Exanple 1 [SyntheSis of tranSition netal
conpound: digghhymsaligheoeias-t esoprebilidealeqent adi enyl)
(3-tert-butyl-5-nethyl-2-phenoxy)titani um 20 di net hoxi de] (Conpound al) In a
Schl enk t ub®)teétusiethivilayebdpentadienyl ) 68 cbant-batydi-5smetbyli-a-10nl of
anhydrous diethyl ether and a diethyl ether solution (3.9nl, 4.1mmol) of

met hyl | i t hi PReRa¥Y h§lhandupcAichirsidel isoprepyligenels) added dr opwi se at

-7 her . The r [ '
8OC:§ € ng%etréﬁefﬁ%ﬂé&é%%é%é%éﬁf%nyl)(3-phenyl-2—phenoxy)titan

ium dichloride, isopropylidene(n
*-tetramethylcyclopentadienyl) (3-tert-butyldimethylsily
l-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene( 7

10 5-tetramethylcyclopentadienyl)(3-trimethylsilyl-5—methy
1-2-phenoxy)titanium dichloride, isopropylidene(7n
5-tetramethylcyclopentadienyl)(3-tert-butyl-5-methoxy-2
-phenoxy)titanium dichloride, isopropylidene(n
*-tetramethylcyclopentadienyl) (3-tert-butyl-5-chloro-2-

15 phenoxy)titanium dichloride, diphenylmethylene( 7
®-cyclopentadienyl) (3,5-dimethyl-2-phenoxy)titanium
dichloride, diphenylmethylene( 7
S-cyclopentadienyl) (3-tert-butyl-2-phenoxy)titanium
dichloride, diphenylmethylene( 7N

20 *.cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)tit
anium dichloride, diphenylmethylene( 7
5-cyclopentadienyl)(3-phenyl-2-phenoxy)titanium
dichloride, diphenylmethylene( 7
S.cyclopentadienyl) (3-tert-butyldimethylsilyl-5-methyl-

25 2-phenoxy)titanium dichloride, diphenylmethylene(7n
5-cyclopentadienyl)(3-trimethylsily1-5-methyl-2—phenoxy
)titanium dichloride, diphenylmethylene(n

S.cyclopentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)ti



was heated to 200C , the formation of |ithium nethoxide was confirned by
gas generation, and the resulting reaction solution was again cooled to
1780C. Into the 28 January 2003 -56 reaction solution, 20nmlL of an

anhydrous di ethyl ether suspension liquid of 0.919g (2.0
di met hyl silyl ene(n 5-tetranet hyl cycl opent adi enyl ) ( 3- tertﬂgQ#%PﬁgynéF%

- 2-phenoxy) titani um di chl ori de which.#gs previously prepared in another
Schl enk tube was transferred, and then , the resulting reaction m xture was
gradually heated to roomtenperature to obtain a reaction solution. After

concentrati ggntm ag@ﬁgbgadgqlaggggmymmgk nYf1dndugne was 10 added and an
I nsol ubl e product was separated f filtration . The filtrate was

concentrateﬂ-épcnbpeﬁﬂadieﬁyhyt3+tgfenbﬁﬂﬁltBtehMerbthphbnp&ynadtenyl)

(3-tart-butyl-5-nethyl -2-phenoxy)titani um di net hoxi de represented by the

structural aoinmldiQBlOGQGﬁLbédprMMhmﬂthmﬁenaﬁﬁxystaIs (0. 86g,

95% (hereinafter, referred to as Conpound al"). 1H NVR (270MHz, C6D6);

87 26 (m 2%)tehrqrsfe‘éh%WGlQPe@t{t@iesm} (3,57¢4meghyl-2-pbesoxglf, 1.59(s,

28 Janﬁg?§sé63§iug7diNEloride, gw%henfimefgylene(o Ve ~tBu Bxanple 1(1)
-tetramethylcyclopentadienyl)(3-tert-buty1-2-phenoxy)t
itanium dichloride, diphenylmethylene( n
S.tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride, diphenylmethylene(n

10 S_tetramethylcyclopentadienyl) (3-phenyl-2-phenoxy)titan
ium dichloride, diphenylmethylene( 7
S-tetramethylcyclopentadienyl)(3-tert-butyldimethylsily
l1-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene( n3-tetra

15 methylcyclopentadienyl) (3-trimethylsilyl-5-methyl-2-phe
noxy)titanium dichloride, diphenylmethylene( 7
*-tetramethylcyclopentadienyl) (3-tert-butyl-5-methoxy-2
-phenoxy)titanium dichloride, diphenylmethylene(n
5-tetramethylcyclopentadienyl)(3-tert-butyl-5-chloro-2-

20 phenoxy)titaniumdichloride and the 1ike; compounds in which
titanium of these compounds 1s replaced with zirconium or
hafnium; compounds in which dichloride of these compounds
is replaced by dimethyl, dibenzyl, dimethoxide, diphenoxide,
bis(dimethylamino) or bis(diethylamino); compounds in

25 which ( n°-cyclopentadienyl) of these compounds is replaced
with (7n°5-methylcyclopentadienyl), (7
®-dimethylcyclopentadienyl), (7

®-trimethylcyclopentadienyl), (7



After a dropping funnel was installed on a 50nl three-necked flask and the
at nosphere was replaced with nitrogen, a thernoneter was installed. Into
‘the flask, 10mL of pol ybutyl al um noxane (PBAO manufactured by Tosoh- Akzo 5
Co., Ltd., hexane solution: 0.68nml/1) was charged and sigr I he
dropping funnel, 7.4 m of trispentafluorophenyl borane (%%Fﬁﬁﬂ@rgg*ﬁ%%on:
0.19np1/ 1) was charged and added dropwstyzse thereto at 25 to 30i . After
conpl etion of the dropwi se addition, the resultant was heated 10 and
stirred at 600C for 4 hours and further at 800C for 2 hours . 10 . 2 ml of
t ol uene wassagldegtyheyeiopéntadienyl p, | yghy ryel | ow transparent sol ution
(the concentration of Al 1s 0.25nml/1 according to the charge

anmount ) ( her 8 terft ebytybépclepenbadsetigbipéund cl sol ution"). 15 Exanple

1(2) After the atnosphere of a 0.4 liter inner volume of autoclave type
reactor equi ppetmefhnlallyleyelopertadbenydd. with argon, 185nl of

cycl ohexanegas a sol ve an%ﬁ%ﬁgﬂ of 1-hexene as an_a-olefin were charged

t her et 0) and‘Y?EFZRPY¥i&%W%E h}y%ﬂ%°+%BEPBFd$E§Y}iPéé@ THhdeRyl) Af t er
rai sing the er.atur.e), et hw ene_was, fed N j usti it re re at
2, Izsixioag Afté%%@tgﬁygtié)l%e\wg%ﬂ ke aeyafﬁs'ieﬁﬁ‘?‘hé%c'&?/%ohné o1 ol uti on (
equi val ent $¢ | A o) 1 _of @gg% ne

sgl ution in %?%%r%’%’)'mdgﬁ‘tﬁog{r{)@ ?heﬁé%ﬁ%oﬁﬁﬁyi@%élﬂi?s%ﬁ y fum’ num

was di ssol vgd tnbbe _&emgeﬂhaat L8nrep1hkedc ¥IRAUNS -hendxy)a mol/nl, the
concentration of triisobutylalumnumis 50 ,u nol/m, and the nolar ratio
of Al to Ti (3ameéHylsReghtno&f)) (3nsraiytert2dutgnuar-phdnd@xky)38 0 . S u
nol of the conpound al and 25 u nol of triisobutylalum nun) were charged.
Pol yneri zat { 3npheasyéabrinetthylt 2f pheponiydutes . As a result of the

pol ynmeri zation, 2.32g. of _an ethxlene-l-hexane cqpol ymer having a [n] of 5
1.69d19g, ah3sEeTbrbotysdimefhyigipslnRsPhenesYdCOMy of 116600 and M/ Mh

of 1.7 was ohtained, . Pol izatjon activity based on 1 nole of Ti atom was
4 .6 X 106?87ﬁB$W?Fh%gFXS§%f GP@?FOEY fple 2(1) 10 After a dropping funnel

was installed ona@&ggﬂefﬁggg-mgﬁg%hé}ﬁggyf€ﬂ?tp% at nosphere was repl aced

with nitrogen, a thernoneter was | nst o the flask, 10ml

of pol yi sobut ! 0 ., Ltd.,
poly v %W§%mﬁ}%§ﬂaﬁyuﬂ & 08N PEEPAED

hexane sol ution: and 15 stirred. Into the dropping
funnel , 9.4dthethylsitpiahal nicoyalepantadenyliol uene sol ution: 0.20nmo1/1)
was charged and added dropw se thereto at 25 to 30C . After conpletion of
the di®pw sé3adethybn2-phenexgltisanivasdhchidogide.95 C and stirred for 8
hours . A Iigh;HKeIIOM/transpa;ent 20 solution (the concentration of Al is

0.49m01/ 1 aBLBPERRYSLLYERRe Ear ¥ PR PR i hafter, referred to as
" Conpound C?3SQL33&8?%%%w9?9§§5§%§2g}tg%iﬂﬁLSigﬁg% é%ger t he at nosphere of

a 0.4 liter'Thher~vo 0 ave e-reactor équi pped with a

stirrer wasqiRetR¢es1 1 ibna{ 9 cytdopkntladityahexane as a sol vent and 15nml
of 1-hexane as an a-olefin were Charged thereto, and the tenperature of the
react or was(Batéft-bat{802Cpherbke)tidafiio@ dichloride,

20 dimethylsilylene(ns-cyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium dichloride,
dimethylsilylene(ns-cyclopentadienyl)
(3,5-di~tert-butyl-2-phenoxy)titanium dichloride,
dimethylsilylene( 77 *~cyclopentadienyl)

25 (5-methyl-3-phenyl-2-phenoxy)titanium dichloride,
dimethylsilylene( 7 °-cyclopentadienyl)
(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium

dichloride, dimethylsilylene(7



28 January 2003 -59 the tenperature, ethylene was fed while adjusting its
pressure at 2.5Moa. After the systemwas stabilized, 1.04 m of the
*Conmpound c2 sol ution(equivalent to 0.5 mmol in ternms of Al aton) and 0.5 ni
of a heptane solution in which 5 a m xture of the conpou€ﬂéal and
triisobutylalum numwas dissolved( the concentration of 88956&&9

1 a nol/nm, the concentration of triiggbutylalumnumis 50 ,u nol/m, and
the nolar ratio of AL to Ti was adjusted to 50) (nanely, O. 5,u mol of the
conmpound al and 251unpl of 10 triisobutylal um num were charged.
PO'Y”EVIZaiiidydfﬁpéﬁﬂédféhflﬁ&giﬁeéhflIbﬂﬁihmefﬁyﬁsiffyLt -pheh

pol yneri zation, 4.15g of an ethyl ene-1-hexane copol yner having a [n].of 1.
47d1/ g, an pPCBtafid@ didhlonekdei ndimethyistlyIéne(4pC and 88. 30C Mw of
100100 and MM Wh of 1. 9 was obtained. Polynerization 15 activity based on
1 mol e of Ti-cuaimpentasiiernylX (Deteytritutyl permetoxyt 2spheuopn) bt i ve
Exanple 1 After the atnosphere of a 0.4 liter inner volunme of autoclave
type reacto?a%h%mpﬁéﬁh%P¥ dg. sgipeEhydadlyipraédd 20 with argon 185m of

cyclo anes a soIve 1 of a s an a-olefin char ged

t her et and' ‘i}( (gmﬁ?ert? éﬁl’&‘é JrQaF%e%l pRen t Witer
raising t he e hy adjustlng its pressure at

2. 5M\pa. Afterfﬁﬁe&£§§¥§ﬁ+§%s §¥H§t¥? %fgbggég? of triisobutylalum num
and 0 . 5 mM_g&fcipdart m%:ga(j«ts L d A JdU Chinyps 1B m&ofi)éb@a@&mound al

and triisobutylal um numwas di ssol ved( the concentrationh of the compound al

is 1 a mol/ddchldeideonceéinhéthydsidyléne( gobutyl al umi numis 50 28 January
2003 -60 nol/mM ) ( nanely, 0 . 5 oC nol of the conmpound al and 25 ,u nol

of triisobut:dyslerientad ey JiHampmht eyt Zublskoutar iym Qishiiomides hept ane
sIurrﬁ%of di met hyl ani | i ni unt et r aki spent af | uor ophenyl borate(slurry 5
conce raI|Q¢W%ﬁhX;S¥#Y%ﬁ¥?H) was char ged. Polynerlzatlon was carried out

Lohy b ene 1 s he tEanaR vt r1oPag aak ARy ) U2 - Bhenryy ki Yamater 317,
mel ting pméc]]t_&l%é (?y'ner :}S:eﬁﬂglgfl 188, Mv of 56500 and MW Mh of 1 . 9

was obtain n ac I Vi based on 1 nole of Ti atomwas 4.7
X106 9/”D|5Uté¥¥aﬁ%ﬁﬂjrdyﬁi e RRA1R—AMS ( 5“%3% flj¥ 1¥nd at mosphere of
a 0.4 liter inner volune of autoclave type reactor eqU|pp with a stirrer
was repl acegh tlan v hd beigbsr 1dS5ndimé tioy s Dhekene( #s a sol vent and 15nl of
1- hexane as, an a- ol efin were charged thereto, and the tenperature of the
reactbr was-m&tmamaﬂhymyycIQNHnﬂadtﬂHMMki3Jﬁ?dﬂmqnhxiiﬁfghqndwaMe was fed
while adjusting its_pressure at 5Mpa, After the systemwas stabilized,

0.72mL 20 (EeRRVHEP chich %P@Mim%tlﬁﬂﬁ%lﬂem@(aton) of

pol ybut yl alsu xane(P nuf red 0 Ltd and hexane

squtlon g&#ﬁ] %% iﬁ %aﬁk (ﬁ% %f%MﬁQﬁPQWxg%onpound
and tri fHE% r éa%; tration of the conpound a

was 1 25 u%#ﬂfu e co%%eﬁ?#ﬂt ig?%%ggﬁgs 50, unmol /M, the nol ar

ratio of Als-ét'fe@i*ah{é ngy@mmltadﬂ@tyqd (&- telt - tutly Ny metHy1-H , . ¢ nol

of the compound al of tributylalum nixane), and 1.5nml of a
hept &@fe sl wphena¥y)titanium dichloride, dimethylsilylene( N

*-tetramethylcyclopentadienyl)(3,5-di-tert-butyl-2-phen
oxy)titanium dichloride, dimethylsilylene( 7
5—tetramethylcyclopentadienyl)(5-methyl—3-phenyl-2-phen
oxy)titanium dichloride, dimethylsilylene( 7

25 S.tetramethylcyclopentadienyl) (3-tert-butyldimethylsily
l-5-methyl-2-phenoxy)titanium dichloride,
dimethylsilylene( n°-tetramethylcyclopentadienyl)
(5-methyl-3-trimethylsilyl-2-phenoxy)titaniumdichloride,



28 January 2003 -61 N, N-di et hyl ani |i ni unt et r aki spent af | uor phenyl bor at e
(concentration of lunmol/mM) were charged. Polynerization was carried out
‘for 2 mnutes. As a result of the polynerization, 2.20g of an

et hyl ene- hexane-1 copolyner 5 having an [ ~ ] of 0.98d1/ . 8,
melting points of 73 . 60C and 84 . 90C, a Mwv of 56300 %Bndggﬁm ?/PO%? 2

‘4 was obtained. Polynerization activigy_based on 1 nole of Ti atom was
4.4X106 g/ nol -Ti par 2 mnutes. Conparative Exanple 3 10 After the
at nosphere of a 0.4 liter inner volune of autoclave type reactor equi pped

With a stirgfhe¥Rglsepyaead (W Lt aaeis tnlAUYe fpdd Pldn@ne as a sol vent
and 60nl of 1-hexane as an cx-olefin weré charged thereto, and the

t enper at ur e( ®ftéhe-vetpgl o6 -mashoRiysedphend&9FtitAhileam ddichilegile t he
tenperature, ethylene was fed while adjusting its pressure at 2.5Ma. After
t he system dimethpbsilybene | 704 telt ramertiy loyrgdopen terl iyt on( equi val ent
to 0.5 mol in terns of Al atom) prepared in Exanple 2(1) and 0.5 m of a
hept ane sol (37 6RCEnbWEYEhS achiQ¥aré-phepgxy)titanium dichloride,

bi s- n-butyl ¢cycl opent adi enyl zi rconi.um di chl ori de(herein-after, referred to
as "cdhpoudﬁﬁﬁ%tg¥lﬁﬁﬂyf?¥?i@bﬁt Faﬁmﬁﬁﬁm%qM£} M AGERT e concentrati on

of the conppyn is. 1l u / t he centration,of .triisohutylal um num
"s 50 umol - Sah- e wy S 27 Bbegb8R) S8RAR b Gr laBate B Y 50" |
nanely, O . R ﬁyyjéy%j tddJsobut yl al um num
wer e chargéﬁﬁmégﬁg%%??¥%€§%ﬁ%wa§%%gF?%E out 5ﬁﬂ%nﬁyﬁﬁ?géﬁp As a result of
the pol yner{zatapitody 379y €it&hhith eEcHL SEX@NE comSoudis!aie rdids - 62
copolymer having a [ n ] of 0.49d1/g) an SCB of 9.3, nelting points of 111.
2C and 115 ( nSe€yclbpeataddén§lindfMuhidseofcompouiisnds aepliausl by

Pol ynmeri zation activity based on 1 nole of Zr atomwas 2. 7X106 g/ nol -Zr per

2 m it es. 6NAsmgsbyicyedonpsaradiengdai (7 according to the present
i nvention, an oIefin(Ponnerization cataé%st gi ving an ol efin pol yner of

hi gh nol ecul SAMEERYHCYHPREHr A HANY ¥ by

*_trimethylcyclopentadienyl), (nS-ethylcyclopentadienyl),
( n5-n-propylcyclopentadienyl), (7
S_isopropylcyclopentadienyl), (7

15 S_n-butylcyclopentadienyl), (7
S.sec-butylcyclopentadienyl), (7
5-1sobutylcyclopentadienyl), (n
’.tert-butylcyclopentadienyl), (7
_trimethylsilylcyclopentadienyl), (7

20 S.tert-butyldimethylsilylcyclopentadienyl), (7
5_phenylcyclopentadienyl), (7°-indenyl), (7
5_methylindenyl), (7°-phenylindenyl) or ( 7°5-fluorenyl);
compounds wherein (2-phenoxy) of these compounds is replaced
with (3-phenyl-2-phenoxy), (3-trimethylsilyl-2-phenoxy)

25 or (3-tert-butyldimethylsilyl-2-phenoxy):; compounds in
which dimethylsilylene of these compounds is replaced with
diethylsilylene, diphenylsilylene or dimethoxysilylene;

compounds in which titanium of these compounds is replaced



" producing an ol efin polymer of high nolecular weight are 10 provided.

28 January 2003 -63 WHAT IS CLAIMED IS: 1. An olefin polynerization

tatal yst prepared by a process conprising contacting (A and (c) , or (A ,
(B) and (C) described below. 5 (A) a transition netal copgo LN l£h the
nunber of a transition netal is the same as that of grougg‘%mgﬁ yéﬁ%ﬂéz

cycl opent adi ene type anion skeleton,_jg_.its nolecule, ( B) at |east one

al um num conpound sel ected fromthe following (Bl1) to (B3); 10 ( Bl ) an

or ganoal um num conpound represented by the general fornula ElaAl Zz3-a. ( B2

) acyclic @ik@z&%@uﬁ?ﬂdf ﬂﬁﬁgi%hg%ﬁd’%mbéphﬁ%% #H1BK dih oenedd!

formula {-Al(E2)-0-}b, and ( ) I near al um noxane having a structure

represent edof Sthysé heoipoanas Lor fupaabdd wAkh( dEderhy®, HibehZF1 wherein
El, E2 and E3 respectively represent a hydrocarbon group, all of El, E2 and

E3 may be taimsthexibdedi diphenbxidey eplsfdhmethybumdnogdnoat om or a hal ogen
atom and all of Z nmay be the sane or different, a represents a nuneral 20

sati sfyi ng Bhaigethylapieadnt andnthat d4ke.of not less than 2, and ¢
represents an integer of not |less than 1; and ( C) anodified al um nunoxy

conpouhd obt ai nePERHEIG &AW LET Afukhfufbar e kalecImReYn a bor on

d C2 t by th | f 5 wh in Bi
= bor on at GRBAPITE T A S e BN s e |
respecti veI%,{%btlag{Q%%@Wy&r%ﬁdgzgﬁgg%gﬁgg&eg},f?I ogenat ed hydrocarbon

group, a substitute group of a di-substituted am no

group, and (2-ghehdk)th tH¥ddm cififo {8y} MaY- Heob 1 SevPrSpyiddréent - 2. The
ol efin polymerization catal yst according to claim1l, wherein (Cl) is (da)
and/ or (C B)cgesopeheddbehel) (¢Chbhpnaxyythitandummmeekarddedyi ng a structure
10 -oxobis{isopropylidene(ns-cyclopentadienyl)
(3-tert-butyl-5-methyl-~2-phenoxy)titanium chloride}, u«
-oxobis{isopropylidene( 77°-cyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium methoxide}, i«
-oxobis{isopropylidene( 7 °-methylcyclopentadienyl)
15 (2-phenoxy)titanium chloride}, U -oxobis{isopropylidene
( n3-methylcyclopentadienyl) (2-phenoxy)titanium
methoxide}, U -oxobis{isopropylidene(n
*-methylcyclopentadienyl) (3-tert-butyl-5-methyl-2-phenox
y)titanium chloride}, U -oxobis{isopropylidene
20 ( n°-methylcyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium methoxide}, u«
-oxobis{isopropylidene
(n3-tetramethylcyclopentadienyl) (2-phenoxy)titanium
chloride}, U -oxobis{isopropylidene(n
25 S.tetramethylcyclopentadienyl) (2-phenoxy)titanium
methoxide}, i -oxobis{isopropylidene(n
S_tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-p

henoxy)titanium chloride}, U -oxobis{isopropylidene



5 represented by the general fornmula {-A1(E2)-0-}b, and (CDb) a linear

al um noxane having a structure represented by the general formula E3 {

‘( E3) -O }~AlE32 , wherein E2 and E3 respectively represent a hydr ocar bon
group, all of E2 and all of E3 mamy be the sane or differ? r%ﬂi ents
10 an integer of not less than 2, and c represents an in eger o{y ess
than 1. 3. The olefin polynerization-gat-al yst according to claiml, wherein
respective QL, @ and B are a hal ogenat ed hydrocarbon group. 15 4. The

ol efin polynerization catal yst according to claim11, wherein the nodified

al um nunoxy( gdnpedipdiheChylcycobbantadiny1gacti ng the al um nunoxy conpound
(Cl) with the boron conpound (C2) at a tenperature of from500C to 150. 5.

The ol efin (34 yeet +zatybnS em¢ thyb+ 2 epitendkpytivantamnme@hdxided; eun t he
transition nmetal conpound (A) is a transition nmetal conpound represented by
t he gener al -pypbﬁs&detm)etbwl@ﬂﬂyle@ﬁms (1) ( CPMIm) 2X23-m( I | ) 25
wherein Mregpresents a transition netal atomof the Goup |V of the

Peri odi c Tabf €YG}oRRRt2ALRRKE L ( 2CpheRpxRAEALaNAUG: GhEORAGRAg #
CY OPETt . St a AR B Sl ghga pach of " s Independenty, roprecent s
o) O Suboy@leBiiaBLaDy) foSabbi) B Shidh, feSHBeBe oy oo
al kyl thio grggBbigdfadmalthyhishigigheym an arylthio group, an
*-cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)tit
anium chloride}, U4 -oxobis{dimethylsilylene( n
10 S-cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)tit
anium methoxide}, 4 -oxobis{dimethylsilylene(7n
5-m.ethylcyclopentadienyl)(z-phenoxy)titanium chloride},
/L -oxobls{dimethylsilylene( N
5-methylcyclopentadienyl)(z-phenoxy)titan.i.ummethoxide},
15 U -oxobis{dimethylsilylene( n
5-methylcyclopentadienyl)(3-tert-butyl-5-methyl-z-pheno
Xy)titanium chloride)}, 4L -oxobis{dimethylsilylene(7n
*.methylcyclopentadienyl)(3-tert-butyl-5-methyl-2-pheno
xy)titanium methoxide}, U -oxobis{dimethylsilylene(n
20 >_tetramethylcyclopentadienyl) (2-phenoxy)titanium
chloride}, U -oxobls{dimethylsilylene(7
>-tetramethylcyclopentadienyl)(2-phenoxy)titanium
methoxide}, /[ -oxobis{dimethylsilylene(n
*-tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-
25 phenoxy)titanium chloride}, # -oxobis{dimethylsilylene( 7
S.tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium methoxide}; compounds in which titanium

of these compounds is replaced with zirconium or hafnium;



5 al kyl sel eno group, an aral kyl sel eno group or aryl sel eno group; X2
represents an atom of G oup XVI of the Periodic Table of the Elenents; mis
'l or 2; when a plurarity of respective Cp, M X1 and X2 exists, they may be
respectively the sane or different, and Cp may be bonded,k0 I, y 10
or through a bridging group. 6 . The olefin ponrn=3rizati%%‘J(:%fua‘;.’lq\},'5:’[,?56:é
according to claim5, wherein (A) is_-gatransition conpound in which Cp and
X1 in the general formula (1) or (I1) are bonded each other through a
bridging group. 15 7 . The olefin polynerization catal yst according to

claiml, whebfpBuhds i whildiRBhbirede®E alndsETROHpOUNRIY e8erdSrhdd t he

general formula (I11) or (IV) below CoYMXIz (IlIl) ( CP~In ) 2X2z-n ( Iv )
20 wher eiwithRspethiyle benggl, XphandxXdei,sdimethgmaminodeli ned in the
general formula (I ) or (I I ) above; Y is a group having an atom of the

G oup XV ordX®thylamhnopPerompiendsdnewbich el Bt enehopentddfenpdnditig to M
through the atomin the 8roup; Cp_and X1 may be bonded each other directly
or through BhesepEPupPHESsr d§prerlpsed With: (dhd ,a plurarity of respective

, M. X1 d, X2 b h | f t. 8. Th | ef i
gglyneﬁiza??§ﬁﬁﬁﬁ E%iﬁ§§ﬁfﬁﬁéég%ftig L?E, mhereine(z)ei;na transition
net al conpou_n&ﬁ@é%?fébéi nrf%@jb?]ﬁﬂ;gr y(e,?)003 -66 the group consisting of

transition conpoun re general formulas (1), (I1) or

(111); s C L Rpdtyreyot spentdbénft A (h) Rs ~ RLR2 R % J/CPAM XL
XI\MCP\J~Rs 4 R6 ~ X2" ~ Rb 4 R~AA/ R(>R3/ RILRL ~R3 R R, or

R J/ CP° M XA MR - iRl drclopedtadidiRpl R4 ¢nA A/ R4 (111) RBwRL RL ~ R3
SRR *-trimethylsilylcyclopentadienyl), (7

10 *-tert-butyldimethylsilylcyclopentadienyl), ( n°-indenyl),
( n3-methylindenyl), ( n°-phenylindenyl) or (7
S.fluorenyl); and compounds in which (2-phenoxy) of these
compounds is replaced with (3-methyl-2-phenoxy),
(3,5-dimethyl-2-phenoxy), (3,5-di-tert-butyl-2-phenoxy),

15 (3-phenyl-5-methyl-2-phenoxy) or
(3-trimethylsilyl-~5-methyl-2-phenoxy).

Specific examples of the transition metal compound
represented by the general formula (VII) include di-u
-oxobis{isopropylidene( n°-cyclopentadienyl)

20 (2-phenoxy)titanium}, di- 4 -oxobis{isopropylidene(n
>-cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)tit
anium}, di- 4 -oxobis{isopropylidene(n
5-methylcyclopentadienyl)(2-phenoxy)titanium}, di-u
-oxobis{isopropylidene( 7 °-methylcyclopentadienyl)

25 (3-tert-butyl-5-methyl-2-phenoxy)titanium}, di-u
-oxobis{isopropylidene( 7 3-tetramethylcyclopentadienyl)
(2-phenoxy)titanium}, di- /i -oxobis{isopropylidene(n

*-tetramethyl cyclopentadienyl)



wherein, in the general forrmula (I), (11] or (Il11], Mrepresents a
transition netal atomof the Goup IV of the Periodic Table of the
‘El enents; A represents an atom of the G oup XVI of the Periodic Table of

the Elenents; J represents 10 an atom of the G oup XIV 0fqgt I 14N
Tabl e of the Elenments; Cp represents a group having a cyé?d%ﬁ“%ﬁﬂﬁ%ﬂ%ftype

ani on skel eton; each of X1, Rl, R2, Rgz-R4, RS and R6 independently
represents a hydrogen atom a hal ogen atom an al kyl group, 28 January
2003 -67 an aral kyl group, an aryl group, a substituted silyl group, an

al koxy groupz-ga8ratBhkylosymetayl - 2aphanbke )t itadRm}d @i-substituted am no
group, an al kylthio group, an aral kylthio group, an arylthio group, an

al kyl sel eno-gxobps{8imethyakkiyiehend pt-eyclopeartdddmyb) gr oup; X2

represents an atomof G oup XVI of the Periodic Table of the Elenents; Rl

R2, R3, R4, (RSpheuoRs)thvabdumpti ddald yoxohbshdtmethyileddilennérm to forma
he general formula (11) or two of M( A,

ring; and i{&é (.11 lﬁ% 5 J, O

. X1, X2 , kFyckepentadigqmyl) (3-ters-RwtyioS reehaylnd-PREReEY) baky t he
same or different. The ol efi ol ymeri zation catalyst according to claim
1, whetein Tn%PTSisgﬁﬁL%ﬁ 9&%5{h##ﬁ$#¥%ﬁ%€ﬁhﬁn§§%ected from the group

consi sting of [ &t !Hg6¥ﬁ3 I { sphL ' yl gk um noxane, 15
nethylisoMﬂ;ﬂ%ﬁ%#%#%%é?e and’ ?é@*%|ﬁ%ﬁ%%§§%§§3€555%?§%2c¢§% or producing
an olefin prﬁGSis@Blﬁ@tﬁ?ﬂ?il?@éneokMﬂ¢41é¥H¥ld¥b13§§ﬂﬁhd!éﬁ&iﬁe ol efin

pol yneri zation catal yst of any one of clains ™1 to 9.” 11. The ‘process for
produci ng a(3eteft bpoyyrBrmechgldRRghetoky)eidamihm) waar-qgin the ol efin
polymer is a copolynmer of ethylene and an a-olefin having 3 to 20 carbon

atons. 12 .-dkebpsbdimethylspiypdeneld an ol efin pol yner according to claim
10 , the po]ynerization tequrature is 150 to 300 . 13. The Erocess for
produdd ng arr tterane thrlewslepentatienyl) ( -phepexy)titaeivwalyndir zati on

tenperature is 1

0, t0. 300 . ;
CAS?. A A .&.‘RW%&%&?%W?H{Y%@P%%% RAFERTAMRERFIA A A A A A A A .A A A

st g aRentedy Solh Oy b nfiiipsBeshin car ety Bk L 0 O
a} gLa]E\c(glr ga] £4m} cabemp6anas] £al waLeal eiehaalcal] eabkeakbmprlhaakcakeal c: a

| wr mheY] | codpraced ol tth zdaicoalian oz] hafnthnRajomdenids]itavhakhal ga] ca] ca] ¢
a)J ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal
15 *-cyclopentadienyl) of these compounds is replaced with (7
5-dim;athylcyclopentadienyl),(77
®-trimethylcyclopentadienyl), (7
S_n-butylcyclopentadienyl), (7
S_-tert-butylcyclopentadienyl), (70
20 S_trimethylsilylcyclopentadienyl), (7N
5-tert-butyldimethylsilylcyclopentadienyl), ( n°-indenyl),
( n5-methylindenyl), (7n3-phenylindenyl) or (7
S_.fluorenyl); and compounds in which (2-phenoxy) of these
compounds is replaced with (3-methyl-2-phenoxy),
25 (3,5-dimethyl~-2-phenoxy), (3,5-di-tert-butyl-2-phenoxy),
(3-phenyl-5-methyl-2-phenoxy) or
(3-trimethylsilyl-5-methyl-2-phenoxy): and the like.

These transition metal compounds can be synthesized
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(- in a suitable organic solvent (e.g. benzene, aliphatic
hydrocarbon) with water. Also, there can be illustrated a
5 method fér preparing the aluminoxane by contacting a
trialkylaluminum(e.g. trimethylaluminum, etc.) withametal
salt containing crystal water (e.g. copper sulfate hydrate,
etc.). It is supposed that thus obtained aluminoxane or a
commercial aluminoxane is generally a mixture of (B2) and
10 (B3).
(C) Modified aluminumoxy compound
The modified aluminum oxy compound (C) used in the
present invention is a modified aluminumoxy compound
obtained by reacting an aluminumoxy compound(Cl) with a
15 boron compound (C2) represented by the general formula:
BQ'Q%Q’
wherein B represents a boron atom in the trivalent valence
state; Q'toQ’are respectively ahalogen atom, a hydrocarbon
group, ahalogenated hydrocarbon group, a substituted silyl
20 group, an alkoxy group or a di-substituted amino group and
they may be the same or different.
(Cl) Aluminumoxy compound
An aluminumoxy compound (Cl) is used for preparing the
modified aluminumoxy compound (C). .
25 Examples of the alumlnumoxy compound include
methylaluminoxane, ethylaluminoxane, propylaluminoxane,

n-butylaluminoxane, isobutylaluminoxane,

methylethylaluminoxane, methylbutylaluminoxane,
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5 represented by the general formula {-Al(E?)-0-}, ,

a linear aluminoxane (Clb) having a structure
represented by the general formula E3{-Al(E®)-0-}.AlE?
(whereinEzandE3respectivelyrepresentahydrocarbongroup,
alloszandallofE3maybethesameordifferent,brepresents

10 an integer of not less than 2, and c represents an integer
of not less than 1.), and a mixture thereof.

The (Cla) and (C1b) are the same as (B2) and (B3 ) described
above, respectively. As the aluminumoxy compound (Cl) used
in the present invention, isobutylaluminoxane is most

15 preferable.
The aluminumoxy compounds may be used alone or in
combination of 2 or more kinds.

(C2) Boron compound

A boron compound (C2) represented by the general
20 formula:
BQ'Q%Q’
wherein B and Q' to Q® are the same as defined above, is
used in preparation of the modified aluminumoxy compound.

Each of Q' to Q® is preferably a halogen.atom, a hydrocarbon

25 group having 1 to 20 carbon atoms, a halogenated hydrocarbon
group having 1 to 20 carbon atoms, a substituted silyl group
having 1 to 20 carbon atoms, an alkoxy group having 1 to

20 carbon atoms or a di-substituted amino group having 2
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b fluorinated hydrocarbon group having 1 to 20 carbon atoms
whichcontainsat least one fluorine atom, and inparticular,
each of Q' to Q* is preferably a fluorinated aryl group having
6 to 20 carbon atoms which contains at least one fluorine
atom.

10 Specific examples of the compound (C2) include
tris(pentafluorophenyl)borane,
tris(2,3,5,6-tetrafluorophenyl )borane,
tris(2,3,4,5-tetrafluorophenyl)borane,
tris(3,4,5-trifluorophenyl)borane,

15 tris(2,3,4-trifluorophenyl)borane,
phenylbis(pentafliuorophenyl)borane and the like, and

tris(pentafluorophenyl)borane is most preferable.

Production of modified aluminumoxy compound

The modified aluminumoxy compound (C) used in the

20 present invention is obtained by reacting the aluminumoxy

compound (Cl) with the boron compound represented by the
general formula BQ'Q2Q® (c2).

The reaction is preferably carried out under an inert

gas atmosphere. The reaction temperature is not specifically

25 limited, and is usually -80C to 200, preferably -50TC to

150C, and more preferably 50C to 150C. The reaction time

i1s not specifically limited, and is usually 1 minute to 20

hours and preferably 2 minutes to 15 hours. Further, the
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PPNQuQxQq wirocarbon solvent. pecific examples thereof include
5 hexane, heptane, benzene, toluene and the like.
The molar ratio of respective components used in the
reaction is not specifically limited, and the molar ratio
of the component (Cl) to the component (C2) [(Cl):(C2)] is
preferablywithinarangeofl:3t0l1:0.01, morepreferably
10 1 :1tol1 : 0.05.
The modified aluminumoxy compound obtained by the
reaction described above can be used as a catqust component
for olefin polymerization after purificati'on by isolation
such as recrystallization or the like, but the reaction
15 ~ solution can be also used for the catalyst component for
olefin polymerization as 1t is. [Polymerization of Olefin]
The polymerization catalyst obtained by contacting the
above-mentioned (A) and (C), or (A), (B) and (C) 1s used.
As contact methods, any means can be adopted so far as contact
20 of (A) and (¢) or (A), (B) and (C) is completed to form the
catalyst. For example, amethodinwhich (A) and (C ) oxr further
(g) are mixed to contact them together after diluting at
least one of them or without diluting them, and a method
in which they are separately supplied in a polymerization
25 reactor to contact them together in the reactor, and the
like can be adopted.
As a method for supplying respective catalyst

components to a polymerization reactor, they are preferably
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a reaction product obtained by previously contacting

5 arbitrary two components of them and the remainder may be

separately supplied to a polymerization reactor.

With respect to amounts of the respective components
used, itisusuallydesirable touse therespective components
so that the molar ratio of the aluminum compound(B) to the

10 transition metal compound (A)[transition metal atom
contailned in the transition metal compound] is 0.1 to 10000
and preferably 5 t6 2000, the molar ratio of the modified
aluminumoxy compound(C) to the transition metal compound
(A)[transition metal atom contained in the transition metal

15‘ compound] is 1 to 10000 and preferably 1 to 5000.

When the respective components are used as a solution,
a suspensionor slurry inwhich they are dissolved, suspended
or slurried in a solvent, the concentration of the respective
components 1s appropriately selected according to the

20 condlitions suchas theabilities of apparatuses for supplying
the respective components in a polymerization reactor, etc.
It is desirable to use the respective components so that
the concentration of (A) is usually 0.001 to 200 mmol/L in
terms of a transition metal atom contained in the transition

25 metal compound (A), more preferably 0.001 to 100 mmol/L and
further preferably 0.05 to 50 mmol/L; that of respective
(B) and (C) is usually 0.01 to 5000 mmol/L, more preferably

0.1 to 2500 mmol/L and further preferably 0.1 to 2000 mmol/L
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limited, and the respective catalyst components may be
b supplied to the polymerization reactor in a solid state,
inastateof asolutiondissolvedwith ahydrocarbon solvent,
in a suspension state or in a slurry state, or the like.
As olefins which can be applied to the
polymerization in the present invention, olefins having
10 2 to 20 carbon atoms such as, particularly, ethylene and
an ¢ -olefin having 3 to 20 carbon atoms, diolefins having
4 to 20 carbon atoms and the like can be used, and two
or more of olefins described above as monomers can also
be used, simultaneously. Specificexamplesof theolefin
15 include straight chain olefins such as ethylene,
propylene, l-butene, l-pentene, l-hexene, l-heptene,
l-octene, l-nonene, l-decene and the like; branched
olefins such as 3-methyl-l-butene, 3-methyl-l-pentene,
4-methyl-l-pentene, 5-methyl-l-hexene and the like;
20 vinylcyclohexane, etc., but the present invention should
not be limited to the above-mentioned compounds. Specific
examples of the combination of monomers in case of
conducting copolymerization include combinations of
ethylene with an @ -olefin having 3 to 20 carbon atoms
25 such as ethylene with propylene, ethylene with l1-butene,
ethylene with l-hexene, ethylene with l-octene, a
combination of propylene with 1-butene and the like, but

the present invention should not be limited thereto.
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5 The polymerization process should not be also
specifically limited, and there can be a solvent
polymerization or slurry polymerization in which an
aliphatic hydrocarbon such as butane, pentane, hexane,
heptane, octane or the like; an aromatic hydrocarbon such

10 as benzene, toluene or the like; or ahalogenated hydrocarbon
such as methylene dichloride or the llke 1s used as a
polymerization medium. Further, a high pressure ionic
polymerization in which the polymerization of an olefin is
conducted without a solvent under which a produced olefin

15 polymer is melt in the olefin in a supercritical liquid state
at a high temperature under a high pressure, and a gas phase
polymerizationinagaseousmonomer and the like arepossible.
Further, bothof acontinuouspolymerizationand abatch-wise
polymerization are possible.

20 The polymerization temperature can be usually
adopted within a range of -50C to 350C, preferably 0C
to 300C, more preferably 50C to 300C. The present
invention is preferably applied to a high temperature
polymerization having a highly industrial value. The

25 polymerization temperature is particularly preferably
within a range of 150C to 350C

The polymerization pressure can be adopted at arange

of usually normal pressure to 350Mpa, normal pressure
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35 to 300MPa.
The polymerization may be performed in a batch-wise
manner or a continuous manner, preferably a continuous
10 manner. As a reactor, a stirring vessel type reactor or
a tubular reactor can be used. The polymerization can
be performed in a single reaction zone. Alternatively,
the polymerization can also be performed by partitioning
one reactor into a plurality of reaction zones or
15 communicatingapluralityof reactorsinseriesorparallel.
In case of using a plurality of reactors, a combination
of vessel reactors or a combination of a vessel reactor
and a tubular reactor may be adopted. In a method for
polymerizing using a plurality of reaction zones or a
20 plurality of reactors, polymers having different
characteristics can also be produced by changing the
temperature, pressure and gas compositionof eachreaction
zone.
Ingeneral, thepolymerizationtime is appropriately
25 determined according to the kind of a desired polymer
and a reaction apparatus, and the conditions are not
specifically limited and a range of 1 minute to 20 hours

can be adopted. Further, a chain transfer agent such
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% o0& ()-$10% o0& ()-" "10% o0& ()- 5VxnbC09! 10L! 10%&' ()- 10'o 10'o0
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"109% () - @"10%& ()-! " 3"10% ()-!'& 109 ()-f!& 109%w&' ()-fs-109& () - gKIN<.
C10!'il\/G10%& ()-!sI\/G 10%& ()-" -10BRAMPLE "10%&' ()-!d$ "109%& ()-"

"10% ()- @EC 10!i & 10%& () - S! & 109KK& ()-S

s, 10% -()_L!10%ﬂ§e(ngﬁg&€;%§yﬁpféon 1s further 1llustrated in

detail according to Examples and Comparative Examples
below, but the present invention is not limited thereto.

Properties of the polymers in Examples were measured
according to methods described below.

10 (1) Melting point of copolymer:

It was measured under the following conditions using
SSC5000 thermal analysls system manufactured by Seiko
Instruments Inc.

Heating: heating to 150C and maintaining for 5

15 minutes

Cooling: 150C to 10T (5C/min.) and maintaining
for 10 minutes

Measurement: 10C to 160C (5C/min.)

(2) Content of repeating unit derived from ¢ -olefin in
20 copolymer:

Itwas determined from the characteristic absorption
of ethylene and ¢ -olefin using an infrared spectrometer
(FTIR1600 series, manufactured by Perkin-Elmer Inc.) and
was represented as a short-chain branch (SCB) number per

25 1000 carbon atoms.
(3) Intrinsic viscosity ([71):
100 mg of a obtained copolymer was dissolved in 50ml

of tetralin at 135C and the solution was set in an oil bath
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h& ()-W >l 3" 10%h h& ()-W.10% h& ()-, 110% $& ()-, !, ! 1098R8 e R

h& ()-O @4[9+4 10ghgh! Q #10%ghgh& ()= ! V- #10%/hvh&' ()- $"10%

h& ()-! " 10%ghgh& () - G'10% h& () - ! cc?focmhch&' ()-eF4 10ghgh! @, "10%& ()- S
,"10%JUE ()-S L, 10%m& ()-L! 10%m& ()-910%m& ()-  10ghgh 10ghgh| @{\ =F4

sotomie () EERER YR €Y & B T, FRpABbs shae, vioRPRgtes: the
10 o 0% ety 4006eSLl Jud8 BEIAMIEE) b ARSI SBREAOPLOl L
109%& ()-T![snm10%m& ()-!10%m& ()-f!!10%rY& ( 10%r& F10%& () - Ok+"
'}[M?10 10~théOtetifiinh[d441UHD8A 4R Whidh Islidl68mpie(ywas dissolved.
| $4"10%&' ()-!il $4"109& ()-L "10%& ()- T <M?10
10~~|L9#10%&U9}tkCﬂ©#Q0%&'()-|V9#10%&'() s-10%& () -& 10%r& () - 910%& () -
M P8o: ~\Nqa) Welght average molecular weight (Mw), number average
molecular welght (Mn) and molecular weight distribution
(Mw/Mn) :
They were determined under the following conditions
using gel permeation chromatograph (150, C, manufactured
10 by Waters Co.).
Column: TSK gel GMH-HT
Measurement temperature: set at 145TC
Measurement concentration: 10 mg/10 ml
ortho-dichlorobenzene
15
Reference Example 1
[Synthesis of transition metal compound:
dimethylsilylene( n°-tetramethylcyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium
20 dimethoxide] (Compound al)

In a Schlenk tube, 0.131g (4.1lmmol) of methyl
alcohol was dissolved in 10ml of anhydrous diethyl ether
and a diethyl ether solution (3.9ml, 4.1lmmol) of
methyllithium having a concentration of 1.05mol/L was

25 added dropwise at -78C thereto. The resulting mixture
was heated to 20C, the formation of lithium methoxide

was confirmed by gas generation, and the resulting

reaction solution was again cooled to -78C. Into the
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~2-phenoxy titaézu ﬁlgride which was previously

prepared in another Schlenk tube was transferred, and
then, theresultingreactionmixture was gradually heated
to room temperature to obtain a reaction solution. After

concentrating the reaction solution, 20ml of toluene was

addedandaninsoluble productwas separatedbyfiltration.

The filtrate was concentrated to obtain
dimethylsilylene(n5-tetramethylcyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium
dimethoxide represented by the structural formula
described below of yellow crystals (0.86g,
"Compound al”").

95%) (hereinafter, referred to as

'H-NMR (270MHz, CsDg); 07.26 (m, 2H), 4.13(s, 6H), 2.33

(s, 3H), 1.97(s, 6H), 1.89(s, 6H), 1.59(s, 9H), 0.55(s, 6H)
Me Me
Me Me
Me_ . _OMe
A Ti~
Me /  OMe
@)
t
Me Bu

Example 1(1)



10 10

109& ()-!1°$-#109& ()-!dl$-#109& ()-[PzX9{\=0!""10%& ()-,! "10%& ()-,! "1
0% ()-,'L "10%& ()- )L "10% & ()- L "10%Y& ()-P3g4wu3{\ =0!"!-"10%& ()-m
11-"10%\& ()-m 8 v 2003

| 100@& ()-1L" 10%& ()-1L"10%& ()-!L" 10%& ()- (- 2uv4o! | s" 165¢10'BY &

“10%& ()-!@ "10%& ()-3s-10%m&' ()-LLLG%& ()- 10 10 10p&Jf wUuV40! ! " 10%mn
& ()-11"100& ()-!4"10%& ()-!9"100& ()-!'>"10%& ()-!s" 10%m& ()-f&-MiS40! " F" 1
0% & ()-!" F" 109KK& ()-s-10%& ()-L! 10%&' ()- 10nm 10nmm

10mm " 610%m&’ () - 2 | LY $"10%R 1 ks
VY $" 100RR2& ()-s!x%%é{ ki %5'1 i /530&5’?"{%1- jas installed on a 50ml

s"10%Z @& ( xhiree-he¥ked fllaglk" BHAL 'the¥da tmospHere WA replaced with
10XXI OY2" 109XX&' () -! Y2" 10%b& () - {
110%&' () - ! { BYtHo5@ss," £ theriwieREH wa8 1kt 4)1ed , Tht@YEhé E1akdk/R1 Onlf
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trispentafluorophenylborane (toluene solution: 0.19mol/1)
was charged and added dropwise thereto at 25 to 30C. After
completionof thedropwise addition, theresultant was heated
10 and stirred at 60C for 4 hours and further at 80C for 2
hours. 10.2 ml of toluene was added thereto to obtain a 1ight
yellow transparent solution (the concentration of Al is
0.25mol/1l according to the charge amount)(hereinafter,
referred to as "Compound cl solution”).
15 Example 1(2)

After the atmosphere of a 0.4 liter inner volume of
autoclave type reactor equipped with a stirrer was replaced
with argon, 185ml of cyclohexane as a solvent and 15ml of
l-hexene as an ¢ -olefin were charged thereto, and the

20 temperature of the reactorwas raised to 180C. After raising
the temperature, ethylene was fed while adjusting 1ts
pressure at 2.5Mpa. After the system was stabilized, 2 ml
of the Compound cl solution (equivalent to 0.5 mmol in terms
of Al atom) and 0.5 ml of a heptane solution in which a

26 mixture of the compound al and triisobutylaluminum was
dissolved(theconcentrationof the compoundalisl £ mol/ml,

the concentration of triisobutylaluminum is 50 fmol/ml,

and the molar ratio of Al to Ti was adjusted to 50) (namely,
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2.32g of 'an ethylene-1-hexene copolymer having a [ 7] of
5 1.69d1/g, an SCB of 29.9, melting points of 85.8C, Mw of
116600 and Mw/Mn of 1.7 was obtained. Polymerization
activity based on 1 mole of Ti atom was 4.6X10° g/mol-Ti
per 2 minutes.
Example 2(1)

10 After a dropping funnel was installed on a 50ml
three-necked flask and the atmosphere was replaced with
nitrogen, a thermometer was installed. Into the flask, 10ml
of polyisobutylaluminoxane (PBAOmanufactured by Tosoh-Akzo
Co., Ltd., hexane solution: 0.96mol/l) was charged and

15 stirred. Into the dropping funnel, 9.4 ml of
trispentafluorophenylborane (toluene solution: 0.20mol/1)
was charged and added dropwise thereto at 25 to 30C. After
completionof the dropwise addition, theresultant was heated
to 95C and stirred for 8 hours. A light yellow transparent

20 solution (the concentration of Al is 0.49mol/l according
to the charge amount) (herelnafter, referred to as "Compound
c2 solution") was obtained.

Example 2(2)
After the atmosphere of a 0.4 liter inner volume of

25 autoclave type reactor equipped with a stirrer was replaced
with argon, 185ml of cyclohexane as a solvent and 15ml of

l1-hexene as an ¢ -olefin were charged thereto, and the

temperature of the reactorwas raised to 180C. After raising
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ml of the Compound c2 solution(equivalent to 0.5 mmol in
terms of Al atom) and 0.5 ml of a heptane solution in which

a mixture of the compound al and trilsobutylaluminum was

dissolved(the concentrationof the compoundalisl /£ mol/ml,

the concentration of triisobutylaluminum is 50 K mol/ml,
and the molar ratio of Al to Ti was adjusted to 50)(namely,
0.54mol of the compound al and 25/.mol of
triisobutylaluminum) were charged. Polymerization was
carriedout for 2minutes. As aresult of the polymerization,
4.15g of an ethylene-1-hexene copolymer having a [ 7] .of
1.47dl1/g,anSCBof 29.3, meltingpointsof 77. 4C andss.3TC,
Mw of 100100 and Mw/Mn of 1.9 was obtained. Polymerization
activity based on 1 mole of Ti atom was 8.3X10° g/mol-Ti
per 2 minutes.
Comparative Example 1

After the atmosphere of a 0.4 liter inner volume of
autoclave type reactor equipped with a stirrer was replaced
with argon, 185ml of cyclohexane as a solvent and 15ml of
l-hexene as an ¢ -olefin were charged thereto, and the
temperature of the reactor was raised to 180 . After raising
the temperature, ethylene was fed while adjusting its
pressure at 2.5Mpa. After the system was stabilized, 0.2
mmol of triisobutylaluminum and 0.5 ml of a heptane solution
inwhich amixture of the compound al and triisobutylaluminum
was dissolved(the concentration of the compound al is 1 L

mol/ml, the concentration of triisobutylaluminum is 50 U
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dimethylaniliniumtetrakispentafluorophenyl borate(slurry
5 concentration of 1 4 mol/ml) was charged. Polymerization
was carrled out for 2 minutes. As a result of the
polymerization, 2.33g of an ethylene-l-hexene copolymer
having a [7] of 1.04d1/g, an SCB of 31.7, melting points
0£78.3C and89.9C,Mwof 56500 andMw/Mnof 1.9 wasobtained.
10 Polymerization activity based on 1 mole of Ti atom was 4.7
X10° g/mol-Ti per 2 minutes.
Comparative Exaﬁple 2
After the atmosphere of a 0.4 liter inner volume of
autoclave type reactor equipped with a stirrer was replaced
15 with argon, 185ml of cyclohexane as a solvent and 15ml of
l1-hexene as an ¢ -olefin were charged thereto, and the
temperature of the reactor was raised to 180 C. Afterraising
the temperature, ethylene was fed while adjusting its
pressure at 2.5Mpa. After the system was stabilized, 0.72ml
20 (equivalent to 0.5mmol in terms of Al atom) of
polybutylaluminoxane (PBAOmanufactured by Tosoh-Akzo Co.,
Ltd., and hexane solution: 0.68mol/1), 0.5ml of a heptane
solution in which the compound al and tributylaluminixane
were mixed (the concentration of the compound al was 1
25 tmol/ml and the concentration of PBAO was 50 4mol/ml, the
molar ratio of Al atom to Ti atomwas adjusted at 50.) (namely

0.54mol of the compound al and 25/.imol of

tributylaluminixane), and 1.5ml1l of a heptane slurry of
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was carried out for 2 minutes. As a result of the
polymerization, 2.20g of an ethylene-hexene-1 copolymer
having an [ 7] of 0.98dl1/g, a SCB of 34.8, melting points
of 73.6C and 84.9C, a Mw of 56300 and a Mw/Mn of 2.4 was
obtained. Polymerization activity based on 1 mole of Ti
atom was 4.4X10° g/mol-Ti per 2 minutes.
Comparative Example 3

After the atmosphere of a 0.4 liter inner volume of
autoclave type reactor equipped with a stirrer was replaced
with argon, 140ml of cyclohexane as a solvent and 60ml of
l-hexene as an @ -olefin were charged thereto, and the
temperature of the reactor was raised to 180°C. After raising
the temperature, ethylene was fed while adjusting its
pressure at 2.5Mpa. After the system was stabilized, 1.04
ml of the Compound c2 solution(equivalent to 0.5 mmol in
terms of Al atom) prepared in Example 2(1) and 0.5 ml of
a heptane solution in which a mixture of
bis-n-butylcyclopentadienylzirconium
dichloride(herein-after, referred to as "compound a2") and
triisobutylaluminumwas dissolved(the concentrationof the
compound a2 is 1 4 mol/ml, the concentration of
triisobutylaluminum is 50 4 mol/ml, and the molar ratio of
Al to Zr was adjusted to 50) (namely, 0.5 4 mol of the compound
a2 and 25U4mol of triisobutylaluminum) were charged.
Polymerization was carried out for 2 minutes. As a result

of the polymerization, 1.37g of an ethylene-l-hexene

, S4"10%Zf & ()--7:w
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points of 111.2C and 115.5C, Mw of 20700 and Mw/Mn of 2.01
was obtained. Polymerization activity based on 1 mole of

Zr atom was 2.7X10° g/mol-Zr per 2 minutes.

As described above in detail, according to the present
invention, an olefin polymerization catalyst giving an
olefin polymer of high molecular weight and a process for
producing an olefin polymer of high molecular weight are

10 provided.
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WHAT IS CLAIMED 1IS:
1. An olefin polymerization catalyst prepared by a
process comprising contacting (A) and (¢ ), or (A), (B) and
(C) described below:
5 (A) a transition metal compound in which the number
of a transition metal is the same as that of group having
a cyclopentadiene type anion skeleton, in its molecule,
(B) at least one aluminum compound selected from the
following (Bl) to (B3):
10 (Bl) an organocaluminum compound represented by the general
formula E!,A1%Z;..,
(B2) acyclicaluminoxanehavingastructurerepresented
by the general formula {-Al(E2)-0-},, and
(B3) alinearaluminoxanehavingastructurerepresented
15 by the general formula E3{-AL(E’®)-0-}:AlE?,,
wherein E!, E? and E? respectively represent a hydrocarbon
group, all of E!, E? and E® may be the same or different,
Z represents a hydrogen atom or a halogen atom, and all of
Z may be the same or different, a represents a numeral
20 satisfying o<a= 3, b represents an integer of not less than
2, and c represents an integer of not less than 1; and
(C)amodified aluminumoxy compound obtained byreacting
an aluminumoxy compound (Cl) with a boron compound (C2)
represented by the general formula BQ!'Q2Q3,
25 wherein B is a boron atom in the trivalent valence state;
andQ', Q*andQ’arerespectivelyahalogenatom, a hydrocarbon
group, a halogenated hydrocarbon group, a substituted silyl

group, an alkoxy group or a di-substituted amino group, and
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2. The olefin polymerization catalyst according to claim
1, wherein (Cl) is (Cla) and/or (Clb) described below:
(Cla) a cyclic aluminoxane having a structure
5 represented by the general formula {-Al1(E?)-0-},, and
(Clb) a linear aluminoxane having a structure
represented by the general formula E3{-A1(E®)-0-}.AlE?3,,
wherein EZ and E? respectively represent a hydrocarbon group,
allof E?and all of E’may be the same or different, b represents

10 an Integer of not less than 2, and ¢ represents an integer
of not less than 1.

3. The olefimxbolymerization catalyst according to claim
1, wherein respective Q!, Q? and Q® are a halogenated
hydrocarbon group.

15 4. The olefin polymerization catalyst according to claim
1, wherein the modified aluminumoxy compound(C) is obtained
by reacting the aluminumoxy compound (Cl) with the boron
compound (C2) at a temperature of from 50C to 150C.

5. The olefin polymerization catalyst according to claim

20 1, wherein the transition metal compound (A) is a transition

metal compound represented by the general formula (I) or

(II):
CpMX'; (1)
(CPMX'n) 2X%3om (I1),
25 wherein M represents a transition metal atom of the Group

IV of the Periodic Table of the Elements; Cp represents a
group having a cyclopentadiene type anlion skeleton; each

of X!'s independently represents a hydrogen atom, a halogen
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group:; X? represents an atom of Group XVI of the Periodic

Table of the Elements; m is 1 or 2; when a plurarity of
respective Cp, M, x'and X? exists, they may be respectively
the same or different, and Cp may be bonded to x! directly

10 or through a bridging group.

6. Theolefinpolymerizationcatalyst accordingtoclaim
5, wherein (A) is a transition compound in which Cp and x!
in the general formula (I) or (II) are bonded each other
through a bridging group.

15 7. Theolefinpolymerizationcatalystaccordingtoclaim
1, wherein (A) is a transition metal compound represented
by the general formula (III) or (IV) below:

CpYMX', (III)
(CPYMX';) 2X%5 o0 (Iv),

20 wherein respective M, Cp, X' and X? is the same as defined
in the general formula (I)or (II) above; Y is a group having
an atom of the Group XV or XVI of the Periodic Table of the
Elements and 0 -bonding to M through the atom in the group;
Cp and x! may be bonded each other directly or through a

25 bridging group; n is 0 or 1; and a plurarity of respective
Cp. M, X! and X? may be the same or different.

8. The olefin polymerization catalyst according to claim

1, wherein (A) 1s a transition metal compound selected from
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the group consisting of transition compounds represented
by the general formulas (I), (II) or (III):
6
R CP_ _X

5>‘J M\X‘l
a /
R A
(D
RS R1
H2
6 1 1 6
R® Joe RS
4 4
R A A R
()
R® R! R! R®
R2 R2 . or

wherein, in the general formula (I), (II] or (III], M
represents a transition metal atom of the Group IV of the
Periodic Table of the Elements; A represents an atom of the
Group XVI of the Periodic Table of the Elements; J represents
10 an atomof the Group XIV of the Periodic Table of the Elements;
Cp represents a group having a cyclopentadiene type anion
skeleton; each of X', R!, R?, R®, R*, R® and R® independently

represents a hydrogen atom, a halogen atom, an alkyl group,
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an aralkyl group, an aryl group, a substituted silyl group,
an alkoxy group, an aralkyloxy group, an aryloxy group, a
di-substituted amino group, an alkylthio group, an
aralkylthio group, an arylthio group, an alkylseleno group,
an aralkylseleno group or arylseleno group; x?2 represents
an atom of Group XVI of the Periodic Table of the Elements;
R!, R?, R®, R?, R® and R® may be optionally combined with each
other to form a ring; and in the general formula (II) or
(III), two of M, A, J, Cp, X!, x?, x*, R!, R? R’ R' R®and
R® may be respectively the same or different.

9. The olefin polymerization catalyst according to claim
1, wherein (B) i1s an organoaluminum compound selected from
the group consisting of triethylaluminum,
triisobutylaluminum, methylaluminoxane,
methylisobutylaluminoxane and butylaluminoxane.

10. A process for producing an olefin polymer which
comprises polymerizing an olefin with the olefin
polymerization catalyst of any one of claims 1 to 9.

11. The process for producing an olefin polymer according
to claim 10, wherein the olefin polymer is a copolymer of
ethylene and an ¢ -olefin having 3 to 20 carbon atoms.

12. The process for producing an olefin polymer according
to claim 10, the polymerization temperature is 150 to 300C.

13. The process for producing an olefin polymer according

toclaim 11, the polymerization temperature is 150 to 300C.



