+€3e<223%$674<6] “mwmn ' 1 1 Decenber 2002 -1 TRANSI TI ON METAL
COVPOUND, OLEFI \mm | ON CATALYST COVPONENT, OLEFI N POLYMERI ZATI ON

CATALYST AND V FOR PRODUCI NG OLEFI N POLYMER 5 BACKGROUND OF THE
¥NVENTION Field of the Invention The present. i nvention 1 pkatSbet 2002
transition netal conpound useful as an olefin polynerization n catalyst
conponent, an olefin polynerization catjal yst 10 using said transition netal
conmpound and process for producing an olefin polyner using said olefin

pol yneri zation catalyst wth a high activity. Description of the Rel ated
Art Many procesERAENSDITIONoNEGIAIg GOMBOENDn SGIBAEN ROLYMERIZARIQN| ocene
conpl ex have been already reported . For exanple, a process for producing
an ol efi n polCARHLYHT I QMRRY NF‘@C@TQEFééTnBPé')‘(M@MZeﬁﬂ'g@ﬁrﬁﬁ%&hﬁé'fi ANPeport ed
¥n Japanese Patent Publication (Kokai% No. 58-19306. The. netal | ocene conpl ex
di scl osed therein 20 PROGESSnFIAR PROPHG ISR PIFHlY r BREYMESH netal atomiin
its nmolecule. It is disclosed in Japanese Patent Publication ( Kokai ) No .
4-91095 to use a netall ocene conplex having a structure in which two

transitéon net al atons areagéxgﬁab%iw%iﬁ%t gyg?hﬁ&rﬁa and two n
I

5-cycl opent adi enyl groups coordi nate on eac ansition netal atons,
as an ol ef i n 3@ Ve § Z8HLOR neRINA i$h conponent .
The present invention relates to a transition

metal compound useful as an olefin polymerization

) catalyst component, an olefin polymerization catalyst

10 using said transition metal compound and process for

producing an olefin polymer using said olefin
polymerization catalyst with a high activity.

Description of the Related Art

Many processes for producing an olefin polymer
15 with a metallocene complex have been already reported.
For example, a process for producing an olefin polymer
with a metallocene complex and an aluminoxane is
reported in Japanese Patent Publication (Kokai)
) No0.58-19306. The metallocene complex disclosed therein
20 is a complex having only one transition metal atom in
its molecule.
It is disclosed in Japanese Patent Publication
(Kokai) No.4-91095 to use a metallocene complex having
a structure in which two transition metal atoms are
25 contained in its molecule and two 7 *-cyclopentadienyl
groups coordinate on each of the transition metal atoms,

as an olefin polymerization catalyst component.
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Y 1 1 Decenber 2002 2 " However, when these netall ocene conpl exes havi ng
the structure in which two r~ 5- cyclopentadlenyl groups L coordinate on one
transition netal atomare used as the olefin palynerization catalyst
gonmponent, there are 5 problens that the nol.ecul ar weiighpeREmar IRis N

pol ymer obtained is |ow and the conmononer reaction rate I'n copo{ynerlzatlon
is low, and the nore inprovenent of actpvity has been desired from an

i ndustrial viewpoint. Although netall ocene conplexes in which two 10
transition nmetal atons are contained in its nolecule and only one n

o-cycl opent adi enyl Howeyegnowdiematbe senmedell lofcenansdmpde xest A vidings ar e
di scl osed in Japanese Patent Publication (Kokai) Nos.3-163088 and 3-188092,
they are conpth&ctRagtngeaipeehirhr twer dbf nfF¥CileRAR tadignglc 5EouRs

ani oni ¢ |1igands galnst t he val ence nunber of transition q;éal atom are

conbi ned, and?eEdpBRFRePZERPONT AREHHIAR FE St it d s AH R a

tranS|t|on met ato gwcontained in
0

rotal | ocene conphex LRINALCN 1p: Lpanslbon relah gLams. are, cont guaed | one
tranS'tlon ”‘?;gf’ébféﬂ@{:ﬁa@'éﬁ 9RE eealé%p@ea tP@tfeah \Mg &aghggm(eﬁoka'

7-12 631 I's a conple aving a st cture In two n

5 cycl opent adh 9Py in8HOYRS 15w émﬂ'kﬁﬁe @rahdmﬁ@raf@a@n:qtare@ate fhat the 25
ol efin polynerization catalyst using it as a catal yst conponent has | ow

copolynerlzmm¢p®yymaduﬂatruﬂtimglpwlnmnﬁ theopokynmampdeemnedti ®fhi gh,
and nore r ", 1 1 Decenber 2002 -3 inprovenent of activity has
been desired d¢bhvahyi hdashe¢nlidas enpdi firom an industrial viewpoint.
Although metallocene complexes in which two
10 transition metal atoms are contained in its molecule and
only one 77 *-cyclopentadienyl group coordinates on each
of transition metal atoms are disclosed in Japanese
Patent Publication (Kokai) Nos.3-163088 and 3-188092,
they are complexes having a peculiar structure in which
15 excessive anionic ligands against the valence number of
a transition metal atom are combined, and its
polymerization activity is not confirmed.
Although a metallocene complex in which two
) transition metal atoms are contained in its molecule and
20 only one 7) *-cyclopentadienyl group coordinates per one
transition metal atom is disclosed in Japanese Patent
Publication (Kokai) No.7-126315, it is a complex having
a structure in which those two 7 *-cyclopentadienyl
groups are linked, and there are problems in that the
25 olefin polymerization catalyst using it as a catalyst

component has low copolymerizability and the melting

point of a copolymer obtained is high, and more



SUMVARY OF THE | NVENTI ON 5 Under these situations, the objects of the
present invention are to provide a transition netal conmpound useful as a

hi ghly active olefin polynerization catal yst conponent at an efficient
ieaction tenperature in the industrial proeess of inpgntgBte@bsfi2ho2

pol yneri zation 10 from an industrial view point, and to provide a highly
active olefin polynerization catalyst 4uging said transition netal conpound
and a process for producing an ol efin polymer using said olefin

pol yneri zation catalyst. 15 In order to attain the above-nenti oned objects,
{ he present iivpnovesendve®i menivislyy audieen adppésess frgmpanduci ng an
ol efin polyner using.a_netall ocene transition nmetal conpound, in
particul ar, a-RORBLEFILOPERWRREMYF transition metal conpound as one of 20
cat al yst conponents, and have thus conpleted the present invention. The
present invention relates to a transition netal conmpound represented by the

general formula [ | ] or ["duﬁﬁEBQiBﬁd OfkvﬁﬁT?bﬁfin pol yneri zation 25
a

catal yst conmponent conprising sald transition ne conmpound, an olefin

pol yneriszati on cat atYmatlergﬁﬁ@eé%di@uaeieh%ceéﬁe%@éé@grwf q‘—_g%t §£Eisa&1ta

transition netal Y December 2002 -4 conpound sel ect romthe group
consi sting ofif¢@nsibnomreeted dp.@awu@d% reeseniod Beddle gsngoahd

formulas [ | ) and [ Il ) , and [ ( B ) described bel ow and/or (C))

descri bed belusefahdsmapbgely doripeadief ig parlymerization catalyst
component at an efficient reaction temperature in the

i industrial process of important olefin polymerization

10 from an industrial view point, and to provide a highly
active olefin polymerization catalyst using said
transition metal compound and a process for producing
an olefin polymer using said olefin polymerization
catalyst.

15 In order to attain the above-mentioned objects,
the present inventors have intensively studied a process
for producing an olefin polymer using a metallocene
transition metal compound, in particular, a mono

¥ cyclopentadienyl transition metal compound as one of

20 catalyst components, and have thus completed the present
invention.

The present invention relates to a transition
metal compound represented by the general formula [ ]
or [I[] described below, an olefin polymerization

25 catalyst component comprising said transition metal
compound, an olefin polymerization catalyst prepared by

a process comprising contacting a transition metal



5 olefin polynmer with said olefin polynerization catalyst. R\ /Cp\ ~ X~ X
T ~Cpi RR Rs~J MX2/ML WwWRs ' RA AARACI RB/ RILRL\ RBR-. 6 C~22C
16 RRJ/ PMI~X~Mi P~J~-R Rs~ ~\X2~ ~\Rs.R4 ~ AA/ RAClI R3 Rl R~ ~R3
R2 R2 1 (wherein ML indicates a transition met al atomﬂthngH,ﬁ)Qe |V of
the Periodic Table of the Elenents; A indicates an atom of t G oup XVI of
the Periodic Table of the El enents; J |_r4:l_|cates an atom of the G oup XV of
the Periodic Table of the Elenents; Cpl 1 ndicates a group having a

cycl opent adi ene type ani on skel eton; each 15 of X1, Rl, R2, R, R, RS and
R6 i ndependentdompodhaaked ex dudrogen shemgrauml ogesistdmg anf al kyl group,
an t 11 Decenber 2002 -5 aral kyl group, an aryl group, a substituted
silyl group, arah&dkyogr map:alam:omwmklydi@xyegreapntad drylolxg geoepadr a
di -substituted am no group; XZ indicates an _atom of G oup XVI of the

Peri odi c Tabl efcbﬁm‘tlhéSElér}eﬁtlé [RE),5apd [RB) FQESQQSW %lﬁﬂyabé/or
optionally conblned MA %eﬁg *ﬁf to formarin %nd a ral nunber of
M, A J, cpl,f sesciri OW R4anfAs 3 RF IR TRy BE B €+98l $0t he

sane or differ um co nd _s cted from( Bl
>716 to ?Bs) aoi%ﬁaee%ér%ﬁ " SRTar giReat %%%5&5&%100%(1. cated by
t he general gygl;aAl Z, a; . "' (B2) a cycl i ¢ al um noxane having a
structure |nd|c e y ‘the general formula {-Al(E~)-O}b; and 15 (B3) a

| i near al um noxane having a structure indic ed b the general formula E f
-Al ( E -O-}~A |82 r}el n_whchyhf EI,,C i s a hydrocarbon

grrup, and all of E\Jall = and Mof EJ be the sane ,) or

different; Z repreBen s a hydrog aton\ a aI en 20 atom aﬁﬂ all of Z
hray be t he same Rt dififerem; a represems a_hunbeR%ati sfyi n<£
expression of 0 <

Cp. 1 C
RS/J /“A\Xz/,w\ \Rs
R* A A R [II]
R® R’ R’ R®
R

(wherein M! indicates a transition metal atom of the
10 Group IV of the Periodic Table of the Elements; A
indicates an atom of the Group XVI of the Periodic Table
of the Elements; J indicates an atom of the Group XIV
of the Periodic Table of the Elements; Cp' indicates a
group having a cyclopentadiene type anion skeleton; each
15 of X', R!, R?}, R?, R, R® and R’ independently indicates

a hydrogen atom, a halogen atom, an alkyl group, an



3; b represents an integer of 2 or nore; and c represents an integer of 1
or nore). ( C) any one of boron conpounds of ( C1 ) to ( C3 ) described 25
bel ow. (Cl) a boron conpound represented by the general formula BQ QQ

¥ 1 Decenber 2002 -6 (C2) a boron conpound represented 4

formula GH( gQ QRQ Q)-; and (C3) a boron conpound re§r1e?§%?§ﬁgﬁ e
general formula ( L-H) + ( BQAQR@BA)B-5 (wherein Bis a boron atomin
the trivalent valence state; QL to 4 are a hal ogen atom a hydrocarbon
group, a hal ogenated hydrocarbon group, a substituted silyl group, an

al koxy groupaaalkyll gxwhgd, ot edyangnougr, ol uks thtuhgdbeiipé gaoeper
different; G+ is an inorganic 10 or organic cation; L is a neutral Lews
base; and (LamR) alkexy RIraitR eRBRELH 1 KBRPRF DESCR PRNOG IOH IFE DRAVPNG Fi g.

1 shows a flow chart for assisting the 15 understanding of the present
i nvention. TRE& @I&&Tﬂ%ﬁ?tFEuéer%W%ﬂoe?ﬁﬂﬁ?é &f Pﬁglgﬁﬁf%ﬁa%p%Faﬂion of

DETA L ED DESPRI PR GELTPE TRRERET CREHhot BPASORE EROckEFBRNEE  ulher o °
illustrated i t aik hel A R t : t |
formi [ 1 o R 1 S ROl 8RR GBI By CRIBHIL uibn JEcfiTN)
indicates a bRy tHPrEdBhad £1ggenhnel at pa FOUMmbbeE _bEeMPserAgdiie Tabl e

of the Elenents (Revised edition of | UPAC I norganic Chem stry
Decenber 2002p!7_x!', %x?, R!, R?, R’, R*, R’ and R® may be respectively
the same or different.)
! (B) at least one aluminum compound selected from (Bl)
10 to (B3) described below:
(Bl) an organcaluminum compound indicated by the
general formula E'\AlZ,, ;
(B2) a cyclic aluminoxane having a structure
indicated by the general formula {-Al(E*)-0-},; and
15 (B3) a linear aluminoxane having a structure
indicated by the general formula E’{-Al(E®)-0-}.AlE’,
(wherein each of E', E? and E’ is a hydrocarbon grcup,
and all of E!', all of E? and all of E’ may be the same
R or different; Z represents a hydrogen atom or a halogen
20 atom; and all of Z may be the same or different; a
represents a number satisfying an expression of 0 < a
< 3; b represents an integer of 2 or more; and ¢
represents an integer of 1 or more).
(C) any one of boron compounds of (Cl) to (C3) described
25 below:

(Cl) a boron compound represented by the general

formula BQ'Q%Q’;



Nonencl ature 1989), and exanpl es thereof include atitaniumatom a
zirconiumatom, a hafniumatomand thelike. Atitaniumatomor a zirconium
atomis preferabl e. Exanpl es of the atom of the G oup XV of t he

Reri odi cSTabl e of the Elements indicated as A in the gen fﬁp il] or
[1l] include an oxygen atom a sulfuratom a selenlun1aton1a |ke

and an oxygen atom s preferabl e. Exanpl eg of the atom of the C?oup XTV of

t helOPeriodic Table of the Elenents indicated as J in thegeneral formula
[1] or [Il] include a carbon atom asilicon atom a germani um atom and the
Like, and a carbppalom YorosidémpBudtHORdpr fESheeablby. Exaapheseot 1t he
group having a cycl opent adi ene typel5ani on skel eton indicated as the

substi tuent gfoumuleplGirrd'@de’ah + andubstitut ed) cycl opent adi enyl group,
an~ 5-(substituted)indenyl group, an ~ 5-(substituted)fluorenyl group and
the |ike. Specif(€3éxanpozen redmpennd- repngsopeadadiverifie ggoupraan ~

5- 20net hyl cycl opent adi enyl group., andi nmet hyl cycl opent adi enyl group, an
~tr|nethylcycﬁ&ﬁ@ﬁﬂéﬂléEyﬁ)g9%gﬁjQbﬂtbtranethylcyclopentadlenyl group, an ~
S-ethylc clop dlen ~ 5-n-2 ent dlenyl group,

ani sopro yIcy eﬂ u€?58865ﬁ$“1 Eﬁ qﬁ%&Y%@Engé% SBFERY b?OUp, an
ars-sec- 1 Dssegbesr@% i B! EXBhoPer A EOUL B Bl - 2L e

but yl cycl openttadi €n group ~5-n pent'ylcycl opentadien gr Up, an r~s
neopent yl cycl gparfadi £oxb Sfﬁlz!@)’ca%rbon S5gPRofiphexy|aynss opeqtad enylygroup, an
~ 5-n octyl cycl opent adi enyl “group, an ~ phenylcyclopentadlenyl group, an
napht hyl cycl opertas enylalioxyp,gesup ¢ i ardhysabkylieynaxpeaniath esydugr oup,
an 10 triethylsilylcycl opentadi enyl group, an ~

5-tertbutyl di whtilo sidy |y cthpesrndi enydiffensntan ¢ nden@n dgmoupgamhc ~
5-met - hyl i ndenyl group, an ~ 5dinethylindenyl group, an ~ 5-ethylindeny

gr oup, ﬁ 5- npﬁrﬁﬁﬁﬁpﬁdbﬁfﬁléFbuﬁ‘1§na~n%uF§6ﬁrB§VPFnBéﬁ§h SpéubL H3 an ~
5-n- butyl i nden g an.~ c- butyli ndenyl group, an ~

5-tert-butylif ée Biﬁaﬁledaﬁ npentylindenyl group, an -~
5-neopenty|indeny| group, an ~ 5-n-hexylindenyl group, an ~
5-n-octylindenyl ! group, an Q75-n-decylindenyl group, an ~7 20

phenyl i ndenyl group, ansrIBFMBESCRATENYON NIENTHEIDREWIRG ~

5- napht hyl i ndenyl group, an trinmethylsilylindenyl group, an
triethylsilylinderyiggrduphoas a 5tlewt bubkyitdifeet hgssibylingdenhg group, an
25 tetrahydroi ndenyl group, an ~ 5-fluorenyl group, an 5-nethylfl uorenyl

group, Bh ~ 5“@@@@%#@&696‘?@”@ BES S e Q‘PB’GEQW;/‘PEI uo'?éﬁyﬁl@‘r’cﬁ}'parhn ~
1 1 Decenber 2002 - d fluqren roup, .an ~. 5-n- fl

group, an ~ 5@ %n- 5\‘\’3‘1 g‘ﬁ) ghea Od%los%p?% g?fg'%f @E@Itekbéloup,
an ~ 5-dil SOp;:Q@é'Jrlé’O{:%ééht%ﬂu,pb £he- B %é'ﬂ%sﬂx odf QP A0
5-sec 5 butylf lTuorenyl group, an ~ -tert=butylf luorenyl group, an ~
5-di -n-butyl f hugriervd ©KeHRtoan ~ 5-di - secbutylfluorenyl group, an ~
5-di-tert-butyl fluorenyl group, an ~7 5-n-pentylfluorenyl group, an r~
Sneopent yl fl uorenyl group, an ~ 5-n-hexylfluorenyl 10 group, an ~
5-n-octyl fluorenyl group, an ~ 5-ndecyl fl uorenyl group, an ~

5-n- dod®@yl f | uorenyl BEFALLEM DESCBASRAGY meﬁyz @WTW~

5- dlphenylfluorenyl rou ~ 5-net hyl pheny, oren =
5naphthy|f|uorenylly$ gs&ﬁtléqY?$%%%9l§Fl Wq ?Engh 8F ; %é:lnS-bis
trinethylsiIyIfI%gheqxé}g%oup, an ~ triethylsilylfluorenyl group, an

~~5 tertbutyl yI'si fluorenyl group and the like. An

5- cyclopentadlqplegggg@tl@% 2 et hybryelopent adi enyl group, an ~
5- tertbutylcyclopentadlenyl group, an tetranethyl cycl opentadi enyl group, an

~ 5-indenyl group orrmehe-§ehbuanenyrmgneup Ii p oy efie] aldies tArddie: feh ogen
atomin the substituent, X1, Rl, Rz, 25 R, R, RS or R6, a fluorine atom a
chl ori n&5 at onmea alir atbner ep neseanedbyiMdinéiabtmsaa e rddust i ahatkt Al

chlorine atomor a bromne atomis preferable and a
element of the Group IV of the Periodic Table of the

Elements (Revised edition of IUPAC Inorganic Chemistry
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‘dnozb T~ g~ 7P, T3 T, i
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aui zoTUo = - ZOZ aag~a~aa ~ ~ , 1 1 Decenber 2002 -11 - onoet hyl
group, a di brawephgfegable. a tribronnethyl group, a tetrabronoet hyl
group, pentabronoethyl group, a perfluoropropyl group, a perfluorobutyl

group, a perfluoropeﬁ¥§mpéﬁ§u@fetm%ratemr@ﬁéﬂmegﬁ:mpp 3DV;Q#f¢@©roocty
group, a perfluorodqdec ou erfl uoropent adecyl grou
perfluo#@elcoé@?rb?gbﬁ %SQi%wﬁﬁcﬁ?%rﬁﬁ?@%ﬁﬁiu}n%ﬁ%éFe IGbeﬁt&? §P6up, a
per. chl or opent y| Io hexyl erchl or octyl roug, a
perchlorododed%?g%?%gpfgr%%& érgﬁléé%p gd@%%?ug?o%pfaégbé?c%F%POelcosyl
group, a perbrofpEgRYAt &h Olépgeﬂnﬁ%rﬂ{rﬁﬂw ¥hd9E19é'F2L1}@e pear,lr‘g %”PQEBEW

group, a perbronohexyl group, "a perbronooctyl group, a perbronbdodecyl
group, a perbropdpeotadee)ll igiaalipmtempeebpaEfixasye . group and 15 the |ike
Further, all of these al kyl groups nay be partially subs ~ ituted with an
al koxy group such &xampistshofvthgrampupdraethgxy cyadiqprent ataeniekbypean
aryl oxy group such as a phenoxy group or the like or an aral kyl oxy group

such 20las a 5%%%9Pc&§eb?595 bﬂd%ﬁétﬁﬂkés EPE SPRSEAEUSTH BHOWR oSP irn t he

substi tuent,

car bon atoms |Js e?%ra%lg, R%h%PER%[) 4&?%%?8% ﬁg%\é;’ﬁ%qg;&‘fjg g

(2- met hyl phenyyy) t enyl tshy
(4- et hyl pheny?)ﬁ%sgfgggfdglﬁgﬁ%@d?é?%gpphér%{?mt(ﬁﬁﬁggﬁﬁ?eg

(2, 4di et hyl phenydyeriyhydrotipind aHe? 15 ke 1 shdricRidaixa®Les 1Pnclude
di et hyl phenyl ) met hyl group, a (2,6 dinethyl phenyl)nethyl group, a (3,4
di et hyl phenyl3meth Cxpkmmﬁnaa@3eﬁnirﬁﬁ@NPphenyW)ﬁethyl group, a (2,3,4
20 methylcyclopentadienyl group, an 7 °
dimethylcyclopentadienyl group, an 70 °-
trimethylcyclopentadienyl group, an 7 °-
tetramethylcyclopentadienyl group, an 77 °-
ethylcyclopentadienyl group, an 7 °-n-
25 propylcyclopentadienyl group, an 7 °-
isopropylcyclopentadienyl group, an 7 *-n-

butylcyclopentadienyl group, an 7) *-sec-



5 tinmet hyl phenyl)nethyl group, a (2,3,5 tinethyl phenyl)nmethyl group, a
(2,3,6 tinmethyl phenyl)nethyl group, a (3,4,5 tinethyl phenyl)nethyl group, a
(2,4,6 tinethyl phenyl)nethyl group, a (2,3,4,5 10 tetranet hyl phenyl) net hyl
group, a (2,3,4,6 tetranethyl phenyl)nethyl group, a (2 fRc@mber 2002

t et ramet hyl phenyl ) met hyl . group, a (pentanet hyl phenyl ) net hyl group, an

(et hyl phenyl ) met hyl group, a (n-propyl pgenyl)methyl 15 group, an

(1 sopropyl phenyl ) met hyl group, a (nbutyl phenyl)nethyl group, a
(sec-butyl phenyl ) et hyl group, a (tert-butyl phenyl)nethyl group, a

¢npent yl phenybhrgtleyic s pent adiengdpentodpheay! et byl ti- group, a
(n- hexyl phenyl ) met hyl group, a (n 20 octyl phenyl)nethyl group, a

(n- decy! phenybhtytlieyic ippept adienydodsstpheagl Yhéthyl group, a
mapht hyl met hyl group, an anthracenyl nethyl group and the like, and a benzyl
group i s nor ePpREVECHT PRt agienyds SER WP kyRgPbups may be partially 25
substituted with a halogen, atom such ai&a fluorine atam_ a chlorine atom a

bromi ne at om BRORET T TEC LPBRP t3F 1A yI 5P BEp &%’ as ™5 met hoxy group, an
et hoxy giogfoas%g#cgﬁggﬁggﬁtggg%nyagéﬁ%%#ggyghkg7sgg_aryloxy group such as

a pheno e or an-“ar group such as a benzyl oxy

group or the Eg%@ad?éi?ﬁQnEQSiéhﬂl§Hfﬁﬁbinahh97SUbStituent’ X1, RL, Rz, 5

R, R RS or an-aryl group having 6 to 20 carbon atonms is preferable,
and exanpl es Fhewyﬂbydméyggtad@b@@m Houp, an29f 6Lyl group, a 3-tolyl
group, a 4-tolyl group, a 2,3-xylyl group, a 2,4-xylyl group, a 2,5-xylyl
group, a 2, 6anaphghyjrauplopestadieniyl group, an3,”5-xylyl group, 10 a
2,3,4-trinethyl phenyl group, a 2,3,5-trinethyl phenyl group,, a
2,3,6-trinethyrpmﬁﬁhykﬁb%ﬁ}cﬁcéppﬁﬁﬁa¢¥ﬁ%hilﬁﬁ@ﬁﬁrgﬁ%uﬁ,'a

3,4,5-trimethyl phenyl. group, a.2,3,4,5-tetranmet hyl phenyl gyoup, a
2,3¢$Eﬁ%tranéfﬁ?ﬁﬁ¥ l%fﬁﬁﬁ}oggﬁ?ﬁ%%%EYgtEﬁﬁéd%ﬂiﬁeRW'ﬁéngoup, a
Pe“ta”Ethy'phEp¥ ﬁﬂ%&&khﬁfﬁ%ﬁ %E&@% e&%Q&Een§1“§B£ 'pﬁﬁ“¥159r°Up’ an
i sopropyl pheny roup, a n-bu pHenyl® gr oup, a“sec-butyf phenyl group, a
tert-butyl phepyledyAURyr&uP; PEAL ¥) PhRBYH A n 1 NgeBeRY VI fhenyi- group, a
n- hexyl phenyl group, a n

dimethylindenyl group, an 7 *~ethylindenyl group, an 7

S-n-propylindenyl group, an 7 °-isopropylindenyl group,

15 an 7) °-n-butylindenyl group, an 7 *-sec-butylindenyl
group, an 7 °-tert-butylindenyl group, an 7 *-n-
pentylindenyl group, an 7 *-neopentylindenyl grecup,
an 7 *-n-hexylindenyl group, an 7 *-n-octylindenyl

3 group, an 7 *-n-decylindenyl group, an 7 °-

20 phenylindenyl group, an 77 *-methylphenylindenyl group,
an 7 *~-naphthylindenyl group, an 7 °-
trimethylsilylindenyl group, an 7 °-
triethylsilylindenyl group, an 7) *-tert-
butyldimethylsilylindenyl group, an 7 °-

25 tetrahydroindenyl group, an 7 *-~fluorenyl group, an 7
S_-methylfluorenyl group, an 7 °~dimethylfluorenyl

group, an 7 *-ethylfluorenyl group, an 7 °-



20 octyl phenyl group, a n-decyl phenyl group, a n dodecyl phenyl group, a
n-tetradecyl phenyl group, a naphthyl group, an anthracenyl group and the

| i ke, and a phenyl group is nore preferable. All of these aryl groups nmay
be partially 25 substituted with a hal ogen at om such fl | om a
chlorine atom a bromne atom an iodine atomor the f‘ﬁ(?ecgﬁ?:%rﬂ%?(@ﬁgr oup
such as a nethoxy group, an ethoxy 1_% Decenber 2002 -14 group or the

| i ke, an aryl oxy group such as a phenoxy group or the like or an aral kyl oxy
group such as a benzyloxy group or the like, etc. The substituted silyl
group in the guksiHyMeENtor&dy lgfBupRan Ry, -R-pRPpPI £ Raokrend Isgkplpgr oup
substituted with a hydrocarbon group, and exanpl es of the hydrocarbon group
i ncl ude al kyl agr oppsdiawi-pydpy bf 1Qocamnydn gtous, sach 7as-a net hyl group, an
et hyl group, a n-propyl group, an isopropyl group, a n-butyl group, a

sec- butyl grodsopr®ryletuobenyll graMn, amni §o‘n1£y4sgmepyl£lmqj@ewl
group, a n-hexyl group, a pyclohexil group and the like, and aryl groups
such as a phe@fOYR 0" ald TP ¥ e 1T enZhnPFe¥Pof audh s§5I1 t ut ed
silyl group havin to 20 carbon_atomns_isncl ude .nmonos; substi tut.ed_sil

gr oups 1% hav%ﬁ‘d‘y%'é]ou%e’%it?o%’%?o@é‘ s@cﬁ%§§ 5%?%§$§PP§an¥r1bﬁﬁ?u A
ethylsilyl grqup.,a_phenylsi d i ke & ssybstituted silyl
groups havi ng%% t% 28%&?[?3#%1{%%85%0 aséé;@ufhetsﬁy?’si |§ E;sre%p, a

di et hyl silyl %ﬁ;@ﬂf_ﬁzé’t@ﬂ?ﬂ]ygiﬁwﬁ, HRUP dnditperkikeit AN dotegylistituted
20 silyl groups having 3 to 20 carbon atonms such as a trinmethylsilyl group,
a triethylsil yramup.am %4 ri-h-paopyE tubylengrlouproapt r ansoprepyl sily
group, a tri-n-butylsilyl group, a tri-sec-butglsilyl group, a
tri-tert-butyhnsidpdntgy bfippozenyil- isobepyl shl y1 “gnobpxy2s uorenyl
tert-but&l-dinethylsilyl group, a tri-n-pentflsilyl gr ou a

tri-n-hkRXyl si GFOYR 0B B tTHTSeFBAEMHQLSRY L group,  an -n-

decylfluorenyl group, an 7) *-n-dodecylfluorenyl group,

p7,75

an 7 *-phenylfluorenyl group, an 7 *~diphenylfluorenyl
group, an 7 ‘-methylphenylfluorenyl group, an 7 °-
naphthylfluorenyl group, an 7 °-

15 trimethylsilylfluorenyl group, an 7 *-bis-
trimethylsilylfluorenyl group, an 7 °-
triethylsilylfluorenyl group, an 7 °~tert-
butyldimethylsilylfluorenyl group and the like. An 7

) S_cyclopentadienyl group, an 7 °-

20 methylcyclopentadienyl group, an 77 *~tert-
butylcyclopentadienyl group, an 7 °-
tetramethylcyclopentadienyl group, an 7 °-indenyl
group or an 7 *-fluorenyl group is preferable.

As the halogen atom in the substituent, X', R', R?,

25 R, R', R’ or R®, a fluorine atom, a chlorine atom, a
bromine atom, and an iodine atom are illustrated. A

chlorine atom or a bromine atom is preferable and a



group, a triphenylsilyl group and the like, and a 1 1 Decenber 2002 -15 _
trimethylsilyl group, a tert-butyldinmethylsilyl group or a triphenylsilyl
group is preferable. All of the hydrocarbon groups of these substituted

gilyl groups may be partially substituted with a hal ogep R 2LWBSHEH2as @
fluorine atom a chlorine atom a bromne atomor an iodine atom an al koxy

group such as a nmethoxy group, an ethoxy_group or the |ike, 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, etc. 10 As the al koxy group in the substituent
X1, Rl, R2, Rhld¥in&kSaeomRGs amwme koxgfgratldleaving 1 to 20 carbon . atons

is preferable, and exanples thereof include a nethoxy group, an et hoxy

group, a n-propoxysgebapalsnli gopugpoiy gheupsuks i baedky §roup,, &°,
sec-but oxy grqup, 15 @ tert; but oxy group,_a n-pentoxy group, a neopentoxy
group, a n- h&ex® grBUPT aRn- RR oR ¥ KYloGF O WP M ABEBLGoRy t§ dubp, carbon

n- pent adecoxy .group, a n-.a i cosoxy grou nd the.like, and a_nethoxy group,
an et hoxy gr(i]:g’nlﬁ 15 PE?FgﬁﬁFﬁwa\éﬁoﬁﬁaﬁ‘giﬁﬁef‘BF&b‘I > agpealy Log T PHRze

al koxy group P iall ubstitute L h hal msuch as a
fluori ng at o?ra]nrr?tc‘ﬁﬁbr n%hét’orxn 8ag%roé3 neéj%% gﬂ ?Sggﬁe%pygn?%??%e l'i ke,
an al koxy Or QuR-$Ualy g ufE! BOXK UYL YL RIDOY @Oy Lherblke, an
aryl oxy group such as a phenoxy 25 group or the |ike or an aral kyl oxy group

such as a berzwl-@entyOupxrSip} e dedpeneld. ghude aalcddVAmYY @gFeup,in the
substituent, Xi, 1 1 December 2002 -16 R1l, RZ, R, R RS or R6, an

ar al kyl oxy greoup-Hewyhgg¥oup ,2@ cardonyat greurs, px ehedablyd, grmhmxaapl es
t hereof include a benzyl oxy group, a (2-mnethyl phenyl) et hoxy group, a

(3- met hyl phemyidafg ek Brptiup 2 B-Pans adaayd SHOMR /) Ast tRIGOFYIUPTOap( 2, 3
O e AR 5Bl i B Bner i FERS e, o8 (35
isopropyl group, a tert-butyl group or a sec-amyl group
is more preferable.
All of these alkyl groups may be substituted with
a halogen atom such as a fluorine atom, a chlorine atom,
15 a bromine atom or an iodine atom. Examples of the alkyl
group having 1 to 20 carbon atoms which is substituted
with the halogen atom, include a fluoromethyl group, a
difluoromethyl group, a trifluoromethyl group, a
! chloromethyl group, a dichloromethyl group, a
20 trichloromethyl group, a bromomethyl group, a
dibromomethyl group, a tribromomethyl group, an
iodomethyl group, a diiodomethyl group, a triiodomethyl
group, a fluoroethyl group, a difluoroethyl group, a
trifluorocethyl group, a tetrafluoroethyl group, a
25 pentafluoroethyl group, a chloroethyl group, a
dichloroethyl group, a trichloroethyl group, a

tetrachloroethyl group, pentachloroethyl group, a



10 di net hyl phenyl ) nmet hoxy group, a (3,5 dinethyl phenyl)nethoxy group, a
(2,3,4trimethyl phenyl ) net hoxy group, a (2,3,5 trinethyl phenyl) nmet hoxy
group, a (2,3,6 trinethyl phenyl)nethoxy group, a (2,4,5 15

tri met hyl phenyl ) met hoxy group, a (2,4,6 trinethyl pheny. th g , a
(3,4, 5trimet hyl phenyl ) met hoxy group, a (2,3,4,5 tetra iﬁFcﬁﬁQ%V]éqg?hoxy
group, a (2,3,4,6 tetranethyl phenyl)nethexy group, a (2,3,5,6 20

t et ramet hyl phenyl ) met hoxy group, a (pentanethyl phenyl)net hoxy group, an
(et hyl phenyl ) met hoxy group, a (n-propyl phenyl)net hoxy group, an

(i sopropyl phemddm®é bRYY GESUP, { AibHondhenyl)dEdhpxla graiomoethyl
(sec- butyl phenyl ) nmet hoxy 25 group, a (tert-butyl phenyl)nethoxy group, a (n

hexyl phenyl ) netdmxy , g dugr,r abxfomoet iyphenghpnephorpbgomgetiayl group,
¢n-decyl phenyl ) met hoxy group, a 11 Decenber 2002 -17 napht hyl net hoxy
group, an ant & &enflverrerpyrlodr AR, t Be PlEine, uerebat Bén Syassy, grdup is

nore preferable. All of these aral kyl oxy %roups:ﬂzg be_partially
subst it ut ed WRSF Gl HaF85eR tatlo ML a8 REFEINITRIS¥ B 958 BErhidri ne at om

a brom ne atom or £ iodinelatoq; an al kox roup, s ch _as a nethoxy group,
an ethoxs gr off T LYRESPERE L S SHEA oRyPEFSap RO R pRESRR, o oup or
the lik i kg, etc.
10 As the ary RSt it SbkntaptR i Bk 2 PERPE - GEPLRS0N 5PERY. B O ©
R6, an aryl oxy&rOnPohaprdeya tg%oapppaabgar@mr&dmngf giakle, and

exanpl es thereof include a phenoxy group, a 2-nethyl phenoxy group, a

3met hyl phenoxypexrohporapéntRtlnygqempxy geaehlardhéxid diroetylghenoxy
group, a 2, 4-dinethyl phenoxy group, a 2,5-di et hyl phenoxy group,

a2, 6- di net hyl pereixjogeogpyla Founli net hekghdrrgdedeapl group, a
3, 5-di net hyl prenoxy_group, a 2,3,4-trinmethyl phenaox grpug, a
2,3,5trﬂﬁethyﬂ@ﬁﬁk&9r8P8&§PQEEXi(&qu$eﬁh9ﬁﬂﬁ§ﬁ§%Pﬁ+6 pylogrgup, a
2,4,5-trinet hyl phenox roup, a 2.4,6_trinethyl phenoxy group,

S5 st et W EeDapeGBY, e’y B R B R T e fR0 Y A,
2,3,4,6tetra [O 2,3, et p y oup, a
péntanethylpﬂgﬁg¥§92§ggé¥t§% gﬁxgﬁ%ylghgﬁgkgkgxouﬁgyg ﬁ?gggéy%%henoxy
group, an i SoOpeyteResexy10igidup A - pekpphrindegyduproap, a

sec- butyl phenoxy group, a tert-butyl phenoxy group, a 1 1 Decenber 2002
-18 perbromopentadecyl group, a perbromoeicosyl group and
15 the like.

Further, all of these alkyl groups may be partially
subsiituted with an alkoxy group such as a methoxv.group,
an ethoxy group or the like, an aryloxy group such as
a phenoxy group or the like or an aralkyloxy group such

20 as a benzyloxy group or the like, etc.

As the aralkyl group in the substituent, X!, R!,
R?, R*, R', R® or R®, an aralkyl group having 7 to 20 carbon
atoms is preferable, and examples thereof include a
benzyl group, a (2-methylphenyl)methyl group, a (3-

25 methylphenyl)methyl group, a (4-methylphenyl)methyl
group, a (2,3-dimethylphenyl)methyl group, a (2,4-
dimethylphenyl)methyl group, a (2,5-



n- hexyl phenoxy group, a n-octyl phenoxy group, a n decyl phenoxy group, a
n-tetradecyl phenoxy group, a naphthoxy group, an ant hracenoxy group and the
| i ke. All of these aryloxy groups may be partially 5 substituted with a

Ral ogen atom such as a fluorine atom a chlorine atom1ﬁ|3tg%m5]§ FHgs or an
i odine atom an al koxy group such as a nethoxy group, an efhoxy group or
the |like, an aryloxy group such as a phegnoxy group or the |ike or an

ar al kyl oxy group such as a benzyloxy 10 group or the like, etc. The

di -substituted am no group in thesubstituent, X1, Rl, RZ, R, R RS or R6

kS an am no gddmetdudsihé ny 2 meitthly I var dnydy oaanl2gré -gr oups, and exanpl es of
t he hydrocarbon group include al kyl groups having 1 to 10 15 carbon atons

such as a net Bymeghykpheny &) et harlougr oap n- pr dgyl4 gr oup, an i sopropy
group, a n-butyl group, a sec-butyl group, a tert-butyl group, an isobutyl
group, a n-peﬁﬂ?ﬁ%ﬂﬁkﬁﬁe%Yﬁ)W@%ﬂykﬁﬁﬁﬁﬁpa 8ydPatPexyl group and the Iike;

aryl groups having.6 ta 10 rbon atons 20 such.as, a, phenyl group and the
li ke; aral kyl dﬂﬁ%ﬁ¥#ék?ﬂ§igmﬁghf (ﬁﬁ?ﬁﬂ’aﬁoggjeﬂ%f Exanmpl es of such di
substituted api, I i he_hydr bon group having 1 to
10 carbg% atoﬁ%&%ﬁﬁ%ﬁé@%Hg?hg%gﬁ%%%%é§%%buS,X%’%ﬁﬁrw!anino group, a

di - n25 pr0py|%Eh@%H¥f§ﬁbn§l@h@%ﬁ¥ffﬁ%€€%DOaQRQH@,éLd"n but yl am no

group, a di-sec-butylam no” group, "a -butylamno group, a

di -i sobut yl amtamedtStiphényl heRdganpfo@PP2a- 13 ,tagr3 = but yl i sopropyl am no
group, a di-n-hexylam no group,a di-n-octylam no group,a di-n-decyl am no
group, a di pheaglexhyipheonp)methiyst rgmeepy! 8i I(@,&8viéo group, a
bis-tert-butyldinethylsilylamno group and the |like, 5 and a dinmethyl am no

group or an dFémeHbaiimReRY bipetdydr G%P@Bl ed A2y Dof4 these di-substituted
1 Uor i e at ont ek oM LR bHL SRttt (= kBm ar (g 274, 8- SUer 88 @
tetramethylphenyl)methyl group, a (2,3,5,6-
tetramethylphenyl)methyl .group, a
(pentamethylphenyl)methyl group, an
(ethylphenyl)methyl group, a (n-propylphenyl)methyl

15 group, an (isopropylphenyl)methyl group, a (n-
butylphenyl)methyl group, a (sec-butylphenyl)methyl
group, a (tert-butylphenyl)methyl group, a (n-
pentylphenyl)methyl group, a (neopentylphenyl)methyl

i group, a (n-hexylphenyl)methyl group, a (n-

20 octylphenyl)methyl group, a (n-decylphenyl)methyl
group, a (n-dodecylphenyl)methyl group, a
naphthylmethyl group, an anthracenylmethyl group and
the like, and a benzyl group is more preferable.

All of these aralkyl groups may be partially

25 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



10 i odine 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

ar al kyl oxy group such as a benzyl oxy group or the like, etc. The
substituent, R, R2, R3, R, RS and R6 may be 15 opti I [ with
each other to forma ring. Each of RL is preferably agng%%Fﬁgg%Jng%n
aral kyl group, an aryl group or a substihguted silyl group, independently.
Each of X1 is preferably a hal ogen atom an al kyl 20 group, an aral kyl
group, an al koxy group, an aryloxy group or a di-substituted am no group,
L ndependent | y.orArt e Kbkle gr atipary e ¢urehpr abkba. aExampenetyt §ecapbom of
G oup XVI of the Periodic Table of the Elenents indicated as XZ in the
general 25 forultdg IJike dq1 1dniaws iy laxyorygap stwrh as sallfemzalory a
sel enium atom and the |ike, _.and an oxygen atomis preferable. 11
Decenmber 2002 9ERNEEXQRFpFES e kcEFansiti on netal conpound [I] incl ude

, u- oxobi s{i lid ~ 5 cycl tadi enyl) (2-ph titanium_,
Ly Xobis(1 sopropyl | Jene(_ 5 evcl apent ad sy (2 phenoxy) anam
preno) i amam ot S0 0%, o SIPUELIUPRNL 08ICE Cornor srons
- oxobi s{i SOprQ@?y@éﬁb?é?yﬁhﬂpe%%m ){Bereof include a phenyl

tert-butyl-5-net 2- phenoxy) titani um et hoxi de}, 10

, CC- 0XODi s~ Sy iadpneb1y3-gedbl I,C&@'@ﬁ@:@%h(&@b@ Qybipgni um
chloride}, ,uoxobis{isopropylidene(~ 5-nethy cyclopentadieny?)my B

(2- phenoxy) ti teaBi, Grxyeiiogroelp,, au2 p&ekiydyilsgppapyl adefe{xylyl group,

5- et hyl cycl opent adi enyl ) (3 15 tert-butyl -5-nmnethyl -2- henoxx)titanium
chloride}, ,ua 8x8br¥Ali¥ogrepmd i dehef=~xylyl group, a 3,5-xylyl group,

e G L iy R e
et ramt cugpony o oyl L2 BLERD AN G0, o 919
tetranet hyl Cygﬂﬁ@ﬁﬁ?lﬁﬂ!%&gz'gﬁw,xyé t3 tans upy- FRERAX 13 enyl group,

, (. c- oxobi s{i sopropyl1dene
St et r anet hyl cyclomEM pgi-eayrhmtdef 1 phahyll- romigy| 2- phenaxys ) titani um

chloride }, ,(.1. 25 oxobis{isopropylidene( ~ 5
t et r amet hyl cy dledpmnethphphphy-lt egxobpt ykb- 2-rethyf-tetramethylphenyl
15 group, a pentamethylphenyl group, an ethylphenyl group,

a n-propylphenyl group, an isopropylphenyl group, a
n-butylphenyl group, a sec-butylphenyl group, a
tert-butylphenyl group, a n-pentylphenyl group, a
J neopentylphenyl group, a n-hexylphenyl group, a n-
20 octylphenyl group, a n-decylphenyl 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
25 substituted with a halogen atom such as a fluorine atom,
a chlorine atom, a bromine atom, an iodine atom or the

like, an alkoxy group such as a methoxy group, an ethoxy



2- phenoxy ) titanium nethoxide }, ,(.,c 1 1 Decenber 2002 -21

oxobi s{di net hyl sil yl ene(~ 5-cycl opent adi enyl ) (2 phenoxy)titanium chl oride},
,u ' oxobis{dinmethylsilylene(~ 5-cycl opentadi enyl) (2 phenoxy)titani um

ret hoxi de}, ,u 5 oxobi s{di nethyl silylene(~ 5-cycl opent
tert-butyl-5-nethyl-2-phenoxy)titaniumchloride}, ,u ﬁptﬁﬁ%hﬁ&ﬁ'zooz

- oxobi s{di net hyl sil yl ene(~ ~14-
5-cyc|opentadienyl)(3tert-butyl-5-nethyﬂ-2-phenoxy)titaniun1nethoxide},

, U-oxobi s~di rnet hyl silylene( ~ 5 10

nmet hyl cycl opengeshignyt) ¢ Repherexydn tan loxghypougelsuch as a phenoxy

, U- oxobi s~di net hyl si | yl ene( ~ 5net hyl cycl opent adi enyl ) (2- phenoxy)titani um
met hoxi de}, , uwymwoabi sfditimet Hyilks |lgt ear( aralkyloxy group such as a

Smet hyl cycl opent adi enyl ) (3-tert-butyl-5-nmethyl -2 15 phenoxy)titani um
chloride}, ,u hs@tyioaynemioarsiqy|the(Llike, etc.

nmet hyl cycl opent adi enyl ) (3-tert-bufyl -5~ nethyl -2 enoxy ) .titanium

met hoxi de }, ,c.c TB?O%FQF&PﬁQt §Pﬂ?ﬂeﬁ§€uéLl§ gge Su%Stltuent' X',
tetramt By CySpapeat o ey {2opnen gt LY Bl Y e s cured witn

5t et ranet hyl cygl L | {25, phen ) L J hoxi.d

(-t oxobi s{di%eﬁ@?é????%e g((z?o~LP§1, Q%) bk 1WE "BENeked®hdrocarbon
Stetranet hyl cygtopsni Rdiaayl )aﬁ.;ﬁPztleng‘ & Irdbrived Ny £ 251 @-PAepexyat bkani um
chl oride}, ,u oxobis{dinethylsilylene ~ 5

tetramet hyl cyd wperisadimeyhyl 3yt eup ; @t gkhylmgrbylp, alndpbPepgiberoidf(2 - 22
2- phenoxy) titani um et hoxi de} and the |ike. Exanples of such transition
hret al conpoundaf IH§oprepNHeI TP UP u-DXOHBYY S propy | i ferg-butyl group,

5cycl opent adi enyl ) (2- phenoxy)titaniun}, di-,u 5
oxobis{ﬂQoproﬁ&%F&&ﬂQﬂt¥i WhedtadF eRWEYA3IE P Prue YR ~BEREY Ry L O Bhenoxy)

titaniunm, di-, C Loxobis{isopropylidene(~ .

5. 1ot hyl bycl ofbl SR BAY! PEBURen B TANTHE, IHPURU 20T | SbBF opfPfidene(
~ 5nmet hyl cycl apapi ad] ) 63cirelds Rt ey reL hylip2 aH RhENOXYRET t apkunt,
di-,t,L-oxobis{ls%g§%§§¥%dgﬁg% 2° QJ@Heé& & pa ké)taek

5t et ranet hyl cysst eDe8db enyhd i s phepOxMtleid 8AIlY Y group having 1 to 20

di -, u- oxobi s{i sopropyl i dene.( ~7 5-tetranethyl

cycl opent adi ersd 3@t stomsutiyic Badet hgho2sibebdutednsddlyl groups

di -, u- oxobi s{di nethyl silyl ene 15 ( ~7 5-cycl opent adi enyl ),i 2- phenoxy )
titani udP, di-DFVERGxbBiISLEi FRFRPAsREGMEneRSh @s a methylsilyl group,
5-cyc|opentadienyL%43 ert-butyl -5-nethyl-2--phenoxy)titaniu oL

di -, uoxobi s{ di HetH %#?§7ﬁXﬁe‘é‘¥-°§Prfef‘h9¥8§/‘é’|lc?p§rﬁ0§o€}%%%)a“H}the 1ike;
(2- phenoxy) ti t@i e s190 SENUEY Reksidyene 20 &arb
5-mathy|cycIop(gﬂt%‘3%‘'é1r~1§'d'/':t)u?:'?>-tg(rit?rtji'ut‘s"yiy-u -nethyl£¥phenoxy)t?faﬁpu%¥?mgi-,
- oxobi s{ di net lytksh | 34 enef{imethylsilyl group, a diethylsilyl group, a
5-tetranet hyl cycl opent adi enyl ) (2- phenoxy) titani unt,

di -, u- oxobi s{ dighéyyisijlydngroum-dred ramet hyke; and tri-substituted

cycl opent adi eny]| (3-tert-buty|-5-nethzl-2
20 silyl groups having 3 to 20 carbon atoms such as a

u

trimethylsilyl grou%, a triethylsilyl group, a tri-
n-propylsilyl group, a triisopropylsilyl group, a
tri-n-butylsilyl group, a tri-sec-butylsilyl group, a
tri-tert-butylsilyl group, a tri-isobutylsilyl group,
25 a tert-butyl-dimethylsilyl group, a tri-n-pentylsilyl
group, a tri-n-hexylsilyl group, a tricyclohexylsilyl

group, a triphenylsilyl group and the like, and a



25 phenoxy)titaniunt and the |ike. The transition netal conpound
represented by the general formula [ | ] or [ Il ] can be produced, for
exanpl e, 11 Decenber 2002 -23 by reacting a transition netal conpound
obt ai ned according to the nethod described in the WO 3%/ g t 5-fold
by nole or 1-fold by nole of water. Wherein a nethod gﬁ gg?§§¥¥@:$§§%ting a
transition nmetal conpound 5 with a requiged anount of water, a nethod of
charging a transition nmetal conpound in a solvent such as a hydrocarbon
containing a required anmount of water, or the |ike, a nethod of charging a
fransition nmetalimeampolailyd qrsabyeattepehbatk vl diinebidleddiorgsuphe 10
like and further flow ng an inert gas containing a required anmount of

wat er, or theoki ke tmighesphsbéyddgumth is(Breflend@inien conmpound The

al um num conpound (B) used in the present 15 invention is at |east one

or ganoal um num conpéunid o§et ke hefFecar per)g i p8PL §886S pebskditowEedBl) an

cyeri o al um nataqd HAGRRS HE 76 AARG DbLY A LHOBG WorhohEAHOISR il &
by the Genet aF PR RUER 28 ¢ SR e OB chUA e S kEatEiS e
and E' is a hé@gﬁf?fbé)ﬁ‘ HdiHe a%]m,OfanEéth%g:yoggﬁ%t aidnadd f%{\ﬁh be

t he sanme or 2 erent; represents a omor a ogen -at om
all of Z may Beols, san@:Rbx¢iJFGEENML tAe ERkES AR ¥y IeRPIrSabisiyhng an
expression ofeo <a~3 b 1 1 Decenber 2002 -24 represents an integer of
2 or nore; andsc ar ghreasedy sgpoupndegeheoll ikeoromare)ar Ask iy he xiyy drmomas bon
group in El, EZ or E', a hydrocarbon group having 1 to 8 carbon atons is 5
preferabl e andugh @Akyd kepEplosynereyr «?er hbee lidsocigte. exanpl es of the

or ganoal um num conpound (Bi é , 1 ndi cat.ed Qé?the general formul a ElaAl Z, _~
i ncl udeltQ ri al kyl aléthi Hiesa sKEKYagTPMBrdthyi if SR Ra kL trendt Ky raRum Rum
tri-n-propylalum paumgs1Q trijsi SQRr |.al um nu triksobutylalbum nu

R et A R R U S R e ST

di met hyl al um guglEhliQf | glee £ di-abhw aldia %ﬁgh@@ %eﬂédf"?ﬁ@@%'ﬁ@ Wyr num
chloride, diisopropylal'um num chloride, diisobutylalumnum 15 chlori de,

di - n- hexyl al usleRWwB:hIrédle, aall &€bRokiykgraalky |l Aopodiycihroiglesasuch as
met hyl al um num di chl ori de, ethyl al um num di chl ori de, npropylal um num

di chl ori de, i $eppopdetyiinun disch-bruitdxy gsomp ylaak aa-bumadix lgraniple, n 20

hexyl al um num di chl oride and the |ike; and dial kyl al um num hydri des such as
di net hyd &l uni AuireRFARHeLxRi 8ERYPal EniiMPERYEXYdSL IHR n-PrBpYPERHAKIM

0 - hoky! al CRERURV2E HyBPRAE Ao fi RESCEPEY EChHey Pal GRPRERTSY
preferabl e angrbiiet Bl &R BHBLoxy group, a n-eicosoxy group and the
like, and a methoxy group, an ethoxy group or a
tert-butoxy group is preferable.
20 All of these alkoxy groups may be partially
substituted with a halogen atom such as a fluorine atom,
a chlorine atom, a bromine atom, an iodine atom or the
like, an alkoxy group such as a methoxy group, an ethoxy
group or the like, an aryloxy group such as a phenoxy
25 group or the like or an aralkyloxy group such as a
benzyloxy group or the like, etc.

As the aralkyloxy group in the substituent, X',



or triisobutylalumnumis nore preferable. 1 1 Decenber 2002 -25 Specific
exanples of EZ and E in the cyclic alum noxane(B2) having a structure

i ndi cated by the general formula ~-A1(E~)-O}b and the |inear

al um noxane(B3) having a structure indicated by the 5 r E
~Al ( E ) -O}~AE 2 include al kyl groups such as aI?rIgP%;I;?IngtIeguipa,é%n

et hyl group, a n-propyl group, an isopsppyl group, a n-butyl group, an

i sobutyl group, a n-pentyl group, a neopentyl group and the like . b is an
integer of 2 or nore, and c is an integer of 1 or nore. 10 Preferably, each
of EZ and E iR, aRhetRyl Ryr ok cor Rin &soduaykydryp,gtous-2avdng07ahd ¢ i s
1 to 40. The above-nentioned al um noxane |is prepared by various nethods.
The met hod i s 4fbtcapeent peamsy 45 mEeferahderhand #XABRARE FVRIRO Hr epar ed

di to 15 blicly, k . F I h l.um [
o1 cpar by c oMo HOEBAILERY GTES501 | &1 KA SRR kbRPEBY [y RethoRy | ©
trinmethylal um he,l | ' ' ' I ' I t :
o benzone, afdiBhati CRpRrhARE L et Rl i AT RAET Rl her

there i sgexenplddd £ihRe RY2G 82T HcdXy pqle@@f,i,ng t¢re al um noxane by contacting
a trialkylalumnum (e. g- trinmethylalumhum etc.) with a netal salt

containi ng crysintdt Al Bheh§l )the tiRBEgBOhbat @ hydyate, etc.). 25 (C) Boron
conpound As the boron conmpound ( C) in the present invention, any one of

t he boron compdurek{¥lpheepioaetthekbygtbep, b I Derenber 2002 - 26 gener al
formula BQ @zQ , the boron conmpound (C2 ) represented by the general
fornul a G+( BQdamethyhpbentd )petd xonpoons - ( @3)( 3 epresent ed by the gener al
formula (L-H) (B can be used. 5 In the bhoron conpound(Cl)

r epr esent ed b?%ﬁ%ﬁ%&i&%ﬁpyﬂdMﬁHQQﬁXJiiQPP'B%%ﬁﬁE%Ents a boron atomin
the triyal ent Mal enc ; t are respect,iy a hal ogen atom a
hydrocaI/@on g dudpe%%jﬁéﬁgég%agg&qh%& O%g.?ggl’l gréd’y%% substituted silyl
group, an al k@%é&?iﬁggng&)ﬁe@ﬁé@%fégbgd aar'@zn,o_? ggoup and they may be
the sanme or different. Each of QL to is preferably a hal ogen atom a
hydr ocar bon graiiméislyy PBhénkQ )3 thr:bpngabaps, aa (1) Pgenat ed hydrocar bon
group having 1 to 20 carbon atons, a substituted silyl group having 1 to 20
15 car bon at ongimet ky kpRenglome theowisnggdotp ,2@& dad bdbnéat ons or a

di - substituted am no group having 2 to 20 carbon atons, and each of nore
preferabl e QLHGNRStRELRNRANSJER TV SLAYBrocarbont gPoup having 1 to 20

carbon gt ons trimethylphenyl)methoxy group, a (2,4,6-

trimethylphenyl)methoxy group, a (3,4,5-

trimethylphenyl)methoxy group, a (2,3,4,5-

tetramethylphenyl)methoxy group, a (2,3,4,6~
| tetramethylphenyl)methoxy group, a (2,3,5,6-

20 tetramethylphenyl)methoxy group, a
(pentamethylphenyl)methoxy group, an
(ethylphenyl)methoxy group, a (n-propylphenyl)methoxy
group, an (isopropylphenyl)methoxy group, (n-
butylphenyl)methoxy group, a (sec-butylphenyl)methoxy

25 group, a (tert-butylphenyl)methoxy group, a (n-
hexylphenyl)methoxy group, & (n-octylphenyl)methoxy

group, a (n-decylphenyl)methoxy group, a



i, or a hal ogenated hydrocarbon group having 1 to 20 carbon 20 atons. Each
of the nore preferable QL to Qis a fluorinated hydrocarbon group having 1
to 20 carbon atonms which contains at |east one f luorine atom and in

particular, each of QL to Qis preferably a fluorinatqd pprbniepWiddRvi ng 6
to 20 carbon atons which contains 25 at | east one fluorine atom Specific

exanpl es of the conpound (Cl) include t17s(pentafl uorophenyl)borane,
tris(2,3,5,6 1 1 Decenber 2002 -27 tetrafl uorophenyl)borane,
tris(2,3,4,5tetrafl uorophenyl )borane, tris(3,4,5trifluorophenyl)borane,
tris(2,3,4tri hapdhrdphengt hosrageoud ,pAanghbhsgeenylineiohoplieaybhibornde and
the like, and tris(pentafluorophenyl)borane is nost preferable. In the

bor on conpoun&WﬂI%lk%pré§€nﬁe£QﬂFx YeAEPHP figt MPEe REBERGABLR) - ~ G+

s an inorganic or ,, .organi.c ration; . B.is a boron atomin the triyvalent
val ence 10 state; aﬁd‘bfggotl?fsﬁr@rﬁﬂé‘@eﬂﬁy T ABPPNBRY le’a[rot’C?i/'ﬁ t he

above: ent i ongdul e, CBESIILE LHATBA AR 8%l e 4100801 el ign 11

t he conpound represented e gener ormul-a incrude a

ferrocens um r gt @0 Ah &l &¥bm15aSHbel e ek SRT HLCEAI E@dri?%éaq‘corﬁ‘, skhver

I
ration and the Iike, and the &+ as the organic ration includes a

tri phenyl met hull Koaly @ramg §henl bkea moithqeflgrebpy ancerbeniypngFespon,
and a triphenylnmethyl ration is particularly preferred. As the

(BQLQZXB @A) -, 020 tthet rlalkiesf pent af iy loxgplprodp bonaheast at paleins(:dy J 5o 6p
tetrafl uorophenyl )borate, tetrakis(2, 3,4, 5tetrafluorophenyl)borate,
t et raki s( 3, 4, 9&r thieudddish@y b GrREKY 1 @kYalrouP, 3uahy iad @ob@itrmP¥Yor at e,

25 prenyl 1| SLpeit alluor gphenl oot e, Lol iakiS(32 | heq. 11 Cocenber
2002 L 2B e FPCild S8R PELLS S GO WP L ABSEL MLene, ',
R', R?, R’, R', R® or R®, an aryloxy group having 6 to 20
carbon atoms is preferable, and examples thereof include
a phenoxy group, a 2-methylphenoxy group, a 3-
methylphenoxy group, a 4-methylphenoxy group, a 2,3-
15 dimethylphenoxy group, a 2,4-dimethylphenoxy group, a
2,5-dimethylphenoxy group, a 2,6-dimethylphenoxy group,
a 3;4-dimethylphenoxy group, a 3,5-dimethylphenoxy
group, a 2,3,4-trimethylphenoxy group, a 2,3,5-
) trimethylphenoxy group, a2,3,6-trimethylphenoxy group,
20 a 2,4,5-trimethylphenoxy group, a 2,4,6-
trimethylphenoxy group, a 3,4,5-trimethylphenoxy group,
a 2,3,4,5~tetramethylphenoxy group, a 2,3,4,6-
tetramethylphenoxy group, a 2,3,5,6-
tetramethylphenoxy group, a pentamethylphenoxy group,
25 an ethylphenoxy group, a n-propylphenoxy group, an
isopropylphenoxy group, a n-butylphenoxy group, a

sec-butylphenoxy group, a tert-butylphenoxy group, a



di et hyl ferroceni um tetraki s(pent afl uorophenyl) borate, silver

t et raki s(pent af | uorophenyl )borate, 5 triphenyl nethyl

t et raki s(pent afl uorophenyl )borate, triphenyl nmethyl
tetrakis(3,5-bistrifluoro nethyl phenyl)borate and the1Hib%ceﬁ®@r 002
triphenyl net hyl tetraki s(pentafluorophenyl)borate is nost preferable.
Further, in the boron conpound (C3) repiésented 10 by the fornula
(L-H)+(gQ @zQ Q)-, L is a neutral Lewis base; (L-H)' is a Br~nsted acid; B
is a boron atomin the trivalent valence state; and QL to Q4 are the sane
as QL to Qin RTREAVOHPBEROTY FHRMR ewh s Na@F YR eneK¥c I RK adples of

(L-H+ as the Br-nsted acid in 15 the_conpound represented by the fornul a
(L- 1) +( BOLQ@ZQ TSV EREPOAEYa 479 W kyP- BOBECHARSH SRABRPY, FhPUB,

N, N- di al kyl ani | j o i.a| Iqﬁqn j ALY phanj nd.the |ike,
and exanpl es o'#é%%%}gf)%-@’nc udghg%ggeggd% ey ?ggél ;g%giestg:%fﬂbgﬁ%gm
These specific conbi0fii @RS thGldiGer§ bRy NI be partially

t etraki s(pent af | uor ophenyl ) borate, tri propyl ammni um

t et r aki sgpent afuvot oplicey yYhehad valddén-Audy Ishashiy B luorine atom,
tetraki s(pentafl uorophenyl )borate, tri(n 25 butyl)amoniumtetrakis(3,5
bi strifl uoronms lgitbbennk) booat,e,a Kbl met Aybanplri @nurhodine atom, an

t et raki s(pent af | uor ophenyl ) bor at e, 1 1 Decenber 2002 -29

N, N- di et hyl anid} @ % gEPRRkiSSCHe®Safd e UPPBYIFPEPat &0 @NPXY group
pent anmet hyl ani | i ni um etrakis(pentafluorqgh bor at e,

N, N- di met hyl arfi¥ i W @int + EBr aRPs 83 Yd ) &t ?gln%lk}%:&}m?tshﬂ PRERAF HoF EPEP
oL soprony el (el gk (s LisaRE RO Ly L oy anspYLggon v
10 group or the like, etc.
Thedi—substitutedaminogroupinthesubstituent,
X', R', R?, R’, R', R’ or R® is an amino group substituted
with two hydrocarbon groups, and examples of the
hydrocarbon group include alkyl groups having 1 to 10
15 carbon atoms such as a methyl group, an ethyl group, a
n-propyl group, an isopropyl group, a n-butyl group, a
sec-butyl group, a tert-butyl group, an isobutyl group,
a n-pentyl group, a n-hexyl group, a cyclohexyl group
and the like; aryl groups having 6 to 10 carbon atoms
20 such as a phenyl group and the like; aralkyl groups having
7 to 10 carbon atoms, etc. Examples of such di-
substituted amino group substituted with the
hydrocarbon group having 1 to 10 carbon atoms include
a dimethylamino group, a diethylamino group, a di-n-
25 propylamino group, a diisopropylamino group, a di-n-
butylamino group, a di-sec-butylamino group, a di-

tert-butylamino group, a di-isobutylamino group, a



10 tetrakis(pentafluorophenyl)borate, tri(nethyl phenyl)phosphoni um

t et raki s(pent af | uorophenyl )borate, tri (di nethyl phenyl)phosphoni um

t etraki s(pent af |l uorophenyl )borate and the like, and 15 tri (n-butyl)ammoni um
t etraki s(pent afl uorophenyl )borate or N, N di net hyl ani | iqnu

tetraki s(pentafl uorophenyl )borate i s nost preferable.1?P§P§%§H%&ﬁqeﬁlof
olefin] 20 In the present invention, theoelefin polynerization catalyst is
prepared by a process conprising contacting the transition netal

conpound(A) represented by the general formula [ | ] and/or [ Il ] and [the
above- nent i on&@IE)dner B 1 EARLraRFEAEN? | BROHPE) |2 Po-pnhedydagiing ol efin
pol yneri zati on cat al epared by usigg the transition_netal conpound (A)

st, pr
and t he above-gﬁﬁﬂﬂo%&j]('s}‘, ¢hE 1 ABHENBRPIEed Ky dl 13eCY 1 2RI BQBRBEP 12002
-30 al um noxane (. B2 and/or the |inear, alumnoxane.(.B3 ).is preferable
as (8 Fur i RopeReay BLRS ol . B B AR AR ORR R L n e RS B FoRe  on
catal yst, an q| gti.n YRE[ [ - r j .
transition_ne%aﬁagoﬁgﬁh{ﬁﬂéiggl@Egﬁggg%gﬁi%%@?g§e§€%§¥a%§aP%%éhﬁlﬁe’
above- megit i oneghd @ d Sméthyshhahed g tde é&r&igeﬂﬁu%ﬁ%_ Joh§ 8kSO
easily used as said (B). In the présent invention, the transition netal
conpound (A) repseseabed.by the general fornula [I] 10 and/or [ Il ] and
t he above-nentioned ( B ) , or further the above-nentioned ( C) can be
charged in an arbAllapf dhédse dik+egbpoliyvered aambnot grivsipnsenaybbe a
reaction product obtained by previously contacting an arbitrary conbination

of those conRAFEAaHhY BEbatdduked wishTive NAkgaRDARPTOE UGS REL Ave
component s I b SRECHLLEI Y i bLede AL 15 GoRlnabla Lo gpually use
10 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.
The substituent, R', R?, R?’, R', R’ and R® may be
15 optionally combined with each other to form a ring.
Each of R' is preferably an alkyl group, an aralkyl
group, an aryl group or a substituted silyl group,
independently.
P Each of X' is preferably a halogen atom, an alkyl
20 group, an aralkyl group, an alkoxy group, an aryloxy
group or a di-substituted amino group, independently.
An alkoxy group is more preferable.
Examples of the atom of Group XVI of the Periodic
Table of the Elements indicated as X’ in the general
25 formula [I] or [II] include an oxygen atom, a sulfur
atom, a selenium atom and the like, and an oxygen atom

is preferable.



¢B)/transition nmetal conpound (A) is 0.1 to 10000 and preferably 5 to 2000,
and the nolar ratio of the 20 (Q/transition netal conpound (A) is 0.01 to
100 and preferably 0.5 to 10. Wen the respective conponents are used in a
solution condition or a condition in which they are syspggdsshper gy ried
in a solvent, the concentration 25 of the respective conponents is
appropriately selected according to théOeonditions such as the ability of
an apparatus for feeding the respective conmponents in a 1 1 Decenber 2002
-31 polynerization reac The re ective.cog%gnents are desirablg]used SO
I

that the concentreﬂqﬁﬁméggﬁhQ t S tHoRR FeF 2P e FfFRhCPRPORE Ay duhill y
0.001 to 200, / ; 0..001 1/L d t 5
o, 200 Btk P, B6LpC Sk . PO, e P/ L and o

preferably O. ton'of (B) is usually 0. Ol to

5000 ol /L eavEskereha Bk Al - IRERCRYAAIAN Yull. L@ 2800pm1/ L and

nost preferably 0.7 1 to 200 e concentration of ('C) is usually
0.001 to 500 suRlydbidforLoptepolabland) H1° Loy ZbOpamRladdi il pp@20DSt
preferably 0.05 to 10§(;{D'me /LfD?As ol eéf)(lﬁs V\%,ch E(gan be app igg to the

pol ymer 5zat i grhérmot gt hrandnim imaendk bde }ol efins having 2 to 20 carbon
atons such as, particularly, ethylene and an a -olefin having 3 to 20
carbon at ons, 4 ioslcdti gisi SGp hapl hg de e 20° w2y bbopenscesl i@y he3ki ke can be
used, and two or nore pononers can al so be used, sinultaneously, Specific

exanpl es of tHRE T REFRLFRcMEFd Bt T AT BRENSAY T ot 2R HE shdiezidethyl ene,
Gecone 1 and HREHIHAE CE SRERRHLORB T o T SLOBe RS U2,
iyl cycl oherass 6y TER ey E02-dne ol M R ERE, he ¥t il ed 1o
the abgye- menyg Lenesh HMBRES y BREGINd CrneXandl ©51 el clikd bt £@0bhati on of
nmononers in case of conducting
(2-phenoxy)titanium chlor;deh -
oxobis{isopropylidene(??sfmethylcyclopentadienyl)
(2-phenoxy)titanium methoxide}, 4 -
oxobis{isopropylidene( 7 *-methylcyclopentadienyl) (3-
15 tert-butyl-5-methyl-2-phenoxy)titanium chloride}, wu
~oxobis{isopropylidene(7n °-
methylcyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium methoxide}, i -oxobis{isopropylidene
(7 °~tetramethylcyclopentadienyl) (2-phenoxy)titanium
20 chloride}, #-oxobis{isopropylidene(7 °-
tetramethylcyclopentadienyl) (2-phenoxy)titanium
methoxide}, #-oxobis{isopropylidene(7 -
tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-
2-phenoxy)titanium chloride}, -
25 oxobis{isopropylidene(7n °-
tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-

2-phenoxy)titanium methoxide}, u«-



copol yneri zation include ethylene and propyl ene, ethylene and butene-1,
et hyl ene and hexene-1, ethyl ene 1 1 Decenber 2002 -32 and octene-1,
propyl ene and butene-1 and the |ike, but the present invention should not
be limted thereto. The present invention can be effeqqigghgwﬁgmjgghto t he
particul ar preparation of the copolyner of 5 ethylene and an Cx-ol efin such
as in particular, propylene, butene-1724-nethyl pentene-1, hexene-1,
octene-1 or the like. Polynerization processes should not be al so
specifically limted,. and ther, an be ag;solvent 10 pol ynerization or
SParry ol y AR T i TAE RHLEH LS At TeY P APEEGABHPSULh 35 but ane,
pent ane, hexane e A Qcta t like; an aromatic hydrocarbon such
R L P I ERa i b Rr LR

as benzene, t0 ! ogenat ed hydrocarbon such as

met hyl ene di %*Hd%ié’@dfrﬁe%ﬂ?%gi‘g]%13e'5hé’§?7d?-§<§9c98 H%raidz.i}a]éeﬂ%i;? fedi um

Further, high pressure 1on pol'ymeri zation I n Icht yneri zation of

an ol efin is kel pdi vhhhiow ey eatlunger which an olefin polymer is
melt in a high tenperature and high j pressure olefin in a supercritical

| i quid sondi dxwbishdiRéthvlchidylengay bPhepelppbynmdizaty Dp(BR a gaseous

nononer and the |ike are possible. Further, either of a continuous

pol yneri zat i cre b @t pat6hmaitdey loo? ypehpxyi)dri tarl wosshbbe i delg

pol ymeri zati on tenpgésfuye can be usually 25 adopted at a range of -50C to
350C and pr ef4r8Hop g0 Ginasby] sady Lengaht itS¥ @rorPantafderafl 508t o 300C

S o et erabl g NG, POy Y TE LAY PL SREHEG T 5 ASRPREEnoxt de JECEMPET
, U -oxobis{dimethylsilylene(7n °-

10 methylcyclopentadienyl) (2-phenoxy)titaniumchloridel,
U -oxobis{dimethylsilylene(7 °-
methylcyclopentadienyl) (2-phenoxy)titanium
methoxide}, #-oxobis{dimethylsilylene(7 °-
methylcyclopentadienyl) (3-tert-butyl-5-methyl-2-

15 phenoxy)titanium chloride}, u«-
oxobis{dimethylsilylene(7n °-
methylcyclopentadienyl)(3-tert-butyl-5--methyl-2-
phenoxy)titanium methoxide}, -

| oxobis{dimethylsilylene(7 °-

20 tetramethylcyclopentadienyl) (2-phenoxy)titanium
chloride}, it -oxobis{dimethylsilylene(?7 °-
tetramethylcyclopentadienyl) (2~-phenoxy)titanium
methoxide}, AL—oxobis{dimethylsilylene(775—
tetramethylcyclopentadienyl) (3~tert-butyl-5-methyl-

25 2-phenoxy)titanium chloride}, -
oxobis{dimethylsilylene( 7 °-

tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-



33 at a range of atnospheric pressure to 350MPa and preferably atnospheric
pressure to 300MPa, and in particular, a range of atnospheric pressure to
200MPa is preferable. 5 In general, the polynerization tine is
appropriately determned according to the kind of a deg P%Geﬁfb'e)‘%ozﬁ”d a
reacti on apparatus, and the conditions are not specifically limted and a
range of 1 mnute to 2 0 hours can be-2&spted . Further, a chain 10
transfer agent such as hydrogen or the |ike can also be added to adjust the
nol ecul ar wei ght of a copoly in the present invention. The process for
.pol ymeri zi ng héhépéﬁwﬁH&ﬂ%ﬂﬁﬁmomeFH@xﬁﬁEgeﬁPqlﬁhﬁnibhels sui tably

ied out b 15_hi ti
par i cul . Shoci {1 EAPRDIBR, O SH6F of 5o AP éﬁet@f SRR SE L dur e of

30MPa or nore; @g?uggzg L&gggg@ﬂg %é$§¥@§ggksg%%ﬁ is nmore preferably

carried out unde ssure a and at a tenperature of 135

to 350C The Eh%%tdl e}IpngCQHeg@,x%rgll%pﬁuﬁ}l nggLtper a batch-w se
u

manner ous mann t“the continuous mahner is preferable. As

a react (Br a 8§oﬁistisagrb@§61qaéry@$nr eagy@lopent ddiun fl ) [ 8a¢ledt can be
used. The pol ynerization can be perforned in a single reaction zone.

Al t er nati vel yputpd-pemendryilzal + phenany ) tithrbaaehbeii 2002 - 34 al so be
performed by partitioning one reactor |nto a plurality of reaction zones or
connecting a @*gbasityoatomddtdﬁ@e( W Semetbydcysdrapértadianydsd f using

a plurality of reactors, ination of a vessel reactor 5 and,a vesse
react or or a%%?ﬁé{t)t&ﬁad’fl‘ﬁ“ e<HeT LR+ S BRECRIPRYH HeBRA& or may be

seed. 11,2 PR RIL B ARE SR8 R IR LY 81 et og 2ones o
be prOQ%CEdl%m&3@995ﬂﬁﬂéﬁium}, di- 4 ~oxobis{isopropylidene(7n °
tetramethylcyclopentadienyl)(2—phenoxy)titanium},
di- 4 -oxobis{isopropylidene( 7 *-tetramethyl
cyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium}, di-x-oxobis{dimethylsilylene
15 (7 *-cyclopentadienyl) (2-phenoxy)titanium}, di-x-
oxobis{dimethylsilylene(?” *-~cyclopentadienyl) (3-
tert-butyl-5-methyl-2-phenoxy)titanium}, di-u-
oxobis{dimethylsilylene(” *-methylcyclopentadienyl)
(2-phenoxy)titanium}, di-i-oxobis{dimethylsilylene
20 (7 *-methylcyclopentadienyl) (3~-tert-butyl-5-methyl-
2-phenoxy)titanium}, di-u -oxobis{dimethylsilylene(n
*-tetramethylcyclopentadienyl) (2-phenoxy)titanium},
di- 4 -oxobis{dimethylsilylene(” °~tetramethyl
cyclopentadienyl) (3-tert-butyl-5-methyl-2-
25 phenoxy)titanium} and the like.
The transition metal compound represented by the

general formula [ I ] or [Il ] canbe produced, for example,



10 tenperature, pressure and gas conposition of respective reaction zones
or reactors. EXAMPLE The present invention is further illustrated in 15
detail according to Exanples and Conparative Exanpl es bel ow, but the
present invention is not limted thereto. Properties ¢ff héceribey2O02 i N
Exanpl es were neasured according to nmethods described below (1) Melt index
(MFR) was neasured at 190C according 2R3e the nethod defined in JIS
K-6760. (Unit: g/1Omn.) (2) Density was determ ned according to JI'S K-6760.
Wherein the value of density described as density (wi thout annealing) is a
val ue obt ai ne®YbyraaHsiRgng KireRsdtt ian spakali FeMouEm el tpAneds

K-6760. (Unit: 25 g/cm 3) Melti i nt, of copol : ; d
inder i he. f of PGB R AC FBRIGRIGY dEsd i Bed arbeneitn s 1R ien” ©
factured Per ki n-.El Co. i ng:, heati 150C i nt aj ni

Until “the chafye doldity M1 4y drto d pEBp LRS- E b eEs o dE M
d nai nt ai ni pg.f 19 ; o put ﬁﬂg : : CL0i 4

ggntgﬁ;noﬁlgkﬁgfg?#%gfl?lggg%&§fgg§?%gr rgﬁf?&glbqé%gg§g%ﬁéfgk&gbggép%ion
of ethylene apd +&Y-0lfdut vl Ngmetdnknbirared kb, sPerétpBBL 8F CchEd B0,

manuf actured by NI PPON BUNKO Inc . ) and was represented as a short-chain
branch ( SCB p nudreyitpeon 168 atacaapaindsin(a) sWivdrt asechgasna ecul ar
wei ght (Mw), nunber average nol ecul ar wei ght (M) and nol ecul ar wei ght 15
di stribution byWndgarbon containing a required amount of water, or
the like, a method of charging a transition metal
compound in a solvent such as a dry hydrocarbon or the
10 like and further flowing an inert gas containing a
required amount of water, or ;he like, etc. can be
adopted.
(B) Aluminum compound
The aluminum compound (B) used in the present
15 invention is at least one organoaluminum compound
selected from (Bl) to (B3) described below:
(Bl) an organoaluminum compound indicated by the
general formula E'.AlZ,, ;
(B2) a cyclic aluminoxane having a structure
20 indicated by the general formula {-Al(E?)-0-}, ; and
(B3) a linear aluminoxane having a structure
indicated by the general formula E*{-Al(E’)-0-}.,AlE’
(wherein each of E', E?’ and E’ is a hydrocarbon group;
all of E!, all of E? and all of E’ may be the same or
25 different; 2 represents a hydrogen atom or a halogen

atom; all of Z may be the same or different; a represents

a number satisfying an expression of 0 < a £ 3; b



They were determ ned under thefollow ng conditions using gel perneation
chrornat ograph (150. C, manufactured by Waters Co.). Colum: TSK gel GVH HT
20 Measurenent tenperature: set at 145C Measurenent concentration: 10 ng/ 10
M ortho dichlorobenzene (6) Intrinsic viscosity ([~7}) pd&HBer0d2

copol ynmer obtai ned was di ssolved in 50nmL 25 of tetralin at 135C and the
solution was set in an oil bath maintatdéd at 135C . Using an Ubbel ohde

vi sconmeter, the intrinsic viscosity was determned by the falling 11
Decenber 2002 -36 speed of the tetralin_solution in which said sanpl e was

dissol ved. (URSPr&I9RYS 2R MR8 ExQfpf L4 MMt G € FeRTSHEREFoA et al

conpound: 5 di.net hyl si | yl ne&r 5-t et ranet hyl cycl opent adi enyl ) (3
tert-butyl-5- &g{%ﬁ%-%ﬁeﬁo? )t“}Qtra?ﬂ um di mret hoxi de)] In a Schl enk tube,

0.131g (4. 1mol) of t o} E%ﬁﬂgv j 10f zanhydrous .di et hyl
ether and a i diethfgpé?ﬁgrhgéﬁéf%bn ( .gﬁﬁFB4iggﬁbi)Eofg¥0%nétﬁylIithium
having a concenid@ddHfneh &r fﬂ)l{dvy\ﬁ% added gdrabse akomé8Gd hereto. The
resulting mxture was heatéd to 20C, the formation of |ithium nethoxide was
confirnesl by gasfyarehéi and amd dliey X egububnd s eante Opr & Gketttabde was agai n
cooled to -78C. Into the 15 reaction solution, 20m of an anhydrous di et hyl
et her suspension |$pecdfotc @rYlés. Oimthe o ghimeahyindnuyl eranfpound

5-tetranet hyl cycl opent adi enyl ) (3 tert-butyl-5-nethﬁl-2-phenoxy)titanium
dichloride | WRlh dasifavedRY the garedalnfarritér ESdht enk iMMHEIS6 was

{ransier ed 9% Lo | AeaneR L0, | SECLLQR IIHLE, pas g adual Ly heal o
Lt 5, A O thholens, 4o pUdB ANt s, ol prodhct uas
A b e e N v o A Ty A

di net hoxi de ohesgllalvuminum and the like; dialkylaluminum chlorides

| such as dimethylaluminum chloride, diethylaluminum
chloride, di-n-propylaluminum chloride,
diisopropylaluminum chloride, diisobutylaluminum

15 chloride, di-n-hexylaluminum chloride and the like;
alkylaluminum dichlorides such as methylaluminum
dichloride, ethylaluminum dichloride, n-
propylaluminum dichloride, isopropylaluminum

j dichloride, isobutylaluminum dichloride, n-

20 hexylaluminum dichloride and the like; and
dialkylaluminum hydrides such as dimethylaluminum
hydride, diethylaluminum hydride, di-n-propylaluminum
hydride, diisopropylaluminum hydride,
diisobutylaluminum hydride, di-n-hexylaluminum

25 hydride and the like, etc.

Trialkylaluminum is preferable and triethylaluminum

or triisobutylaluminum is more preferable.



1 1 Decenber 2002 -37 crystals (0.86g, 95~). 1H NWR (270MHz, C6D6); ~ 7.26
(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) 5 Reference Exanple 2 [Synthesis exanple of transition netal
eonpound: , u oxobi s{di met hyl silyl ene(~ 5-tetramethyl 11 pece ber2002

cycl opent adi enyl ) (3-tert-butyl -5-nmet hyl - 2phenoxy) titani um nmet hoxi d
(Compound 1)] 10 Under a nitrogen atnospBere, 10.00g of dlnethyIS|Ierne(~
S-tetranet hyl cycl opentadi enyl ) (3 tert-butyl-5-nethyl-2-phenoxy)titani um

di met hoxi de ( the conpound obtai ned by the sane nethod as in Reference
Exanpl e 1) was di s§oe@dd it sormpbesheft deand Fg iof tise deyeilliked wat er
was added thereto, . and the mxture was stirred at the sanme tenperature for

12 hours . ThékXWPiRoRRBGIBL] RAVLRParafEF IR YTt FRALGRES] RBdthet h
5.0m. of hepta

, U- oxobls{dlmﬁﬁﬂﬁg?? %gﬁgf qf%?#@?ﬁa%ﬁ?ﬁgwﬂt Q@ﬁg'ﬂlnear _
cLF)chent o A b gBER A, TR BRI LRI R oL 2
éllj_i) !\INZR gg_}(GEG) é_bé‘r,lglégﬁ ﬂ%m@gﬁﬂ{?ﬁgé@;‘)}rol}lﬁl 8%lﬁcaque251 g g%ua)% 99(s,
1.27(s, 18H), LuBBEs a®dthPl G sup fHn ethyll @e@@rﬁa,ea r2-0§20p§8. §rdQpls5 20

an isopropyl group, a n-butyl group, an isobutyl group,
a n-pentyl group, a neopentyl group and the like. b is
an integer of 2 or more, and c is an integer of 1 or more.
10 Preferably, each of E? and E’ is a methyl group or an
isobutyl group, b is' 2 to 40 and c is 1 to 40.

The above-mentioned aluminoxane is prepared by
various methods. Themethod is not specificallylimited,
and the aluminoxane may be prepared according to

15 publicly known processes.
For example, the aluminoxane is prepared by
contacting a solution of a trialkylaluminum (e.q.
trimethylaluminum or the like) dissolved in a suitable

) organic solvent (e.g. benzene, an aliphatic hydrocarbon

20 or the like) with water. Further, there is exemplified
a process for preparing the aluminoxane by contacting
a trialkylaluminum (e.g. trimethylaluminum, etc.) with
a metal salt containing crystal water (e.g. copper
sulfate hydrate, etc.).

25 (C) Boron compound

As the boron compound (C) in the present invention,

any one of the boron compound (Cl) represented by the



Me' Mew Si Ve M M\ ~OVe MO~/ /Ti ~ OT\ OtBu Reference Exanple

Ve Ve
3 -Me Me ~ Me ~ Me [Synthesis exanple of transition netal conpound:
di, c, G oxobi s{di net hyl silylene ( ~ 5-tetranethyl
cycl opent adi enyl ) (3-tert-butyl -5-nethyl - 2phenoxy) titaRhuskcdraBEP2OOP 2)) In
a Schlenk tube, 1.50g (3.3mmp1l) of dinefhylsilylene(~
5-tetranet hyl cycl opent adi enyl ) (3tert - bt 91’- 5- net hyl - 2- phenoxy) titani um
di met hoxi de was di ssolved in 20nml of toluene, 10nl of watef- was added

t hereto, and %%éfég'%%u'ﬂaqclﬁ!ng;@} \%t?e"‘ﬁér%tni rcrcgrlﬁi%(z‘%n(éggggggel hour .

After concentrating the organi i ch was obt

separation, theHULent balsy Vase Iiysidl fo2RA 1A @;f‘ BT 08! erh@nenko

obtain di,u-oxobis {dinmethylsilylene(~ 5-tetrameth

cycl opent adi emdndB3-donigobnd y{ ¢ $) ks by b s 2phestdiy) tiHaiendr 0 fthola
crystals (0.40g, 33~). Mass spectrum (nfe) 808. Cal cul ated val ue: 808

1H NVR (270VHZ L-G5DG)BQ'Q* P9~ (amndHe, us&2(s, 12H), 1.97(s, 6H), 1.78(s,
6H), 1.59(s, 6H), 1.53(s, 18H), Me M 11 Decenber 2002 -39 0.78(s, 6H),
0.58(s, BH) Me Me MEMVethe boropecompaund (Bl % rEpwEsensed ByMehe O ~ e O

OM ~~tBu tBu ~Me 5 Exanple 1 Using an autocl ave type reactor having an
i nner vol ure geneyat %%&ﬁ‘b&&j%thBargPirterS(,?rr}t?)gﬁlgﬁé'ﬂ“zaFPBhlﬁ/a"shgar ri ed
out 2% SO Y SR A9 S SR AR SISO LI 0
oM o RSO ALY o MhpcelpbRsed oy 1 Aekohetocadyl e an:
to be the conggitrcddepolig PUN@ubsiPuBedus 1Y Adgrbhig, 1dn GONESRYr ation
of triisobutylalum numof 0.185 ,c.c nol/g and
10 group or a di-substituted amino group and they may be
the same or different. Each of Q! to Q' is preferably
a halogen atom, a hydrocarbon group having 1 to 20 carbon
atoms, a haiogenated hydrocarbon group having 1 to 20
carbon atoms, a substituted silyl group having 1 to 20
15 carbon atoms, an alkoxy group having 1 to 20 carbon atoms
or a di-substituted amino group having 2 to 20 carbon
atoms, and each of more preferable Q' to Q’ is a halogen
atom, a hydrocarbon group having 1 to 20 carbon atoms
or a halogenated hydrocarbon group having 1 to 20 carbon
20 atoms. Each of the more preferable Q' to Q' is a
fluorinated hydrocarbon group having 1 to 20 carbon
atoms which contains at least one fluorine atom, and in
particular, each of Q' to Q' is preferably a fluorinated
aryl group having 6 to 20 carbon atoms which contains
25 at least one fluorine atom.

Specific examples of the compound (Cl) include

tris(pentafluorophenyl)borane, tris(2,3,5,6-



amlar ratio of AL atomto Ti atomof 50 . ) in which ,u

- oxobi s{di net hyl silyl ene(' ~ 5t Pt ranet hyl cy~cl opent adi enyl)
(3-tert-butyl-5-net hyl 2- phenoxy)tltani um nmet hoxi de} (Conpound 1) and 20
triisobutylalum numwere mxed and a tol uene sol utionqq pedefrgero®2 2002
-40 (0.90,u nol/g) of N, N-dinethylaniliniuntetrakis

(pent af | uor ophenyl ) borate were respectT%éry pr epar ed in separate vessels.
Each of the solutions was continuously fed in the reactor at a feeding rate

of 100 5 g/ hoqeﬁgfm gr%g?%flﬁ%méyg?gﬁ??r?-?r %e ction tenperature was

set at 222C, an r or on om ftOmwas set to 3.4. As

a result, an - 3 r I of 8.39, a a density
(wi t hout annegﬁﬁltgfpg%aggsgg%né}??ﬂ;&%%% o?é\é{'gr.(%,'l\dlz'l()% a wei ght average

ol ecul ar wei giti { M r 66h8A9A0 bvrchree jot gelliar, wei ght distribution (Mv M)
of 1.9 was produced at a rate of 74 ton per 1 nole of Ti. atom Conparative
Exanpl e 1 Usi ngriafil ot ophavng lt)pyeeramwact or having an i nner 15 volune of 1
liter equipped with a stirrer, polynerization was carried out by

conti nuoBisl y fedefiynkp &s hpeate fdmd daxkery 1) borancheandather 1ike, tandl
pressure was set, to 80MPa_and the concentration of hexene-1 based on the

total of ethyltdie BPRPRREAREFPPREN YD) RRF2RE 34- MRS HoPESLRIADd e sol ution
0.7 ,c, ~ |/ f _di net hyl silyl ~
&(3- et amet Ln;I c% gp I aﬁ%%\}ﬁggf?ét grr‘]’t%‘(—péiﬁ%ﬂ 6C Rt RARZESFRASRyY PYi (1% um

dichloride, a h QN ~0f otk ki tylal umn . | /g) and
further a tol %ﬁ%ﬁ%’?f%ﬁ%% f &B#D¢/%%b2fyh€Nug% S Qn%:}:géﬁf@ 69

di ret hyl ani | i gipydetd elitS@enbald HBOPEERH IR INaL Be WaF B4 BEREGd VEh¥e
prepared in separate vessels and continuously fed into the reactor at

f eedi ngl0at es sifate llamdogntier Q2002re the same as defined in Q! to Q°

in the above-mentioned (Cl).

Specific examples of G" as the inorganic_éation
in the compound represented by the general formula
G’ (BQ'Q’Q°Q*)" include a ferrocenium cation, an alkyl-

15 substituted ferrocenium cation, a silver cation and the
like, and the G' as the organic cation includes a
triphenylmethyl cation and the like. G'is prefevably
a carbenium cation, and a triphenylmethyl cation is
particularly preferred. As the (BQ'Q*Q'Q"Y)",

20 tetrakis(pentafluorophenyl)borate, tetrakis(2,3,5,6-
tetrafluorophenyl)borate, tetrakis(2,3,4,5-
tetrafluorophenyl)borate, tetrakis(3,4,5-
trifluorophenyl)borate, tetrakis(2,3,4-
trifluorophenyl)borate,

25 phenyltris(pentafluorophenyl)borate, tetrakis(3,5-
bistrifluoromethylphenyl)borate and the like are

mentioned.



-41 290g/ hour, 3509/ hour and580g/ hour, respectively. The pol ynerization
reaction tenperature was set at 215C, and a nolar ratio of boron atomto Ti
atomwas set to 3.3. As a result,an ethyl ene-hexene-| copol ymer having 5 MFR
of 4.2, a density (w thout anneallng) of 0.881g/cmi, Q1W§é&éﬁ3ep90@b of
67.3C, SCB of 40.4, Mwv of 66000 and Mwm Mh of 1.8 was produced in a rate of
14 ton per 1 nole of Ti atom Exanple 286 After replacing the atnosphere
of an autocl ave type reactor haV|ng an inner volunme of 0.4 liter eqU|pped

wth a stirrer wit ¢l ohexane as ent and 15ml of

Moxno- 3 e an o ThEEE°BRepitTe RoflEngRTEHE Maludp' fEFadinid Thoc
Af t th I I f d whil d t

at ane;thyFeﬁe%%ﬁ%ggﬂ?ééogéikggg?gﬁégéyl %B¥a%gfeﬁ?aasestab:I?zgdjug 52301

of tr"SObUtyH@M@EH&E@eE&éE@nQu&?@%&&aﬁls(éeﬂ{dﬁﬁué%oﬁﬁgﬁgqﬂd 1 and 25

, (.~ nmol of triisobutylalum nu a heptane solution (Which was 20

adJ usted to bedheconeenteat t@r&rcafkl@np@uadflu@‘rciph@nypl)b@ir,attehe _
concentration of triisobutylalumnumof 50 ,1.c nmol/m and a nolar ratio of

Al atom5o0 Ti tatighexiy Bhethyilnteltirckisit peobas{ldiareiplyésyllyberete, 5
tetranet hyl cycl opent adi enyl ) (3-tert-butyl -5-nmethyl 25 2-phenoxy)titani um

met hoxi de} (C@ﬁ&ﬂhﬁﬂﬂ}m%hﬂy rtﬁ§6@h§ﬁbﬁuﬁrh&ﬁﬁﬁ#ﬁ#?@&@d mere char ged
and succe35|vely,£; Decenber (2002

i et Pyl ani |1 AT S bBAE AERUGRSpIRI I HOF ot 0 Aas? CRAFGIATRE MLl ur ry
| eptane: PO} 2oL B0 B3B3 P 2 TLINCES. pR LA L o
0.85 dl/g, SCB Of 3¥ur€%é¥@ %! {hBILBRR Tompound (C3) represented
10 by the formula (L-H)'(BQ'Q’Q°Q‘)", L is a neutral Lewis
base; (L-H)® is a Bré¢nsted acid; B is a boron atom in
the trivalgﬁt valence state; and Q' to Q' are the same
as Q' to Q’in the above-mentioned Lewis acid (Cl).
Specific examples of (L-H)' as the Br¢nsted acid in
15 the compound represented by the formula
(L-H)"(BQ'Q’Q’Q*)" include a trialkyl-substituted
ammonium, an N,N-dialkylanilinium, a dialkylammonium,
a triarylphosphonium and the like, and examples of
(BQ'0*0’Q*)” include those as previously described.
20 These specific combinations include
triethylammonium tetrakis(pentafluorophenyl)borate,
tripropylammonium tetrakis(pentafluorophenyl)borate,
tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)borate, tri(n-
25 butyl)ammonium tetrakis(3,5-
bistrifluoromethylphenyl)borate, N,N-

dimethylanilinium tetrakis(pentafluorophenyl)borate,



of 78.6C and 90. 8C was obtained. Polynerization activity per 1 nole of Ti
atom was 2.53X106g polyner/nol-Ti atomper 2 mnutes. Exanple 3 10 After
repl aci ng the atnosphere of an autoclave type reactor having an inner
volume of O . 4 liter equipped with a stirrer with arggn

cycl ohexane as a solvent and 15mL of hexgne-l as an Ggﬁopg%gﬁm%%?%xgaarged
and the reactor was heated to 180C . AT£é&r the el evation 15 of t enperat ure,
et hylene was fed while adjusting at an ethyl ene pressure of 2.5Mpa. After

t he i nner of %y%$§f1¥€ﬁ%%gﬁghﬁj'gﬂn 0. 2nmmmo1 of triisobutylal um num O0.5ml
nol ™~ 0 np

.(nanely, 0.5 ,d_ _ oun and 25 ,CC mol of triisobutylalum num of
a heptane sol Wdm kb s8nwa% 120 A nsh ¢l )be e d hay apngent gati on of
Compound 1 of 1 ,(..c nol/m, the concentration of triisobutylal um num of

50 ,u mol /M gechwam®t By LBatld ndfurilt @t pAKES (PerddM @brdphenlyliyn which

, (.t -oxobis t dinethylsilylene ( ~ 5

t et ramet hyl cy toogeetrg adiV ey H) (metthgradiil yhi bmmtend P61 2¢ phBAROXY) tit ani um
met hoxi de} (Conmpound 1) and triisobutylal um numwere m xed, were charged
and succkssi vélistEi il werone thyNmdieny hybaniatieni Whisapropydemrem oo - 43
tetraki s(pentafl uorophenyl )borate was charged as a slurry in heptane ( a
slurry concenﬁﬁﬁq%ﬁﬂ%fpﬁn,éFlMQWQHhﬁnYngpfﬁQQQalion was carried out for

2 mnutes . Aﬁ.a res |t of the polynerization, 5.33g of an
et hyl ene- hexeff&F % %‘b%%ﬁ#’ ﬁE‘F“’ﬁ‘d\H“ﬁg [ r~] of 0.67 dl/g, SCB of 35.0,
g POt Sl it 2608R0 B 00 My o1 1 43003 N0 MW M of 2.7 s

obt ai ned. Pol yneri zat| activity e of atomwas 5 . 33 X 106

-g- pol yrer / mol +Hi i ny PEhodphiohutes - Exanple 4 10 After replacing the
at nosphere of an autoclave pre reactor having an inner volunme of 0. 4

liter ehOi ppederrnadkibs gpentarf luddoptiegopl ) b8rateqf cycl ohexane as a sol vent
and 15nml of hexene-1 as an cr-olefin were charged and the reactor was
heated to 180¢ri (aethyinbesydvamhiaspienshm enperature, ethyl ene was fed
whil e adjusting at an ethylene pressure of 2.5Moa. After the system was

5
stabilized, 0kt (PeRFadwapCRRERRLAPOS2%5PY (nanely, 0.5 ,u. nol of

Conpound 2 an%r%%dfﬁgiﬂyipggnyl)phosphonium

tetrakis(pentafluorophenyl)borate and the like, and

15 tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)borate or N,N-
dimethylanilinum tetrakis(pentafluorophenyl)borate is
most preferable.

) [Polymerization of olefin]

20 In the present invention, the olefin
polymerization catalyst is prepared by a process
comprising contacting the transition metal compound(A)
represented by the general formula [ [ ] and/or (II] and
[the above-mentioned(B) and/or the above-mentioned (C)].

25 In case of an olefin polymerization catalyst prepared
by using the transition metal compound (A) and the

above-mentioned(B), the fore-mentioned cyclic



friisobutylalum num of a heptane solution (which was 20 adjusted to be the
concentration of Conpound 2 of 1 ,C. L nol/m, the concentration of
triisobutylal um numof 50,u nol/m and a nolar ratio of AL atomto Ti atom
of 25. ) in which di-, (.L-oxobis{dinmethylsilylene( ~ 31 pecember 2002
tetramet hyl cycl opent adi enyl ) (3-tert- butgl -5-nmet hyl 25 2-phenoxy)titani ung
(Conpound 2) and triisobutylal umi num wef@-mi xed, were charged and
successively, 1.5,c.Cmwl of N Ndinethylanilinium i -44 1 1 Decenber 2002

LetrakisCpent aluorosbeny| B3LAE VRS SR 98,08 B AL e PRRATESS €,
(0L 2L UL ) 05, POLUT bt 00 s ogy,
el ting_poi nt $:0far80 2Lr 3083, 8E epa 0bbA! Bada RAyIeshzBY e O Vity per

1 nole of Ti atomwas 2.55 xlog g- pol ynmer/nol - Ti "at om per 2 m nutes.

Exanple 5 10 pdlemeepraciog che Aly@sppeepadiedmpuioLhgventeype react or
having an inner volune of O . 4 liter equipped with a stirrer with argon,
185ml of 5 cycl chresrestet Bon anestod Vesimpodnd5nA¢f, teeeneeteaseat i@ned|{B) in
were charged and the reactor was heated to 180C . After the elevation 15 of
tenperature, énsy| &he akovednantiongd ust) ngsat lansdingtede pndssre of
2.5Mpa. After the %Xsten1mas stabiljzed, 0.2mml of triisobutyl al um num

0.5nL ( namel fOTF-MeNtioRsA B loorkHuRdSo §AF 1Y wsedngf s@id (B).
triisobutylalumn a_heptane sol ution i.ch was_20,adjusted to be the
cohgentragionuof gg%pgﬁﬁdpfé%e%%,%PH%P?%PﬂQ%ﬁP%d%E%ﬂ?%§ﬁ4§1%ﬁtai
triisobutylal ug , i f t Ti at
b hey o ancomgee o) heBRddln bl By RhY Jdidfall sbbntiAN T AlOM
5t et rangg hy!l cyelonrantadieand 3= @bovalinéneisrkdyls )25 o Fignoxy} tifani ung

(Compound 2) and triisobutylalum numwere m xed, were charged and

successi vel y, abaverohent idnilddiClechyl hai¢harged id dn Bedeiniresr 2002der
during poly:_nerization to be used, but a reaction product
obtained by previously contacting an arbitrary
combination of those compounds may be also used.

15 The used amount of respective components is not
specifically limited, and it is desirable to usually use
the respective components so that the molar ratio of the
(B)/transition metal compound (A) is 0.1 to 10000 and

} preferably 5 to 2000, and the molar ratio of the

20 (C)/transition metal compound (A) is 0.01 to 100 and
preferably 0.5 to 10.

When the respective components are used in a
solution condition or a condition in which they are
suspended or slurried in a solvent, the concentration

25 of the respective components is appropriately selected

according to the conditions such as the ability of an

apparatus for feeding the respective components in a



-45 tetrakis(pentafl uorophenyl)borate was charged as a slurry in heptane (a
slurry concentration of 1 ,u nol/m ) . ° Polynerization was carried out
for 2 mnutes . As a result of the polynerization, 3.92g of an

et hyl ene- hexene-1 5 copol yner having [ ~ ] of 0.73 dl kg, §G§ﬂ?%r§%021
melting points of 78. 9C and 91 . 5C, Mw of 48000 and NM?Nh of 2 . S was

obt ai ned. Pol yneri zation activity per'%;ﬁnle of Ti atomwas 3 . 92 X 106
g-polymer/nol -Ti atomper 2 mnutes . 10 As described above in detail,

acoording o EHORUESEIN L LRVELLOR, 2 FENSLLEGR IR samauId. upeL Ul o 2

.hi ghl'y acti v8 orerim porynerizalron ca nponent at a i Ci ént

reaction tenpelabel § Nus88 5BAYSdd &l hor 6RES n®lr AL ShebENLRQ yneri zati on,
and a 15 highly active olefin polynerization catalyst using said transition

met al conpouRg st t i ak€6s 1T ebmpoRAWLCi(79) als oheham1RoloymEY1 usd o sai d

ol efin polynerization catalyst are provided. Further, the transition netal
conpound of mmelpilesandrée npeefieamablsy a s®0 &f tectli0fmmsl 2D andolmefsth

pol ymeri zati on catal yst conmponent having a high conononmer reaction rate in
copol yn®ri zapiredf earadb iy oVi @5 ngoahOvefli/d jpdharerontents afiign md e®) ar

wei ght, and has a renmarkabl e value for utilization. 46_1 1 Decenber 2002

Clainms 1. A f£PaRSHeieN Oref A1t SPOSLRBOLE By E9BNEEF 9y B L RFRPaImEF ¢ or nul a
R A A/ R PEEERE AR Ry WS ASURIE G SHISE: RS I oehay el 1
WRS R4~ A AZ/OOMJ!)LRngthhBVC\ b fer feion HE (phgresny W Jis A
transition netal atom of oup | é% the
0.001 to 500 mmol/L, more preferably 0.01 to 250 mmol/L
10 and most preferably 0.05 to 100 mmol/L.
As olefins which can be applied to the
polymerizationinthepresentinvention,olefinshéving
2 to 20 carbon atoms such as, particularly, ethylene and
an a-olefin having 3 to 20 carbon atoms, diolefins
15 having 4 to 20 carbon atoms and the like can be used,
and two or more monomers can also be used, simultaneously.
Specific examples of the olefin include straight-chain
olefins such as ethylene, propylene, butene-1,
pentene-1, hexene-1, heptene-1l, octene-1, nonene-1,
20 decene~1 and the like; branched olefins such as 3-
methylbutene-1, 3-methylpentene-1, 4-methylpentene-1,
S-methylhexene-1 and the like; vinylcyclohexane, etc.,
but the present invention should not be limited to the
above-mentioned compounds. Specific examples of the
25 combination of monomers in case of conducting

copolymerization include ethylene and propylene,

ethylene and butene-1, ethylene and hexene-1, ethylene



Periodic Table of the Elenents; Ais an atomof the Goup XVl of the
Periodic Table of the Elenents; and J is an atomof the Goup XIV of the
Periodi c Table of the Elenents, respectively. Cpl is a group having a

cycl opent adi ene type 15 anion skel eton. Each of Xi, R1,1 BécefRber BboRS and
~R6 independently is a hydrogen atom 3 hal ogen atom an al kyl group, an
aral kyl group, an aryl group, a substi dred silyl group, an al koxy group,
an aral kyl oxy group, an aryl oxy group . ' 4~ 1 1 Decenber 2002 or a

di - substitut ] oup. ~X= I Adi cat 1 of e o] XVI . of. the
.Periodic Tableéein%;g?ﬁ%gél gﬁeﬁ%‘gp&ﬁ%r@éﬁ gh@%ﬁ’g? ?égga% Rggﬁaey Bgt
arbitrarily condipedswhnith i9Adh Ot HR! sheuhlr Mk 1h891 1 AiRIdY alnopapsr of ML,
A J, Ci, X1, X~, R, RZ, 5 R, R-, RS and R6 may be respectively the sane
or different. ) 2. Phérpneséhaninebak icompeunheaedd@al 4ivé Dy Chpp i éd
wherein Ain the general fornmula [I] or [II] is an oxygen atom 3. A
transition nmetal tbenpeurnd cader ddngpavatliaminmdf othevcopod ymdrerefn X~ in
the general formula [ | ] or [ Il ] is an oxygen atom 4. A transition
metal c8nmpourftRytengi Agd @marfy -edeGin csaFhsas td Paxkbesilareach of Rl in

t he general fornul I or [Il] is an alkyl group, an_aral kyl group, an
aryl group ﬂ?%ﬁp%fﬁhﬁst%ﬁﬁﬁiFég4y?“@?ﬁﬁﬁﬁRQRﬁﬁ%gdémtPﬁxﬁﬂggﬂtransition
met al conpound, accor di tq any..one of clains 1 to 4, wherein each of X1 in
t he general ;Bocrtrr%ﬁ?% ? F&Q] t?lse Q'Jh)g ogen atom an al kyl group, an aral kyl

group, an al koxy ﬁawaeﬂ]@aamrpx rgEQUR ¥ ﬁ@ﬁlarhﬁtti 4 &ty &n no group, 1

20 i ndependently. 6. An ol efin polynerization catal yst conponent

conpri si ngsaighdd¢ ansthilay MEmalwaodposnd agedidlid@nt Bealy s¥iesedtclains 1 to
5. 7. An olefin polymerization catal yst obtained by a 25 process conpri sing
contacflidng t hplymesitasiometat shupoyngodyumi ngtfonaiy ovieic shains 1
to 5 and (B) described bel ow and/or (C) described bel ow 48 1 1 Decenber
2002 (B) one dripkebicfhpiganssben SWa éFpbutd SelRaditeane s dwexane,

heptane, octéne or the like; an aromatic hydrocarbon
such as benzéne, toluene or the like; or a halogenated
hydrocarbon such as methylene dichloride or the like

15 used as a polymerizationmedium. Further, highpressure
ionic polymerization in which the polymerization of an
olefin is conducted without a solvent under which an
olefin polymer is melt in a high temperature and high
pressure olefin in a supercritical liquid condition, and

20 further, a gas phase polymerization in a gaseous monomer
and the like are possible. Further, either of a
continuous polymerization and a batch-wise
polymerization are possible.

The polymerization temperature can be usually

25 adopted at a range of -50°C to 350°C and preferably 0°C

to 300°C, and in particular, a range of 50°C to 300°C is

preferable. The polymerization pressure can be adopted



. (Bl) to (B3) described below. ( Bl ) an organoal um num conpound i ndi cated
by the general formula ElaAlZ, _a ; 5 ( B2 ) a cyclic alum noxane having a
structure indicated by the general formula ~-A1(E~)-O}b ; and ( B3 ) a
{inear alum noxane having a structure indicated by theq19peeemibet @008 a E
~Al ( E ) -0-}~AIE Z (wherein each of _El, EZ and E is a hydrocarbon
group, and 10 all of E1, all of E2 and‘%ﬂl of E may be the sanme or
different. Z represents a hydrogen atomor a hal ogen atom and all of Z nay

B T Sgg‘P%i%%f’of REPRSLLE <8 L led ﬁt: nt eSLr
of L or 15 MEeJtordnly) BB e hot 0BsGeEDAUNTSy Ohel Choly t0n ( C3 )

descri bed bel oro conpo represented by the general formul a
BQ QzQa 20 ( g%rkla:@pa@n gorpayedorepr @ Piesr Dy bhesseney alo fayampa G (
BAQQQ)'; and ( C3 ) a boron conpound represented by the general formula
( L-H) + ( BQsQp@&Fegableherein Bis a boron atomin the trival ent

val ence state, 25 Q to Q are a hal ogen atom a hydrocarbon group, a

hal ogenéi ed hydr ocalsorgepecdl ; atdebsd kynedigakylongrioupe && al koxy group
or a di-substituted am no_group and they may be the sane or s 49 11
Decenmber 20022@PHRERtely F1§t§r¥nl1rftﬁ<§aﬁF€°6F116’r?ga‘?ﬁ cthat képd °Pf 2 a

neutral Lew s base Og F% s, a Brfns ednac : 8 An ol gf%%
pol yror | zat | o SCAEAY O LEDS diaﬁgi & rc?%? 9N WRHARFE e FBd the
oot B S 24 SO DU, e S, G U TGN g B! 1 1
@i”Ethylanil'@'HHB%&%@WdSZO hours can be adopted. Further, a chain
10 transfer agent such as hydrogen or the like can also be
added to adjust the molecular weight of a copolymer in
the present invention. |
The process for polymerizing the olefin polymer of
the present invention is suitably carried out by a
15 high-pressure ionic polymerization process, in
particular.
Specifically, it is preferably carried out under
a pressure of 30MPa or more and at a temperature of 300°C
) or more. It is more preferably carried out under a
20 pressure of 35 to 350MPa and at a temperature of 135
to 350°C.
The polymerization form can be carried out in
either a batch-wise manner or a continuous manner, but
the continuous manner is preferable. As a reactor, a
25 stirring vessel type reactor or a tubular reactor can
be used. The polymerization canbe performed in a single

reaction zone. Alternatively, the polymerization can



{pent af | uorophenyl) borate or triphenyl nethyl tetrakis(pentafl uorophenyl)
borate. 10 10. An ol efin polynerization catalyst obtained by a process
conprising contacting the transition nmetal conpound according to any one of
claims 1 to 5 (B) according to claim7 and (C) accordingebenmberizno2 11.
An ol efin polynerization catal yst obtai Ed by a 15 process conpri sing
contacting the transition netal conpound®according to any one of clains 1
to 5, (B2) according to claim?7 and/or (B3) according to claim7. 12. A

process for PLodis g aB: ebetled B YIEE: COTREISIN P! YEBELEING Ak oLel 1 1

M th the ol efin polynerization st "according to any one ains 7

to 11. 13. A &ﬁﬁﬁﬁ§§1€9roPrPQHEE&%nanHég'dkFE%HHEEt&%&P%U%@LEé&££§'”‘12
wherein the ol'efin polymer is a copolynmer of ethylene and an Gy-ol efin. 14.

A process for off et grani ol et hepobynparaddeld NIRRT doe cdiwsingoa 13,
wherein the polynerization is carried out by a high-pressure ionic

pol ymeri zat i op lproxkssy ofbreAcpoacese ¢ombpneduicimg faa wdsséh podgher
accordi ng a. 50 1 1 Decenber 2002 to claim12 or 13, wherein the

pol yrmer i Sat i orenid acee$$ed KRACLATAT & pPBEbIMAE Istn IEVPY & Sebreeagtar

t enperature of 130C 0
.A3e. A A(. A ASRd R RPEDRIID EP2RtOX Raxy bR ugedn ATA R ROLYRRTAZESAAD| | AY .

AFr AY% AL. AY% Agl AYL. AY9 AY9 1A| L. él Y9 fAY AFatY AY. A. L. A _AY. A% A(. AF. Al
A2 AU . ARSP €8s using plurali df reactidn’ zbneés or

" SF1/039: LM ~ A
a] ca] ca] cawcaﬁﬂﬁ%;%gaijgglﬂg%kgﬁ%ca ? ?ga cTal%?l%%]f%} E&)i . ca] crale
~ytoj e’ [V]ca] calardced eateateakeal Ca’p\]l@@] Ba] paloer]ced ciadl @ﬁ]a@@ﬂr?g’i]@ﬁé ca] ca]
ca] ca] cal] cal] ca]c<a] ca]caJca]calcalca'4 5

10 temperature, pressure and gas composition of respective

reaction zones or reactors.

EXAMPLE
The present invention is further illustrated in
15 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.
| (1) Melt index (MFR) was measured at 190°C according
20 to the method defined in JIS K-6760.(Unit: g/10min.)
(2) Density was determined according to JIS K-6760.
Wherein the value of density described as density
(without annealing) is a value obtained by measuring
without an annealing treatment in JIS K-6760.(Unit:
25 g/cm’)
(3) Melting point of copolymer:

It was measured under the following conditions using
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10%] & ()-L6 10%| & ()- YA"10%4| & ()- 210%| & () - C{ aBYNG @10% Z10%| & ()-
8109 & ()-L10%4| & ()-11Y10% | & ()-1" 10%| & () - MVILO%| & () - s{} #VAEYNG @10%
| GLOY| & () - 810%4| & () - Y 10%] & () - 100%4| & () - Y10%| & ()- & 10%| & ()-°
@aBYNG @109 &3100%| & ()-f1"" 10%| & () - &Z10%| & () - 1" BAUh et )2d02
“$10% | & () - 310%| & ()-n8 O

aBYNG @10% f 1 4" 10%] & () - & Z10%4| & ()=IF3+" 10%4| & () -
'y)- 810% | & () - "10%4|&'() 9L0%| & () -O

b @104 Y1091 () LI LIO & MLO%| & ()-s 104
.104| 8GL0%| & (5PSE J zﬂ.ln STELEY 18 wdfn®d,
paBbC @10% F_Z" F£1006] & ()L 10%4] & ()-M
Y1004 & () - | AS % %E%%) {&91@ d&/gH |
910%| & ()-plga | ()M Y 109 & ()-1)1810% | ]| & () - FLO%)| &
() - Gll)%fu(&'() &310074;?5&é' (/%’g%;‘f‘gja%sbo @10%  F+" 10%] & () -

y) @09 T| & () 5300l d o HAOPRRE 1D5ckP HOVML St 0% ] & ()] u

Dl dEbGI @10% &631004| & ()-Tv4 " 10%| & () -1 2, 1094 & () - 0

1004 & (3 - . 106 @ty LML 8he) 7} B GRS bic(ppertvhdwy L) { 3-10%

e ()-:10% he ()-M 1041 104] 104] 810%) & () - OlpaBbG @A0% s10% he (). 10%
h& () - F10% h&tey+e-br0os heb ¢ x)met/byie%qu)ox&@ﬁi@mﬂ&irq)dlmegzmb@el)]@

J.d sample was

SH100&! | @ SH109& $109%& ( $1o0 $109& - 10%
h& () - 2%3&30 1 @2@6@3%&%)1%@?1’9 ﬁ&' )L 37k 0lod hi?!“‘(“?l) 01‘:0@(5‘—’%?&255@@ +10%
h& () -

was dissolved in 10ml of anhydrous diethyl ether and a
) diethyl ether solution (3.9ml, 4.lmmol) of
10 methyllithium having a concentration of 1.05mol/L was
added dropwise at ~-78°C thereto. The resulting mixture
was heated ;5 20°C, the formation of lithium methoxide
was confirmed by gas generation, and the resulting
reaction solution was again cooled to -78°C. Into the
15 reaction solution, 20ml of an anhydrous diethyl ether
suspension liquid of 0.919g (2.0mmol) of
dimethylsilylene( 7 °-~tetramethylcyclopentadienyl) (3-
tert-butyl-5-methyl-2-phenoxy)titanium dichloride
j which was previously prepared in another Schlenk tube
20 was transferred, and then, the resulting reaction
mixture was gradually heated to room temperature to
obtain a reaction solution. After concentrating the
reaction solution, 20ml of toluene was added and an
insoluble product was separated by filtration. The
25 filtrate was concentrated to obtain dimethylsilylene( 7
*-tetramethylcyclopentadienyl)(3-tert-butyl-5-

methyl-2-phenoxy)titanium dimethoxide of yellow
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(the compound obtained by the same method as in Reference
Example 1) was dissolved in 50ml of heptane, 0.30g of
15 distilled water was added thereto, and the mixture was
stirred at the same temperature for 12 hours. The solid
produced was separated by filtration, rinsed with 5.0ml
of heptane, and then dried under vacuum to obtain
L -oxobis{dimethylsilylene(n *-tetramethyl
20 cyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium methoxide} of a yellow solid (5.51q,
56%).
Mass spectrum (m/e) 855. Calculated value: 855
'H-NMR (C,D,); O 7.25 (d, J=2.0 Hz, 2H), 7.16 (d, J=2.0
25 Hz, 2H), 3.99(s, 6H), 2.32(s, 6H), 2.30 (s, 6H), 2.06(s,
6H), 1.86(s, 6H), 1.71(s, 6H), 1.27(s, 18H), 0.83(s,
6H), 0.63(s, 6H)
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Reference Example 3

(Synthesis example of transition metal compound: di-
i -oxobis{dimethylsilylene (7 *-tetramethyl

5 cyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium} (Compound 2)]

In a Schlenk tube, 1.50g (3.3mmol) of
dimethylsilylene(7 °*~-tetramethylcyclopentadienyl) (3-
tert-butyl-5-methyl-2-phenoxy)titanium dimethoxide

10 was dissolved in 20ml of toluene, 10ml of watei- was added
thereto, and the resulting liquid mixture was stirred
i at 70°C for 1 hour. After concentrating the organic layer
which was obtained by phase separation, the concentrate
was recrystallized from 10ml of heptane to obtain di-
15 M -oxobis {dimethylsilylene(7 °-tetramethyl
cyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium} of yellow crystals (0.40qg, 33%).
Mass spectrum (m/e) 808. Calculated value: 808
'H-NMR (270MHz, C,D,); O 7.28 (m, 4H), 2.32(s, 12H),
20 1.97(s, 6H), 1.78(s, 6H), 1.59(s, 6H), 1.53(s, 18H),
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5 Example 1

Using an autoclave type reactor having an inner
volume of 1 liter equipped with a stirrer,
polymerization was carried out by continuously feeding
ethylene and hexene-1 into the reactor. Regarding the

10 polymerization conditions, the total pressure was set
to 80MPa and the concentration of hexene-1 based on the
total of ethylene and hexene-1 was set to 28.8% by mole.
A heptane solution (which was adjusted to be the
concentration of Compound 1 of 0.37 . mol/g, the

15 concentration of triisobutylaluminumo£f0.185 & mol/g and
a molar ratio of Al atom to Ti atom of 50 .) in which u«
~oxobis{dimethylsilylene( 7 °-
tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-
2-phenoxy)titanium methoxide} (Compound 1) and

20 triisobutylaluminum were mixed and a toluene solution
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(0.90 £t mol/g) of N,N-dimethylaniliniumtetrakis
(pentafluorophenyl)borate were respectively prepared
in separate vessels. Each of the solutions was
continuously fed in the reactor at a feeding rate of 100
5 g/hour and 140 g/hour. The polymerization reaction
temperature was set at 222°C, and a molar ratio of boron
atom to Ti atom was set to 3.4. As a result, an
ethylene-hexene-1 copolymer having MFR of 8.39, a
) density (without annealing) of 0.883 g/cm’, SCB of 36.0,
10 a weight average molecular weight (Mw) of 62000 and a
molecular weight distribution (Mw/Mn) of 1.9 was
produced at a rate of 74 ton per 1 mole of Ti atom.
Comparative Example 1
Using an autoclave type reactor having an inner
15 volume of 1 liter equipped with a stirrer,
polymerization was carried out by continuously feeding
ethylene and hexene-1 into the reactor. The total
pressure was set to BOMPa and the concentration of
; hexene-1 based on the total of ethylene and hexene-1 was
20 set to 34% by mole. A hexane solution (0.7 £ mol/g) of
dimethylsilylene(7 °*-tetramethylcyclopentadienyl) (3~
tert-butyl-5-methyl-2-phenoxy)titanium dichloride, a
heptane solutionof triisobutylaluminum (33 £ mol/g) and
further a toluene solution (1.2 £ mol/g) of N,N-
25 dimethylaniliniumtetrakis(pentafluorophenyl)borate
were respectively prepared in separate vessels and

continuously fed into the reactor at feeding rates of
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290 g/hour, 350g/hour and 580 g/hour, respectively. The
polymerization reaction temperature was set at 215°C,
and a molar ratio of boron atom to Ti atom was set to
3.3. Asaresult, anethylene-hexene-1 copolymer having
MFR of 4.2, a density (without annealing) of 0.881g/cm?,
a melting point of 67.3°C, SCB of 40.4, Mw of 66000 and
Mw/Mn of 1.8 was produced in a rate of 14 ton per 1 mole
of Ti atom.
Example 2

After replacing the atmosphere of an autoclave
type reactor having an inner volume of 0.4 liter equipped
with a stir;ér with argon, 185ml of cyclohexane as a
solvent and 15ml of hexene-1 as an & -olefin were charged
and the reactor was heated to 180°C. After the elevation
of temperature, ethylene was fed while adjusting at an
ethylene pressure of 2.5Mpa. After the system was
stabilized, 0.2mmol of triisobutylaluminum, O0.5ml
(namely, 0.5 ¢## mol of Compound 1 and 25 & mol of
triisobutylaluminum) of a heptane solution (which was
adjusted to be the concentration of Compound 1 of 1
M mol/ml, the concentration of triisobutylaluminum of
50 44 mol/ml and a molar ratio of Al atom to Ti atom of
25.) in which #-oxobis{dimethylsilylene(7n °-
tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-
2-phenoxy)titanium methoxide} (Compound 1) and
triisobutylaluminum were mixed, were charged and

successively, 1.5 4 mol of N,N-
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type reactor having an inner volume of 0.4 liter equ;.pped
with a stirrer with argon, 185ml of cyclohexane as a
solvent and 15ml of hexene-1 as an a-olefin were charged
and the reactor was heated to 180°C. After the elevation

15 of temperature, ethylene was fed while adjusting at an
ethylene pressure of 2.5Mpa. After the inner of system
was stabilized, 0.2mmol of triisobutylaluminum, 0.5ml
(namely, 0.5 &4 mol of Compound 1 and 25 & mol of

/ triisobutylaluminum) of a heptane solution (which was

20 adjusted to be the éoncentration of Compound 1 of 1
M mol/ml, the concentration of triisobutylaluminum of
50 £ mol/ml and a molar ratio of Al atom to Ti atom of
25.) in which g -oxobis{dimethylsilylene(7n °-
tetramethylcyclopentadienyl) (3-tert-butyl-S-methyl-

25 2-phenoxy)titanium methoxide} (Compound 1) and
triisobutylaluminum were mixed, were charged and

successively, 3 # mol of N,N-dimethylanilinium
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slurry in heptane (a slurry concentrationof 1 ¢ mol/ml).
- Polymerization was carried out for 2 minutes. As a result
of the polymerization, 5.33g of an ethylene-hexene-1
5 copolymer having [77] of 0.67 d1/g, SCB of 35.0, melting
points of 74.2°C and 88.6°C, Mw of 43000 and Mw/Mn of 2.7
was obtained. Polymerization activity per 1 mole of Ti
atom was 5.33X10° g~-polymer/mol-Ti atom per 2 minutes.
| Example 4
10 After replacing the atmosphere of an autoclave
type reactor having an inner volume of 0.4 liter equipped
with a sti;fer with argon, 185ml of cyclohexane as a
solvent and 15ml of hexene-1 as an @ -olefin were charged
and the reactor was heated to 180°C. After the elevation
15 of temperature, ethylene was fed while adjusting at an
ethylene pressure of 2.5Mpa. After the system was
stabilized, 0.2mmol of triisobutylaluminum, 0.5ml
(namely, 0.5 &£ mol of Compound 2 and 25 ¢« mol of
) triisobutylaluminum) of a heptane solution (which was
20 adjusted to be the concentration of Compound 2 of 1
M mol/ml, the concentration of triisobutylaluminum of
50 # mol/ml and a molar ratio of Al atom to Ti atom of
25.) in which di-t-oxobis{dimethylsilylene(7 *-
tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-~
25 2-phenoxy)titanium} (Compound 2) and
triisobutylaluminum were mixed, were charged and

successively, 1.5 & mol of N,N-dimethylanilinium
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slurry in heptane (a slurry concentrationof 1l £ mol/ml).
Polymerization was carried out for 2 minutes. As a result
of the polymerization, 2.55g of an ethylene-hexene-1
5 copolymer having (7] of 0.84 dl1/g, SCB of 30.7 and
melting points of 80.2°C and 93.0°C was obtained.
Polymerization activity per 1 mole of Ti atom was 2.55
X 10% g-polymer/mol-Ti atom per 2 minutes.
: Example 5
10 After replacing the atmosphere of an autoclave
type reactor having an inner volume of 0.4 liter equipped
with a stirrer with argon, 185ml of cyclohexane as a
solvent and 15ml of hexene-1 as an @ -olefin were charged
and the reactor was heated to 180°C. After the elevation
15 of temperature, ethylene was fed while adjusting at an
ethylene pressure of 2.5Mpa. After the system was
stabilized, 0.2mmol of triisobutylaluminum, 0.5ml
(namely, 0.5 £ mol of Compound 2 and 25 # mol of
) triisobutylaluminum) of a heptane solution (which was
20 adjusted to be the concentration of Compound 2 of 1
4 mol/ml, the concentration of triisobutylaluminum of
50 £ mol/ml and a molar ratio of Al atom to Ti atom of
25.) in which di-u-oxobis{dimethylsilylene(7n °-
tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-
25 2-phenoxy)titanium} (Compound 2) and

triisobutylaluminum were mixed, were charged and

successively, 3 &4 mol of N,N-dimethylanilinium
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points of 78.9°C and 91.5°C, Mw of 48000 and Mw/Mn of 2.5

was obtained. Polymerization activity per 1 mole of Ti

atom was 3.92X10°g-polymer/mol-Ti atom per 2 minutes.

10 As described above in detail, according to the
present invention, a transition metal compound useful
as a highly active olefin polymerization catalyst
component at an efficient reaction temperature in the
industrial process of an olefin polymerization, and a

15 highly active olefin polymerization catalyst using said
transition metal compound and a process for producing
an olefin polymer using said olefin polymerization
catalyst are provided. Further, the transition metal

) "compound of the present invention is also effective as

20 an olefin polymerization catalyst component having a
high comonomer reaction rate in copolymerization and
providing anolefin polymer with a highmolecular weight,

and has a remarkable value for utilization.
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' 10 (wherein M' is a transition metal atom of Group IV of the

Periodic Table of the Elements; A is an atom of the Group
XVI of the Periodic Table of the Elements; and J is an atom
of the Group XIV of the Periodic Table of the Elements,
respectively. Cp' is a group having a cyclopentadiene type
15 anion skeleton. Each of X!, R!, R?), R, R', R® and R’
independently is 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
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one of claims 1 to 5.

7. An olefin polymerization catalyst obtained by a
25 process comprising contacting the transition metal
compound according to any one of claims 1 to 5 and (B)

described below and/or (C) described below:
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}
20 (C2) a boron compound represented by the general formula

G*(BQ'Q*Q’°Q*)"; and
(C3) a boron compound represented by the general formula
(L-H)"(BQ'Q*Q’Q")"
(wherein B is a boron atom in the trivalent valence state,
25 Q' to Q' are a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a substituted silyl group, an alkoxy group

or a di-substituted amino group and they may be the same or
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compound according to any one of claims 1 to 5, (B2)
according to claim 7 and/or (B3) according to claim 7.

12. A process for producing an olefin polymer comprising
polymerizing an olefin with the olefin polymerization

20 catalyst according to any one of claims 7 to 1ll1.

13. A process for producing an olefin polymer according
to claim 12, wherein the olefin polymer is a copolymer of
ethylene and an a-olefin.

14. A process for producing an olefin polymer according

25 to claim 12 or 13, wherein the polymerization is carried out
by a high-pressure ionic polymerization process.

15. A process for producing an olefin polymer according
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