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BACKGROJIND- OF+rfde* | NVENTI ON Fi el d of the Invention The1§g§ﬁﬁ%§zégwention
relates to a transition netal conpouna having a nultidentate nono-anionic
| i gand ﬁﬂmnmmm mmﬂw hetero atom as a substituent, a catalyst for addition
10 poly | ai ned by using said transition nmetal conpound, and a
process for mw@dtci ng an addition polyner with the catalyst. Description
of Related Arts Regarding a nethod for producing an addition polyner 15
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in or the like is conducted in such a system the anount of the initial
heat generation is large particularly due to high initial activity and
conseguently control of gATKGROUNDErORatTHE) MVENTIONS difficult. 25
SUMVARY OF THE | NVENTI ON Under the above-situation, an object of the
present Fiakdtofnthe tImvamviae a transition nmetal conpound useful for

preparing a catalyst for addition pol ynerization having
The present invention relates to a transition metal

compound havingamultidentatemono-anionic ligand containing

a hetero atom as a subsfituent, a catalyst for addition
10 polymerization obtained by using said transition metal

compound, and a process for producing an addition polymer with

the catalyst.

Description of Related Arts

Regarding a method for producing an addition polymer
15 with a single site cé.talyst composed of a metallocene complex
or the like, many reports have done. For example,
JP-A-58-19309 discloses a method for producing an olefin
polymer with a metallocene complex and an aluminoxane. There
h has been a problem that when addition polymerization of an
20 olefin or the like is conducted in such a system, the amount
of the initial heat generation is large particularly due to
high initial activity and consequently control of the

polymerization reaction is difficult.

25 SUMMARY OF THE INVENTION
Under the above-situation, an object of the present
invention is to provide a transition metal compound useful
for preparing a catalyst for addition polymerization having

a catalytic activity which suppresses heat generation at the



a catalytic activity which suppresses heat generation at the 2 13 January

2004 Dbegi nning of polynerization and can be industrially carried out, and

such a catalyst for addition polynerization, and an efficient process for
produci ng an addition polyner, which gan suppress heat 1888%I-A) b&gy at the

" beginning of 5 polynerization and can Be industrially carried out. Nanely,

the present invention relates to a transition netal conmpound (A) of the

following general fornmula (1): AERL MX2 (1) Dn (wherein, Mrepresents a

[ [ i [ ) .10 haf.ni ' h f l id
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an al kyl r oy r al, kyl < +8 ‘ I Sid VLG qup;  E
repr esentcslg%\h agrg%%g?ha oﬁqg(%rgliggltf 5¥ka%%§r¥9é§éhﬁg?§%%q§gq-lﬁirﬁdegggidgﬁt ly
representgeg; oydpp Poghe_@ £03! 299Ny Al 'oda Bl & w1 yReal, kihighoup,
aryl group, substituted silyl group, alkoxy group, aralkyloxy group,

aryl oxy of4ips@pprébsSulsit igEsr6i 69 &€ OYRe deGitnMints ¢®y bond nutual ly
to forma ring; D represents a neutral |ligand coordinated on M and n
repr eSentgopymenigget oaf aldomah the 2indu2drkalilyecanticedrasent i nvention
relates to a catalyst for addition polynerization obtained by bringing the
transition netN@amelynporel gyHsent olroerbtenwrehatre teol aohwagsiBloand/ or

(©: (B) one or nore alum num conpounds. sel ected fromthe folloxjpg 3.13
January 1 compound (A) of the following general formula (1):

E R1

A
I‘L — X2 )

Dp

(wherein, M represents a titanium atom, zirconium atom or

10 hafnium atom in the +3 formal oxide condition; A represents
a multidentate mono-anionic ligand: R? represents an alkyl
group, aralkyl group, aryl group or substituted silyl éroup;
E represents an oxygden atoh or sulfur atom; eéch of two Xs
independently represents a hydrogen atom, halogen atom, alkyl

15 group, aralkyl group, aryl group, substituted silyl group,
alkoxy group, aralkyloxy group, aryloxy group or
di-substituted amino group, and two Xs may bond mutually to
form a ring; D represents a neutral ligand coordinated on M;
and n represents an integer of from 0 to 2.).

20  Further, the présent invention relates to a catalyst for
addition polymerization obtained by bringing the transition
metal compound (A) into contact with the following (B) and/or
(C):

(B) one or more aluminum compounds selected from the following



(Bi) to (B3); (Bl) organic alum num conmpounds of the general formnula
ElaAl1Z3 a, (B2) cyclic alum noxanes having a structure of the 5 general
formula { -Al (E2) -O )b, and (B3) |inear alum noxanes having a structure
of the general formula E3( -Al (E3) -0- )cAl E32 (\Aherei{BJgr%H,ﬁMEl, E2
and E3 represents a hydrocarbon group, ‘@nd all Els, all E2s or all E3s may
be the sane or different. 10 Z represents a hydrogen atom or hal ogen atom
and all Zs may be the sane or different. a represents a nunber satisfying
0O<a; 53, b represents an integer of 2 or nore, and c represents an integer
of 1 or nof81), ¥a)(BBE:or nore boron conpounds sel ected fromthe follow ng
15 (d) to (C3): (dA) boron conpounds of the general formula BQLQR2Q, (C2)

boron conpounds é8lhergendcas liwpvimunm coBpoRE@ R Gthe gané K433 ) e
conpounds 8{ the general fornmula 20 ( L -H) + (BQ1Q2Q384) (‘wher el n, B
represents aA¥%3rat ent boron atom and QL to 4 represent a hal ogen atom
hydr ocar bon grou? galo enat ed hydrocarbon group, substituted silyl group,
al koxy group or B2)s 134G 13buBMN AF aglesuhaving t Ay tmmy therd hef seHe or 25

LB S B R B ST . Sy
2004 -3A (B3) linear aluminoxanes having a structure of the
general formula'E’{-Al(E’)-O-}cAlE32

(wherein, elach of E!, E? and E? represents a hydrocarbon group,
and all E's, all E’s or all E’s may be the same or different.
;O - Z represents a hydrogen atom or halogen atom, and all és may

be the same or different. a Trepresents a number satisfying

0<a=3, b represents an i'nteger of 2 er more, and c represents

an integer of 1 or more.),
_ (C) one or more boron compounds selected froﬁ the following
15 (C1l) to (c3):
(C1l) boron compounds of the general formula BQ'Q?%Q3,
(C2) boron compounds of the general formula
'G*(BQ'Q’Q%°0*)”, and
(C3) boron compounds of the general formula
20 (L-H)*(BQ'Q%Q%*)"
(wherein, B represents a trivalent boron atom, and Q! to Q*
represent a halogen atom, hydrocarbon group, halogenated
hydrocarbpn group, substituted silyl group, alkoxy group or
di-substituted amino group, and they may be the same or
25 different. G* represents an inorganic or organic cation, and
L represents a neutral Lewis base and (L-H)* represente a

Brénsted acid.).



More particularly, the invention relates to a transitional nmetal conpound
represented by the general fornmula (3): R3\ epDn R3/ X2. (RS) mE -Rl 10
wherein Mrepresents a titaniumatom zirconiumatomor hafniumatomin the
+3 formal oxide condition; Cpl represents a group havi pg s arebenent adi ene
type anion skeleton; J represents an atomof XIV group 1n the periodic
table of elenent; each of R2 and R3 independently represents a hydrogen
atom hal ogen atom al kyl group, aral kyl-g‘koup, aryl group, substituted
silyl group, al koxy group, aral kyl oxy group, aryloxy group or di 15
substituted am no group, and a plurality of Res may bond nmutually to forma
ring; m represeMae aparticdleger 10 hvaiioR S ygen at

or sulfur atom R rgaresgl%{gs an al kyl g?igﬁtg? tgreell Q{Ia?ﬂgi%ﬁlp:‘m%glx 0%6}%’388
substit ut edregﬁsﬂteﬁf"&fﬁ geagighfomuladd): Xs i ndependently represents a
hydrogen atom hal ogen atom al kyl group, aral kyl group, aryl group,
substituted silyl group, a koxy gro aralkyloxy group, aryloxy group or
di 20 substituted am no a % ybond nmutually to forma ring;
D represgnts a neutral Ilgan oord ed on M and n represents an
integer of fromO to 2. Bﬁ DESCRI PTI THE DRAW NG 4 13 January 2004
Fig. 1 is a flowchart foft ass Stl( g under 42 andi ng of the present
invention. This flowhart showse 3 Bal exanple (ﬁ){) enbodi ments of the
present invention, and the ope{ B the present “iYWention is not linited
at all thereto. 5 DETAILED l»‘w' é]\l THE | NVENTI ON The present

invention will be illustrala eI ow. In the transition netal
conpound (A) of the
10 wherein M represents a titanium atom, zirconium atom or hafnium atom in the +3 formal
oxide condition; Cp' represents a group having a cyclopentadiene type anion skeleton; J
represents an atom of XIV group in the periodic table of element; each of R? and R® |
independently represents a hydrogen atom, halogen atom, alkyl group, aralkyl group, aryl
group, substituted silyl group, alkoxy group, aralkyloxy group, aryloxy group or di-
15 substituted amino group, and a plurality of Rs may bond mutually to form a ring; m
represents an integer of from 0 to 4; E represents an oxygen atom or sulfur atom; R!
represents an alkyl group, aralkyl group, aryl group or substituted silyl group; each of two
Xs independently represents a hydrogen atom, halogen atom, alkyl group, aralkyl group,
aryl group, substituted silyl group, alkoxy group, aralkyloxy group, aryloxy group or di-
20 substituted amino group, and two Xs may bond mutually to form a ring; D represents a

neutral ligand coordinated on M; and n represents an integer of from 0 to 2.

BRIEF DESCRIPTION OF THE DRAWING



10 above-nentioned general formula (1), Mrepresents a titanium atom
zirconiumatomor hafniumatomin the +3 formal oxidation state, and
particularly preferably a titaniumatomin the +3 formal oxidation state.

Exanpl es of the neutral |igand represented by D 15 coor in the
general formula (1), include, for exaﬁple et her conpoﬂgdgh éi%%aca)fgldlethyl
ether, tetrahydrofuran, di-n-butyl ether, di-iso-butyl ether,

di-tert-butyl ether and the |ike, tertiary am ne conpounds such as
triethylamne, pyridine and the like, nitrile 20 conpounds such as
acetonitrile, bghﬁonjrtﬁl% W tTRAT T KeOT 2$8isting Baéﬁé'saaming of

hydr of d | f
atom of SEPF B SRR RA t3PBror BB SHPBRIGES SHOM 8AYR IR haRaGH 2t om
representgglé&g%&imeﬁpgdgﬁ ralre%% angg%gtgié}eggig orlne atog%&%hlorlne

atom brontn om rnan

particul %Mseﬂfze&ﬁ%‘?&' drs las Pr](f'ﬁlﬂaamat 1t1hecr?éf<{éogr0up repr esent ed

by X or In the general fornmu an al kyl group having 1 to 20
carbog atons is 5 13 January 2004 preferable, and exanpl es thereof include
a nmethyl group, ethyl group, n-propyl group, isopropyl group, n-butyl
group, sec-butyl DEDAPLEDerDESQRYPTFONUPOFi STHEt yINYENTPONN- pentyl  group,
neopentyl group, anyl group, n-hexyl group, n-octyl 5 group, n-decyl group,
n- dodecyl grouglhe-peesanscinvgnddpn wiikl coeyilynstpaied time dét@il and

nor e preferable exanples are a nethyl group, ethyl group, isopropyl group,
tert- but)}?e Q¥ oup, isobutyl group and anyl group.

In the transition metal compound (A) of the
10. above-mentioned general formula (1), M represents a titanium
atom, zirconiumatomor hafniumatomin the +3 formal oxidation
state, and partibularly’preferably'a titanium atom in the +3
formal oxidation state;
Examples of the neutral ligand represented by D
15 coordinated on M, in the general formula (1), include, for
example, ether compounds such as diethyl ether,
tetrahydrofuran, di-n-butyl ether, di-iso-butyl ether,
di-tert-butyl ether and the like, tertiary amine compounds
such as triethylamine, pyridine and the like, nitrile
20 compounds such as acetonitrile, benzonitrile and the like,
etc., and preferably tetrahydrofuran and pyridine.
E in the general formula (1) is an oxygen atom or sulfur
atom, and preferably an oxygen atom.
As the halogen atom represented by X in the general
25 formula (1), a fluorine atom, chlorine atom, bromine atom,
jodine atom and the like are exemplified, and particularly
preferable is a chlorine atom. |
As the alkyl grdup represented by X or R! in the general

formula (1), an alkyl group having 1 to 20 carbon atoms is



Any of these al kyl groups may be substituted with a 10 hal ogen at om such
as a fluorine atom chlorine atom bromne atom iodine atomand the |iKke.
Exanpl es of the alkyl group having 1 to 10 carbon atons substituted with a

hal ogen atom include a fluoronmethyl group, difluoronethyl

trifluoronethyl group, chloronethyl éup, dlchloronethylJagggggggg,
trichl oronet hyl group, brononethyl group di br ononet hyl group,

tri brononet hyl group, iodonethyl group, diiodonethyl group, triiodonethyl

group, fluoraethyl grou di f1 uor eth 0 trifluoroethyl aroup,
Letraf| uo%s?ﬁre’élgr R exande D b PEeths Hifbhae acrrraﬁxét%frl’f%r LN

di chl or oe gr up, th éﬁ;J hl r I up,
pentachloé 8 r%ﬁ?%ﬁ%) Sﬁhy¥£°? 591 |bl§§ é?h y 8rgﬁB,

tribr Oﬁvegéaqurtgrqurbebr a@é%u%hwl P%agp 196%%%0@%@' ndpeHRy1

per f1 uor opropyl group, perfluorobutyl group, perfluoropentyl group,
perfl uor ofiegip , 2hegbenity 10eidur) castly lggpp, n Aeeky vogodagecyt ogreup,
perfluoropentadecyl group, perfluoroeicosyl group, perchloropropyl group,
per chbor opmoyp , gnedpecypegcupr,operiode cyr mmumercpen badeyly Lgguopp .

per chl orooctyl -group, perchlorododecyl group, perchloropentadecyl group, 6
13 January-2boasypegERUPr 8&idc dH lgﬂmp aq@mw@%ﬂaglguﬁxamples .

per bromobutyl grou per br ent rou er br gnohex roup
perbronnd%??ﬁ’@?%ﬁﬁp HéPH@onﬁ&g §F° ug?°8589330ﬂ538§tag%E§FbBF8&p,

oy al oo SEowe « FRPEG I8l st il FrRE L 8hReky or oup such as a methoxy
group, ethoxy gpupeapfekbe |l'ki§q’ m@ylm BEOYRLIHIR AR WIER0XY group

10 halogen atom such as a fluorine atom, chlorine atom, bromine
atom, iodine atom and the like. Examples of the alkyl group
having 1 to 10 carbon atoms substituted with a halogen atom '
include a fluoromethyl group, difluoromethyl group,
trifluoromethyl group, chloromethyl group, dichloromethyl

15 group, trichloromethyl group, bromomethyl group,
dibromomethylgroup,tribromomethylgrdup,iodomethylgroup,
diiodomethyl group, triiodomethyl group, fluoroethyl group,
difluoroethyl group, trifluoroethyl group, tetrafluoroethyl
group, pentafluoroethyl group, chloroethyl group,

20 dichloroethyl group, trichloroethyl group, tetrachloroethyl
group, pentachloroethyl group, bromoethyl group, |
dibromoethyl group, tribromoethyl group, tetrabromoethyl
group, pentabromoethyl group, perfluoropropyl group,
perfluorobutyl group, perfluoropentyl group, perfluorohexyl

25 group, perfluorooctyl group, perfluorododecyl group,
perfluoropentadecyl group, perfluoroeicosyl group,
perchloropropyl group, perchlorobutyl group, perchloropentyl
group, perchlorohexyl group, perchlorooctyl group,

perchlorododecyl group, perchloropentadecyl group,



and the like, an aral kyl oxy group such as a benzyl oxy group and the |iKke,
etc. 10 As the aral kyl group represented by X or RL in the above-nentioned
general formula (1), an aral kyl group having 7 to 20 carbon atons is
preferable, and exanples thereof include a benzyl grou

(2- ot hyl phenyl ) nethyl group. (- et hGl pheny! ) met hyl _gr Solgnuary 2004

(4- met hyl phenyl ) net hyl group, 15 (2, 3-di net hyl phenyl) net hyl group,

, 4- dlnethylphenyl)nethyl group, (2,5-dinmethyl phenyl)nmethyl group,

di met hyl phenyl ) met hyl group (3, 4-di net hyl phenyl ) net hyl group
|né@%?¢%h@ﬁ9?}ﬁ9ﬁﬁ9{gﬁPéﬁp Pe{ErSmQPFPPﬁEtﬂ?PBHed@?Shﬁ?%?Puﬁygup,
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(n-bugyl pheny| )pget wd r 9T014p o £( S186s H WK PN g YlupEEL AY la IFOBR. partially
(tert-butyl phenyl)nmethyl group, (n-pentylphenyl)nethyl group,

( neopent ydytheny/t y et halt lganad k dxy YeavbEhertya s metdiyhody group , ethoxy
(n-octyl phenyl ) met hyl group, (n-decyl phenyl)nethyl group,

( n- dodecydphemandrethey 11 igeou@n aapyioxy gaomg spcdups a phenoxy group

and the like, an aralkyloxy group such as a benzyloxy group

2
2
3,
2,
3,
r

and the like, etc.

10 As the aralkyl group represented by X or R! in the
above-mentioned general formula (1), an aralkyl group having
7toZOcarbonatomsispréferable,andexamplésthereofinclude
a benzyl group, (2-metﬁylphenyl)methyl group,
(3-methylphenyl)methy1group,(4-methylphenyl)methylgroup,

15 (2,3-dimethylphenyl)methyl group, B
(2,4-dimethylphenyl)methyl group,
(2,5-dimethylphenyl)methyl group,

(2,6-dimethylphenyl )methyl group,
(3,4-dimethylphenyl)methyl group,

20 (3,5-dimethylphenyl)methyl group,

- (2,3,4-trimethylphenyl)methyl group,
(2,3,5-trimethylphenyl)methyl group,
(2,3,6-trimethylphenyl)methyl group,
(3,4,5-trimethylphenyl)methyl group,

25 (2,4,6-trimethylphenyl)methyl group,
(2,3,4,5-tetramethylphenyl)methyl group,
(2,3,4,6-tetramethylphenyl)methyl group,
(2,3,5,6-tetramethylphenyl)methyl group,

(pentamethylphenyl)methyl group, (ethylphenyl)methyl group,



ant hracenyl net hyl group and the |ike, and a benzyl group is preferable.
Any of these aral kyl groups may al so be partially 10 substituted. with a
hal ogen atom such as a fluorine atom chlorine atom bronm ne atom iodine
atom and the like, an al koxy group suzh as a net hoxy gﬁgggnwﬁybggy gr oup
and the like, an aryloxy group such as a phenoxy group and the |ike, an
aral kyl oxy group such as a benzyl oxy group and the |ike, etc. 15 As the
aryl group represented by X or RL in the general formula (1) an aryl

h 6 to_ 20 t ferabl t her eof
"nal bde & PIRFRPYEPBERYL SR s&”%bﬁap %ceeéfw%pﬁaaﬁﬁw"ﬁmsl FoHR.

b et R T TR 0
B e e £ 10 At o

2,3, 5-

2,4,6-tri

2,3,4,5-t |I2Jaﬁmﬁ} 1 )Re8hd1GriQip Arat-hy dny Dy R&Eh

2,3,5, 6- tggttar amet hgél phenyll%?%, )pent gmae% hyl 1f)hgir?yl %%Wou%, yet hy?phenyl
groups N-g¥@Ry) pheryttglphenylsostipyl pheoyb , g( adde cylpted phpmgthgloup,
sec- butyl phenyl group, tert-butyl phenyl group, di-tert-butyl phenyl group,
di -tert - ytodpet(m-Hdqdasyiphenpl ) mepbytlyg pbeny Inaphtipy lmasbydngyopheny|
group, n-hexyl phenyl group, n-octyl phenyl 8 13 January 2004 group,

n- decyl prayshragenplmatiyde gFPpReARd épéublkem e8¢ &d E?Fﬁﬁeﬂypugrbﬁp
napht hyl gro anthracenyl group and the like, and a phenyl group is nore
preferamRie@é%ﬂ €t hese aryl groups may al so be partially substituted 5

with a halogen glomsuffle88 2rhhiy1 Y mdy 2158808! Plrtially

10 substituted with a halogen atom such as a fluorine atom,

chlorineatom,bromineatom,iodineatomandthelike,ana;koxy
group'such as a methoxy group, ethoxy group and the like, an '
aryloxygroupsuchasaphenoxygroupandthelike,anaralkyloxy‘
group such as a benzyloxy group and the like, etc.

15 As the aryl group represented by X or R! in the general
formula (1), an aryl group having 6 to 20 carbon atoms is
preferable, and examples thereof include a phenyl group,
2-tolyl group, 3-tolyl group, 4-tolyl group, 2,3-xylyl group,
2,4-xylyl group, 2,5-xylyl group, 2,6-xylyl group, 3,4-xylyl

20 group, 3,5-xylyl group, 2,3,4-trimethylphenyl group,
2,3,5-trimethylphenyl group, 2,3,6-trimethylphenyl group,
2,4,6-trimethylphenyl group, 3,4,5-trimethylphenyl group,
2,3,4,5-tetramethylphenyl group, 2,3,4,6-tetramethylphenyl
group, 2,3,5,6-tetramethylphenyl group, pentamethylphenyl

25 group, ethylphenyl group, n-propylphenyl group,
isopropylphenyl group, n-butylphenyl group, sec-butylphenyl
group, tert-butylphenyl group, di-tert-butylphenyl group,
di-tert-butylmethylphenyl group, n-pentylphenyl group,

neopentylphenyl group, n-hexylphenyl group, n-octylphenyl



brom ne atom iodine atomand the |ike, an al koxy group such as a nethoxy
group, ethoxy group and the |ike, an aryloxy group such as a phenoxy group
and the |ike, an aral kyl oxy group such as a benzyloxy group and the |ike,
etc. 10 As the substituted silyl group_represented by X19nafflarykBo4 he
general formula (1), a silyl group sub8tituted with a hydr ocarbon group is
preferable, and exanples of the hydrocarbon group include al kyl groups
having 1 to 10 carbon atons such as a nethyl group, ethyl group, n-propyl
group, 15 isopropyl group, n-butyl group, sec-hutyl group, tert-butyl

group, i sHERHEE} gré&ﬁylmwlﬂgﬁ?%p,nndﬁQmYlgﬁr%%}b\?l ¢5¥Bhexyl group and

he Iike, d I h h I d.the |ike, . As

Such Subs T FakBAdEFTIPHAR SR AP SR AL T30S 8 BN BRECSFI. SRAMM o
- subst i d silyl 2 [ tg.2 h

ot by si 1919 gF BTtk n S S EeAFY 88atp, Ao R MR ZLCT, IS

di -substituted gi ' t3 A%uded
di met hyl si I yl gﬁr%}t%%%{%éfgﬁﬁﬁ%g%oﬂgy%gisﬁgﬁglaﬁ ik %#%Sptang the Iike,

tri-sgbsty{thed dlddedr HLOE H¥YhNEs 3 tHOLXSr LReCaLHAN hDOBiRECAtOM,A
trimethylsilyl group, triethylsilyl group, tri-n-propylsilyl group,
triisoprgydmihglagomup,odine-atdutandithd ldgkeup ant milkeey- pubypssligh group,
tri-tert-butylsilyl group, triisobutylsilyl group, tert-butyldi nmethylsilyl
group, tras a-pebhekyidndupr ekhoxy 4goamrd 3F?1@O®iket:ran ATHOHNYSIFQEPgr oup,
tricycl ohexylsilyl group, triphenylsilyl group and the like, etc. are
|isted, aREN FSef RHRRXAIE AR Iainr%{chﬁ ﬁw%r G&@ tkyloxy group sich
tert-butyldimethyboibyly 9o itk HEALNSINLS! b¥lc o oup.

10 As the substituted silyl group represented by X or R?
in the general fqrmula (1), a silyl group substituted with
a hydrocarbon dgroup is preferable, and examples of the
hydrocarbon group incldde alkyl groups having 1 to 10 carbon
atoms such as a methyl grbup, ethyl group, n-propyl group,

15 isopropyl group, n-butyl group, sec-butyl group, tert-butyl
group, isobutyl group, n-pentyl group, n-hexyl group,
cyclohexyl group and the like, and aryl groups such as a phenyl
group and the 1like, etc. Assuchsubstitutedsilylgrouphaving
1 to 20 carbon atoms, for example, mono-substituted silyl

20 groups having 1 to 20 carbon atoms such as amethylsilyl group,
ethylsilyl group, phenylsilyl group and the like,
di-substituted silyl groups having 2 to 20 carbon atoms such
aé a dimethylsilyl group, diethylsilyl group, diphenylsilyl
group and the like, tri-substituted silyl groups having 3 to

25 20 carbon atoms such as a trimethylsilyl group, triethylsilyl
group, tri-n-propylsilyl group, triisopropylsilyl group,
tri-n-butylsilyl group, tri-sec-butylsilyl group,
tri-tert-butylsilyl group, triisobutylsilyl group,

tert-butyldimethylsilyl group, tri-n-pentylsilyl group,



5 Any of these substituted silyl groups may also be partially substituted
with a hal ogen atom such as a fluorine atom chlorine atom brom ne atom
iodine atomand the |ike, an alkoxy group such as a nethoxy group, ethoxy

group and the 1like, an aryloxy group such as a phenoxy.gr he |i ke,
10 an aral kyl oxy group such as a benzy?oxy group and thégﬂgﬂg¥95§@%. As the

al koxy group represented by X in the general fornula (1), an al koxy group
having 1 to 20. carbon atons is preferable, and exanpl es thereof include a

met hoxy group, 15 ethoxy _group, n-propox [ oup, .i.SQPropoxy group, n-butoxy
group, s -%ﬂﬁb&?x§}5&ﬁ,lt§ﬁéﬁﬁno %ﬁ%ﬁeﬁY &t d; .%ﬁ% ' neopent oxy
group, n-hexax Qup. .N-QCt OXY. gr O - dodegoxy oup,. s pent adecoxy
group, n-tirclcg(}b{&lgéﬁigglaﬁgot e a[ﬁe%&p%nfdlg%br ggér'eﬁeﬁag&es%&é)’ aéﬁgt hoxy
group, € eJA0YE areOlRl & ﬁ%tﬁ¥h§ﬁ$$P §Pdupert-but oxy group. Any of

y

t hese al Koxy groups nmay al so be partia substituted with a hal ogen atom

such as &da¢9%h£¢1a5ABEhyAlYiar ey 2@ ahd 0Bt Iphehg s iiledi neregpm and t he
| i ke, an al koxy 4group such as a nethoxy group, ethoxy group and the |iKke,

an 255aryl oxy @uppposSuthess aupbeidategt auplyhdgtbepsi hay adsar dekyl oxy

group such as a benzyloxy group and the like, etc. As the aral kyl oxy group
r epr esentpattiha XLy rsuthet tnted| witbranplad qaen atem sughkabox £ roupn@avi ng 7
to 20 carbon atons is preferable, and exanples thereof include a benzyl oxy

group, 1@ teEn J SAIATA DO @ o 2 BRATHAS RO ) hodiBe agrgypnd the like,

S o ook et (ACh Ry d Tl RIS ) TRhARY o268t ana the

like, an aryloxy group such as a phenoxy group and the like,

10 an aralkyloxy group such as a benzyloxy group and the like,
etc. .

'As the alkoxy group represented by X in the general
formula (1), an alkoxy group having 1 to 20 carbon atoms is
preferable, and examples thereof include a methoxy group,

15 ethoxy group, n-propoxy group, isopropoxy group, n-butoxy
group, sec-butoxy group, tert-butoxy group, n-pentoxy group,
neopentoxy group, n-hexoxy group, n-octoﬁy'group, n-dodecoxy
group, n-pentadecoxy group, n-icoxoxy group and the like, and
more preferable are a methoxy group, ethoxy group, isopropoxy

20 group and tert-butoxy group.

Any of these alkoxy groups may also be partially
substituted with a halogen atom such as a fluorine atom,
chlorine atom, bromine atom, iodine atomand the 1like, an alkoxy
group such as a methoxy group, ethoxy group and the like, an

25 aryloxygrqupsuchasaphenoxygroupandthelike,anaralkyloxy
group such as a benzyloxy group and the like, etc.

As the aralkyloxy group represented by X in the general
formula (1), an aralkyloxy group having 7 to 20 carbon atoms

is preferable, and examples thereof include a benzyloxy group,



i met hyl phenyl ) met hoxy group, 5 (2,5-dinmethyl phenyl)methoxy group,

i met hyl phenyl ) met hoxy group, (3, 4-di net hyl phenyl ) net hoxy group,

i met hyl phenyl') met hoxy group, (2,3, 4-trinethyl phenyl.)nethoxy group,
2,3,5-trinethyl phenyl ) met hoxy gro (2,3,6-trinethgbgﬁ&gybbggthoxy

group, (2,4,5-trimethyl phenyl) nmet hoxy group,

(2,4, 6-trinmethyl phenyl ) nmet hoxy group, (3,4,5-trinethyl phenyl) et hoxy

group, 15 (2, 3,4, 5-tetranet hyl phenyl ) nmet hoxy group,

(2,3,4,6-tetraneth

yIphenyu% t hoxy group,

(2,55 - | drpibrippnan) TRy I5PBR. (3B HRRSATh ARG A& hoxy
group, (e enyl X r.o - pr.opyl phenyl ) met hoxy group, 20
ElsopLoFy$5EBEyLiﬁe%ﬁ%&?ﬂéﬁgﬁﬁgffﬁ?gﬁ?g&pﬁéﬁy ‘met hoxy group, :

sec- but y}| phenyl b &N th& 84t gLy phenyl ) met hoxy group,
(n-hexylpLehyI?ne?ﬁoséi%br5ﬁgﬁn?n-oc?y?pheﬁ&l)nethoxy gr oup,

(n-decyl ppgnyl JrREReXM pHE MBHP) m&eRbkRY gEBURQXY group, ant hracenyl met hoxy
group and 25 the I'iké, and nore preferable is a benzyl oxy group. Any of

t hese sar af kybodymgtdylphEny ) mothexpagroapl,y substituted with a hal ogen
atom such as a fluorine atom chlorine atom bronine atom iodine atom and
the |ike, (2an6ablkmeyhydpdignwlore Blsowy n8rRBRy group, ethoxy group and the

li ke, an 11 13 January 2004 aryloxy group such as a phenoxy group and the
li ke, an 63 atk§GLBRFhYdPHER BLLTE BROKY h8R2PPoxy group and the like, etc.

(3,5-dimethylphenyl)methoxy group,

4-d
, 6-d
5-d
(

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

10 (2,3,5-trimethylphenyl)methoxy group,
(2,3,6-trimethy;pheny1)methoxy group,
(2,4,5-trimethylphenyl)methoxy group,
(2,4,6-trimethylphenyi)methoxy group,
(3,4,5-trimethylphenyl)methoxy group,

15 (2.,3,4,5-tetramethylphenyl)methoxy group,
(2,3,4,6-tetramethylphenyl)methoxy group,
(2,3,5,6-tetramethylphenyl)methoxy group,
(pentamethylphenyl)methbxy group, (ethylphenyl)methoxy
group, (n-propylphenyl)methoxy group,

20 (isopropylphenyl)methoxy group, (n-butylphenyl)methoxy
group, (sec-butylphenyl)methoxy group,
(terf-butylphenyl)methoxy group, (n-hexylphenyl)methoxy
group, (n-octylphenyl)methoxy group, (n-decylphenyl)methoxy
group, naphthylmethoxy group, anthracenylmethoxy group and

25 the like, and more preferable is a benzyloxy group.

Any of these aralkyloxy groups may also be partially
substituted with a halogen atom such as a fluorine atom,
chlorine atom, bromine atom, iodine atomand the 1like, an alkoxy

group such as a methoxy group, ethoxy group and the like, an



As the aryloxy group represented by X in the general formula (1) , an
aryl oxy group having 6 to 20 carbon atons is 5 preferable, and exanpl-es
thereof4incIEdF ﬁ phenoxy group, 2-nethyl phenoxy group, 3-nmnethyl phenoxy
group, 4-nethyl phenoxy group, 2, 3-dinejhyl phenoxy group,

2, 4- di et hyl phenoxy group, 2,5-dinethyi€henoxy grogp, p£?6@HP%¥€ 9?phenoxy
group, 3, 4-di net hyl phenoxy group, 10 3, 5-di net hyl phenoxy group,
2-tert-butyl -3-nmet hyl phenoxy group, 2-tert-butyl-4-nethyl phenoxy group,

L PRI IR MR8 B TR Ll
roup, 2, -trinet - i §

O bl Cr LERIDl SRS ey LI, Brplp An e e P 2ty B oup.
2-tert-butyl -3, gd{;HEt Q¥#Eﬂ§?{§g)§3ﬁogfpo%pre?5é@féd bg%y;kﬁm 6t Hingkhk-ahenoxy

group, 2,6-di-tert-buty tThyl phenoxy group,

2-tent-bupyimdaa- diyet Byl PPENEXY GFOUP hav?ikgd -t butrplond areinsy ighenoxy
group, 3,4,5-trinethyl phenoxy group, 2,3,4,5-tetramnethyl phenoxy group,
2-ter t5 bup¥bfarabiel,r iaml ytphehexytieoapf idcdufles-a givemexnygphopoxy
group, 25 2-tert-butyl-3,4,6-trinethyl phenoxy group,

2, 6-di -t e2 tmbthyllphenakiyrargiphedorgthydppenoxy3 9 MR et r anet hyl phenoxy
group, 2-tert-butyl-3,5,6-trinethylphenox group,

2,6-di -t ettmphyl ,@%qu)he%oiy%meﬁﬁy PREPOXY, ERYP 2004

pentanEthXEEbSQ%QXh T%H%néi;“g gﬁg?x¥,gtaggbthylphenoxy group,
2,6-dimethylphenoxy group, 3,4-dimethylphenoxy group,

10 3,5-dimethylphenoxy group, 2-tert-butyl-3-methylphenoxy
group, 2-tert-butyl-4-methylphenoxy group,
2-tert-butyl-5-methylphenoxy group,
thert-butyl-6—methylphenoxy'group, 2,3,4—trimethylphenoxy'
group, 2,3,5-trimethylphenoxy group, 2,3,6-trimethylphenoxy

15 group,2,4,5-trimethylphenoxygroup,2,4,6—trimethylphenoxy
group, 2-tert-butyl-3,4-dimethylphenoxy group,
2-tert-butyl-3,5-dimethylphenoxy group,
2-tert-butyl-3,6-dimethylphenoxy group,
2,6-di-tert-butyl-3-methylphenoxy gdgroup,

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

25 2-tert-butyl-3,4,6-trimethylphenoxy group,
2,6-di-tert-bu£yl-3,4-dimethylphenoxy group,
2,3,5,6-tetramethylphenoxy group,
2-tert-butyl-3,5,6-trimethylphenoxy group,

2,6-di-tert-butyl-3,5-dimethylphenoxy group,



n- propyl phenoxy group, isopropyl phenoxy group, n-butyl phenoxy group,
sec- butyl phenyl group, tert-butyl phenoxy group, n-hexyl phenoxy group, 5
n- oct yl phenoxy group, n-decyl phenoxy group, n-tetradecyl phenoxy group,
napht hoxy group, anthracenoxy group the like. Any aB jahes§ 2apy! oxy
groups may al so be partially substituted with a hal ogen atom Such as a
fluorine atom 10 chlorine atom brom ne atom iodine atomand the |iKke,
an al koxy group such as a nethoxy group, ethoxy group and the |ike, an

aryl oxy group such as a phenox rou nd' the |ike, an aralkyloxy group
such as aPBBAAPESRY %ﬁdg¥ﬂgpkiEEgYip§eQQ¥$rﬂFQﬁpsubstltuted am no

group representeq#%é i.n 15 the, enerall r nul.a, ]8 an am no group
subst i t ut BaPRCPH nﬂﬁ%ﬂ%ﬁ%?%On g gy P sﬁgﬁyg# "is preferable, and
exanpl es ogu%ggﬁ@gy‘ rnéﬁgkgroggclgﬁkﬂg?hghghp, d%?ﬁ having 1 to 10

carbon at Ons s as a group, ropyl group,

i sopr opyl tekeusutm%%ﬂoﬁprouﬁeCanéseh%@%xnyqﬁ@m butyl group,
i sobutyl group, n-pentyl group, n-hexyl group, o] exyI group and the

| i ke, mryh-geeypphadxig droidp, 10-8acPophanoss sgt.ttziu;a,s a phenyl group and
the like, and aral kyl groups having 7 to 10 carbon atons such as a benzyl

group andnthetiradecydipheraxly egoomp esnaphthexy lgrou ougntincacdsoly a
trimethylsilyl group,tert -butyldinmethylsilyl group and the |ike. Exanples
of such dgreubsepdutd@ ddikr- group include a dinethylanino group,

i - but y1 am RoNEY o, tHPSE0 AR TRIRE JUBY BLePore. FRSHIIRS. b oup.
;1? 13 Jan¥§£¥t298@ed with a halogen atom such as a fluorine atom,
10 chlorineatom, bromine atom, iodine atomand the 1ike, an alkoxy
group such as a methoxy group, ethoxy group and the like, an
aryloxygroup suchas a phenoxy group and the like, an aralkyloxy
group such as a benzyioxy group and the like, etc.
As the di-substituted amino group represented by X in
15 the general formula,(l), an amino group substituted with two
hydrocarbongroupsorsilylgroupsispreferable,andexamples
of the hydrocarbon group include alkyl groups having 1 to 10
carbon atoms such as a methyl group, ethyl group, n-propyl
group, isopropyl group, n-butyl group, sec-butyl group,
20 tert-butyl group, isobutyl group, n-pentyl group, n-hexyl
group, cyclohexyl group and the like, aryl groups having 6
to 10 carbon atoms such as a phenyl group and the like, and
aralkyl groups having 7 to 10 carbon atoms éuch as a Benzyl
group and the like, etc. and examples of the silyl group include
25 atrimethylsilyl group, tert-butyldimethylsilyl group and the
like. Examples of such di-substituted amino group include
a dimethylamino group, diethylamino group, di-n-propylamino
group, diisopropylamino group, di-n-butylamino group,

di-sec-butylamino group, di-tert-butylamino group,



di i osobutyl am no group, tert-butylisopropylanm no group, di-n-hexylan no
group, di-n-octylam no group, diphenylam no group, bistrinmethylsilylamno
group, bis-tert-butyldinmethylsilylam no group and the like, and 5
preferable are a dinmethyl am no group, diethylamno grou | pyl am no
group, di-tert-butylam no group and tﬁ%trinethylsiIylaﬁ?ﬁgqgﬁgggbgAny of
these di-substituted am no groups may also be partially substituted with a
hal ogen atom such as a fluorine. 10 atom chlorine atom bronine atom

i odine atomand the like, an alkoxg group such as a nmethoxy group, ethoxy
group andiihesobkylamingr IERYP gr bept shehyad s@ BAREMHROuBrakd -t he

i ke,* an aral kyl oxy group such_as a benzyl oxy group and the |ike etc.
15 R i n dhen gonky AR GongPatps) af sn op SEBLEBL A HESUPy rBfSupaBino

substituted sily roup, .and a hyl tert-but
trinetmwgﬁ?9P'gL&gﬁrF?%ﬁ§i§?ﬁ£§iﬁﬁb?gr8¥§BPXSG{n tﬁeyge%;?;F ?grnula (1)
may nutu _ rs ' ; t I ,

al koxy g?%%%-nggobﬁg %§%£%§ﬂ§%ﬁ% l%él%ggggﬁg§ﬁgau§n a % #%Fi%gagfom

met hyl § BOXY-e00UP St KX ERENS. rouy, HikthPlami
1,4-dehg%§%?%Fg§tene-f,fldi;T J?gup ig fgfthgf pﬁéfefgﬁ?%%noAgr?ﬁg'

nul ti dent@d £s5PPEPRNLMANG |drgansl, r&pr eseot bdthamino dheugeardal fornul a
(1) , for exanple, a cyclopentadi enyl 25 group, substituted

cycl openttais enime ghygls i liydcamirio ggoepp . substituted i ndenyl group,
fluorenyl group, substituted_fluorenyl group, tris(pyrazolyl) borate
group, tris(suosyiefitEepr oy tidudied QTP HECERE PRKe24FR PBj st ed,

and preferable are a substitute '
) P partially subst:vs.tus:ed ‘(njri Xcé. qpaelnc;éaedrll earpgm such as a fluorine.

10 atom, chlorine atom, bromine atom, iodine atom and the like,
an alkoxy group such as a methoxy group, ethoxy group a_.nd the
'like, an aryloxy group such as a phenoxy group and the like,
an aralkyloxy group such as a benzyloxy group and the like,.
etc.

15 R! in the general formula (1) is preferably the alkyl
group or substituted silyl group, and a methyl group,
tert-butyl group or trimethylsilyl group is mbre preferable.

Two Xs in the general formula (1) may mutually bond to
formaring. As X, the halogen atom, alkyl group, alkoxy group

20 or alkenediyl group is preferable , and a chlorine atom, methyl
group, methoxy group, 3-hexene-2,5-diyl group or
1,4-diphenyl-2-butene-1,4-diyl group is further preferable.

As the multidentate mono-anionic ligand represented by
A in the general formula (1), for example, a cyclopentadienyl

25 group, substituted cyclopentadienyl group, indenyl group,
substituted indenyl group. fluorenyl group, substituted
fluorenyl group, tris(pyrazolyl) borate group,
tris(substituted pyrazolyl) borate group and the like are

listed, and preferable are a substituted cyclopentadienyl



14 13 January 2004 group, substituted indenyl group and. substituted
fluorenyl group. Ais preferably a nmultidentate nono-anionic |igand of
the follow ng general formula (2): 5 CP 1 G (2) wherein Cp' represents a

group having a cycl opentadi ene type anion skeleton; an ts a
substituent having 1 to 30 non-hydrogén atoms' bi ndi ng ggﬁ%&iﬁgggﬁga d E

As the group having a cycl opentadi ene-type anion 10 skel eton represented by
Cpl in the above-nentioned general forrmula (2), there are listed, for
exanple, an 7) 5-cycl opentadi enyl group, TI5-nethylc clopentadlenyl group,
775- mlnﬂ9w¢@gcl©@bﬁtaunéﬁﬁllg@@ﬂﬁl'HFOQPtQHQnﬁqBﬁ%ﬁ%@%ﬁ@nﬁéﬂ?Eﬁ?Ylgroup
Ti 15 5-tetranet hyl cycl opentadi enyl group, T) 5-ethylcycl opentadi enyl
group, TBEP?Ppropylcyclopentadienyl group, 775- isopropylcyclopentadieny

group, 7) 5-n- 0 adlen s I entadi enyl
group, Ti 20 5 ‘{é%lpﬁé%ﬁ{%ﬁ%paéﬁ'{ P%Fo up> SSIQH&% el

5-n- pent%!ngkgffg&ggge %5é¥é¥”¥%#gu § pg@pentylcyclopentadlenyl group, 77
5- n- hexyl cycl openta 9 % n-octyl cycl opent adi enyl group,

7) 5- phenyl cycl opent adi enyl 25 group, 7)5-naphthyl cycl opentadi enyl group, n
5-tripethylsily eptadienyl gr@p, 77 5-triethylsilylcyclopentadienyl
group5 77 5-tert-butyldimethylsilylcyclopentadi enyl group, T)

wherein Cp' represents a group having a cyclopentadiene type
anion skeleton; and G represents a substituent having 1 to
30 non-hydrogen atoms binding between cp! and E.
As the group having a cyclopentadiene-type anion

10 skeleton represented by Cp' in the above-mentioned general
formula (2), there are listed, for example an 7
*-cyclopentadienyl group, 7 -methylcyclopentadienyl group,
7 %-dimethylcyclopentadienyl group, 7
S.trimethylcyclopentadienyl group, 7

15 S_tetramethylcyclopentadienyl group, 7
_ethylcyclopentadienyl group, n>-n-propylcyclopentadienyl
group, n°-isopropylcyclopentadienyl group, 7
*_n-butylcyclopentadienyl group, 7
5_sec-butylcyclopentadienyl group, 7

20 S-tert-butylcyclopentadienyl group, 7
*-n-pentylcyclopentadienyl group, 7
>-neopentylcyclopentadienyl group, 7
5—n-hexylcyclopentadienyl group, T
5—n-octylcyclopentadienylgroup, N °-phenylcyclopentadienyl

25 group, 7°-naphthylcyclopentadienyl group, 7
-trimethylsilylcyclopentadienyl group, 7
-triethylsilylcyclopentadienyl group, 7

>-tert-butyldimethylsilylcyclopentadienyl group, 7



15 13 January 2004 5-indenyl group, 7) 5 -nmethylindenyl group, 77

5-di net hyl i ndenyl group, 77 5-ethylindenyl group, 77 5-n-propylindenyl
group, n 5-isopropylindenyl group, n5-n-butylindenyl group, n
5-sec-butylindenyl group, n 5 -tert-butylindenyl group, 4§

5-n- pentyl i ndenyl group, n5-neopentylil®enyl group, n 5-n?ﬁg¥¥39%%enyl
group, n5-n-octylindenyl group, n 5-n-decylindenyl group, n5-phenylindenyl
group, n 5-nethyl phenylindenyl group, n 5 -naphthylindenyl group, n
5-trimethylsilylindenyl graqup, n5-triethylsilylindgnyl 10 group

n5- t ert - Putiyldgingsk ayoup .yWi%rrd@rtﬁylg-rr&ﬁﬂYh'gr%lR'eﬂr aifidreditnaedeny bup,
n5-f | uor enyl grouP, n_ 5-net hyl fl uorenyl grouB, n iidinetg%lfluoregyl
group, n 9IRWR hyTfa&PIHIN AR ITPRES- 7 et AyPFPRILEAFLIY 0 GF OUR -
5-n-propyl f,l uorenyl. grou n 5-di-n-pgopyl fl uok l.,9r n

5-i sopropillﬁlofﬁ°§\$ﬂiq'b$%ﬁg,l 97 98Py iﬁﬂ?o%%}'?ﬁg‘?éﬁ‘y’? glrll%t’ﬁlf 1”?7

5-n- but ylsf | X : - byt yl I 1Tigrod erd - butyl f
| uor enyl grség:rp%wn Ysﬁrg#gﬁyl@ug§?§&owenyt{é%?oﬁg?f&l%é-agpysecg-rbut%/'l fﬁl uor enyl

groupg 775-%-g>ie-ntt%;1tﬁpa4éﬂ§il yeoepy! n fgr%exmfé?maae;l?hf beeipnyln group,

n5- neopentyl 'l uorenyl 20 group, 77 5-n-hexyl fluorenyl group, n

5- n- oct y ISt hugresiyli Pl gPobpn- detyl fdatoy Biwdegydugronp, 7
5- n-dodecyl fl uorenyl group, n 5-phenylfluorenyl group, n 5

- di - phenyhl-decyiyiin dgroph, gnoup. mét hphsrenlifideny éngrogpoupg] 77
5-naphthxlfluorenyl group, nS-trinethylsilylfluoren group, n 25

5-bis-trin@ﬁﬁ@W@HQﬂﬁYl&#@ﬁ?YlgBBBHP41nE;Q?PQFH¥F§P§§PVFUQF€NQ' d?oup, n
e D LY [ MRSV 8L AL Py K612 80 naliRer @0l € are

10 group, 7N°5-tert-butyldimethylsilylindenyl group, 7
S_tetrahydroindenyl group, 7 °-fluorenyl group, 7
5_methylfluorenyl group, 7°-dimethylfluorenyl group, 7
*-ethylfluorenyl group, n°-diethylfluorenyl group, 7
S_n-propylfluorenyl group, ns-di-n—propylfluorenylgfoup, ]

15 S®-isopropylfluorenyl group, 71 °-diisopropylfluorenyl group,
n°-n-butylfluorenyl group, N 5-sec-butylfluorenyl group, 7
_-tert-butylfluorenyl group, n>-di-n-butylfluorenyl group,
n°-di-sec-butylfluorenyl group, n3-di-tert-butylfluorenyl
group, 7°-n-pentylfluorenyl group, 7 °-neopentylfluorenyl

20 group, n3*-n-hexylfluorenyl group, ns-n-octylfluorenylgroup,.
n3%-n-decylfluorenyl group, 7N°-n-dodecylfluorenyl group, 7
S_phenylfluorenyl group, 7 °-di-phenylfluorenyl group, 7
*-methylphenylfluorenyl group, ns-naphthylfluorenyl group,
N3-trimethylsilylfluorenyl group, 7

25 -bis-trimethylsilylfluorenyl group, 7
S_triethylsilylfluorenyl group, 7
S_tert-butyldimethylsilylfluorenyl group and the like, and
preferable are ans—cyclopentadienyl group, 7

>_methylcyclopentadienyl group, 70



5- et hyl cycl opent adi enyl group, n 16 13 January 2004
5-tert-butyl cycl opentadi enyl group, n 5-tetranethyl cycl opentadi enyl group,
n5-indenyl group and n 5 - f luorenyl group. Gin the general fornula (2)
represents a substituent 5 having 1 tg, 30 non-hydrogen1gt@ﬁ§a ipging Cp 1
with E, and exanples thereof include Hanethylene group; polynethyl ene
groups such as a 1, 2-ethyl ene group, 1, 3-propylene group and the liKke;
cycl oal kanedi yl group; silicon-containing hydrocarbon groups such as a

di al kyl si] yl ene grouE, 10 sil acycl oal kanedi lyl group and the I|ike;

ger mani umcait i PR YL Ay AL o0& Il sIEUR ad a  di al kyl ger nyl ene group,

’

ger nyl acygcl oal kanedi rqup and f.he i ke, atons Qf r N e

et o o i Stk ke cRr L gRrannd o el £ dng il Pubr zhd

phenyl ene_and.t he |ike, 15 in some cases, a substituent conbining them
may al so Be %&&4%%? I%,gg%d preferable are a pol ynet hyl ene group,

substituted phe@yjl.r?rﬁ'l@rg%%réybﬁéfrﬁ&li@dﬁ PHEFYH LHEOIY sTA Osib s t S¥Bshitt ut ed
phenyl enet hi o group and groups of the following general formula (4), and

parti gul afhyiRgeierabl3e arch Gipapsg@R atombebiioldiow rap'geneartalE f camdil a (4):
(R2) in R3 R3 (wherein, J represents an atomof XV group in the periodic
tabl e of ek&mphes ehelrenlif Rhahudd3ai methyhdeet gy avapr exskymethyhgdeogen
atom hal ogen atom al kyl group, aral kyl group, 25 aryl group, substituted
silyl grogmeups koxgh @oapl . Ar aitkyllene $¥°F9'J§ﬂ§ap§"°@(¥d~$ne group and

the like; cycloalkanediyl group; silicon-containing
hydrocarbon groups such as a dialkylsilylene group,

10 silacycloalkanedilyl group and the like;
germanium—containing hydrocarbon groups such as a
dialkylgermylénegroup,germylacycloalkanediylgroupandthe
like; atoms of XVI grodp in the periodic table such as an oxygen
atom and sulfur atom; substituted phenyléne and the like, and

15 in some céses, a substituent combining them may also be
permissible, and preferable are a polymethylene group,
substituted phenylene group, substituted phenyleneoxy group,
substituted phenylenethio group and groups of the following

general formula (4), and particularly preferable are groups

20 of the following general formula (4):

N (RD
- -(4)

R3/ \R3

(wherein, J represents an atom of XIV group in the periodic

table of element; each of R? and R® independently represents

a hydrogen atom, halogen atom, alkyl group, aralkyl group,

25 aryl group, substituted silyl group, alkoxy group, aralkyloxy



group, aryloxy group or di-substituted am no group, and a plurality of Res
may bond nutually to forma ring; mrepresents an integer of fromO to 4).
Nanely, the transition nmetal conpound of the 5 above-nentioned general
formula(l)is preferably atransition netal conpound of t{ae e
general formula (3): R3\ gyp\N/Dn R3r72) X 2 (3) E ‘%@E@&gﬁﬁg M
represents a titaniumatom zirconiumatomor hafniumatomin the +3
formal oxide condition; Cpl represents 10 a group having a

cycl opent adi ene-type ani on skeleton; J represents an atomof XIV group in
the peri o@feUPabR&EYHOXH AROHP OFadh-SPRPREILNF B IHeRDHERHP yaRBpfesent s

a hydrogen_atom. halqogen atom al kyl grou ral kyl . grou aryl group,
subgpitgtEHFgFF}FYQ?Sﬁgﬁ‘%T?g&V“§W8¥B?q&?é€?§%B¥@aéﬁ%%%f"€§e8F§F88§sgPoup
or dl-substltu%egs m 10 Qroun, €gd4?.plurallty of Res may bond nutually to

forma ri%ﬁ;l Fepresents An 1n ege of fromO to 4; E represents an
oxygen atom or guhbul ALY +oh JONED U BaRNcBhBland @uP i al Kyl group.

aryl group or su silyl group; each of two Xs independently 20
repr egent $pavaY A4 PG n 82k 0GR M 13likprefedab ¢t kithsigiedp, aryl
group, substituted silyl group, al koxy group, aralkyloxy group, aryl oxy
group or métaubsbmpoidd af Nthegrboplowand gemeXsIneformonda nuByal ly to form

aring; Drepresents a 18 13 January 2004 neutral |igand coordi nated on M

and n represents an integgy : Cpl D
~. \\M/// n

v ~
R ) Xy

(R?)
-(3)
E—R1

(wherein, M represents a titanium atom, zircénium atom or
hafnium atom in the +3 formal oxide condition; Cp1 represents:
10 a group having a cyclopentadiene-type anion skelgton;.J
representsanatomof XIVgroupintheperiodictableofelement;
each of R? and R® independently represents a hydrogen atom,
halogen atom, alkyl group, aralkyl group, aryl group,
substituted silyl group, alkoxy group, aralkyloxy group,
15 aryloxy group or di-substituted amino groﬁp, and a plurality
of R?s may bond mutually to forma ring; m represents an integer
of from 0 to 4; E represents an oxygdgen atom or sulfur atom;
R? represents an alkyl group, aralkyl group, aryl group or
substituted silyl group; each of two Xs independently
20 represents a hydrogen atom, halogen atom, alkyl group, aralkyl
group, aryl group, substituted silyl group, alkoxy group,
aralkyloxygroup, aryloxygroupordi-substituted amino group,

and two Xs may bond mutually to form a ring; D represents a



of fromO to 2.). In the above-nentioned general formula(3),J represents
an atomof XV group in the periodic table of elenent, and 5 as specific
exanpl es thereof, a carbon atom silicon atom germanium atom and the |ike
are listed, and a carbon atomor a silicon atomis pref@r t he
general formula (3), M D, n, X and Cpi8are as defined %r‘%\?'lhggs%o?‘ti n the
above-nentioned general fornmula (1) 10 or (2). The hal ogen atom al kyl
group, aral kyl group, aryl group, substituted silyl group, alkoxy group,
ar al kyl oxy group, aryloxy group and di-substituted am no group
representegutppl Regand s3ordinpsegentridt Fnd UFEPLPsents af dateged for X
in 15 the general formula (1) . mrepresents an integer of fromO to 4

i ndi cati n®ft REORuPpd® &- lsubstituent R2 on a benzene ring, preferably an

[ f f 0 d R2.i ' i f bl | kyl :

i kosy oroup or 1S(BG ReeTeanertgPred SuieeabreaRar 4l ry shPafRS st oup.

Each of R,3S,20n B9eREPIGRLLY HAPREe Hek 10h A KVdp DL O4P: o BLIBYY  95QWP, aryl
group or ary?oxy group,.gr c%%loalghngﬁﬁfl group or S|Iacyc?oaVkanedin

gr oup 50bt 24 nggle BY £§8MRKANMPA M HRYI AW, o) cdridheditHhef &1 8bkyn atBRLNY!
group, ethyl group, methoXy group, ethoxy group or phenyl group. 25

Speci fi ¢ gxafigh&amo& t biicahdatise t11ike ridall icagduahdfa chidodbatememt i oned
general formula (1) include (nethoxycyclopentadienyl)titaniumdichloride,

(et hoxycya| speiacadi etyph) tist grefexakheori de,
(n-propoxy ey el op e ! Genesal formuia (300 M. b.'n. % 2nd Cpt 476 as
defined previously in the above-mentioned general formula (1)

10 or (2).

The halogen atom, alkyl group, aralkyl group, aryl group,
substituted silyl grbup, alkoxy group, éralkyloxy group,
aryloxy group and di—éubstituted amino group represented by
R? and R? in the general formula (3) are as defined for X in

15 the general formula (1). m represents an integer of from 0
to 4 indicating the number of substituent R? on a benzene ring,
preferably an integer of from 0 to 2, and R? in this case is
preferably an alkyl group, alkoxy group or substituted silyl:
group, more preferably an alkyl group. Each of R3s

20 independently represents an alkyl group, alkoxy group, aryl
group or aryloxy group, or cycloalkanediyl group or
silacycloalkanediyl group obtained by combining two R?® and
J, further preferably, a methyl group, ethyl group, methoxy
group, ethoxy group or phenyl group.

25 Specific examples of the transition metal compound of
the above-mentioned general formula (1) include
(methoxycyclopentadienyl)titanium dichloride,
(ethoxycyclopentadienyl)titanium dichloride,

(n-propoxycyclopentadienyl)titanium dichloride,



(1 sopropoxycycl opent adi enyl )titani um di chl ori de,
(n-but oxycycl opent adi enyl ) titani um di chl ori de,
Et-butoEycycIopentadienyl)titaniun1dich|oride,
trinmethyl sil oxycycl opentadi enyl )titani umdichloride, 5
( (et hoxynet hyl ) cycl opent adi enyl ] ti t arkim di chl ori de, |2 vanuary 2004
[ (et hoxymet hyl ) cycl opent adi enyl Jti tani um di chl ori de,
[ (n- propoxynet hyl ) cycl opent adi enyl Jtitani um di chl ori de,
[ (i sopropoxynet hyl ) cycl opent adi enyl Jtitani um di chl ori de,
[ (n- but ox{ieepyopoyycycdoredi ttadienyl hhi tanduaniddahdeor ide
[ (t-butoxynethyl)cyclopentadienyl]titaniumdichloride,

Tl e

[ (et hoxy)e/(tw%/‘)‘%9%?6%5&98&“&@%‘]%X%ﬁ%ﬁ?na%‘h &_r%uh&é’,ef?de'

L A A i
gt Oxg@%g,g,%%@{agggg{%cgn e]ﬁﬁé@ﬂéﬁm ] G':I.Q%:ncirdngedichloride ,

(t-butox _ titanium “dichloride,
trimet hyf éﬁ-ﬂ@%yﬁ&hrimb%qn?&ra@amﬁl ]t 2BanTu? @ ikcid o1 dee,

(
(et hoxy- n- propyl ) cycl opent adi enyl Jtitani um dichloride,

(et hoxy-nemp+ mpyporymeahgit)adicipdn tadbenyl Jdickindnimiejichloride,
(n-propoxy-n-propyl)cyclopentadienyl%titaniun1dich|oride,

E i sopr oplobdys sp peDpYYReEbivdpancliireiyt3diennild il taninm High Heride,
(

(

O Oy ey, SRS AL 2o Dt s ot e,
triget iyl sil oryInBL Aol QRaN A% enyh T tikanivm Aiah oFide,

[ (trimethylsiloxymethyl)cyclopentadienyl]titanium

[
[
[
[
[
[
[
[
[

'dichloride, [ (methoxyethyl)cyclopentadienyl]titanium
dichloride, [ (ethoxyethyl)cyclopentadienyl]titanium
dichloride, [(n-propoxyethyl)cyclopentadienyl]ltitanium

15 dichloride, [(isopropoxyethyl)cyclopentadienyl]titahium
dichloride, [(n-butoxyethyl)cyclopentadienyl]ltitanium
dichloride, [(t-butoxyethyl)cyclopentadienyl]titanium
dichloride,

[ (trimethylsiloxyethyl)cyclopentadienyl]titanium

20 dichloride, [(methoxy-n-propyl)cyclopentadienyl]titanium
dichloride, [(ethoxy-n-propyl)cyclopentadienyl]titanium
dichloride,

[ (n-propoxy-n-propyl)cyclopentadienyl]ltitanium dichloride,
[ (isopropoxy-n-propyl)cyclopentadienyl]titanium

25 dichloride, [(n-butoxy-n-propyl)cyclopentadienyl]titanium

| dichloride, [(t-butoxy-n-propyl)cyclopentadienyl]ltitanium
dichloride,
[ (trimethylsiloxy-n-propyl)cyclopentadienyl]titanium

dichloride,



met hoxydi net hyl silyl)cycl opent adi enyl ]titani um
met hyl silyl)cycl opentadi enyl]Jtitanium dichloride, 5
yl ) cycl opent adi enyl Jtitani um dichlori de,
[ (i sopropoxydi et hyl silyl)cycl opentadi enyl]titanium dicghlQri
[ (n-but oxydi met hyl si 1yl ) cycl opent adi e®@ ] titanium 10 dﬁ?ﬁ?é?ﬁ“ﬁ%‘fm‘*
[ (t-Dbutoxydi nethylsilyl)cycl opentadienyl]titanium dichloride,
[ (trimethylsiloxydinmethylsilyl)cyclopentadienyl]titanium dichloride, 15
[ (et hoxydi met hyl si | yl met hyl ) cycl opent adi enyl ] titanium dichloride,
[ (et hoxydilntetetiaxydimethylsdydloparalabemyafipnydildhtadiidmori de,
[ (n-propoxydi nmet hyl si |yl net hyl ) cycl opentadi enyl]titanium 20 dichloride,
[ (i sopropbhsiie®mi®§) si | yl net hyl ) cycl opent adi enyl Jtitani um dichloride,
[ (n- but oxydi met hyl si | Inethlgc;clo ent adi en I% i.tani um _dichloride, 25
[(t-buto MWW%@?%W&FH@ X‘bﬁ%‘?‘éﬂ?gﬁ%‘ %Li]ttd‘%a(ﬂﬁmﬂi chl ori de,
[ (trinmethylsi]oxydi methylsilylmethyl)cyclopentadienyl]tit anium
di chl ori %:C%ior}./ge,
5 [ (n-propoxydimethylsilyl)cyclopentadienyl]jtitanium

20 13 January 2004 [ (
di chl oride, [(ethoxydi
[ (n- propoxydi net hyl si
Si
y

dichloride,
[ (isopropoxydimethylsilyl)cyclopentadienyl]titanium
dichloride,
[ (n-butoxydimethylsilyl)cyclopentadienyl]titanium

10 dichloride,
[(t—butoxydimethylsilyl)cyclopentadienyl]titanium
dichloride, ' '
[(trimethylsiloxydiméthylsilyl)cyclopentadienyl]titanium :
dichloride,

15 [ (methoxydimethylsilylmethyl)cyclopentadienyl]titanium
dichloride,
[ (ethoxydimethylsilylmethyl)cyclopentadienyl]titanium
dichloride, |
[ (n-propoxydimethylsilylmethyl)cyclopentadienyl]titanium

20 dichloride,
[ (isopropoxydimethylsilylmethyl)cyclopentadienyl]titanium
dichloride,
[ (n-butoxydimethylsilylmethyl)cyclopentadienyl]titanium
dichloride,

25 [(t-butokydimethylsilylmethyl)cyclopentadienyl]titanium
dichloride,
[ (trimethylsiloxydimethylsilylmethyl)cyclopentadienyl]tit
anium dichloride,

[ (methoxydimethylsilylethyl)cyclopentadienyl]titanium



[ (et hoxydi net hyl silyl ethyl)cycl opentadi enyl]titanium 21 13 January 2004

di
di
di
di
di
di
di
di
di
di

m
m
ti

chl oride, [(ethoxydi nmethylsilylethyl)cyclopentadienyl]titanium :

chl oride, [(n-propoxydi nethylsilylethyl)cyclopentadienyl]titanium 5
chloride, [(isopropoxydinethylsilylethyl)cyclopentadi gny | hWm

chl ori de, [(n-butoxydinethylsiIyIetﬁyl)cyclopentadienﬁ?TL+P#&%@B§1
chloride, 10 [(t-butoxydi nethylsilylethyl)cyclopentadienyl]titanium
chloride, [(trinmethylsiloxydi nmethylsilylethyl)cyclopentadienyl]tita nium
chl oride, [(nethoxydinethylsilyl-n-propyl)cyclopentadienyl]titanium 15
chl ori déichierhdeydi net hyl silyl -n-propyl)cycl opentadi enyl ]Jtitanium

chi o 1 del e SOOKPRBE R K ek HOY &) PRI AR ST LECHE R By ' tan

|un1d|chhiéégf?fﬁgg-butoxydlnethyIS|IyI-n-propyl)cyclopentadlenyl]tltanlu

di chl or7de; but oxydi met hyl si Iyl - n-propyl)cycl opentadi enyl Jtitaniu 25
i chl or fif:pEObLkRN ety Y EY TELAYE oL Wrobdi i Y F) LRRARAUEY!
5 dichloride, :
[ (isopropoxydimethylsilylethyl)cyclopentadienyl]titanium
dichloxide,
[ (n-butoxydimethylsilylethyl)cyclopentadienyl]titanium
dichloride,

10 [(t-butoxydimethylsilylethyl)cyclopentadienyl]titanium
dichloride, _
[(frimethylsiloxydimethylsilylethyl)cyclopentadiényl]tifa
nium dichloride, | '

[ (methoxydimethylsilyl-n-propyl)cyclopentadienyl]titanium

15 dichloride,

[ (ethoxydimethylsilyl-n-propyl)cyclopentadienyl]titanium
dichioride,

[ (n-propoxydimethylsilyl-n-propyl)cyclopentadienyl]titani
um dichloride,

20 [(isopfopoxydimethylsilyl-n-propyl)cyclopentadienyl]titan
ium dichloride,

[ (n-butoxydimethylsilyl-n-propyl)cyclopentadienyl]titaniu
m dichloride,
[(t-butoxydimethylsilyl-n-propyl)cyclopentadienylltitaniu

25 m dichloride,
[(trimethylsiloxydimethylsilyl-n-propyl)cyclopentadienyl]
titanium dichloride,

[ (methoxyphenyl)cyclopentadienyl]titanium dichloride,

[ (ethoxyphenyl)cyclopentadienyl]titanium dichloride,



met hoxyphenyl ) cycl opent adi enyl Jtitani um di chl ori de,

et hoxyphenyl ) cycl opent adi enyl ] titani um di chl oride, 22 13 January 2004
n- pr opoxyphenyl ) cycl opent adi enyl ] titani um di chl ori de,

i sopropoxyphenyl ) cycl opent adi enyl ] titani um di chl ori de
n-butoxyphenyl)cyclopentadienyl]titgﬁ um di chl ori de, 13 January 2004

t - but oxyphenyl ) cycl opent adi enyl]Jtitaniumdichloride, 5

trimet hyl sil oxyphenyl)cycl opentadi enyl]titanium dichloride,

[ (
[ (
[ (
[ (
[ (
g
e e e
B L MRl
bt Y PRI T N Pl L L AR i 5 oo
[(trinmeth §L$€§¥ﬁ€§§$5 Hiaa PPEAt adienhiltEntiam wn cKli bk aei de, 20
{ e

[ (
[ (
[(

met hoxyphény cycl opent adi enyl ] titani um di chl ori de,

eth@%ypp@@f&ﬁ&EM#lQlQH&%ﬁHéK&PF&?&lbbaﬁkuﬁm@myﬂKﬂit&gium
n- propoxyphenyl et hyl ) cycl opent adi enyl Jtitani um di chl ori de,
i sopr opoxywhepylet hyl ) cycl opent adi enyl Jtitanium 25 dichlori de,
n- but oxyphenyl et hyl ) cycl opent adi enyl Jtitani um
[ (methoxyphenylmethyl)cyclopentadienyl]titanium
dichloride,
[ (ethoxyphenylmethyl)cyclopentadienyl]titanium dichloride,
- 10 [(n-propéxyphenylmethyl)cyclopentadienyl]titanium
dichloride, .
[(isopropoxyphenylméthyl)cycldpentadiehyl]titanium
dichloride, ' .
[(n-butoxyphenylmethyl)cyclopentadienyl]titanium
15 dichloride,
[ (t-butoxyphenylmethyl)cyclopentadienyl]titanium
dichloride,
[(trimethylsiloxyphenylmethyl)cyclopentadienyl]titanium
_ dichloride,
20 [(methoxyphénylethyl)cyclopentadienyl]titanium dichloride,
[ (ethoxyphenylethyl)cyclopentadienyl]ltitanium dichloride,
[(n-propoxyphenylethyl)cyclopentadienyl]titanium
dichloride, |
[(isopropoxyphenylethyl)cyclopentadienyl]titanium
25 dichloride,
[ (n-butoxyphenylethyl)cyclopentadienylltitanium
dichloride,

[ (t-butoxyphenylethyl)cyclopentadienyl]titanium

dichloride,



di chl oride, [(t-butoxyphenylethyl)cyclopentadienyl]titanium dichloride, 23
13 January 2004 [(trinethylsiloxyphenylethyl)cyclopentadienyl]titanium

di chl ori de, [(nethoxyphenyl-n-propyl)cyclopentadienyl]titanium dichloride,
5 [ (et hoxyphenyl - n-propyl ) cycl opentadi gnyl Jtitanium dichl qride,
[(n-propoxyphenyl-n-propyl)cyclopentadfgnyl]titaniun1 dﬁ?ﬁﬁé¢$§3904

[ (i sopropoxyphenyl - n-propyl )cycl opentadi enyl]Jtitanium 10 dichl ori de,

(n- but oxyphenyl - n- propyl ) cycl opent adi enyl Jtitani um dichlori de,

t - but oxyphenyl -n-propyl ) cycl opentadienyl]Jtitanium djchloride, 15

e et K SFR BB LA B RO F L) BF O S AR 341 rt L LERBLEH or de,
dinethyl%nghhox phenyl ) met hyl ] cycl opent adi enyl }titani um dichloride,
dinethy? g 8%& enyl ) met hyl ] cycl opent adi enyl )titanium 20 dichloride,

di

d

ot v} | R B TR o ey e R R 1§ Pl T or | e,

[
[ (
[ (
(I
([
|
[
25 {[di megbyh§Bridleoxyphenyl ) met hyl ] cycl opent adi enyl }titaniu

[ (ethoxyphenyl-n-propyl)cyclopentadienyl]titanium

ot

dichloride,

[ (n-propoxyphenyl-n-propyl)cyclopentadienyl]titanium
dichloride,

[ (isopropoxyphenyl-n-propyl)cyclopentadienyl]titanium

10 dichloride,
[(n-butoxyphényl-n-propyl)cyclopentadienyl]titanipm
dichloride,
[(t-butoxyphenyl-n-propyl)cyclopentadienyl]titanium
dichloride,

15 [ (trimethylsiloxyphenyl-n-propyl)cyclopentadienyl]titaniu

| m dichloride,
{[dimethyl (methoxyphenyl)methyl]cyclopentadienyl}titanium
dichloride,
{[dimethyl(ethoxyphenyl)methyl]cyclopentadienyl}titanium

20 dichloride,
{[dimethyl(n-propoxyphenyl)methyl]cyclopentadienyl}titani
um dichloride,
{[dimethyl(isopropoxyphenyl)methyl]cyclopentadienyl}titan
ium dichloride,

25 {[dimethyl(n-butoxyphenyl)methyl]cyclopentadienyl}titaniu
m dichloride,
{[dimethyl(t-butoxyphenyl)methyl]cyclopentadienyl}titaniu
m dichloride,

{[dimethyl(trimethylsiloxyphenyl)methyl]cyclopentadienyl}



m di chl ori de, ([dinethyl(t-butoxyphenyl)nethyl]cyclopentadienyl)titaniu m
dichloride, {[dinethyl (trinethylsiloxyphenyl)nethyl]cycl opentadienyl} 24 13
January 2004 titaniumdichloride,

{[di met hyl (et hoxyphenyl ) silyl]cycl opent adi enyl }titaniu ' e,
{[dinethyl(ethoxyphenyl)siIyI]cycIopengédienyl)titaniunﬁhgggﬁﬁk?g??de
{[di met hyl (n- propoxyphenyl )silyl]cycl opentadi enyl}titaniu mdichloride,
{[di met hyl (i sopropoxyphenyl)silyl]cycl opentadienyl}titani umdichloride,

10 dlneth I(n but oxyphe gq%S|IyI]cycIopentadienyl}titaniun1 di chl ori de,
dlnethy aﬂépﬁkﬁﬁﬁéﬂv? yl ] cycl opent adi enyl }titani um dichloride,

Gl chl or 1 bt SR A R R R SRy B S AR 1 SbRe B EASETE b 1 um
dichlorid 1 é%g hoxy- 6- nethylphenyl)nethyl]cyclopentadlenyl}tltanl um
di chl ori ¢ %ﬂ? -'met hyl -1 - n- propoxyphenyl ) et hyl ] cycl opent adi enyl } tit

?Q'n :JledthL?%*r“.g hyll(e&HBPlehy1 $ORTIRIEYRNVPENTERI TWhY EY €l @A Ladi enyl }ti
{[(1- g-buapéniernghylphenyl)nethyl]cyclopentadienyl}tita
{[dimethyl(n-propoxyphenyl)silyl]cyclopentadienyl}titaniu
m dichloride,
{[dimethyl(isopropoxyphenyl)silyl]lcyclopentadienyl}titani
um dichloride,

10 {[dimethyl(ﬁ-butoxyphenyl)silyl]cyclopentadienyl}titanium
dichloride,
{[dimethyl(t-butoxybhenyl)silyl]cYclopentadienyl}titanium
dichloride, '
{[dimethyl(trimethylsiloxyphenyl)silyl]cyclopentddienyl}t

15 itanium dichloride,
{[(6-methyl-1l-methoxyphenyl)methyl]cyclopentadienyl}titan
ium dichloride,
{[(1-ethoxy-6-methylphenyl)methyl]cyclopentadienyl}titani
um dichloride,

20 {[(6-methyl-l-n-propoxyphenyl)methyl]lcyclopentadienyl}tit
anium dichloride,
{[(6-methyl-1-isopropoxyphenyl)methyllcyclopentadienyl}ti
tanium dichloride,
{[(1-n-butoxy-6-methylphenyl)methyl]cyclopentadienyl}tita

25 nium dichloride,
{[(l-t-butoxy-6-methylphenyl)methyl]lcyclopentadienyl}tita
nium dichloride,
{[(6-methy-1-trimethylsiloxyphenyl)methyl]cyclopentadieny

l}titanium dichloride,



25 nium dichl ori de,

{[(21-t-Dbutoxy-6-nethyl phenyl)nethyl]cycl opentadi enyl}tita niumdichloride,

{[(6-methy-I-trimethylsiloxyphenyl)nmethyl]cyclopentadieny 1}titanium

di chl oride, 25 13 January 2004 134

{[ di met hyl ( 6- met hy- | - met hoxypheny! ) met3y1 ] cycl opent adi enly “*137¥ €38 um

di chl oride, {[dinethyl(1-ethoxy-6-nethyl phenyl)nethyl]cyclopentadi eny
1}titaniumdichloride, 5

{[di met hyl (6- et hyl -1 -n-propoxyphenyl ) net hyl ] cycl opentadi enyl)titani um
di chl ori deLd%f[‘%lthﬁﬂlﬁ?l'(f@-tﬁé’twmfFth%’é}BPBﬁBY}QWSMW?B?E%B)BJJHP%

lenyl }titani umdichlaoride, .

é[dLPethguXﬁ?ﬁi&ﬁ?@ﬁ?ﬁ@hﬁ§Fﬁv*bhenyI)nethyl]cyclopentadie 10 nyl }titani um
i chlori nme =t - hut oxy- 6- I t '
Tt et AT b ot e En PELAXR RS RE KA oy d £y RpaRt aly®

([ di met hyd {6+ - las bkl ; si | oxyphenyl ) net hyl ) cycl o

ent adi eny #%ﬁ?%%?ﬁﬁ]gﬁ%%#gﬁgﬁg' 15 yphenyl) vieyelop

{[ di met hyd (Sr @Ryl (b= Rihephanyd 2 shbxbbarakanaritadi eryyc1dpbheagum

diphlorid%§ {[diﬁ%t%yl(1-e?ﬁ¥xy-6-ne?%yl%%eny??giIQ??EyE?%%en%adienyl

Jtitani uragy cht otaflgum dichloride,

{[di met hyl (6-net hyl -1 -n-propoxyphenyl)silyl]cyclopentadie 20 nyl}titanium
di chl ori def direlt gl h§Hne-tmotlmdl ~i sopoppopPRIphFAyY Medinyd Jeyel opentadi

enyl }titani um di chl ori de,

{[ di met hyligrzh} bltanrjus- A4ChAoHG81 ) si | yl | cycl opent adi en
{[dimethyl(1l-n-butoxy-6-methylphenyl)methyl]cyclopentadie

10 nyl}titanium dichloride,
{[dimethyl(1-t-butoxy-6-methylphenyl)methyl]cyclopentadie
nyl}titanium dichloride, '
{[dimethyl(6—methyl—1—trimethylsiloxyphenyl)methyl]cyciop
entadienyl}titanium dichloride,

15 {[dimethyl(6-methyl-1-methoxyphenyl)silyl]lcyclopentadieny
1}titanium dichloride,
{[dimethyl(1l-ethoxy-6-methylphenyl)silyllcyclopentadienyl
}titanium dichloride,
{[dimethyl(6-methyl-1-n-propoxyphenyl)silyllcyclopentadie

20 nyll}titanium dichloride,
{[dimethyl(6-methyl-1-isopropoxyphenyl)silyl]jcyclopentadi .
enyl}titanium dichloride,
{[dimethyl(1l-n-butoxy-6-methylphenyl)silyl]cyclopentadien
yl}titanium dichloride,

25 {[dimethyl(1-t-butoxy-6-methylphenyl)silyl]cyclopentadien
yl}titanium dichloride,
{[dimethyl(6-methyl-1-trimethylsiloxyphenyl)silyl]cyclope
ntadienyl}titanium dichloride,

"{[(4,6-dimethyl-1-methoxyphenyl)methyl]cyclopentadienyl}t



yl)titaniumdichl oride, 25
{[di met hyl (1-t-but oxy-6-nethyl phenyl)silyl]cyclopentadien yl)titanium
di chl oride, {[dinethyl (6-nethyl-Il-trinmethylsiloxyphenyl)silyl]cyclope

nt adi enyl )titani umdi chl ori de,

{[ (4, 6-di met hyl - | - met hoxypheny! ) net hyl 2&ycl opent adi eny! ' “2843% 2994 uar y
2004 itaniumdichloride,

{[(1-ethoxy-4, 6-dinmet hyl phenyl ) et hyl ] cycl opent adi enyl }ti tani um
dichloride, {[(4,6-dinethyl-I-n-propoxyphenyl)nethyl]cyclopentadienyl 5
}titani umi§pepusy iddehloride,
titani um

{[ (4, 6-dinethyl-1-isopropoxyphenyl)nethyl]cycl opentadi eny 1) I
di chl ori dé&[ (& etPe:y % -%%'6@Hhﬁéphﬁpﬁﬁéﬁsﬂ%ltﬁbf%%%béﬁf-aawéﬁ}n}
titanium dichloride, .10 .
{[(1-t-buFBRyUE 81§53 Dheny! ) met hyl ] cycl opent adi enyl)  titani um
dichlorid [ (4.46-di hyl -1 -111] L1 I - nt.a
dienyl)ti?éﬁ?uﬁmgﬁgmﬁai%ki h 2 BESFELPYhEh YIRS ) IFE 1Y) & ¥ SH RGN
{[ di mg hyh ¢ 4¢8ndbpraR Wil sBidoxyphenyl) met hyl ] cycl openta 15
di enyl)titani umdichlori de,
{ [ di met hy{  {4¢6haie4ns 1t 1t Sy Poeoyy pIRhR) neytayapent eTopé gy il Bhiani um
di chl oride, {[dinethyl (4, 6-dinmethyl-I|-n-propoxyphenyl)nethyl]cyclopen
t adi enyl )1}tabhanduo dilodrliageide)

di met hyl (4, 6-di net hyl -1 -i sopr opoxyphenyl ) net hyl ] cycl ope
g%adienyr§E(@aﬁrgﬁﬁgg§ﬂqﬂqTﬁi&eéhyfﬁien%l%metﬂ%ﬂ]g@clggentadienyl}
{[dinethyiigégiggtgégﬁiggfﬂémnhyIphenyl)nethyl]cyclopent

10 {[(1—t-butoky-4,6-dimethylphenyl)methyl]cyclopentadienyl}
titanium dichioride,
{[(4,6-dimethyl—1-£rimethylsiloxyphenYl)methyl]cyclopenta
dienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl-1l-methoxyphenyl)methyl]cyclopenta

15 dienyll}titanium dichloride,
{[dimethyl(l-ethoxy-4,6-diméthy1phenyl)methyl]cyclopentad
ienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl-1-n-propoxyphenyl)methyl]cyclopen
tadienyll}titanium dichloride,

20 {[dimethyl(4,6-dimethyl-1-isopropoxyphenyl)methyl]cyclope
ntadienyl}titanium dichloride,
{[dimethyl(l—n—butoxy—4}6-dimethylphenyl)methyl]cyclopent
adienyl}titanium dichloride,
{[dimethyl(1l-t-butoxy-4,6-dimethylphenyl)methyl]cyclopent

25 adienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl-1-trimethylsiloxyphenyl)methyllcy
clopentadienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl-1-methoxyphenyl)silyl]cyclopentad

ienyll}titanium dichloride,



adi enyl ) titani umdichl oride,

{[di met hyl (1-t-but oxy-4, 6-di net hyl phenyl ) net hyl ] cycl opent 25

adi enyl }titani um di chl ori de,

{[di met hyl (4, 6-di nethyl -1-trinmethylsil oxyphenyl)neth
clopentadienyl)titaniun1dich|oridg, 27yp a d ]quanumy2004

{[di met hyl (4, 6-di net hyl -1 - met hoxyphenyl )silyl]cyclopentad ienyl)titanium
di chl oride, 27 13 January 2004

{[ di met hyl (1- et hoxy- 4, 6-di net hyl phenyl )silyl]cyclopentadi enyl}titanium
di chl ori de[ d{hdithglihl-e4h®xdi et drydime hhplppexydhaidybl ¢ytlepentspdit

adi enyl }titaniumdichloride, 5

{[ di met hy¢ruldtatapdnm dighdesrisxyphenyl )silyl]cycl open

tadi enyl)titani um dichl orj

I de, .
{[di met hy} kqilﬁebhvéwJé,'é-i&}e’erH’cifﬁyT DHRART PRPEYPRERS gt B 1 G 9P FREL ani um
g:EE;FEﬁﬁg%%%%%#g?%ﬁ%%.%géﬁggheﬁyffdg:d|nethylphenyI)S|IyI]cycIopenta 10
: e e Lotr h . .
{[di mgt yLﬁ‘?’rf??Pﬁf‘E#&ﬂ trr{éoﬂr'fﬁ}dle-?/i-siéé’ﬁﬁ‘BB@Q&b}@dﬂ)]éh’i/fyl]cyclopen

| opent adi

[(6-t-butyatbnprYROXUBASRY IQiviTvtigycl opentadi enyl)tita niumdichloride,
5 {[(6-t-butyl-I-ethoxyphenyl)nmethyl]cycl opentadi enyl}titan ium
ichlorgqEﬂ?iﬁéghyibanLbMﬁmxy<mm&y¢¢mmyhymphbmWﬂdﬁﬂlxﬁﬂwymﬂepqnyai
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10 dienyll}titanium dichloride,
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{[dimethyl(4,6-dimethyl-1l-trimethylsiloxyphenyl)silyl]cyc
lopentadienyl}titanium dichloride, '
{[(6-t-butyl-1-methoxyphenyl)methyl]cyclopentadienyl}tita
nium dichloride, |

15 {[(6-f-butyl-lfethoxyphenyl)methyl]cyclopentadienYl}titan
jum dichloride,
{[(6-t-butyl-1l-n-propoxyphenyl)methyl]lcyclopentadienyl}ti
tanium dichloride,
{[(6-t-butyl-1-isopropoxyphenyl)methyl]cyclopentadienyl}t

20 itanium dichloride,
{[(6-t-butyl-1-n-butoxyphenyl)methyl]cyclopentadienyl}tit
anium dichloride,
{[(l-t-butoxy-6-t-butylphenyl)methyl]lcyclopentadienyl}tit
anium dichloride,

25 {[(6-t-butyl-1l-trimethylsiloxyphenyl)methyl]lcyclopentadie
nyl}titanium dichloride,
{[dimethyl(6-t-butyl-1l-methoxyphenyl)methyl]lcyclopentadie
nyl}titanium dichloride,

{[dimethyl(6-t-butyl-1l-ethoxyphenyl)methyl]cyclopentadien



anium di chl oride, {[(1-t-butoxy-6-t-butylphenyl)nethyl]cycl opentadienyl}tit
ani um di chl ori de, 25
{[(6-1- butyI-I-trlnethyIS|onyphenyl)nethyl]cyclopentadle nyl }titani um

di chl oride, {[dinethyl (6-t-butyl-I-nmethaoxyphenyl)nethyl ] | e

nyl }titani um di chl ori de, P 13/Sah B o

{[di methyl (6-t-butyl-1-ethoxyphenyl)nethyl]cycl opentadi en 28 13 January
2004 yI}titaniun1dichIoride

{[ di net hyl butyl -1-n- phenyl)nethyl]cyclopentad ienyl)titani um
di chl ori d¥: {H%ﬁ ¥y gecpd gt -i sopr opoxyphenyl ) net hyl ] cycl openta 5
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pent adi enyl'}titani"um di chl ori de,

C di n&8 hygfentyiouii ah i et Bosypbeide),si | yl ] cycl opentadien yl}titani um

di chloride, {[dinmethyl (6-t-butyl-I-ethoxyphenyl)silyl]cyclopentadieny 15
1} titani uff dialethryldes -t-butyl-1-n-butoxyphenyl)methyl]cyclopentadi

{[di methyl (fi-t-butyl-I-n-propoxyphenyl)silyl]cyclopentadi enyl}titanium
d|chIor|d@nYGthﬁﬁqmumGd%Cb&PdeBﬂlsopropoxyphenyl)3|IyI]cycIopentad
|enyl}t|tfn|un1d|chlor

{[ di net hyf ¢ 8imefigh (-t Bﬂ?B%VpﬁeﬁyPPﬁﬂ%ﬂﬁ%@%}Hﬂ%ﬁ%gﬁﬂgyclopentadl

enyl}titanium dichloride,

10 {[dimethyl(6-t-butyl-1l-trimethylsiloxyphenyl)methyl]cyclo
pentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-1-methoxyphenyl)silyl]lcyclopentadien
yl}titanium dichloride,
{[dimethyl(6-t-butyl-1l-ethoxyphenyl)silyl]cyclopentadieny

15 1l)titanium dichloride,
{[dimethyl(6-t-butyl-1l-n-propoxyphenyl)silyllcyclopentadi
enyl}titanium dichloride,
{[dimethyl(6-t-bﬁtyl—1-isopropoxyphenyl)silyl]cyclopentad
ienyll}titanium dichloride,

20 {[dimethyl(6-t-butyl-l-n-butoxyphenyl)silyllcyclopentadie
nyl}titanium dichloride,
{[dimethyl(1l-t-butoxy-6-t-butylphenyl)silyllcyclopentadie
nyl}titanium dichloride,
{[dimethyl(6-t-butyl-l-trimethylsiloxyphenyl)silyl]lcyclop

25 entadienyl}titanium dichloride,
{[(4,6-di-t—butyl-l-methoxyphenyl)methyl]cyclopentadienyl
}titanium dichloride,
{[(4,6-di-t-butyl-1l-ethoxyphenyl)methyl]cyclopentadienyl}

titanium dichloride,



nyl }titani um di chl ori de,
{[di met hyl (1-t-but oxy-6-t-butyl phenyl)silyl]cyclopentadie nyl}titanium
di chloride, {[dinethyl (6-t-butyl-I-trinethylsiloxyphenyl)silyl]cyclop 25
ent adi enyl }titani umdi chl ori de,
{[(4,6-di-t-butyl-I-nethoxyphenyl)netﬁ%?]cyclopentadienQ?Jay???gﬁPﬁn1
dichloride, {[(4,6-di-t-butyl-I-ethoxyphenyl)nethyl]cycl opentadi enyl}
titaniumdichloride, 29 13 January 2004
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tadi enyl)titani um di chl ori de,

{[ di met hyl ¥ #1 fafliui- Bdicyldrieidoxyphenyl ) met hyl ] cycl opent  adi enyl)titani um
di chloride, 15 {[dinethyl (4, 6-di-t-butyl-I-n-propoxyphenyl)nmethyl]cyclop
ent adi eny{ ) ¢ 1+ tnbutodiyeHl, r-idie;t-butylphenyl)methyl]cyclopentadieny
{[dimethyl (4,6-di-t-butyl-I-isopropoxyphenyl)nethyl]cyclo

pent adi eny}§1tanipnnddichiiogididee,

{Ldi met hyj (@, 65 dL; L3 PREYL A - B QXHRDEOYE MIBLRKLL Y HeBR1 1 cycLopen

| 10 tadienyl}titanium dichloride, '
{[dimethyl(4,6-di-t-butyl-1l-methoxyphenyl)methyl]lcyclopen
tadienyl}titanium dichloride, '
{[dimethyl(4,6—di—t-butyl—1—ethoxyphenyl)methyl]cyclopént
adienyl}titanium dichloride, |

15 {[dimethyl(4,6-di-t-butyl-1-n-propoxyphenyl)methyl]cyclop
entadienyll}titanium dichloride,
{[dimethyl(4,6-di-t-butyl-1l-isopropoxyphenyl)methyl]cyclo
pentadienyl}titanium dichloride,
{[dimethyl(4,6-di-t-butyl-1-n-butoxyphenyl)methyl]cyclope

20 ntadienyl}titanium dichloride,
{[dimethyl(1l-t-butoxy-4,6-di-t-butylphenyl)methyl]cyclope
ntadienyl}titanium dichloride,
{[dimethyl(4,6-di-t-butyl?l—trimethylsiloxyphenyl)methyl]
cyclopentadienyl}titanium dichloride,

25 {[dimethyl(4,6-di-t-butyl-l—methoxyphenyl)silyl]cyclopent
adienyll}titanium dichloride,
{[dimethyl(4,6-di-t-butyl-1l-ethoxyphenyl)silyl]cyclopenta
dienyl}titanium dichloride,

{[dimethyl(4,6-di-t-butyl-1-n-propoxyphenyl)silyljcyclope



20 ntadienyl }titaniumdichloride,

{[di met hyl (1-t-butoxy-4, 6-di-t-butyl phenyl) nethyl]cycl ope

nt adi enyl ) ti tani um di-.chl ori de,
{[dinethyl(4,6-di-t-bupy|-|7trine;hylsiIoxyphenyl)neththJanumy2004

cycl opent adi enyl }titani um di chl ori de,

{[di met hyl (4, 6-di-t-butyl-I|-nmethoxyphenyl)silyl]cyclopent adienyl)titanium
dichloride, {[dinmethyl(4,6-di-t-butyl-I-ethoxyphenyl)silyl]cyclopenta

di enyl }titani um di chl ori de, ] )

{[ di net hyrtadsegyle tdgapiun AisRbekiPRenyl )silyl ] cycl ope 30 13 January
2004 ntadienyl}titaniumdichloride,. . .
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{[dimethyl (4,6-di-t-butyl-I-trinmethylsiloxyphenyl)silyl]c

ycl opent agi @hwéhizLani-trbaiteidyord de; diot -butylphenyl)silyllcyclopen
{[(6-t-butyl-4-nmethyl-I-methoxyphenyl)nmethyl]cycl opentadi enyl}titanium
di chl ori deadi¢rpl it hhepium ctighderiget hyl phenyl ) net hyl | cycl opent adi e
nyl)titaniumdichloride, . ,
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enyl}titanium dichloride,
{[(6—t-butYl—1-ethbxy-4-methylphényl)methyl]cyclopentadie'.
nyl}titanium dichlﬁride,
{[(6-t-butyl-4-méthyl-i—n-propoxyphenyl)methyl]cyclopenta

15 dienyl}titanium dichloride,
{[(6-t-butYl-4-methyl-1-isopropoxyphenyl)methyl]cyclopent.
adienyl}titanium dichloride,
{[(1-n-butoxy-6-t-butyl-4-methylphenyl)methyl]cyclopentad
jenyll}titanium dichloride,

20 {[(1-t-butoxy-6-t-butyl-4-methylphenyl)methyl]cyclopentad
ienyl}titanium dichloride,
{[(6-t-butyl-4-methyl-1l-trimethylsiloxyphenyl)methyl]cycl
opentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-4-methyl-1-methoxyphenyl)methyllcycl

25 opentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-l-ethoxy-4-methylphenyl)methyl]cyclo
pentadienyl}titanium dichloride, |
{[dimethyl(6-t-butyl-4-methyl-1-n-propoxyphenyl)methyl]cy

clopentadienyl}titanium dichloride,



enyl }titani umdichloride, 20

[ (1-t-butoxy-6-t-butyl-4-nethyl phenyl)nethyl]cycl opentad ienyl}titanium
ichloride, {[(6-t-butyl-4-nethyl-I|-trinmethylsiloxyphenyl)nethyl]cycl
pent adi enyl }titani um di chl ori de,

[ di met hyl (6-t - but yl - 4- met hyl - | - met hox§bhenyl ) met hyl ] cyc]® SHuary 2004
opent adi enyl )ti tani um di chl ori de,

{[di nmet hyl (6-t-butyl -I|-ethoxy-4-nethyl phenyl) net hyl]cyclo

pent adi enyl )titani um di chl ori de,

{[di met hy%/( ¢imephmill (- trdty 1t 4 nmpEbpdxpisopnona*yphenyyl )methyllc
cl opent adi enyl }titaniumdichloride, 31 13 January 2004
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{[di net hyl (6-t-butyl -4-net hyl -1 -net hoxyphenyl)silyl]cyclo 10

pent adi enfl dimebhylifbditebudhylded-methyl-1-trimethylsiloxyphenyl)met
{[dinethyl(6-t-buty|-|-ethoxy-4-neth¥IphenyLisiIyI]cycIop

e
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: ' entadienyl}titanium dichloride, ' .
{[dimethyl(6—t-butyl-4-methyl-1-n-propoxyphenyl)silylicyc
lopentadienyl}titanium dichloride,

15 {[dimethyl(6-t-butyl-4—methyl-l—isopropoxyphenyl)silyl]cy.
cldpentadienyl}titanium dibhloride,
{[dimethyl(1-n-butoxy-6-t-butyl-4-methylphehyl)silyl]cycl
opentadienyl}titanium dichloride,

’ {[dimethyl(1-t-butoxy-6-t-butyl-4-methylphenyl)silyl]cycl

20 opentadienyl}titanium dichloride, '
{[dimethyl(6-t-butyl-4-methyl-1-trimethylsiloxyphenyl)sil
vyllcyclopentadienyll}titanium dichloride,

(methylthiocyclopentadienyl)titanium dichloride,
(ethylthiocyclopentadienyl)titanium dichloride,

25 (n-propylthiocyclopentadienyl)titanium dichloride,
(isopropylthiocyclopentadienyl)titanium dichloride,
(n-butylthiocyclopentadienyl)titanium dichloride,
(t-butylthiocyclopentadienyl)titanium dichloride,

[ (methylthiomethyl)cyclopentadienyl]titanium dichloride,



opent adi enyl ) ti tani um di chl ori de,

{[di met hyl (1-t-butoxy-6-t-butyl-4-nmethyl phenyl)silyl]cycl 20

opent adi enyl }ti tani um di chl ori de,

{[dimethyl (6-t-butyl-4-methyl-I-trinmethylsiloxyphenyl)si
yI]cycIopentadienyl}titaniun1dich|orid§¥ 15‘bnumy2004
(met hyl t hi ocycl opent adi enyl ) titanium di chl ori de,

(eutyl thiocycl opentadi enyl)titaniumdichloride, 25

(n-propyl thiocycl opentadi enyl )titani umdichloride,

(i sopr opyl f atby)thdpaathy bhgYFLppantadidinotl bvitrnium dichloride,

(n-butyl thiocycl opentadi enyl )titaniumdichloride, . ) .
(t-butyl t hiBePEPBFAtERREIATL | CXALARFAtAIIGN el titanium dichloride,
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[(t-butylthionethyl)cyclopentadi enyl]titani dm chl ori de,

[ (et hyl tdd el by ki fey cl[qpartiaed enybé thiranicydl oferiiadidieyl ] titanium

[ (et hyl t hi oet hyl ) cycl opent adi enyl Jtitanium dichloride,
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[ (i sopropyl thi oethyl)cycl opentadi enyl]titaniumdichloride,
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[ (et hyl tHHPRHBE8Byl ) cycl opent adi enyl Jtitani um dichloride, 15
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. [{(n-butylthioethyl)cyclopentadienyl]titanium dichloride,
[(t-butylthiOethyi)cyclopentadiehyl]fiténium dichloride,
[(methylthio-h—prdpyl)cyclopentadienyl]titanium
dichloride,

15 [(ethylthio-n-propyl)cyclopentadienyl]titanium dichloride,
[ (n-propylthio-n-propyl)cyclopentadienyl]titanium
dichloridé, |
[ (isopropylthio-n-propyl)cyclopentadienyl]titanium
dichloride,

20 [(n-butylthio-n-propyl)cyclopentadienylltitanium
dichloride,
[(t?butylthio—n-propyl)cyclopentadienyl]titanium
dichloride,
{[dimethyl(methylthiophenyl)methyl]cyclopentadienyl}titan

25 ium dichloride,
{[dimethyl(ethylthiophenyl)methyl]cyclopentadienyl}titani
um dichloride,
{[dimethyl(n-propylthiophenyl)methyl]cyclopentadienyl}tit

anium dichloride,



di chl ori de,
di chl ori de,
di chl ori de,

(1 sopropyl thio-n-propyl) cyclopentadi enyl]titani um
O [ (n-butylthio-n-propyl)cycl opentadi enyl]titanium

(t-butylthio-n-propyl)cycl opentadi enyl]titanium di chl ori de,
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2
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di chl ori de,

[ di met hyl (et hyl t hi ophenyBBret hyl ] cycl opent a

di chl oride, {[dinethyl (n-propylthiophenyl)nethyl]cyclopentadienyl}tit
anium di chl oride, 33 13 January 2004

{[di met hyl (i sopropylthiophenyl)nethyl]cycl opentadi enyl}ti tanium

di chl ori dddimelthel hybepropyytidicanitenyd )methyl] eyelopantaiiienylttis

dichloride, 5 {[dinethyl (t-butylthiophenyl)nethyl]cyclopentadienyl)tita

ni um

ni um di caddiwe di¢hiaELRAe (tri met hyl silyl t hi ophenyl ) met hyl ] cycl opent adi en
| }titani dichlorijd ) . .
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nium dichloride,
{[{dimethyl(trimethylsilylthiophenyl)methyl]cyclopentadien
yl}titanium dichloride,
{[dimethyl(methylthiophenyl)silyl]lcyclopentadienyl}titani
um dichloride, '
{[dimethyl(ethylthiophenyl)silyl]cyclopentadienyl}titaniu
m dichloride, '
{[dimethyl(n—propylthiophenyl)silyl]cyclopentadienyl}fita
nium dichloride,
{[dimethyl(isopropylthiophenyl)silyl]cyclopentadienyl}tit
anium dichloride,
{[dimethyl(n-butylthiophenyl)silyllcyclopentadienyl}titan
jum dichloride,
{[dimethyl(t-butylthiophenyl)silyllcyclopentadienyl}titan
ium dichloride,
{[dimethyl(trimethylsilylthiophenyl)silyl]cyclopentadieny
l}titanium dichloride, '
{[(6-methyl-1-methylthiophenyl)methyl]cyclopentadienyl}ti
tanium dichloride,
{[(l-ethylthio-6-methylphenyl)methyl]lcyclopentadienyl}tit
anium dichloride,
{[(6-methyl-1-n-propylthiophenyl)methyl]cyclopentadienyl}
titanium dichloride,

{[(6-methyl-1-isopropylthiophenyl)methyllcyclopentadienyl



anium di chl ori de, {[dinethyl (n-butylthiophenyl)silyl]cyclopentadienyl}titan
i um di chl oride, {[dinmethyl (t-butylthiophenyl)silyl]cyclopentadienyl}titan
20 ium di chl ori de,
{[dimethyl (trinmethylsilylthiophenyl)silyl]cyclopentadie ' j um
di chloride, {[(6-nmethyl-I-nmethylthiop yl)nethyl]cyclogéﬁ?é%%ggéﬁéti
tani um di chl ori de, 25
{[ (1-ethylthio-6-nethyl phenyl)nethyl]cyclopentadienyl}tit anium
di chloride, {[(6-nethyl-I-n-propylthiophenyl)nethyl]cyclopentadienyl}
titani um dtékhpimedichloride,

cl opent adi en

g%gg-n?tPgthiahﬁgﬁéﬁﬁébhggs ﬂ§Q¥$§f§£2X§£3%ethy1 cyclogénggdignggggary
{[(1-n-butylthio-§g- hyl.phenyl ) met hyl ] cycl opent adi enyl }t itanium

di chl ori d’e‘,\{a’{‘f"(’T- E?W%- 6- net hyl phenyl ) net hyl ] cycl opent adi enyl }t 5

I tani um dj ori . .

(1 (o mot nf U Fr By SR 70 SR P R P s RReP Y Eani um
di chl gri deg a4 § @MY BRI 6R-iRt hyl - | - met hyl t hi ophenyl ) net hyl ] cycl opent ad

e

I enyl }titani um di chlori de,

{ [ di met hyt @6 ehbyhirhi-o~&rRidet yphenyy ) tribphkayd )aeaiiyld) cy €ypéataani um

di chl oride, {[dinethyl (6-nethyl-I-n-propylthiophenyl)nethyl]cyclopent

adi enyl } tiemyl dtitackhbor ddeshloride,

{[d'nEthygfgigziﬂgkiEihii%;¥§qugéﬁgf? k%gﬁgg¥a%%€¥ﬁ¥¥?2yc1opentad
ienyl}titanium dichloride,

10 {[dimethyl(l—ethylthio-6-methylphenyl)methyl]cyclopentadi
enyi}titanium dichloride,
{[dimethyl(6-methy1-l-n-propylthiophényl)methyl]cyclopent
adienyl}titanium dichloride,
{[dimethyl(6-methyl-1-isopropylthiophenyl)methyl]lcyclopen

15 tadienyll}titanium dichloride,
{[dimethyl(l-n-butylthio-6-methylphenyl)methyl]cyclopenta
dienyl}titanium dichloride,
{[dimethyl(l-t-butylthio-6-methylphenyl)methyl]lcyclopenta
dienyll}titanium dichloride, |

20 {[dimethyl(6-methyl-1l-trimethylsilylthiophenyl)methyl]cyc
lopentadienyl}titénium dichloride, |
{[dimethyl(6-methyi-l-methylthiophenyl)silyl]cyclopentadi
enyl}titanium dichloride,
{[dimethyl(l-ethylthio-6-methylphenyl)silyl]cyclopentadie

25 nyl)titanium dichloride,
{[dimethyl(6-methyl-l-n—propylthiophenyl)silyl]cyclopenta
dienyl}titanium dichloride,

{[dimethyl(6-methyl-1l-isopropylthiophenyl)silyl]cyclopent

adienyl}titanium dichloride,



15 tadienyl }titaniumdichloride, {[dinethyl

(1-n-butyl thio-6-nethyl phenyl)nethyl]cyclopenta dienyl)titanium

di chl oride, {[dinmethyl (1-t-butylthio-6-nethylphenyl)nethyl]cyclopenta
dienyl)titani umdichloride, 20

{[ di et hyl (6-net hyl -1 -trimet hyl si |yl t @Pophenyl ) met hyl ] cya January 2004

| opent adi enyl }titani um di chl ori de,

{[di met hyl (6-nmet hyl -1 -nmet hyl t hi ophenyl )silyl]cyclopentadi enyl)titanium
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{[di met hyl (6-net hyl - | -n-ar.opyl t hi pphenyl )silyl]cycl openta dienyl}titanium
dichloH(i%nﬁiikh%?ﬂ§PWGBﬁ§%#ﬁqﬁi%%opropyIthiophenyl)siIyI]cycIopent

adi enyl }titani um di chl or i o @< ilyl]cyclopentad :
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dichIoH(y%né#p%fgﬁﬁih&lagb@wdyﬂdgp-6-nethyIphenyl)silyl]cyclopentad

i enyl }titanium dichloride, 5
{[dingth§Hng@ﬁﬁyi(g=hékﬁgqmmiﬂﬁimﬂﬁnwlﬁﬁibyhknyabspéwﬂ]Gxﬁkngégtitanium
di chloride, {[(4,6-dinethyl-I-nethylthiophenyl)nethyl]cyclopentadi eny
1}titani @aikepl ptitdenium dichloride,
{[(1-ethylthio-4, 6-di net hyl phenyl ) net hyl ] cycl opentadi enyl 10 }titani um

di chl ori dd, (4 [§4d bmethedhy-methyd BphaRte vhh RS FREdd WF%&P& W e

nyl }titani um dichl oride

{1 (4, 6- dilPdtikAniuns83FBAPEE R phenyl ) net hyl ] cycl opent adi
{[(1-ethylthio-4,6-dimethylphenyl)methyl]cyclopentadienyl

10 }titanium dichloride,
{[(4,6—dimethyl-1-n—propylthiophenyl)methyl]cyc;opentadie
nyl}titanium dichloride, '
{[(4,6-dimethyl-l—isopropylthiophenyl)methyl]cyclopenfadi
enyll}titanium dichloride, _

15 {[(1-n-butylthio-4,6-d1methylphenyl)methyl]cyclopentadien
yl}titanium dichloride,
{[(1-t-buty1thio-4,6-dimethylphenyl)methyl]cyclopentadien
yl}titanium dichloride,
{[(4,6-dimethyl-l-trimethylsilylthiophenyl)methyl]cyclope

20 ntadienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl-1-methylthiophenyl)methyl]cyclope
ntadienyl}titanium dichloride,
{[dimethyl(1-ethylthio-4,6-dimethylphenyl)methyl]cyclopen
tadienyl}titanium dichloride,

25 {[dimethyl(4,6-dimethyl—1-n-propylthiophenyl)methyl]cyclo
pentadienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl—l-isopropylthiophenyl)methyl]cycl
opentadienyl}titanium dichloride,

{[dimethyl(1—n—butylthio—4,6-dimethylphenyl)methyl]cyclop



enyl }titaniumdichloride, 15 :
{[(1-n-butyl thio-4, 6-di net hyl phenyl ) net hyl ] cycl opentadien yl}titani um
di chloride, {[(1-t-butylthio-4,6-dinmethyl phenyl)nmethyl]cycl opentadien

yl }titani umdi chl ori de,
{[(4,6-dimethyl-1-trimethylsilylthi optényl)methyl]cycl opd Jagyary 2004

nt adi enyl }titani um di chl ori de,

{[di met hyl (4, 6-di net hyl -1 -net hyl t hi ophenyl ) net hyl ] cycl ope

nt adi enyl }titani um di chl oride,
{[d|nethy¢Q!a@%ﬁyVﬂﬂtéLﬁH}Rmrﬁ&¢ﬁ4?ﬁk@?b)nethyl]cyclopen

tadi enyl }titani umdichloride,

{[ di met hyl (3iBeBRHE{ AyIt- |bq¥bﬂr'6b1ﬁt%1 SpRERG R PRI e hyl]cyclop
pent adi en tLtani di.chl.or

{[di met hﬁ/‘t’; 18???3??‘1%61“ﬁ‘%’baflocﬁ%%‘r%%heny| ) met hyl ] cycl

opent adi |
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{[ di met hy ut yl t hi 0= 4, 6- di net hyl phenyl ) net hyl ] cycl op

ent adi eny Ddixﬁ@ﬂhym di,6hlddmettyl-1-methylthiophenyl)silyl]cyclopen
{[di nmet hyl (4, 6-di nethyl-I-trimethylsilylthiophenyl)nmethyl 5

] cycl opertatiiemyl } titanium diictilonidis,

{[dimethyl (4, 6- d|nethyl-l-nethylthlophenylgsiIK cycl open
tadlenyI}QHQ%W#UhYbKéhﬁﬁthéhlo 4,6-diméthylphenyl)silyl]cyclopent

“alchiori llelrﬁs??fa%ﬂ'e%ﬁéw?ﬁ' RhaddRt -1 - he propyl £ hi ophenyl) i Tyl ] eycl op
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entadienyl}titanium dlchlorlde
{[dimethy1(4,6-dihethyl-l-iSoprdpylthiophenyl)silyl]cyclo
pentadienyl}titanium dichloride,
{[dimethyl(1l-n-butylthio-4,6-dimethylphenyl)silyl]cyclope

15 ntadienyl}titanium dichloride,
{[dimethyl(lft-butylthio-4,6-dimethylphenyl)silylicyclope
ntadienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl-1-trimethylsilylthiophenyl)silyl]
cyclopentadienyll}titanium dichloride,

20 {[(6-t-butyl-l-methylthiophenyl)methyl]cyclopentadienyl}t
itanium dichloride,
{[(6-t-butyl-1l-ethylthiophenyl)methyl]cyclopentadienyl}ti
tanium dichloride,
{[(6-t-butyl-1l-n-propylthiophenyl)methyl]cyclopentadienyl

25 }titanium dichloride,
{{(6-t-butyl-1l-isopropylthiophenyl)methyl]lcyclopentadieny
l}titanium dichloride,
{{(6-t-butyl-1l-n-butylthiophenyl)methyl]cyclopentadienyl}

titanium dichloride,



pent adi enyl }titani um di chl ori de,

{[di met hyl (1-n-butylthio-4, 6-dinethyl phenyl)silyl]cycl ope 15
ntadlenyl}tltanlun1d|chlor|de

{[dimethyl" (1-t-butylthio-4, 6-dinethyl phenyl)silyl]cycl
ntadlenyl}tltanlun1d|chlor|de Y g% v yiley 18%anuary 2004
{[di methyl (4, 6-dinmethyl-l-trinmethylsilylthiophenyl)silyl]

cycl opent adi enyl ) titani um di chl ori de, 20
{[(6-t-butyl-I-nmethylthiophenyl)nethyl]cycl opentadienyl}t itanium
di chl ori dé[ ({F £6btatiyithHid - &t hybuhiydphenyil))mes tiyy ] byyv¢ bppansdiddeny)lt)
tani um di chl ori de,

{[ (6-t-butgtanipmpddnlasbfdenyl ) net hyl ] cycl opentadienyl 25 }titanium
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{[di met hyl (6-1-butyl -I-nethylthlophenyl)nethyl]cyclopenta dienyl }titani um
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yl }titaniumdichl oride,

i met hyiébyi}batpnium-Girapldrhdephenyl ) met hyl ] cycl apen 10

i enyl }titani um dichloride,

i met hyf [ §imeshy (615 %ﬁ%yh%r%ﬂ%ﬁ%}lﬂ@m’]ﬂym%wl]cyclopen

10 tadienyl}titanium dichloride,
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{[dimethyl(6-t-butyl-1-isopropylthiophenyl)methyl]cyclope
ntadienyl}titanium dichloride, '
{[dimethyl(6—t—butyl-l-n—butylthiophenyl)methyl]cycldpent
adienyl}titanium dichloride, |

15 ({[dimethyl(l-t-butylthio-6-t-butylphenyl)methyl]lcyclopent
adienyl}titanium dichloride,
{[dimethyl(6-t-butyl-1-trimethylsilylthiophenyl)methyllcy
clopentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-1l-methylthiophenyl)silyl]cyclopentad

20 ienyl}titanium dichloride,
{[dimethyl(6-t-butyl-l-ethylthiophenyl)silyl]cyclopentadi
enyll}titanium dichloride,
{[dimethyl(6-t-butyl-1-n-propylthiophenyl)silyllcyclopent
adienyl}titanium dichloride,

25 {[dimethyl(6-t-butyl-1-isopropylthiophenyl)silyl]cyclopen
tadienyl}titanium dichloride,
{[{dimethyl(6-t-butyl-1-n-butylthiophenyl)silyl]cyclopenta
dienyl}titanium dichloride,

{[dimethyl(1l-t-butylthio-6-t-butylphenyl)silyllcyclopenta



nt adi enyl )titani um di chl ori de,

{[di met hyl (6-t-butyl-I|-n-butylthiophenyl)nethyl]cyclopent adienyl}titanium
di chloride, 15 {(dinethyl (1-t-butylthio-6-t-butyl phenyl)nethyl]cyclopent
adi enyl ) ti tani umdichl oride,

{[di methyl (6-t-butyl -1-trimethyl silyl 3% ophenyl ) met hyl ] dy anuary 2004

cl opent adi enyl }titani um di chl ori de,

{[di met hyl (6-t-butyl-I-nmethylthiophenyl)silyl]cyclopentad 20

i enyl }titani umdichl ori de,

{[ di met hydi{esnyl bt paniuet [dilatlicopidsy| )silyl ] cycl opentadi enyl }titani um
dichloride, {[dinmethyl(6-t-butyl-I|-n-prop Ithiophenyl)siIfl]pfclopent
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.dichloride, 10 {[(4,6-di-t-butyl-1-isopropylthiophenyl)nethyl]cyclopenta

_ ienyl}titanium dichloride, -

10 {[(4,6-di;t-butyl-l-isopropylthiophenyl)methyl]cyclopenta
dienyl}titanium dichloride,
{[(4,6-di4t-butyi-1-n—butylthiophenY1)methyl]cyclopentadi
enyl)}titanium dichloride,
{[(1-t-butylthio-4,6-di-t-butylphenyl)methyl]cyclopentadi

15 enyll}titanium dichloride,
{[(4,6-diét-buty1-1-frimethylsilylthiophenyl)methyl]cyclo
pentadienyl}titanium dichloride,
{[{dimethyl(4,6-di-t-butyl-l-methylthiophenyl)methyl]cyclo
pentadienyl}titanium dichloride,

20 {[dimethyl(4,6-di-t-butyl-l-ethylthiophenyl)methyl]cyclop
entadienyl}titanium dichloride,
{[dimethyl(4,6-di-t-butyl-1-n-propylthiophenyl)methyl]cyc
lopentadienyl}titanium dichloride,
{[dimethyl(4,6-di-t-butyl-1l-isopropylthiophenyl)methyl]cy

25 clopentadienyl}titanium dichloride,
{[dimethyl(4,6-di-t-butyl-1-n-butylthiophenyl)methyl]cycl
opentadienyl}titanium dichloride,

{[dimethyl(1l-t-butylthio-4,6-di-t-butylphenyl)methyllcycl

opentadienyl}titanium dichloride,



di enyl }titani um di chl ori de,
{[(4,6-di-t-butyl-I-n-butylthiophenyl)nethyl]cyclopentadi enyl)titanium
dicrioridez {[é;-a[butélthio-4,6-di-t-buty|phenyl)nethyl]cyclopentadi 15
enyl }titani um di chl ori de,
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pent adi enyl }ti tani um di chl ori de,
{[di met hyl (4, 6-di-t-butyl-I-nethylthiophenyl)nethyl]cyclo
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{[ di met hy{ [diBedhyd(Bubyidd ~tetiyt Y hi bpheapekatisd el h bpphenyl)meth
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{[dimethyl (4,6-di-t-butyl-Il-trimethylsilylthiophenyl)nmeth
yl ] cycl opeid fdé ehy L) #i, badiith-diuty br 1l ée; propylthiophenyl)silyllcycl
{[di nethyl (4,6-di-t-butyl-Il-trinethylthiophenyl)silyl]cyc
| opent adiepgntadienydmtditaminm geliclsloride,
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h : .pentadienyl}titanium dichloride, ' '
{[dimethyl(1-t-butylthio—4,6—di-t-butylphenyl)silyl]éyclo
pentadienyl}titanium dichloride,

15 {[dimethyl(4,6—di-t-butyl-1—trimethylsilylthiophenyl)sily
llcyclopentadienyl}titanium dichloride,
{[(6-t-butyl-4-methyl-1-methylthiophenyl)methyl]jcyclopent
adienyll}titanium dichloride,
{[(6-t-butyl-1l-ethylthio-4-methylphenyl)methyl]cyclopenta

20 dienyl}titanium dichloride,
{[(6-t-butyl-4-methyl-1-n-propylthiophenyl)methyl]cyclope
ntadienyl}titanium dichloride, '
{[(6-t-butyl-4-methyl-1-isopropylthiophenyl)methyl]cyclop
entadienyl}titanium dichloride,

25 {[(l-n-butylthio-6-t-butyl-4-methylphenyl)methyl]lcyclopen
tadienyll}titanium dichloride,
{{(1-t-butylthio-6-t-butyl-4-methylphenyl)methyl]cyclopen
tadienyll}titanium dichloride,

{[(6-t-butyl-4-methyl-1-trimethylsilylthiophenyl)methyl]c
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cyclopentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-4-methy1-1-trimethylsilylthiophenyl)

15 methyllcyclopentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-4-methyl-1l-methylthiophenyl)silylicy
clopentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-1-ethylthio-4-methylphenyl)silyl]lcyc
lopentadienyl}titanium dichloride,

20 {[dimethyl(6-t-butyl-4-methyl-1-n-propylthiophenyl)silyl]
cyclopentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-4-methyl-l-isopropylthiophenyl)silyl
lcyclopentadienyl}titanium dichloride,
{[dimethyl(1-n-butylthio-6-t-butyl-4-methylphenyl)silyll]c

25 yclopentadienyl}titanium dichloride,
{[dimethyl(1-t-butylthio-6-t-butyl-4-methylphenyl)silyllc

- yclopentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-4-methyl-1-trimethylsilylthiophenyl)

silyllcyclopentadienyl}titanium dichloride,
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{[dimethyl (6-t-butyl-4-nmethyl-Il-trinmethylsilylthiophenyl) 15 nethyl]
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cl opent adildmd thoxypheny ditbilodcygdopentadienyljtitanium dichloride,
di met hyl (6-t-butyl -1 -ethylthio-4-nethyl phenyl),silyl]cyg, .

|{ E)pent ad%/[e(:(ﬁ/m}Q*Y ?UWGP@%’I )éwlqjlé),p%tagignyl% t)ltan¥L m yglchlorlde '

{[di net hyl (6-t-butyl -4-nmethyl.-I|-n-propylihiophenyl).sil vl
ycIopent%&ﬁ%ﬂ@???%YBHFB?&ﬁ&ﬁﬂ»ﬁX%ﬁfﬁgh%adggny&%tf%a&adm

[di methyl (§-1-butyl -4-nmet hyl -1-isopropyl thi ophenyl)silyl

cycl operéﬁ%f%%ﬂé%f t ani um di chl ori de,

[ di gt hyd (s 8% henGat ; hyLahenyh)siiedd tur5

cl oggnt a[dé%snéh{ﬁ%%%?h?nn%}gﬁ%ﬁ%e e(',AIcp?‘1j i

[ di met hy {dnioPudy! t hi o-6-t-butyl-4-nmethyl phenyl)silyl]c

cl opent adi enyl }ti tani um di chl ori de,

[ di et hyll (16-tubekybhéngitthilo)loyalaptityadiepiiditdflaenyin dichloride,
ilyl]cyclopentadi enyl}titaniumdichloride, 41 13 January 2004

net hoxylplterby t ok ypbeoysbioddvahanen tadi apvdil EAtenigm dichloride,

i
(
(et hoxyphenyl t hi o) cycl opent adi enyl ] titanjum dichl oride,
(n-propdﬁﬁﬂﬂﬂﬁ#?ﬁ}6}&9§V8&9ﬂiiﬁﬁ£ﬂﬂﬁ¥? 3HFBth&ﬁﬂﬁ¥1ﬁ%ﬁfn%Pm
(1 SQRr oppx enylt hi o) cycl opentadi enyl ]titanium dichloride,
(n-gﬁtofgﬁﬁgﬁyf %?b)cyclopentadienyl]titaniunldichloride,

[ (6-methyl-1-methoxyphenylthio)cyclopentadienyl]titanium

c
{
]
{
y
{
y
{
s
[
[
[
[
[

dichloride,
[(1l-ethoxy-6-methylthio)cyclopentadienyl]titanium
dichloride,

15 [(6-methyl-l-n-prqpoxyphenylthio)cyclopentadienyl]titaniu
m dichloride,
[(6—methyl-1-isopropoxyphenylthio)cyclopentadienyl]titani
um dichloride,
[(1-n-butoxy-6-methylphenylthio)cyclopentadienyl]titanium

20 dichloride,
[(1-t-butoxy-6-methylphenylthio)cyclopentadienyl]titanium
dichloride,
[(6-methyl-1-trimethylsiloxyphenylthio)cyclopentadienyl]t
itanium dichloride,

25 [(4,6-dimethyl-1-methoxyphenylthio)cyclopentadienyl]titan
ium dichloride,
[(1l-ethoxy-4,6-dimethylphenylthio)cyclopentadienyl]titani
um dichloride,

[(4,6-dimethyl-1-n-propoxyphenylthio)cyclopentadienyl]tit



[ (t-but oxyphenylthio)cycl opentadi enyl]titanium dichloride,

[ (trimethylsiloxyphenylthio)cyclopentadienyl]titanium 10 dichloride,

[ (6- et hyl - | - met hoxyphenyl t hi 0) cycl opent adi enyl ] titaniun1 dichloride

[ (1- et hoxy-6-net hyl t hi o) cycl opentadi enyl]titanium dichjp Q{ﬁ,

[ (6-met hyl -1 - n-propoxyphenyl t hi o) cycl 6éent adi enyl | ti tam u m EY. l'ori de,

[ (6-nmet hyl -1 -1 sopropoxyphenylthio)cyciopentadi enyl]titani umdichloride,
[ (1- n- but oxy- 6- net hyl phenyl t hi o) cycl opent adi enyl Jtitanium 20 dichloride,
[ (1-t- but oxy-6-net hyl phenyl t hi o) cycl opent adi enyl Jtitanium dichloride,

[ (6-met hﬁh—ﬂu-nt rdingt hyr sdeoxyphenyl t hi o) cycl opentadi enyl ]t itanium
dichloride, 25 [(4,6- dlnethyl-l-nethoxyphe | t hi o) cycl opent adi i fitan
|un1d|chﬂdﬁl@ed%WQIQHhokylﬁoeﬁﬁHﬁﬁ %#%%?Syeiepe ‘Eﬂg %%itam
um di chl ori de, (44 6-di met hyl -i - n- propoxyphenylthlo)cyclopentadlenyl]tlt 42
13 Januaﬁ?nzm Jaﬁﬁ‘Jd‘Pr’r'%ﬁiEhl ori de,

L) T AR PRSP P A e
niun1§icguga(%icﬂfgridggtoxy 4, 6- d|nethylphenylthio)cyclopentadienyl]tita
[(1-t-butoxy-4,6-dimethylphenylthio)cyclopentadienyl]tita
nium dichloride,
[(4,6-dimethyl-1-trimethylsiloxyphenylthio)cyclopentadien
yl]titanium dichloride,

ld [(6—t-bufyl—1—methpxyphenylthio)cyclopentadienyl]titanium
dichloride,
[(6-t-bufyl-l-ethoxyphenylthio)cyclopentadienyl]titanium
dichloride, -
[(6-t-butyl-1l-n-propoxyphenylthio)cyclopentadienyl]titani

15 um dichloride,
[(6-t-butyl-1-isopropoxyphenylthio)cyclopentadienyl]titan

ium dichloride,

[(6-t-butyl-1-n-butoxyphenylthio)cyclopentadienyl]titaniu

m dichloride,
20 [(1-t-butoxy-6-t-butylphenylthio)cyclopentadienyl]titaniu

m dichloride,
[(6-t-butyl-1-trimethylsiloxyphenylthio)cyclopentadienyl]
titanium dichloride,
[(4,6-di-t-butyl-1l-methoxyphenylthio)cyclopentadienyl]tit
25 anium dichloride,
[(4,6-di-t-butyl-1l-ethoxyphenylthio)cyclopentadienyl]tita
nium dichloride,
[(4,6—di-t-butyl-1—n-propoxyphenylthio)cyclopentadienyl]t

itanium dichloride,



niumdichloride, [(4,6-dinmethyl-I-trinethylsiloxyphenylthio)cyclopentadien
yl']titaniumdichloride, 10 _

[ (6-t-butyl-I-methoxyphenylthio)cycl opentadi enyl]titanium dichloride,

[ (6-t-butyl-1-ethoxyphenylthio)cyclopentadienyl]titaniu di chl gride,
[(6-t-buty|-I-n-propoxyphenylthio)cycI46pentadienyI]titaﬂ%’‘J"’"l”oar)ﬁﬁétj)‘{j

dichloride, [(6-t-butyl-1-isopropoxyphenylthio)cyclopentadienyl]titan ium
dichloride, [(6-t-butyl-I-n-butoxyphenylthio)cyclopentadienyl]titaniu m
dichloride, 20 [(1-t-butoxy-6-t-butylphenylthio)cyclopentadienyl]titaniu m
di chl ori de(4 [§-6d1 - bubykyll-tl-iisepnd it ydyphehyhip) eyejersieirdternyil ]
titani umdichloride,

[ (4, 6-di -titanium| diehhoexyigi®enyl t hi 0) cycl opent adi enyl Jtit 25 anium

di chl ori de, 4,6-di-t-butyl-1-eth h ' | t.adi 4 lJtit

i ohi or 1 de4 {15 BrOREBLCH- A BRSO OhFup PRt it et e " T
itaniumdichjori&leé 43 1§ January 2004

[ (4, 6- di -G2HHT 1 44CRE8HE88oxyphenyl t hi 0) cycl opent adi enyl] titani um

di ohi ori 4o L fe 8yt aDeLels-le Ry BnARPIVA 1 B) ey erchenta Ay 1!
[ (1-t- butioxyivh 6aféniobykyl phenyl t hi o) cycl opent adi enyl ] ti
' [(4,6-di-t-butyl—1-trimethylsiloxyphenylthio)cyclopentadi
enyl]titanium dichloride,
[(6-t-butyl-4-methyl-1-methoxyphenylthio)cyclopentadienyl

10 Jtitanium dichloride,

[(6-t-butyl-l-ethoxy-4-methylphenylthio)cyclopentadienyl]

 titanium dichloride, | '
[(6-t—butyl—4-methyl—l—n—propoxyphenylthio)cyclopenfadien
yvlltitanium dichloride,

15 [(6-t-butyl-4-methyl-1-isopropoxyphenylthio)cyclopentadie
nyl]ltitanium dichloride,
[(1—n-butoxy-6-t-butyl-4—methylphenylfhio)cyclopentadieny
l]titanium dichloride,
[(1-t-butoxy-6-t-butyl-4-methylphenylthio)cyclopentadieny

20 1l]ltitanium dichloride,
[(6-t-butyl-4-methyl-1-trimethylsiloxyphenylthio)cyclopen
tadienyl]titanium dichloride,

[ (methoxyphenoxy)cyclopentadienyl]ltitanium dichloride,
[ (ethoxyphenoxy)cyclopentadienyl]titanium dichloride,

25 [ (n-propoxyphenoxy)cyclopentadienyl]titanium dichloride,

[ (isopropoxyphenoxy)cyclopentadienyl]ltitanium dichloride,
[ (n-butoxyphenoxy)cyclopentadienyl]titanium dichloride,

[ (t-butoxyphenoxy)cyclopentadienyl]ltitanium dichloride,

[ (trimethylsiloxyphenoxy)cyclopentadienyl]titanium



ani um di chl ori de,

(4,6-di-t-butyl-Il-trinethylsiloxyphenylthio)cycl opent adi ényl]titanium
ichloride, [(6-t-butyl-4-nethyl-I-nmethoxyphenylthio)cyclopentadi enyl 10
titani um di chl ori de,
(6-t-buty|-|-ethoxy-4-nethy|phenyltkW%%cyclopentadieny??JaQQ%¥ﬁQQﬂn
ichloride, [(6-t-butyl-4-nmethyl-I-n-propoxyphenylthio)cycl opentadien
|Jtitani umdichloride, 15
(6-t-butyl-4-methyl-I-isopropoxyphenylthio)cyclopentadie nyl]titani um
i chl ori dg,cHYdridbut oxy- 6-t-butyl - 4- net hyl phenyl t hi 0) cycl opent adi eny

1] ti tani um di chl ori de, . ) )

[ (1-t - butld$y-me thplt ¥ meReRRANGRORY L BV 6} epenspédeadildhi tariud t i t ani um
dichloride, [(6-1t-butyl-4-methyl-I-trinethylsiloxyphenylthio)cyclopen

t adi enyl FPIATARR chl ori de, [ (met hoxyphenoxy)cycl opent adi enyl Jtitani um

dichloride,, [.(ethoxyphenox o i iot ani i Qride, 25
e o op O =6 SRE YRR IR T 7S] oBEh R B et ¢l U

[ (isopro hehpxy) cycl opent adi enyl ] ti tani um di chlori de,
[(n-b€t02§%%§hoxf?%yclopentadienyl]titaniun1dich|oride,

[ (t-but oxyRheneey) £YEL APBRLPGxMHdIdEPEPOLEpENLEAH@RAY] 1 titanium
[(trinetﬁ¥lsiIoxyphenoxy?c%@ﬁtpentadiéﬁyl?titgniun144 fé January 2004
di chl ori da.cHldries hyl - | - net hoxyphenoxy) cycl opent adi enyl Jtitani um

di chl oride, [(1-ethoxy-6-nethyl phenoxy)cycl opentadi enyl]titanium
[(6-methyl-1-isopropoxyphenoxy)cyclopentadienyl]titanium

t
[
d
]
[
d
y
[
d

dichloride,

10 [(1-n?bu£oxy-6-methylphenoxy)cyclopentadienyl]titanium
dichloride,
[(l—f-bufoxy-6-ﬁethylphendxy)cyclopentadienyl]titanium

“dichloride, ‘
[(6-methyl-1-trimethylsiloxyphenoxy)cyclopentadienyl]tita

15 nium dichloride,
[(4,6-dimethyl-1l-methoxyphenoxy)cyclopentadienyl]titanium
dichloride,
[(1—ethoxy—4,6-dimethylphenoxy)cyclopentadienyl]titanium

e} dichloride,

| 20 [(4.,6-dimethy-1-n-propoxylphenoxy)cyclopentadienyl]titani
um dichloride,
[(4,6-dimethy-1—isopropoxylphenoky)cyclopentadienyl]titan
ium dichloride, |
[(1-n-butoxy-4,6-dimethylphenoxy)cyclopentadienyl]titaniu

25 m dichloride, -
[(1-t-butoxy-4,6-dimethylphenoxy)cyclopentadienyl]titaniu
m dichloride,
[(4,6-dimethyl-1-trimethylsiloxyphenoxy)cyclopentadienyl]

titanium dichloride,



5 dichloride, [(6-nethyl-I-n-propoxyphenoxy)cycl opentadi enyl]titani um
dichloride, [(6-nethyl-I-isopropoxyphenoxy)cycl opentadi enyl]titanium

di chl oride, 10 [(1-n-butoxy-6-nethyl phenoxy)cycl opentadi enyl]titanium

di chl ori de, [(1-t-butoxy-6-nethy|phenoxy)cyclopentadienxéhé&& n% @}
dichloride, [(6-methyl-Il-trinmethylsil @dyphenoxy)cycl openta éﬁ¥ P ta 15
nium di chl oride, [(4, 6-dinethyl-I|-nmethoxyphenoxy) cycl opentadi enyl]titanium
di chl oride, [(1-ethoxy-4, 6-dinethyl phenoxy)cycl opentadi enyl]titani um

di chl oride, 20 [(4, 6-dinethy-I-n-propoxyl phenoxy) cycl opent adi enyl Jtitan

um di chl of { elet - pa4yh-dinetimoxypsapsopbeyt phpeatyddes yipknt tamtayl | tit an
iumdichloride, [(1-n-butoxy-4,6-dinmethylphenoxy)cycl opentadienyl]titaniu
25 mdi chdbchterifiél-t - but oxy- 4, 6-di net hyl phenoxy) cycl opent adi enyl Jtitaniu
m di chloride, [(4,6-dinmethyl-l-trinethylsiloxyphenoxy)cycl opentadi enyl]
titani um b eht obulEl-i5ethoxgmpanoxphdyclopentadienyl ftitanium

[ (6-t-buty]-l-nmethoxyphenoxy)cycl opentadi enyl]titani um dichloride,

[ (6-1t - but§ASPLeEhERyphenoxy) cycl opent adi enyl Jtit ani um

5 [(6-t-butyl-1-n-propoxyphenoxy)cyclopentadienyl]titanium
dichloride,
[(6-t-butyl-1l-isopropoxyphenoxy)cyclopentadienyl]}titanium
dichloride,
[(6-t-butyl-1-n-butoxyphenoxy)cyclopentadienyl]ltitanium

10 dichloride, |
[(1-t-butoxy-6-t-butylphenoxy)cyclopentadienyl]titanium
dichloride, ' '
[(6-t—buyl—l-trimethylsiloxyphenoxy)cyclopentadienyi]tita
nium dichloride, '

15 [(4,6-di-t-butyl-1-methoxyphenoxy)cyclopentadienyl]ltitani
um dichloride, .
[(4,6-di-t-butyl-1-ethoxyphenoxy)cyclopentadienyl]titaniu
m dichloride,
[(4,6-di-t-butyl-1-n-propoxyphenoxy)cyclopentadienyl]tita

20' nium dichloride,
[(4,6-di—t-butyl—l—isopropoxyphenoxy)cyclopentadienyi]tit
anium dichloride,
[(4,6-di-t-butyl-1-n-butoxyphenoxy)cyclopentadienyl]titan
ium dichloride,

25 [(1-t-butoxy-4,6-di-t-butylphenoxy)cyclopentadienylltitan
ium dichloride,
[(4,6-di-t-butyl-1-trimethylsiloxyphenoxy)cyclopentadieny
l]ltitanium dichloride,

[(6-t-butyl-4-methyl-1-methoxyphenoxy)cyclopentadienyl]ti



dichloride, 5 [(6-t-butyl-I-n-propoxyphenoxy)cycl opentadi enyl]titani um
dichloride, [(6-t-butyl-1-isopropoxyphenoxy)cycl opentadienyl]titanium
dichloride, [(6-t-butyl-I-n-butoxyphenoxy)cycl opentadienyl]titanium 10

di chloride, [(1-t-butoxy-6-t-butyl phenoxy)cycl opentadienpyl]tita

di chl oride, [(6-t-buyl-1-trinethylsila/phenoxy)cycl opeﬁ%‘é{%ﬁ’%?wjﬂ a nium
dichloride, 15 [(4,6-di-t-butyl-I-methoxyphenoxy)cycl opentadi enyl]titan
umdichloride, [(4,6-di-t-butyl-I-ethoxyphenoxy)cycl opentadienyl]titaniu m
dichloride, [(4,6-di-t-butyl-I-n-propoxyphenoxy)cycl opentadienyl]tita 20

ni um di chtamiure, Al CH16xdidet,- butyl -1 -1 sopropoxyphenoxy) cycl opent adi enyl Jtit
anium di chloride, [(4,6-di-t-butyl-I-n-butoxyphenoxy)cycl opentadienyl]titan
i um di chlbt§ de-betyl-1l-ethoxy-4-methylphenoxy)cyclopentadienyl]tit

[ (1-t-butoxy-4,6-di-t-butyl phenoxy)cycl opentadi enyl]titan iumdichloride,

[ (4, 6- di -anH i 1eDLPFABehy| si | oxyphenoxy) cycl opent adi eny 1] titani um

di chl ori %@sﬁ?x@&{:ﬂ%}(ﬁé&?‘g}mhy'{%@”Péé‘é’%‘%ﬁﬁgﬂ% Rt Adi eyl 46 13

January
5 titanium dichloride,

[(6-t-butyl-4-methyl-1-isopropoxyphenoxy)cyclopentadienyl
Jtitanium dichloride,
[(1-n-butoxy-6-t—butyl-4-methylphenoxy)cyclopentadienyl]t
itanium dichloride,

10 [(1—t-bufoxy-6-t-buty1—4—methylphenoxy)cyclopentadienyl]t
itanium dichloride,
[(6-t-bu£yl—4-méthyl-1-trimethylsiioxyphenoxy)cyclopentad
ienyl]}titanium aichloride and the like, transition metal
compounds obtained by substitutingtitaniumin these compounds

15 withzirconiumorhafnium, transitionmetal compoundsobtained
by substituting chloride in these compounds with bromide,
iodide, dimethylamide, diethylamide, n-butoxide or
isopropoxide, transition metal compounds obtained by
substituting cyclopentadienyl in these compounds with

20 dimethylcyclopentadienyl, trimethylcyclopentadienyl, .
tetramethylcyclopentadienyl, n-butylcyclopentadienyl,
tert-butyldimethylsilylcyclopentadienyl, indenyl,
tetrahydroindenyl, fluorenyl or octahydrofluorenyl.

The transition metal compound(A) of the present

25 invention can be produced by methods described below.
Ligands required in synthesis of the transition metal
compound can be synthesized by methods disclosed in, for
example, EP-A-0842939, Q. Huang, et al., Transition Metal.

Chem. 1990, 15, 483, and the like.



!
(6-t-butyl -1 -ethoxy-4-net hyl phenoxy)cycl opentadienyl]tit anium
i chloride, [(6-t-butyl-4-nmethyl-I-n-propoxyphenoxy)cycl opentadi enyl] 5
i tani um di chl ori de,
[ (6-t-butyl-4-nethyl-1-isopropoxyphenoxy)cycl opent adi en ' L UM
di chl ori de, [(1-n-butoxy-6-t-buty|-4-ﬂ€thy|phenoxy)cycl%%é%d%ﬂ#gégﬁut
I tani um di chl oride, 10
[ (I -t-butoxy-6-t-butyl-4-nmethyl phenoxy) cycl opentadi enyl]t itanium
di chl ori de, [(6-t-buty|-4-nethy|-|-trinethylsionyphenoxygcyclopentad
i enyl ] titani umAdidhltdre deanal tirn matal compsaundd Aefar Peapbihyed
obt ai ned by substituting titaniumin these co um or

s ngounds iS wi t.h zirconé
hﬁfni um barrﬁﬁzpﬁtaflhw |é1§6%61_?r¥t£a_ deb‘%%Pareﬁa L84t EEPARP E#RF e in
t hese co ounds w rom , 1 O , S ,
oot ot B ERS e o de 8P adbed hREh DT b B 1R R AL EL T AB S a

ot o (
i ot byl P pREEy ABHAh fidear dbrhbea  ATRHECOMMo A0 a trivalent
tetr tt&?ﬂﬁﬁtﬁﬁ?ﬁ'tﬁgkﬁ@ybf Rhiautyrh cysbepenkadhenyleriodic Table of
ut ylI'di met hyl's

tert- I 'yl cycl opent adi enyl, 1ndenyl, tetrahydroindenyl,

fluorenyhn@r mcdmdnyes of buomemylxtulhe df anscompaundt alf @ometurakayemt t he
present 2.5 invention can be produced by nethods described bel ow. Ligands
requi r ed tiramsyint fresi mebalt bé tbhangi i gnonpt andcanprmducin® dgesynt hesi zed
by methods disclosed in, for exanple, EP-A-0842939, Q Huang, et al.
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invention is a catalyst for addition polymerization obtained

[
d
t

10 by allowing the transition metal compound (A)to contact with
a co-catalyst for activation. The catalyst for addition
polymerization of the present invention is preferaﬁly a
catalyst for addition polymerization obtained by allowing the
transition metal compound (A) to contact with the following

15 (B) and/or the following (C):

(B) : one or more aluminum compounds selected fromthe following
(B1l) to (B3):

(Bl) organic aluminum compounds of the general formula
E'aAlZ3.a,

20 (B2) cyclic aluminoxanes having a structure of the
general formula {-Al(E?)-0-}u,

(B3) linear aluminoxanes having a structure of the
general formula E>{-A1(E’)-0-)}:AlE%, ,
wherein, each of E!, E? and E® represents a hydrocarbon group,

95 and all E's, all E’s or all E’s may be the same or different;
Z represents a hydrogen atom or halogen atom and all Zs may
be the same or different; a represents a number satisfying

0<a=3, b represents an integer of 2 or more; and c represents

an integer of 1 or more,



And, the transition netal conpound (A) can be obtained by reacting a netal
salt obtained by reacting.a |igand obtained by the above-described nethod
with an al kaline netal conmpound or alkaline earth netal conpound with a
compound of a trivalent 5 transition nmetal of the 4th ar ? P@ﬁ Peri odi c
Table of the Elenents, or a nixture d8 a conpound of a QEP ‘%
transition netal of the 4th group and a reducing agent. The catal yst for
addition polynerization of the present invention is a catalyst for

addi tion polynerization obtained 10 by allowing the transition netal
conpound ((CA) bmec omt motrewbblrom compatwl dssts €logcbedi fmemothe el bewinyst f or
addition polynerization of the present invention is preferably a catalyst
for addi iCd0 gt V&3 ) zati on obtai ned by allow ng the transition met al

conmpound (A) to contact with the foll ow ng / or n C
(B) : one or nbfd)aNfHEHUNS LBREBAAES °§elté’(?( &P‘?‘?’)&ﬁft gQrFB PO@AQB 03(/an1)9 go)

B3): (Bl | ds cof .t | f la ElaAl Z3_a, 20
(B2) cycl | o al Qo PR HEUPRGCAe: Phctii S TREL GRRBRR forml a (<A

(E2) Oéb B&E?) E ear aI um noxanes having a structure of the general
fornmu % ? _AIE32 , wherein, each of E1, E2 and E3

represents a hx@@chm %&Hgounaé el tald Jderal | £52fu0h all E3s nay be
the sane or different ; Z represents a hydrogen atom or hal ogen at om and

al | Zs mpy-Hye (BoéQ¥mige)or ,different; a represents a number satisfying
O<as 3, b represents an |nteger of 2 or more; and c represents an integer
of 1 or wheeein B represents a trivalent boron atom; Q' to Q! represent
a halogen atom, hydrocarbon group, halogenated hydrocarbon
10 group,sﬁbstitutedsi;ylgroup,alkoxygroupordi-substituted
amino group and they may be the same or different; G’ represents
an inorgénic or.organic cafion;'L répresents a neutral Lewis
base; and (L-H).+ represents a Br¢nsted acid.
Such a catalyst for addition polymerization will be
15 further illustrated in detail below.
(B) Aluminum compounds
As the hydrocarbon group represented by E!, E? and E®
in the aluminum compounds (B1), (B2) and (B3) mentioned above,
respectively, a hydrocarbon group having 1 to 8 carbon atoms
20 is preferable, and an alkyl group is more preferable.
Specific example.s of the organic aluminum compound (B1l)
ofthegeﬁeralformulaEﬂAlZ}aincludetrialkylaluminumssuch
as trimethylaluminum, triethylaluminum, tripropylaluminum,
triisobutylaluminum, trihexylaluminum and the like;
25 dialkylaluminum chlorides such as dimethylaluminumchloride,
diethylaluminum chloride, dipropolyaluminum chloride,
diisobutylaluminum chloride, dihexylaluminum chloride and

the like; alkylaluminum dichlorides such as methylaluminum

dichloride, ethylaluminum dichloride, propylaluminum



48 13 January 2004 (C) one or nore boron conpounds selected fromthe
followng (d) to (C3): (d) boron conpounds of the general formula
BQLQR®, (C2) boron conmpounds of the general formula 5 G+ (BQLQRE@BAU) (C3)

boron conpounds of the general formula (L -H + (B@@@}%‘k erein B
represents a trivalent boron atom QL4% 4 represent a halodgen atom

hydr ocar bon group, hal ogenated hydrocarbon 10 group, substituted silyl
group, al koxy group or di-substituted am no group and they may be the sane
or different; G+ represents an inorganic or organic cation; L represents a
neutral ldwislobbde, andbiityiHed umdprwsehichioBiAst edexyild 1R cat al yst
for addition polynerization will be 15 further illustrated in detai

bel ow. - ( B)icklon hden sodpobedd ike it i alky badiBdRUG Y SidsesBHtR 2By EL,
espect | Himethy by INBARRBORTARIdS et HF L2 bUBLE R BY SR 20 (s o
b Gan o SARRIRITCbABOIHE PEEFLaR e SeRaFRE R EranRe g 0 D
tr1 pr By PR SHEpnd B B HR Plke BEREY: mum and the 1 ke: 25

di al kyl al um nur@ﬁ%ﬂ)}ﬂ&fuﬁﬂﬁﬁm@%fg F?Ehké&‘&'bll@,nawa(tmi@ﬂr@elaluminum
m ¢ u

di et hyl al um nu or1de, dipropolyalum num chloride, diisobutylal unm num
chl or i de,odihexysabutiyndmuainem des ansre t preefekablal.kyl al uni num di chl ori des
such as net hyl al um num
As specific examples of E? and E® in cyclic aluminoxanes
(B2) having a structure of the general formula {-A1(E%)}-0-}u,

10 and linear aluminoxanes (B3) havinga structure of the general
formula E3{-A1(E®)-0-}.A1E>,, respectively, alkyl groups such
asanwthylgroup,ethylgroup,n-propylgroup,isopropflgroup,
n—butylgroup,isobutylgroup,n—pentylgroup,neopentflgroup
and the like can be exemplified. b in an integer of 2 or more,

15 and c is an integer of 1 or more. Preferably, E? and E® are
a methyl group or isobutyl group, b is 2 to 40, and c¢c is 1
to 40.

The above-mentioned aluminoxane is produced by various
methods. The method is not particularly restricted, and it

20 may be advantageously carried out according to a known method.
For example, a trialkylaluminum (for example,
trimethylaluminum)jj;dissolvede1asuitableorganicsolvent
(benzene, aliphatic hydrocarbon or the like) to prepare a
solution which is allowed to contact with water.

925 Alternatively, there is exemplified a method in which a
trialkylaluminum(forexample,trimethylaluminum)isallowed
to contact with a metal salt containing crystal water (for
example, copper sulfate hydrate or the like).

The aluminoxane produced by such methods is usually



di chl oride, ethylal um num dichl oride, propylal um num 49 13 January 2004
di chl oride, isobutylalum numdichloride, hexylalumnum dichloride and the
i ke; dial kylal um num hydrides such as dinet hyl al um num hydri de,

di et hyl al um num hydri de, dipropyl al um num hydride, dii ] num
hydri de, 5 dihexyl al um num hydride an80the |ike, etc. ?Q?gﬁ%%?gﬁg%inuns
are preferable, and triethylalumnum or triisobutylalumnumis nore
preferable. As specific exanples of E2 and E3 in cyclic alum noxanes (B2)
having a structure of the general formula { -Al (E2 } _O)" 10 and |inear
al uni noxanepERA havhaq misturesupé aLycld YarvmdnorATRIRAR{11ingax E3) - O
}cAl E32 , respectively, alkyl groups such as a nethyl group, ethyl group,

n- propyl aguodpoxdasspy opyl group, n-butyl group, isobutyl group, n-penty
group, neopentyl group and_the |ike can be exenplified. bin an integer of
2 or norelCI5BRE®T: GAMRAMRGt eger of 1 or nore. Preferably, E2 and E3 are

e AR SRl 81, S 08 el

above-nmenti one e pro by various et e method is

not part eyl anlan (Esihi FLe nBREn' bompd ik bor advanbageeudl s duid out
accordin 0 a known et hod. or exanple, a trialkylal um num (for exanple,
t rime tRgrgtdam nuiy) iﬁoﬂbﬁsebmgdums& cHitad| gevegani osaludent (benzene,

al i phatic hydrocarbon or the like) to prepare a solution which is all owed
to cont agt (whtdPotat gr., &bd AlCBorvatrbueionpelmde dfstbrepghéfabdarmpstaod in
which a trialkyl alumnum (for exanple, t rime thylalumnun) is allowed
to cont a¢L-#)fhBQ'ata D' )Sakrec wsedd niify g sPEESfBtedN(VEGti0D.
In the boron compound (C1) of the general formula BQ'Q%*Q%,
10 B repreéents a trivalent boron atom, and Q' to Q® represent
a halogen atom, hydrocarbon group, halogenated hydrocarbon
group,sﬁbstitufedsilylgrbup,élkokygroupcn:di-substituted
amino group, ana they may be the same of different. Q' to Q*
preferably represent a halogen atom, a hydrocarbon group
15 having 1 to 20 carbon atoms, a halogenated hydrocarbon group
having 1 to 20 carbon atoms, a substituted silyl group having
7 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, or an amino group having 1 to 20 carbon atoms, and o!
to Q° more preferably represent a halogen atom, a hydrocarbon
20 group having 1 to 20 carbon atoms or a halogenated hydrocarbon
group having 1 to 20 carbon atoms. Further preferably, o
to Q* represent a fluorinated hydrocarbon group having 1 to
20 carbon atoms containing at least one fluorine atom, and
particularly preferably, Q' to Q' represent a fluorinated aryl
25 group having 6 to 20 carbon atoms containing at least one
fluorine atom.
Specific examples of the compound (Cl) include

tris(pentafluorophenyl)borane,

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



exanpl e, copper sulfate hydrate or the like). The al um noxane produced by
such nethods is usually 50 13 January 2004 supposed to be a m xtures of a
cyclic alum noxane and a |inear alum noxane. (C) Boron conpound As the
boron conpound (C) , one or nore boron conpounds 5 sel ¢egtgsl, 4 9504 G )
boron conpounds of the general fornul 81 BQ @@, (C2) boron cofpounds of
the general formula G+ (BQLQR@BXM) -, and (C3) boron conmpounds of the
general formula (L-H) +(BQLQ@X) - are used, in the present invention. In
t he boron conpound (C) of the general fornula BQLQ2@Q3, 10 B represents a
trival enttider(@n 3tdHnd - batraf luorgphesleseerane, hal ogen. at om hydrocar bon
group, hal ogenat ed hydrocarbon_ group, substituted silyl group, alkoxy
group or t@isdidost T uEetf LHAFABIENGIY POsR® hey nmay be the sane or different

. QL to (B, preferably represent a | ogen atom a hydrocarbon group 15

ggvingbltFESﬂ?«%ﬂﬁiﬁgéfgﬁﬁfoa ﬁ&ﬁ&QZHH%EHEhydrocarbon group having 1 to
carbon.,atong,. a substitu i r I g 0 rpon atonms, an

al koxy gp&%‘yﬁ%{ﬁ a(gpe_Lnf?)Ifiﬁgggpﬁghvlgﬁg%&%?gﬂé% grﬁlgnggé%du% aving 1 to 20

car bop a&mgﬁgoﬁl%éfo%em&%%%@ afd Ynd £Pr g5€8Lrabial.ogen atom a

hydr ocar bon avi 1°to 20 carbon atons or a hal ogenated

hydrocarbon grguRhRaHd¥bd &empousar ben)abdmhdfdherapr ebemaby, QL to
A represent a fluorinated hydrocarbon group having 1 to 20 carbon atons
cont ai ni GY( PO d%Hgt ) OneGt Inaprewemt ®ran dmbrgeric cut adganrefcatdsn, QL to
Q4 represent a fluorinated aryl 25 group having 6 to 20 carbon atons

cont ai ni BreprésaptschsriMalenithbogppmtom, and Q" to Q" are as defined

for Q' to Q°® in the above-mentioned (Cl).

10 As specific examples of an inorganic cation G* in the
compound of the general formula G*(BQIQ.2Q3Q4)_, a ferrocenium
cation, alkyl—substituted.ferroceniunlcation; silver'cation
and the like are listed, and as specific examples of an 6rganic
cation G' in the compound, a triphenylmethyl cation and the

15 like are listed. G'represents preferably acarbeniumcation,
and particularly preferably a triphenylmethyl cation. As
(BQ'0%0%Q%)”, there are listed
tetrakis(pentafluorophenyl)borate,
tetrakis(2,3,5,6-tetrafluoropheny)borate,

20 tetrakis(2,3,4,5—te£rafluorophenyl)borate,
tetrakis(3,4,5-trifluorophenyl)borate,
tetrakis(2,3,4~-trifluorophenyl)borate,
phenyltris(pentafluorophenyl)borate,
tetrakis(3,5-bistrifluoromethylphenyl)borate and the like.

25 As specific combinations thereof, ferrocenium
tetrakis(pentafluorophenyl)borate,
1,1'-dimethylferrocenium
tetrakis(pentafluorophenyl)borate, silver

tetrakis(pentafluorophenyl)borate,



Speci fic exanples of the conpound (C) include
tris(pentafl uorophenyl)borane, tris(2,3,5,6-tetrafluorophenyl)borane, 51
SS_J?guirﬁ ZOQ?I trisg2,3,4,5-tetrafluorophenyl)borane,
ris(3,4,5-trifluorophenyl)borane, tris(2,3,4-trif luo I ane,
phenylbis(pentafluorophenyl)borane-an@2tge i ke, and 5 ﬁQBQﬁﬂ%ybHﬁH
tris(pentafl uorophenyl)borane is nost preferable. In the boron conpound
(C2) of the general formula GH(BQLQR@B4) - , G+ represents an inorganic
or organic cation, B represents a trivalent boron atom and QL to O4 are
as defi ned1ighsy e ty (Beitwakiies (axoviea femo Fopbanydl) poredeAs speci fi c
exanpl es of an inorganic cation G+ in the conpound of the general formula
G+t ( B@@@:ﬁ@)enylmathmtg@mkmﬁ ( %paiwwtlaiﬂll%eﬁ@ttml}tpétfm@r YRRERAi um
cation, silver cation_ and the |like are |isted, and as specific exanpl es of
an or ganité . @Eﬁidﬁhﬁﬁl%Hetﬁ?ecéﬁﬁﬂﬁﬁﬁx ?rlphenylnethylpcatlon ananhe 15

part 2Lf£q'ifﬁr§$ryﬁﬁ%£ﬁ§i?? el %5%?%%39;1:?@0%%816&@&% here are
Iisteg tetr %gfentafluorophenyl)borate
t et r aki %trafluoropheny)borate 20

tetrakls(z 3,445t o] I K 5 I h I
bor at e, tetra%?ls(tg{%q;ﬂfé#t??fFggrﬁggﬁ?ﬁ;gﬁboorﬁasﬁeﬁé 48h8rd1>rormidiaor ophenyl)

phenyl t rig(-aen@diodptphenyt. aydsents a neutral Lewis base and (L-H)"

tetrakis(3,5-bistrifluoronmethyl phenyl)borate and the |like. 25 As specific

conbi nat ireprddenesfa Bepmotedi agid, B represents a trivalent boron
atom, and Q' to Q' are as defined for Q' to Q® in the

10 above-méntioned Lewis acid (Cl).

As specific examples of the Br¢nsted acid (L-H)* in the
compound of the general formula (L-H)*(BQ'Q%Q%*) .
trialkyl—substituted ammoniums, N,N-dialkylaniliniums,
dialkylammoniums,triarylphosphoniumsandthelikearelisted,

15 and as (B0'Q2Q%Q*) ", the same moieties és described above are
listédﬁ

As specific combinations thereof,
triethylammoniumtetrakis(pentafluorophenyl)borate,
tripropylammonium tetrakis(pentafluorophenyl)borate,

20. tri(n-butyl)ammoniumtetrakis(pentafluorophenyl)borate,
tri(n-butyl)ammonium
tetrakis(3,5-bistrifluoromethylphenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borafe,
N,N-diethylanilinium tetrakis(pentafluorophenyl)borate,

25 N,N-2,4,6-pentamethylaniliniumtetrakis(pentafluorophenyl)
borate,
N,N-dimethylaniliniumtetrakis(3,5-bistrifluoromethylpheny
l)borate,

diisopropylammoniumtetrakis(pentafluorophenyl)borate,



tetraki s(pentaf |uorophenyl)borate, 1,1 -dinethylf errocenium
t et raki s(pent af | uorophenyl ) borate, silver
te;rﬁkif(peﬂt?fluorophenyl)borate, 52 13 January 2004
tri pheyl net hyl t etraki s(pent af | uor ophenyl ) bor at e,

tri phenyl met hyl t et r aki s(3, 5- bi strif | ugdonet hyl phenyl ) bor'a “2P&@Y 2% t he 1ike
are listed, and triphenyl nethyltetraki s(pentafluorophenyl)borate is nost

S preferable. In the boron compound (C3) of the general fornula (L-H)
+(BQLQR2@BXA) -, L represents a neutral Lewis base and (L-H) + represents a
Br4nst ed Gyl l&herpaasentisirt etniakd etpebbadhuozrpmenaid Irate. 4 are as
defined for QL to @B in the 10 above-nentioned Lewis acid (d). As specific
exanpl es fiphenBinhospioadivintEtnakis (pentaf dgRpoRhE " HRF Ykher al

formula (L- + (BQALRE@BMM) - ,  trialkyl-substituted_amoni

N, N-di al kmi;?wmy&a’é?ny i RDAAPH AT FW#H&?FE%&%&M%&E‘FM)‘?% li ke
are Ilsted,t15 and as (BQLQ2@XYM) -, the sanme npieties as descri bed above
are |ist®etit®As specific conbinations thereof,

trietEyIq%gg@%ﬁﬂggﬁg%ﬁh@%@?ﬁ?ﬁ%ﬁﬁﬂéﬁgﬁm¥éipgkﬁg?penkgﬂ¥d396ﬁﬂgﬁyiV”1

tetrakis( uor enyl

tr!(n'mﬂﬁqgé%@DQhH”EﬁErﬁ&k§(H%Efﬂﬂéﬁé@Phﬁﬂ&|hbgka geferable is
tri(n-butyl)ammoniumtetrakis(3,5-bistrifluoromnethylphenyl)borate,

N, N- di mettwd @i bh 8y U yasimoakiue( pedraklisdpeptafilydmpttenyl ) borate, or
N, N- di et hyl ani i ni um tetraki s(pentafl uorophenyl ) bor at e,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate.
Contact in preparation of a catalyst for addition
10 polymerization by bringing the transition metal compound (A)
into contact with a co-catalyst for activation in the present
invention may be conducted by any means prdviding‘the
transition metal compound (A) and the co-catalyst for
activation are contacted to form a catalyst, and there are
15 adopted a method in which a transition metal compound and a
co-catalyst for activation are previously diluted with a
solventornotdiluted,beforetheYaremixedformutualcontact,
and a method in which a transition metal compound and a
co-catalyst for activation are separately fed into a
20 polymerization vessel for mutual contact thereof. As the
co-catalyst for activation, a plurality of compounds may be
combined and used, however, it is needless to say that a part
of which may be previously mixed and used, or they may be
separately fed into a polymerization vessel and used.
25 It is desirable to use components so that themolar ratio
of the aluminum compound (B)/transition metal compound (A)
is from 0.1 to 10000, preferably from 5 to 2000, and the molar

ratio of the boron compound (C)/transition metal compound (A)

is from 0.01 to 100, preferably from 0.5 to 10.



25 N, N2, 4, 6- pentanet hyl ani | i ni unt etraki s(pent af |l uorophenyl) borate,

N, N-di net hyl ani | i ni unt etraki s(3,5-bistrifluoronethyl pheny 1)borate,

di i sopropyl anmoni unt et r aki s( pent af | uor ophenyl ) borate, 53 13 January 2004
di cycl ohexyanmoni unt et r aki s( pent af | uor ophenyl ) bor at e, 13 January 2004

tri phenyl phosphoni unt et r aki s( pent af | ug4ophenyl ) bor at e,

tri (methyl phenyl ) phosphoni unt etr aki s(pent afl uorophenyl )bo rate, 5

tri (di nmet hyl phenyl ) phosphoni unt et r aki s( pent af | uorophenyl) borate and the
like are listed, and nost preferable is tri(n-butyl)amonium

t et r aki s( pent afpn@rchesyt r80iehe, oPrcomponents when they are used in

N, N-di met hyl ani | i ni unt et r aki s( pent af | uor ophenyl ) borate. Contact in

pr epar at i fthe dfomm caft @ getl utdroraddint sospeh® iwal yresiluattiyodanbg $olwghhg t he
transition nmetal conpound (A) into contact with a co-catalyst for
activati @are nappeoprassefly iselenteth depepdinan@icttd® MRP gyt yreethsan
providing the. transition_netal conpound éA) and_t he co-catal yst for

act i vat i GFPRABAEBALAC ERL NP GIRRLRER &F BEC aRglYRErd Zakd onBeagbPFed a
met hog in which a transitjon t al _conpaun nd a co-catalyst faor

act i vgt i Gt &%ﬂ%@iﬁlrl‘i?%herﬁ %‘a€0% n‘forb?eﬂg ah%{f)ﬂt 88,“5& ore
they are Juxed. . d 13 RLedt | | ransypHhon

met al con SVl éﬁéngpdégghcgtggl?%g%df o(?r)acl?il vati on %%%E@?g?iel €8fie§jbi nto a
20 pol ymefi ZR4, ONm¥8aS plrelf@ir 4By A r S9N 36611 BBr 200 mi1tie, moreméal yst
for activation, a plurality of conpounds nmay be conbined and used,

however, greféraned! £66mt 0. 68ytd B0 nmgb/L, tHe Wdomdemtyabtoprefi thsl y

m xed and used, or they nay be
Do aluminum compound (B) is, in terms of an Al atom, usually from

10 o0.01 to.5000 mmol/L, more preferably from 0.1 to 2500 mmol/L,
further preferably 0.1 to 2000 mmol/L, and the concentration
of the boron cor.npound (Cc) is us.ualli.r from 0.001 to 500 mmol/L,
more preferably from 0.01 to 250 mmol/L, further preferably
from 0.05 to 100 mmol/L.

15 [Polymerization]

In the present invention, a catalyst for addition
'polymerization obtained by bringing the above-mentioned
transition metal compound (A) into contact with the aluminum
compound (B) and/or the boron compound (C) is used. When a

20 catalyst for addition polymerization obtained by bringing the
transition metal compound (A) into contact with the aluminum
compound (B) is used, the above-mentionéd aluminoxane (B2)
and/or linear aluminoxane (B3) is preferably used as (B). As_'
other preferable embodiment of the catalyst for addition

25 polymerization, catalysts for addition polymerization
obtained by contact of the transition metal compound (A) and,
the aluminumcompound (B) and the boron compound (C) are listed,

and the above-mentioned (Bl) is easily used as (B) in this

case.



!

separately fed into a polynerization vessel and used. 25 It is desirable to
use conmponents so that the nolar ratio of the alum num conpound
(B)y/transition nmetal conpound (A) is fromO0.1 to 10000, preferably fromb5
to 2000, and the nolar ratio of the boron conpound (C) ,4transi b nmet al
conmpound (A) is fromO0.01 to 100, preberably fromO.5 ﬂéJiﬁﬁ“gk @g January
2004 The concentrations of components when they are used in the formof a
sol ution, or suspension or slurry in a solvent are appropriately selected
depending on the ability of an apparatus for feeding conponents into a
pol ymeri zati on Aseafdrime ® @ppllitabiegdmempalllymeaiesiatbbn, t hddithon
concentration of the transition netal conpound (A) is usually from 0.001
to 200 molynerimatel poeirabids f romnascilebingdavigty B tg gPtgrFbon
preferably fromO0.05 to 50 mmol /L, the concentration of the_ alumi num
COWF?End aft®ymns .sp?rhigféﬂ-ﬁ?'lé’f: ethyleneony -QdedinE rRBHPIG B0 89 93F 2O

nmo , more preferably fromO0.1 to 2500 mmol/L, further preferably 0.1
f2000 mrglg/fti’,msa:ggioit‘?ﬂeeflzb%ﬁe}h?VéPﬁoﬁ t8f 2PnE3BEPEN a&@rﬂ?dur?d"%)é)%ef slajﬂ(s%al ly He

rom Q. t.0 nmo nore_prefer : further
pref tabﬁ?“??&ﬁ??ﬂﬁ? %wf@fTHBEFPP9ﬁ¥¥%E%§%§§%géfﬁ&ﬁ¥$% t&é esent

I nventio a_ .caft 1444 I | | | Jnedle {dwi ng t
above- MR 1 e L e A T P

al um numg cgﬂ}gm@héB)pﬁas&%nbhe DR CONPseitte A €) 1i,S hesede Mhen a 20
catalyst_f%r addi tion pol ynerization obtained by bringing the transition

net al comeptihd A, betenest,aconenehlt e cdnes hamd Wurbbkad HBnGkedised
the above-nentioned al um noxane (B2)
E olefins such as 3-methylbutene-1, 3-methylpentene-1,

10 4-methylpentene-1, 5-methyl-hexene-1 and the like, and
diolefins such as 1,3-butadiene and isoprene, and
vinylcyclohexane are also listed, however, the présent
invention should not be limited by these compoundé. As
specific examples of combinations of monomers in conducting

15 copolymerization, ethylene and propylene, ethylene and
butene-1, ethylene and hexene-1, ethylene and octane-1,
ethylene and 5-hexene-1-o01, propylene and butene-1,
ethylene-vinylcyclohexane, and the like are exemplified,
however, the present invention should not be limited by these

20 combinations.

The polymerization method should also not be limited
particularly, and for example, solvent polymerization using
as a solvent an aliphatic hydrocarbon such as butane, pentane,
hexane, heptane, octane and the like, an aromatic hydrocarbon

25 such as benzene, toluene and the like, or a halogenated
hydrocarbon such as methylene dichloride and the like, or
slurry polymerization, gas phase polymerization in gaseous

monomers, and the like can be used, and any of continuous

polymerization and batch-wise polymerization is possible.



and/ or linear alum noxane (B3) is preferably used as (B) . As other
pref erabl e enbodi nent of. the catalyst for addition 25 polynerization,
catal ysts for addition polynerization obtained by contact of the transition

nmetal compound (A) and, the al um num conpound (B) and bor o npound
(C) are listed, and the above-nentiob@d (Bl) is easil yt'}t’]g@'ﬂf’%a?%) in this
case. 55 13 January 2004 As nononer applicable in polynerization, addition
pol ymeri zabl e conpounds such as ol efins having 2 to 20 carbon atons,
particularly, ethylene, a -olefins having 3 to 20 carbon atons, diolefins
havi ng 4 to 20Tharpohymeongatdmh ttempd et bre gabdesesiabhy fnemornor e
nmonormers can be used sinultaneously. Specific exanples of, the olefin

i ncl ude BDkearo @8P8fC | andmantigelarAyl arefeFably éxem bidthete, 1 kt-ene- 1,
hexene-1, heptene-1, octene-1, nonene-1, decene-| agilzt he Like nched

b

ol ef i ns 808htRe BOABMBFHFRERN PTESHEt fiyt Hhteh ,pfﬁf&-rﬁplll%ll%ﬁé’ﬂl ene- 1,
5-net hyl - h -1 d the |i d.-diolgfi .3- byt.adi d
sopr eneiOZHAL DFRIFEFA GfetinE DA oFso Trettattigrddatdm i 38, ™"
I nventiopn_ sh I m spas iy I
Iof Vc mIJi ggﬁe%%éqg?a%ggwgb?i %%ggﬁﬁ%%QS copo j;'/n r?%at i olrﬁlllfeat ?ﬁlgﬁee;nd
propyl en?he%%rﬂéﬂir?d@d 3od yriatt eggdlth e BYkbeAe nadwp Aex ee-, lan ®tiBylagns ,and

etny

octane-1, ene and 5- hexene-1-ol, propylene and butene-1,

et hyl enes ¥i dwh O lreloaxaneinatd tbe2d iHomms ¢ SEmteérf | ey theoperesentt he
present invention should not be limted by these 20 conbinations. The
pol yrer i ¥aventnipet hadhstioutdaalsfemogebs suahtagihydrogen or the like

can also be added for controlling the molecular weight of a

10 polymef.

| The following examples and comparative examples will
illustrate the .present invention fﬁrther in detail below, but

do not limit the scope of the present invention.
The properties of polymers in examples were measured

15 by the following methods.

(1) Intrinsic viscosity [N ]: It was measured by using a
Ubbellohde viscometer in a tetralin solution at 130C.

(2) Content of repeating units derived from ¢ -olefin in a
copolymer:

20 It wasmeasured fromthe specificabsorptionsof ethylene
and @ -olefin using an infrared spectrophotometer (IR-810,
manufactured by Nippon Bunko Kogyo K.K.), and represented in
terms of short chain branch (SCB) numbers per 1000 carbons.
In addition, in a content of a comonomer other than ¢ -olefin,

25 the content was measured in the same manner.

(3) Melting point of copolymer: It wasmeasuredbyusingSeiko
SSC-5200 under the following conditions.
Heating: 40C to 150C (10C/min.), kept for 5 minutes

Cooling: 150C to 10C (5C/min.), kept for 10 minutes



particularly, and for exanple, solvent polynerization using; as a sol vent
an aliphatic hydrocarbon such as butane, pentane, hexane, heptane, octane
and the |like, an aromatic hydrocarbon 25 such as benzene, toluene and the
| i ke, or a hal ogenated hydrocarbon such as nethyl ene di Ulorid d the
like, or slurry polynerization, gas fdase polynerizatigﬁ ??Fﬂﬂégg@ S
nononers, and the |ike can be used, and any of continuous polynerization
and batch-wi se polynerization is possible. 56 13 January 2004 The

pol yneri zation tenperature can be usually from 500C to 200C , and
particul arly, medeusbhgntromoCT200 160X0068C /mémd)t he pol ymeri zati on
pressure is usually preferably from normal pressure to 60 kg/cn2 G The
pol yneri zé4 ) ool erbliey Fejdarter 241§ melefmla&d vedmdprd et ©r§PEEheRdI ng on
the kind of the intended %ol mer, .and the reaction apparatu and, usual | y,

it can beThesm YeReMeasisesybRodsdnIrgethPeImeftin %Wﬁ§°9ﬁ98ﬁyion, a
chain transfer _agent such hydr o or .the li ke, .ca added f
control | i ﬂ'@afe%aﬂﬁ%e& g’ry &%Eﬁvﬁs bgfgo ’ 185 pblp)qr?gr t e%cfiof?%gmgﬂg exarrplores

and cgnparative.exanples will illustrate the present invention further in
detaig bé?%ﬂ?lgh?ngdo not limt the scope of the present invention. The

properties of polyaRES @gKe§@qplgﬁngqe nmeasured 15 by the foll ow ng
met hods. (1) Intrinsic viscosity [77]: It was neasured by using a

Ubbel | ohde Vi soe@éerendnd tempaliatwmmd utséeot at 136 (2) Content of
repeating units derived froma -olefin in a copolyner: 20 It was neasured
from the speci fNeasisemphitorsncenditatijiore: 10 mg/10 ml-

orthodichlorobenzene

10 The molecular weight distribution was evaluated by the
ratio (Mw/Mn) of the weight average molecular weight (Mw) to
the number average molecular weight (Mn). .
Example 1
(1) Synthesis of 1-bromo~3-tert-butyl-5-methy1-2-phenol
15 In a 500 ml four-necked flask equipped with a stirrer,
20.1g(123mmol)of2-tert-buty1-4—methylphenolwasdissolved
in 150 ml of toluene, subsequently, 25.9ml (18.0 g, 246 mmol)
of tert-butylamine was added to the solution, under nitrogen
atmbsphere. This solution was cooled to —70C, to this was
20 added 10.5 ml (32.6 g, 204 mmol) of bromine. This solution
was stirred for 2 hours while maintaining at —70C.
Subsequently, the solution was heated to room temperature,
and washed with 100 ml of 10% hydrochloric acid three times.
After washing, the resulted organic layer was dried by_
25 anhydrous sodium sulfate, the solvent was removed by using
an evaporator, then, the layer was purified using a silica
gel column, to obtain 18.4 g (75.7 mmol) of colorless oil:
1-bromo-3-tert-butyl-5-methyl-2-phenol. The yield was 62%.

(2) Synthesis of



and a-olefin using an infrared spectrophotoneter (IR 810, nmanufactured by
Ni ppon Bunko Kogyo K. K.). , and represented in terns of short chain branch
(SCB) nunbers per 1000 carbons. 1In addition, in a content df a conononer
other than a -olefin, 25 the content was measured in t §djsarre r@gner (3)
Mel ting point of copolymer: It was nmedured by using SeiR&2$¥E8560 under
the following conditions. Heating: 40- Cto 150- C (10C mn.) , kept for 5
m nutes Cooling: 150- Cto 10 C (5C /mn.) , kept for 10 m nutes 57 13
January 2004 ) Measurenent: 10C to 160t (50C/ mn. (4) Mol ecul ar weight and
mol ecul ary W giié - 8li- BEitbbiuteiL - 2 -Hietteoxer B-meabyléenzensi ng gel perneation
chromat ography (manufactured by Waters, 150, C) under the follow ng 5
condi tions. Collmma 11)9Km@;efo®:/|-memk|v@a§&a§iﬁeﬁquﬁ@@|@@r Hilfhea SBITEET145CC
Measur enent concentration: 10 ng/ 10 m - orthodichl orobenzene 10 The

nol ecul arl3vd ghtt5 Ui 3 mmadul Pﬁri'\kﬁéoma?tﬂé?% Byptade 5'%‘?@%1\%\7/%?“8?‘ t he
200 a1 St PV R 565, L.

1-b tert - but 5- | | l | ask
equrg edﬁﬂégP%P%?¥#¥ HE% é (%5?%2 & %FE %g%}%%dﬁ &%%%ﬁy%eﬂe%oﬁsmas
di ssol Veda%y 120 vHe %o 13134 A urihs El Ltex‘Hdé’n a2t5nc9sﬂi‘1efé8 BuSth@A6 ol )

of tert-bu anm ne was a ution, under nitrogen
17.8 ml (40.6 g, 286 mmol) of methyl iodide was added, and

the mixture was stirred continuously for 12 hours. Then, the
solvent was removed by using an evaporator, 40 ml of hexane
10 was added to the residue, and hexane soluble portions were
extracted. The extraction was repeated three rimes. The
solveﬁt'was rémoved from the.extfacted fraction, to obtain
13.8 g (53.7 ﬁmol) of pale yellow oil:
1-bromo-3-tert-butyl-2-methoxy-5-methylbenzene. Theyield
15 was 94%.
(3) Synthesis of chlorodimethyl(3-tert-butyl-2-methoxy
" -5-methylphenyl)silane
Into a solution composed of 31.5 ml of tetrahydrofuran,
139 ml of hexane and 45 g of
20 1-bromo-3-tert-butyl-2-methoxy-5-methylbenzene
synthesized in the same method as in the above-mentioned
process (2) was added 115 ml of a 1.6 mol/liter solution of
n-butyllithium in hexane dropwise at —40C over 20 minutes.
The resultéd mixture was kept at —40C for 1 hour, then, 31.5
25 ml of tetrahydrofuran was added dropwise.
Into a solution composed of 131 g of
dichlorodimethylsilane and 306 ml of hexane was added the
.mixture obtained abové dropwise at —40C. The resulted

mixturewas heatedup toroomtemperature over 2hours, further,



l

at nosphere. This solution was cooled to -70 - C, to this was 20 added 10.5
m (32.6 g, 204 mmol) of bromne. This solution was stirred for 2 hours
while maintaining at -70 - C. Subsequently, the solution was heated to
roomtenperature, and washed with 100 m of 10@6hydroc?%§r|c agég t hree
times. After washing, the resulted onganic |ayer was d %nhydrous
sodi um sul fate, the solvent was renoved by using an evaporator, then, the
| ayer was purified using a silica gel colum, to obtain 18.4 g (75.7 mol)
of colorless oil: 1-brono-3-tert-butyl-5-methyl-2-phenol. The yield was

62%  (2) tpHdestSr of 2580h2 s)atiargon? Omperature .

1- brono-3-tert-butyl-2-nmethoxy-5-net hyl benzene In a 100 m four-necked
fl ask equippedpwdﬁ1ﬁhstféaet;onlaixgugE(SﬁhBrﬂmﬂve@t and excess

1- brono-3-tert-butyl -5-nethyl - 2- phenol nthesi zed in (1) abpve S

di ssol vediiahJorodiné thydsddiane mres% thledt PFE Bmsie&) @AYol ) of

pot assi um hydr oxi de was "~ added to_the solution, under_ nitro t pher e.
Furt her, PrEESIGS . ead Beyanegsohub e B?rﬁgf’ﬂﬁlw?]f)%h Cte(ggé:&% PR% t he

emoved By ke S ARy S The SpTREREATGR s T e pRe

resi due, _and hex eeao#ﬁgggepgﬂidyg%ﬂmwfb S¥taant 4., oThe gxxtraction was

r epeat ed e solvent was removed fromthe extracted fraction,

to Obta' éﬁ) F§§Z(gankﬁﬂbd¥¥flzﬁﬁéﬁwbﬁyL5 -methylphenyl)
1-bronD ert uty met hoxy- 5- met hyl benzene. The yield 15 was 94% (3)
Synt hesi %ﬂfarpé"'ﬂ{ ogh &ef i ( 3£t patebyieyl-odr metlhoxThes gy Ipren§4¥si | ane
(4) Synthesis of (tetramethylcyclopentadienyl)dimethyl
10 (3-tert-butyl-2—methoxy-s—methylphenyl)siiane
Into a solution composed of 5.24 g of
chlorodimethyl(3-tert—butyl—z-methoxy—s—méthylphényl)sila
ne synthesized in (3) above and 50 ml of tetrahydrofuran was
.added 2.73 g of tetramethylcyclopentadienyllithium dropwise
15 .at —35C, and the mixture was heated up to room temperature
over 2 hours, and further stirred for 10 hours at room
temperature.
The solvent was distilled off under reduced pressure
from the resulted reaction mixture, and hexane-soluble
20 portions were extracted from the residue using hexane, and
thesolventwasdistilledoffunderreducedpressurefromthe
resulted hexane solution, to obtain 6.69 g of
(tetramethylcyclopentadienyl)dimethyl(3-tert—butyl-2-meth
oxy-5-methylphenyl)silane in the form of yellow oil. The
26 yield was 97%.
(5) Synthesis of
[dimethyl(3-tert-butyl—2—methoxy—S—methylphenyl)silyl
(tetramethylcyclopentadienyl)]titanium dichloride

Into a solution composed of 2.00 g of



Into a solution conposed of 31.5 m of tetrahydrofuran, 139 nml of hexane
and 45 g of 20 1-bronp-3-tert-butyl-2-nethoxy-5-nmethyl benzene synthesized
in the same nethod as in the above-nentioned process (2) was added 115 i
of a 1.6 nol/liter solution of n-butyllithiumin hexan \I B % 2 -40 0
C over 20 mnutes. The resulted m xt®wle was kept at 3. ~apupry 20p hour,
then, 31. 5 25 m of tetrahydrofuran was added dropmﬁse. Into a solutlon
conposed of 131 g of dichlorodinethylsilane and 306 m of hexane was added
the m xture obtained above dropwi se at -40- C. The resulted m xture was
heat ed” ug te: F onet heDPeabpes tatiredy hpdit me thyidt(Berte 39 it Whn2iary 2004
stirred for 12 hours at roomtenperature. Fromthe reaction m xture, the
sol vent aretlsoccess- mdthhlph&ﬂyﬁﬁﬂmﬂ¢n¢aﬁwnhbeeiaﬁétLnlé@)o¢b°ﬁﬁde20reduced
pressure, and hexane-sol ubl e gortlons were extracted fromthe 5 resjdue
usi ng hexams takhere apdvEn2Swasodi STLRLEY IGHine IS t3idedst B&dMhexane
solution, to obtain 41.9

chl or odi e Hyl ¥ 381 e‘F‘?ltSM-gFrZ SEHARR R FeR APPEXENHEP LY 1 h §52%Re form

?Ieffée yle%i#%L%h?Qﬁ% n@P?al p%4%ﬂh#fQoéwﬁégeﬁéﬁtgﬁ up to room
(3-tert- @£ﬁ6?§59@$QOB¥ﬁ§[?g%@ﬂﬁg“ﬂbﬁ%@ﬁéfnﬁaihQ%Qd%&HHﬂﬂfdﬁmConposed of

5.24 ¢ rodr me tert-but 2- met hoxy- 5- net hyl phenyl )sila ne

synthe5|@%%§ékégﬁr@bgg§ andnh2hrd. of tetrahydrofuran was .added 2.73 g of
tetramet hyl cycl opent adi enyl I'i t hi um dr opwi se 15 at -35r,, and the m xture

was heated up t2@.ogmf eqyatsien «f/er. 02 gof $itand dnttiehlsdided for 10
hours at room
. trlpyrldinelntoluenewasaddeddropw1seatOTIundernltrogen
10 atmosphereintothendxtureobtainedabove,then,thenuxture
was heated up to room temperature over 1 hour, then, the mixture

was héated under reflux"for.lo hours.

The reaction mixture was filtrated, the solvent was
distilled off from the filtrate, and the residue was
15 re-crysfallizedfromertoluene—hexanemixedsolvent,toobtain
0.46 g of
" [dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl(tet
ramethylcyclopentadienyl) ]titaniumdichloride in the formof
a pale green fine crystal. The yield was 17%.
20 The spectral data is as shown below.

Mass spectrum (CI, m/e) 473

MeZS' TlC]2

O
/

tBu

(6) Polymerization



t enperature. The solvent was distilled off under reduced pressure fromthe
resulted reaction m xture, and hexane-sol ubl e 20 portions re extracted
fromthe residue using hexane, and the solvent was distilled off under
reduced pressure fromthe resulted hexane solution, to b‘} ain 62%2 g of
(tetranet hyl cycl opent adi enyl ) di met hyl @3-tert-butyl - 2- rret1lc3? anuary 20

oxy-5-net hyl phenyl )silane in the formof yellowoil. The 25 yield was 97%
(5) Synthesis of [dinmethyl (3-tert-butyl-2-methoxy-5-nethyl phenyl)silyl
(tetramet hyl cycl opent adi enyl )] titaniumdichloride Into a solution conposed
of 2.00 g of 6Qunl3utulaye HMBAng an inner volume of 1 liter equipped
(tetramet hyl cycl opent adi enyl )di net hyl (3-tert-butyl-2- nmethoxy- 5

- met hyl pheitt Ja s ti rdrene asyathest zed was @)iehinsdengacyust and pereednd 1. 25
g of triethylam ne was added 3.84 nl of a 1.61 nol/liter solution qf

n- but yl | ivHimigemexdren 6 WOFi o6 p1loenea REn2 $RLVEBILUYRSNCHARSIREat ed up

to room tenperature_over 2 hours, further I nt ap ne ro tepperature
for 12 hothered®. gafdofhe Isardion s Zl?%tggo‘flpt ?agpﬁn'trggt?ﬁrlggg

tripygidine in tol e | . |
at nos hertbe?'f#bgt hggﬁiys}\fg%fee%%gste%eg&emggegg{l%gg,ﬂgﬁg rﬁtﬂxét trjér)%%&geat ed up
to room g&;r@s’& é'rgtOKeRg;‘cR.@‘,”an&hﬁﬁteﬁrh%h@ e n Wass heedwdl upder refl ux

for 10 h e reaction mxture was filtratéd, the sol vent was

di stilled; of o108t €1 { Ebbuayealand idrewaesadaedvesuBSegaentiyst al bi zed
froma tol uene-hexane m xed solvent, to obtain

umol of
[dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl(tet
10 ramethylcyclopentadienyl)]ltitanium dichloride synthesized
in (5) above was added, then, 6.0 tmol of
triphenylcarbeniumtetrakis(pentafluorophehyl)boréte-was
added. Polymerization was carried out for 60 minufes while
control;ihg the temperature at 60C. The temperature in the
15 reactor increased by 3.1C by the initial heat generation in
this polymerization.
As a.result of polymerization, an ethylene homopolymer
having a melting point of 133.1C was produced at a rate of
>} 8.7X10° g per one hour per 1 mol of the titanium compound.
20

Example 2

An autoclave having an inner volume of 0.4 liter equipped
with a stirrer as a reactor was dried under vacuum and purged
with argon, then, 190 ml of toluene as a solvent and 10 ml

25 of hexene-1 as an (¢ -olefin were charged into this, and the
reactor was heated up to 60C. After temperature raise,
ethylene was fed while controlling the ethylene pressure at
6 kg/cmz, and after the system was stabilized, 0.5 mmol of

triisobutylaluminum was added, subsequently, 1.0 Umol of



0.46 g of [dinethyl(3-tert-buty|-2-nethoxy-5-nethy|phenyl)sJIyI(tet

ramet hyl cycl opentadi enyl) | titaniumdichloride in the formof a pale
green fine crystal. The yield was 17% 20 The spectral data is as shown

bel ow. Mass spectrum (Cl, me) 473 Me2S TiCl2 O ~o0 tBu (6

Pol ymeri zation 61 13 January 2004 An6dut ocl ave havi ng ASJPﬁWéVZQB?unE of 1
liter equipped with a stirrer as a reactor was dried under vacuum and
purged wth argon, then, 300 m of toluene as a solvent was charged
therein, and the reactor was heated up to 60t. After the 5 heating,

et hyl ene (asnd Bty W3 | eecorbudlylli-2y Meiehaxy$ eme thydedbemyd iy kgteh2, and
after the systemwas stabilized, 1.0 mol of triisobutylal um num was
added, smmmgmh¥a¢y¢1Qpentauﬂqmmlkﬁtitanium dichloride was added,

[di met hyl (3-tert-butyl -2-net hoxy-5-net hyl phenyl )s.ilyl(tet 10

r amet hyl dpsropeht @dit@dd )9% it ani um di chl ori de synthesized in (5) above was

added, then, 6.0 u nol of .
tri pheny t&AmRER THERT PERA SIS ETTAN LRI RN T BEPRIE WAL POoFffy Was

Pol yneri zatj o s carried f 6 ] ' '
t enpet at Lﬂ%féiea‘f \é\%col(gmeﬁ] Z?g#%ré_r‘g ﬁr(géf}ﬁ Fﬁgéﬁghfrégc?gﬁﬁ%é\%éegggéi § 3.1cC
by the i wo%tafofg%ﬂ%%?r@d dfurd i eROCY Merhéat bAPerAtudel €aUthe Of

pol ymeri zat'i on, ene "honopol yner
reactor increased by 1.9C by the initial heat generation in

this polymerization.

As a result of polymerization, an ethylene-hexene-1
10 copolymerhavinganSCBof20.6,a[77]of1.17dl/g,amolecular
weight (Mw) of 7.6X10%, a molecular weight distribution
(Mw/Mn) of 2.2 and a melting point of 110.3C was produced
at a rate of i.5><107g per one hour per 1 mol of the titanium
compound.
15
Comparative Example 1
An autoclave having an inner volume of 0.4 liter equipped
with a stirrer as a reactor was dried under vacuum and purged
with argon, then, 190 ml of toluene as a solvent and 10 ml
920 of hexene-1 as an ¢ -olefin were charged into this, and the
reactor was heated up to 60C. After the heating, ethylene
was fed while controlling the ethylene pressure at 6 kg/cmz,
and after the system was stabilized, 0.50 mmol of
triisobutylaluminum was added, subsequently, 1.0 umol of
25 [dimethyl(3—tert-butyl-2—methoxy—s-methylphenyl)silyl(tet
ramethylcyclopentadienyl) Jtitanium dichloride was added,
then, 3.0 4mol of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was

added. Polymerization was carried out for 60 minutes while



) l
having a nelting point of 133.11 was produced at a rate of 8.7X106 g per
one hour per 1 nol of the titanium conpound. 20 Exanple 2 An autocl ave
having an inner volune of 0. 4 liter equipped wth a stirrer as a reactor
was dried under vacuum and purged w th argon, then, 193 m__of %@bgene as a
solvent and 10 mi 25 of hexene-1 as a®3a-ol efin were chaPg8d'd™} his, and
the reactor was heated up to 60- C. After tenperature raise, ethylene was
fed while controlling the ethylene pressure at 6 kg/cn2, and after the
system was stabilized, 0.5 mml of triisobutylalum numwas added,
subsequegintrol Ding _tHemlemfe 2t UBe Jan 6y .2008e temperature in the
(di methyl (3-tert-butyl -2-net hoxy-5-nmet hyl phenyl )silyl (tet )
r amet hy| epelcentiatteeasfit byadilumidi bl shedédhddadddert aenarabionyi no
of triphenyl carbeni untetraki s(pentafl uorophenyl )borate was 5 added.
Pol yner i dat itdvi svao knerédasgaen-or 60 minutes while controlling the

tenperature at 60t. The tenperature in the reactor jncreased by 1..90C by
the initial heds g’er@%ﬁﬂ%rqgf- nP°t]'Pff“§rﬁtj’1{fLr?E°rr} 7t O%thgeger g‘seu e%ﬁeofl
pol yneri zati qn, an et hyl ene-hexene- cqopoly avi égiﬁ

20. 6, A[ 7PPECYMER 135 BE P88§I3$ %méégﬁtg? fqg$l§.é§%%%?q% no %%ﬁlar

wei ght distribytion.( fr 1 %mP r?(ﬂﬁ)@uml.ti ng point of 110.31C was
producedpeg{]aq%% eo%fpﬁéwgh§%167 g per one hour per 1 nol of the titanium
conpound. 15 Conparative Exapple 1

Me,Si TiClj

O
/

tBu

Example 3

An autoclave having an inner volume of 0.4 liter equipped

10 with a stirrer as a reactor was dried under vacuum and purged
with argon, then, 190 ml of toluene as a solvent and 10 ml
of hexene-1 as an @ -olefin were charged into this, and the
reactor was heated up to 60C. After temperature raise,
ethylene was fed while controlling the ethylene pressure at

15 6 kg/cm?, and after the system was stabilized, an MMAO type
3AtoluenesolutionmanufacturedbyTosoh-AkzoCompany,Ltd.,
was charged in an amount of 1.0mmol in terrﬁs of Al, subsequently,
1.0 (#mol of
[dimethyl(3-tert-butyl—2—methoxy—S—methylphenyl)silyl

20 (tetramethylcyclopentadienyl)]titaniumdichloridewasadded.
Polymerization was carried out for 60 minutes while
controlling the temperature at 60C. THe temperature raise

in the reactor by the initial heat generation in this



An aut ocl ave having an inner volunme of 0. 4 liter equipped wth a stirrer
as a reactor was dried under vacuum and purged wth argon, then, 190 m of
toluene as a solvent and 10 m 20 of hexene-1 as an a-olefin were charged
into this, and the reactor was heated up to 60- C. After the heating,
ethylene was fed while controlling tigd ethyl ene pressurdJ3udyigPine, and
after the systemwas stabilized, 0.50 mmol of triisobutylal um num was
added, subsequently, 1.0 ,u nol of 25

[ di met hyl (3-tent-butyl - 2- met hoxy- 5- net hyl phenyl )silyl (tet

ramet hyl gyel ppeniaditepyl Waisi i wbskxhédri de was added, then, 3.0 LL nol
of triphenyl carbeni untetraki s(pentafluorophenyl)borate was added.

Pol yneri zati on Amsa ceesudtl ofit pPdymer idatiies, wai| etBylederhexane 2004
controlling the tenperature at 60cC. The tenperature in the reactor

i ncr easedc e IYMeTh aRinhaniSHR PhIL hdat adehdref Ltodl 41 9 hrMpbeGREaFzat i on.
As |t of | i_zati th -h - 5 |
B oduced BRIGHT ATIOT 08 T a0t 10" ef BHOSAOIAT FELan oA LEFEHRRE P ani um

d. I . TLC13 B | . o i i
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and 10 m exene-1 as an a -olef in weré charged into this, and the
reactor vgsmpwai@d up to 60- C. After tenperature raise,

Example 4

10 .Polymerization was carried out in tﬁe same manner as
in Example 2 except that hexane-1 used was changed to 10 g
of butene-1. .Thetemperaturélefhereactorincreasedby2.6%3
by the initiél heat generation in this polymerizafion.

As a result of polymerization, an ethylene-butene-1

15 copolymer havinganSCBof 15.2,a[7n]0f1.26d1/g, amolecular
weight (Mw) of 7.5X10*, a molecular weight distribution
(Mw/Mn) of 2.7 and a melting point of 93.9C was produced at
a rate of 1.5X10’ g per one hour per 1 mol of the titanium
compound.

20

Example 5

Polymerization was carried out in the same manner as
in Example 2 except that triisobutylaluminum was changed to
triethylaluminum of the same molar amount. The temperature

25 inthereactorincreasedbyO.?C by theinitial heat generation
in this polymerization.

As a result of polymerization, an ethylene-hexene-1
copolymer havinganSCBof 12.7,a[7n]of1.23dl1/g, amolecular

weight (Mw) of 3.4X10%, a molecular weight distribution



et hyl ene was fed while controlling the ethylene pressure at |15 6 kg/cn®,
and after the systemwas stabilized, an MMAO type 3A tol uene sol ution
manuf act ured by Tosoh- Akzo Conpany, Ltd., was charged in aa anount of 1. O
mml in terms of A, subsequently, 1.0 4nol of
(di met hyl (3-tert-butyl - 2- met hoxy- 5- netdgy| phenyl )si |yl 2§ January 2004
(tetramet hyl cycl opentadi enyl) ]Jtitaniumdichloride was added.

Pol yneri zation was carried out for 60 m nutes while controlling the
tenperature at 60CC. The tenperature raise in the reactor by the initial
heat gene(ayi@n)i B£t hi.2 Ghdl3 hlsing 2004nt poky reei. 84T i waswasodated
observed. As a result of pol¥nerization, an et hyl ene- hexene-1 copol yner
havi ng anaBGB reftel4£81,. 38X L1074 Jpeaf ohe7hodr/geral mdkofl dhe tekghiumMy) of
7.1X104, a nolecular weight distribution 5 (Mv M) of 1.9 and a nelting
poi nt of &dMpdGndas produced at a rate of 3. 0 X 106 g per one hour per 1
nol of the titanium conpound. Exanple 4 10 Pol ynerization was carried out
in the sane manner as in Exanple 2 except that hexane-1 used was changed
to 10_g of butene-1. The tenperature in the reactor increased by 2. 6C by
the i fitiB¥2RB4® feneration in this polymerization. As a result of

polynerizationé%gg¥$%?¥Egng%yggﬁpb%rfg%éx§§ng%;tgevﬁggeama§g§F05515.2,

al[ 77 ] of 1. a molecular —weig 5X104, a nol ecul ar

wei ght di st rg buts 08 2 (MUY ©fa?. £ A86b @t PEhL LRE nRA WasOEnSBgR@ was
produced at a rate of 1.5X107 g per one hour per 1 not of the titanium
conmpound. trimethylaluminum of the same molar amount. The temperature
inthereactorincreasedbyo.4t)bytheinitialheatgeneration
10 4in this polymerization.

As a result of polymerization, an ethylene-hexene-1
copolymer having an SCBof 9.6, a[ 7] of 2. 13dl/g, amolecular -
weight (Mw) of 16.8X10%, a molecular weight disfribution
(Mw/Mn) of 8.3 and a melting point of 119.9TC was producéd

15 at a rate of 7.7X10° g per one hour per 1 mol of the titanium . |

compound.

Example 7

Polymerization was conducted in the same manner as in
20 Example 2 except that triphenylcarboniumtetrakis
(pentafluorophenyl)borate was changed to
[dimethylanilinium][tetrakis(pentafluorophenyl)borate] of
the same molar amount. The temperature raise in the reactor
by the initial heat generation in this polymerization was not
25 observed.
As a result of polymerization, an ethyleﬁe-hexene-l
copolymer having an SCB of 18.6, and a meltiﬁg point of 114. 1C
was produced at a rate of 1.9X10% g per one hour per 1 mol

of the titanium compound.



20 Exanple 5 Pol ynerization was carried out in the sane manner as in
Exanpl e 2 except that triisobutylalum numwas changed to triethylalum num
of the same nolar anmount. The tenperature 25 in the reactor increased by
0.3C by the initial heat generation in this polynerizatjon. As g.result of
pol yneri zation, an ethyl ene-hexene-1 @bpol yner having a a4 7 | a [
n] of 1.23 dl/g, a nolecular weight (Mv) of 3.4X104, a nol ecul ar wei ght
distribution 65 13 January 2004 (Mw~ M) of 2.2 and a nelting point of

116. 80 was produced at a rate of 1. 3 X 107 g per one hour per 1 nol of
the titanium conmpound. 5 Exanple 6 Pol ynerization was carried out in the
sanme manner as in Exanple 2 except that triisobutylalum numwas changed to
tri met hylEx@mphanBof the same nolar ampbunt. The tenperature in the reactor
increased by 0. 4t by the initial heat generation 10 in.this |

pol ymeri zat i on. Ah@UFEAN¢ NGFVIRG Wu‘ei‘?gﬁfi BA-UmA 2t HytdéherneReirped

copol ynmer. havin n.SCB of 9. 6. .a[ 7 Oof . 2. dl / a nol.ecul ar . wei ght
(v of - 1B d i 8 e REBR 4 i e ety B E585A, S
mel 19 R Algditd- Ay Vo PuRduEedolRetle Ao 8l €o0hefit faX dfBrgeer one
hour per 1 nol o1 the tTtani um conpound. anple 9 ol ynerizati on was
conduct edi f to tif1 $aMEh dAWHE ric t dr wis R @ vp @F AT hahfter the

tri phenyl carboni untetrakis

heating, propylene was fed while controlling the propylene
pressure at 4 kg/cmz, and after the system was stabilized,
1.25 mmol of triisobutylaluminum was added, subsequently, 5.0

10 4 mol of
[dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl
( tetfamethyl.cyclopentadienyl) ] titaniumdichloride was added,
then, 15.0 u'm of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was

15 added. 'Polymerization was carried out for 60 minutes while
controlling the temperature at 40C. The temperature in the
reactor increased by 5.2C by the initial heat generation in
this polymerization.

As a result of polymerization, a propylene homopolymer

20 havinganmﬂecularweight(Mw)of1.04X106,anmlecularweight

distribution (Mw/Mn) of 2.2, ameso triad of 0.283 and a raceme

triad of 0.162 was produced at a rate of 1.6X10% g per one

hour per 1 mol of the titanium compound.

25 Example 9

A stirring rod was placed into an autoclave having an
inner volume of 0.1 liter, then, the autoclave was dried under
vacuum and purgedwith argon, then, 25ml of toluene as a solvent

was charged into this, PMAO-S manufactured by Tosoh-Akzo



(pent af | uor ophenyl ) borate was changed to

[ di met hyl ani l'i ni unj [tetrakis(pentafluorophenyl)borate] of the sane nol ar
anount. The tenperature raise in the reactor by the initial heat
generation in this polynerization was not 25 observed. ﬁ% reggé& of
pol yneri zation, an ethyl ene- hexene-1 @opol ymer having 4R “8C¥" .6, and
a nelting point of 114. 1~-C was produced at a rate of 1.9X106 g per one
hour per 1 nol of the titanium conpound. 66 13 January 2004 Exanple 8 An
aut ocl ave having an inner volunme of 1 liter equipped wth a stirrer as a

react or \smpH fpl nhdler was whaBded pir gad arbustt lofabgOnmmbAenn B8OOma| of
tol uene as a solvent was charged into this, and the reactor was heated up
to 40CC .ofAfAE; $hBselheaenitly, F.opylewd wes fed while controlling the
propyl ene pressure at 4 kg/cn2, and after the systemwas stabilized,
1.25nnn|uﬁimetnxbbatyaaKuMuﬁmﬁw%nm%@méay-§uﬁ§é§ﬁéﬂﬂ%ﬂY%Q%Flzb(Eitnn | of
[ di met hyl (3-tert-but I-2-nethoxy-5-nethélEhenﬁL) iyl q

(t et r anetramethy be¥al aapetpdiansbhl thtarihmo 1B s dg e 29ded: 15. 0

/ _L mof triphenyl carbeniyntetrakjs t af | yorogh I e 15 added.
Polynﬁﬂ;ﬂﬁﬁght g ¥afr 848 uq%é %8§§1 u?gs&wﬁi?g*%§¥ﬁ¢%n|¥ﬁ§ t he
tenperature at WC. _The t er ' e eaet ol nf aged 5.2CC b

t he imti%§i¥ﬂ%516%g2§3t%§%i%?fgfhgn%%Fyﬁgﬁiggtﬁéﬁdﬁéﬁa regﬁrt of g

PO'Y”Efiﬁﬁ%t lfiH?OQKEeQ%HﬂEEH¥ﬂﬁ@m%t 28%having a nol ecul ar wei ght (M)
of 1.04 , a nolecul ar wei ght
As a result of polymerization, a 1,3-butadiene
homopolymer having a molecular weight (Mw) of 4.6X10°, and
10 a molecular weight distribution (Mw/Mn) of 2.8 (ratio of

bonding mode of double bond parts in a polymer chain,
[1,4-cis]:[1,4-trans]:[1,2-]=O.830:0.070E0.100).was
produced at a rate of 4.0X10* g per one hour pef 1 mol of
‘the titanium compound.

15

Example 10

An autoclave having an inner volume of 1 liter equipped
with a stirrer as a reactor was dried under vacuum and purged
with argon, then, 300 ml of toluene as a solvent and 1.0 ml

290 of 5-hexene-1-ol as a comonomer were charged into this, and
the reactor was heated up to 40C. After the heating, 20 mmol.
of triethylaluminum was added, ethylene was fed while
controlling the ethylene pressure at 6 kg/cmz, and the mixture
was stirred continuously for 15 minutes. After the system

25 was stabilized, 5.0 ftmol of
[dimethyl(3-tert—butyl-z-methoxy—s-methylphenyl)silyl
(tetramethylcyclopentadienyl)]titaniumdichloridewasadded,
then, 15.0 um of

triphenylcarbeniumtetrakis(pentafluorophenyl)borate was



distribution (Mv M) of 2. 2, a neso triad of 0. 283 and a jacene tr

0.162 was produced at a rate of 1.6X 106 g per one hour per

1 nol of

i ad of
t he

titani um conpound. 25 Exanple 9 A stirring rod was placed into an autocl ave
having an inner volune of 0. 1 liter, then, the autoclqgg was 2bed
vacuum and purged with argon, then, 2%8n of tol uene as'3“801a%%

nto this, PMAO S manufactured by Tosoh-Akzo 67 13 January 2004

char ged
Conpany,

Ltd. , was charged in an anmount of 6.0 mmol in ternms of Al,

subsequently, 6.0 u nol of

[ di met hyl

ramet hyl cycl opent adi enyl )] ti tani um di chl orj de was added.
i nt roducexbrBi2ell hing the-bemperatureand HOI

ddad@rt -Bulgthe 2i prthonywssneahylpleoyk) §okybQtreinutes while

60 mnutes while controllin g he tenperature at 2500 a result of

pol yrrer i Zat i8re BeacBopubAdi

of 4.6-X
of bondi

105, and 10 a nnlecular ht dlstrlbutlon (Mnv Vn) of 2.
DRy YRR 3Rt 48R0 A SHARE (PRT %ﬁ% a pol yner chain,

under

5 1Into this was
ner'ﬁ'%tﬁ%ﬁ*?%“é’é?r?%sﬁut for

Beat ﬂaor%ﬁgt&%ﬁéuﬁ%sm. ght ( M)

8 (ratio

e 10

[1,4-cis]:[1,4 tr E %&sl&t O%p%]ﬁ'%%ﬁ{%@l&l 10Q) VA1 Rl @l1dpjate of

4. 0X104 g per

pEr e titani um conpound.” 15 Exanpl

An aut ocl gy hﬂ%{éP haf‘&rtéfﬂhyﬂhOéléohbieéoﬁqeh@psﬂ ovkshyassiharer as
rne

a reactor

er vacuum and purged wth argon, then, 300 ni

of

tol uene g%, g 59l yens. Bdei/Q Whs2Prefiubelicaene-tavé @ 1a TS moiogepener e
charged into this, and

10

15

20

25

one hour per 1 mol of the titanium compound.

Example 11

An autoclave having an inner volume of 1 liter equipped
with a stlrrer as a reactor'was drled under vacuum and purged
with argon, then, 300 ml of toluene as a solvent and 15 ml
of vinylcyclohexane as an @ -olefin were charged into this,
andthereactionvesselwasheatedupto60T3. After theheating,
ethylene was fed while controlling the ethylene pressure at
6 kg/cmz, after the system was stabilized, 0.75 mmol of
triisobutylaluminum and 1.5 #4mol of
[dimethyl(3-tert-butyl-2-methoxy—S-methylphenyl)silyl(tet
ramethylcyclopentadienyl)ltitanium dichloride were added,
then, 4.5 #mol of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
added. Polymerization was conducted for 60 minutes while
controlling the temperature at 60C. The temperature raise
in the reactor by the initial heat generation in this
polymerization was not observed.

As a result of polymerization, an
ethylene-vinylcyclohexane copolymer having a content of a

vinylcyclohexane unit of 4.1 wt%, an [7n] of 2.27 dl/g was



the reactor was heated up to 40- C. After the heating, 20 mmol of
triethylal um num was added, ethylene was fed while controlling the

et hyl ene pressure at 6 kg/cnR2, and the mixture was stirred continuously
for 15 mnutes. After the system 25 was stabilized, 5.01,3u‘J nol %f

[ di met hyl (3-tert-butyl - 2- met hoxy- 5- nelyl phenyl ) si | yl anuary 2004
(tetramet hyl cycl opentadi enyl) ] titaniumdichloride was added, then, 15.0
9m of triphenyl carbeni unt etraki s(pentafl uorophenyl)borate was 68 13 January
2004 added. Polynerization was carried out for 60 mnutes while

control | ipxpdieed eapeaarate atf 400C<10Thg pempenst oain Mew 1imoi hefreact or
by the initial heat generation in this polynerization was not observed. 5
As a resuihte ofipaniwer ceapogdd-an et hyl ene- hexene-1-ol copol yner having a
term nal al cohol content of 0.68 wt%and an [ 77 ] of 4.96 dl/g was
produced at a rate of 1. 2 X 105 g per one hour per 1 nol of the titanium
conpound. 10 aml e 11 _An. autqcl ave having i Y i fer

equi pped wt % SEEAP L 18 385&13%& X‘s’edr?ée?abgﬁgé gég%%]cga%%s%%# ged
with arg 30 t i

Vi ryt By Cavsriion S Eatg LB AR o T O P prE RS
reaction yessel Peat gda4R ilbh YU yme A i£fi6RChAGANING cAtdWHENEe Was
fed whil eacont r%}r\l@?ng the ethyl ene pressure at 6 kg/cr?g, aftearw% he system
was st abidd e tP. wibi emosuppressebshbaty jahematimmrt the Ademinming

[di met hyl (3-tert-butyl -2-nmethoxy-5-net hyl phenyl)silyl(tet 20

r amet hy| oft ipodemeadi zatl 9f tandrdamtel dndors tgel agek e Gadetied out, such

a catalyst for addition polymerization, and a process for

10 producinganadditionpolymerwiththecatalyst,areprovided.



then, 4. 5 a nol of triphenyl carbeniuntetraki s(pentafluorophenyl)borate was
added. Pol ynerizati on was conducted for 60 mnutes while <controlling the
tenperature at 60- C. The tenperature raise 25 in the reactor by the
initial heat generation in this polyqerization was not gbserved. As a
result of polynerization, an ethylene wnylcyclohexane1 oBBYINEOavi ng a
content of a vinylcycl ohexane unit GF MS1"w % an [7)] of 2.27 dl/g was 69
13 January 2004 produced at a rate of 1.9X106 g per one hour per 1 nol of
the titani um cofipournl. tﬁSnﬂﬁsﬁém@BdeﬂaﬁetamboahaVer%EEEﬂyéHJHy’EW@
present 5 inventi transition metal conpound useful for preéparing a
cat al yst fQﬁn%ﬁﬁﬂtéaﬁW yhrization having a catalytic activity which
suppresses heat generatlon at the beginning of polynerization and can be
industriah?y carri d out Buch a catalyst for addition polynerization, and
a process R 100 an addition polynmer with the catal yst, are

provi ded. 7/62 Januar 004 CLAIMS (1) Atransitional netal conpound

repr esent g8-by the gene szornula (3): R3gyp\/Dn NI R ~ 12 (R2) m.E

-R
-(3)

-E—R!

wherein M represents a titanium atom, zircortium atom ox hafnium |
atom in the +3 formal ox1de condltion Cp represents a group
having a cyclopentadiene type anion skeleton; J represents an
atqm of XIVfgroup in the periodic table of element; each of R?
and R? inde.p_endenti'y represents a hydrogen atom, halogert_atom;
alkylgroup,aralkylgroup,afylgroup,substitutedsilylgrdﬁp,
alkoxy group, a_r_alkyloxy greup , aryloxy group or di-Subst:L_tut:ed
amino group, and a plurality of Rze mey bond mutualiy to form
a ring;'m represents an integer of from O to 4; E represenfs
an oxygen atom or sulfur atom;iRl represeﬁts an alkyl group,'
aralkyl group, aryl group or substituted silyl group; each of
two Xs independently represents a hirdrogen_ atom, halogen atom,
alkylgroup,aralkylgroup,arylgroup,substitutedsilylgroup,
alkoxy group, aralkyloxy group, aryloxy group or di-substituted
amino group, and two Xs may bond mutually to form a ring; D
represents a neutral ligand coordinated on M; and n represents

an integer of from 0 to 2.

2. The transition metal compound according to Claim

1, wherein E represents an oxygen atom.



wherein Mrepresents a titaniumatom zirconiumatomor hafnium atomin
the +3 formal oxide condition; Cpl represents a group . having a

cycl opent adi ene type- anion skeleton; J represents an atomof X V. group
in the periodic table of elenent; eachiof R2 and R3 indﬁ)%ndent%%
represents a hydrogen atom hal ogen atom al kyl group, ey 2308up, aryl
group, substitwt-ed silgl tgrpgptical koxtalr coppoanal kytexyd DiQURO adny OXY
group or dj-suhsti am po ou and a plurality of Res may bond

nut ual |y g’gef ofg% %fgrlﬁﬁsg alm ?%p?jefseﬁp§r§ﬁni rf?e&@rpr(?fgantosm 8 thitanium
represent atoan oxygen atomor sulfur atom R represents an al kyl group,
aral kyl group, aryl SI‘%{;UE or substituted silyl group; each of two Xs

i ndependent |y fepre sthaRjdFsgen Rate Rampgundatargorcdiky| tor campy

aral kyl gr oy AN P, St -sid yl__aroup,. . al ko roup,

ar al kyl oxfggrpgtﬁ,diaarly SS;!Ly tgért)g&p %%éj}d‘?eﬂ’sa%sﬁ uteesfr%1 Amhd ,g’gﬁi@tv\o Xs
may bond nutuald.y. t @ foetahyst ngorD ad@mmenpal?maggtzgaﬁohi Y ined

coor di natﬁd on M _and n represents an integer of fromO to 2. 2. The
transiti ofYmet & POAFEERd SRBRF HF It PG IRI 1thghek BrRSELiopr exargtls an -
oxygen ate Ve ;T ransiti I npaund gccor di ng
to any One@i})n}p%%nﬁl?r?éfa% Ozr?@ﬁr%‘%?}lﬂl\fr%p?gsgnégggnﬁoﬁgﬁ% leg:rhmﬁ%%. The
transiti ofoddoalingormBourdddeoordinfdld anng of® of Clains 1 to 3, wherein
Rl represents a nethyl group. 5. . A catalyst for addition polynerization
obt ai ned b§)aOpRoRESBOESBERBLAYMbEPHEPHRdsheelectnd firom wheaFoltowpngnd

of any on ai 1to 4 into contact with the follow ng (B) -and/or the
fol | ow ng?%g:go (B3 © _ o : '
- (Bl1) organic aluminum compounds of the general fo'rmula
ElaAlza-a:

| (B2) cyclic aluminoxanes having_'a structure of the genéral :
formula {-Al(E?)-0-},, and | |
| _ (BB) li_hear éluminoxan.es having a structure of the general
formula E*{-Al(E’)-0-).AlE? , |
wherein each of E!, E? and E? -represen.ts a i'xydrocarbon group, and
allE's, allE%s or all E%s may be thesame or different; Zrepresents
a hydrogen atom or halogen atom land all Zs may be the same or
different; a represents a number satisfying 0<a<3, b represents
an integer of 2 or more; and c rep.resents an integer of 1 or more,.
(C) 6ne or more boron compounds sele.cted from the following (C1)
to (C3):
(Cl) boron compounds of the general formula BQ'Q%Q?,
(C2) boron compounds of the generai formula G*(BQQ%Q%Q*Y)~,
and

(C3) boron compounds of the general formula (L—H)*(BQlQZQ3Q‘)

’

wherein B represents a trivalent boron atom; Q' to Q* represent

a halogen atom, hydrocarbon group, hé.logenéted hydrocarbon.group ,



(B) one or nore al um num conpounds selected fromthe foll owiing (Bl) to
(B3): (B1) organic alum num conpounds of ‘the general  forml ElaAlZ3- a,
(B2) cyclic alum noxanes having a structure of the general formula { -Al
(E2) -O }b , and (B3) linear alum nopanes having a struygtpyre of e
general fornula E3( -Al (E3) -O )cAl'E32 wherein each gﬁ‘%ﬂ’a'ﬁfo?gd E3
represents a hydrocarbon group, and all Els, all E2s or all E3s maybe the
sane or diubbti¢uteds ikt gseups alkotyrejanonddmsarb st taad ambpe graunl | Zs
may be the same.or different; a represents a_punber satist%\ieng 0<ab3, b’
r epr esen@Bd tireymayyde sheosape Ay diffeFedticfr SERTLSeMS AedBPTEANECo,
nore,. (C) one or nore boron conpounds sel ecte romthe_foll ow d)
to (C3): OFPFIBBLENCREABBaMNT BTGRP YL fePER FSS‘nLFEngﬁiﬁB,a ti\‘jlégi'qﬂ'@ron
conpounds of the general, faqrmul 1?[ (BQ @@BM) F, and (C3) boron
compound&eBFeERAY er?e|E;qurs%rer?@uI‘-‘{:jt<E “H +(BQ @ ) wherein B represents
a trival ent bogon ,at t | At €I ogRRRAN

6., B h@#cé@s ?ogg)zﬁoéﬁ,tﬁsﬁ 72%3&?6‘&%&&% P’&'lyrh‘é

group, hal ogenate rocarbon g _ nuary 200 substTtuted silyl
group, ahbﬂp;ei&&%lgopenyﬁ\bﬂu%@ bH! 284 261 610 pHIGHier Brwbld @bripdurEwiba sanme
or different; G+. représents an inorganic or organic cation; L represents
a neutraknbewatadlast ¥ ddadifdion rpplesent saeddd¥nsfedlatmd5.6. A process
for producing an addition polymer, which conprising polymerizing an
addi tion pol ymgr,i 2a2at Q9H0EEE idditidie pelvhesizationdébtadhed by a
pol ynmeri zation of Claimb5.. :

: - process comprising bringing the following (A) into contact with

the following (B) and/or the following (C):
(A) atransitionmetal compound repreéented by the general formula

(1):

A E R
M/ x5 e)
Dn N
wherein M represents a titanium atom, zirconium atom or hafnium
_atom in the +3 formal oxide condition; A represents a multidentate
mono-anionic ligand; R! represents an alkyl gromip, aralkyl group,
aryl group or substituted silyl group; E represents an oxygen atom
or sulfur atom; each of two Xs independently represents a hydrogen
atom, halogen atom, alkyl group, aralkyl group, aryl group,
substituted silyl group, alkoxy group, aralkyloxy group, aryloxy
group or di-substituted amino group, and two Xs may bond mutually
t6 form a ring; D represents a neutral ligand coordinated on M;
and n represents an integer of from 0 to 2,:

(B) one or more aluminum compounds selected from the following

(Bl1) to (B3):



7. A catalyst for addition polynerization obtained by a process conprising
bringing the followng (A into contact with the followng|(B) and/or the
following (O-: (A a transition netal- conpound represented by the general
formula (1): AERL MX2 (1) Dn whé&3®in Mrepresents 3 tltanl #Hb‘i\tom
zirconiumatom-or hafnium atomin the +3 formal oxi de ¢B8r8

represents a |, t tate L oni ¢ nd' . rese t an al kyl
group, aral kylrmlr)oggn n}é J(fg‘? rc%%?;‘t‘ gﬁRé’Fy? 6?533 EErF‘HﬁPesents
an oxygem AtHm or sulfur atom each of two Xs i ndependently represents a
hydr ogen *atoni’ hal ogen atom al kyl group, aral kyl group, aryl group,
substituted s ébnl) &yetbc & ERiHoRaRER naYAKY 8 gryagtare, of L ELnedhaguP Of

di -substituted am no group, and Xs may mut ua rma ring; D
repr esefibgmalaeyt-naal( ﬁzl)g@nqbgoaﬁdl nated on-M and ' n represents an integer
of fromO to 2,.. (B) one or nore al um num conpounds sel ected fromthe

foll owing- (BU{B3)oL{B8ar furiiSndranash20 (g a( Btruotgasi ¢ ahegBHEYal
conmpounds of the general formula _ E'8A1Z3 _a, (B2) cyclic alum noxanes

havi ng &ozmudat &7 6-AL (ERR-QeheA B fornula (-Al (E2) -O)b, and (B3) |inear
al um noxanes having a_structure of the general fornula E3 (-Al (E3) -O

) cCALE32vIMEREPneeRIPHIE E1E” EnhA] FRDrepertemn dvduanarbea hrougroapd and

al;L Els, allE?sorallE’s may be the same or different; 2Zrepresents
- a hydrogen atoiﬁ or halogen atom and all Zs may be the same or

different a represents a number satlsfylng 0<a<3, b represents
an integer of 2 or more; and c represents an integer of 1 or more,
(C) one or more boron compounds selected from the following (Cl)
to (C3): |

(C1) boron compounds of the generalj formula BQQ%Q?,

(C2) boron compounds of the general formula G*(BQIQZQ:‘Q“)".,
and _

(Cc3) b_oron.compounds_ of the general formula (L-H)*(BQ'Q%QQ*)

wherein B represents a trivalent boron atom; Q! to Q' represent
a halogen atom, hydrocarbon gr.oup . halo.genated hydrocarbon group,
subst_ituted silylgroup, alkoxygroupordi-substitutedamino group
~and they may be the same or different; G* represents an inorganic
‘or organic cation; L represents a neutral Lewis base; and (L-H)*
represents a Br¢nsted acid.
8. The transition metal compound'eccording to Claim 7,

wherein (A) represents a multidentate meno—anionic ligand of the
general formula (2):

Cpl G (2)

wherein Cp? Trepresents a group having a cyclopentadiene type anion



all Els, all E2s or all E3s maybe the same or different; Z r!epresents a
hydrogen atom or hal ogen atomand all Zs may be the sane or | different; a
represents a nunber satisfying 0<ab3, b represents an int eg%er of 2 or
nore; and c represents an integer of or nore, (C) one_,or 'nor ron
conpounds sel ected fromthe foll ow naéf’d) to (C3): (Cﬁj3 JBBFW%QBEpounds
of the general fornula BQ Q2Q@3, (C2) boron conpounds of the general

formul a_Ged AMROANMS -l LTk s L 00 COBONE A AInd NEoOM BRI SEOUE

(L-H) +(B wher el represents a trival ent” boron atom

repr esentat@ngmsfig@giﬁ‘]t,ogkt@ggﬁoggﬁbgﬁdgggup, hal ogenat ed hydr ocar bon
group, substituted silyl group, al koxy group or di- substituted am no
group - and they gnaya bprbbessaFeroprbddeimnt an GaddaRione Yol itk NOFHEH C
.0or organic cation; L represents a neutral Lewi s base; and (L-H)+

r epr esentconpiBisiat @ p dgmibr i1 ddart addditiionnpodyaerdaspdendompoandi wptH 0O
Claim7, wherein (A represents a nultidentate nono-anionic |igand of the
general ftdrengatalyst Ghor Rdditinor poAYDer izedesems Claimiup dmv8 ng a
cycl opent adi ene type anion 73a 13 January 2004 skeleton; and G represents
a substituent having 1 to 30 non-hydrogen atons bridgi ng between Cpl and
E. 9. A process for producing an addition polyner, which conprising

pol ymeri zing an addition pol ynerizabl e conmpound with the catalyst for

addi tion polynerization of Claim?7 or 8.



