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COVPOUND, CATALYST FOR ADDI TI ON POLYMERI ZATI ON, AND PMWMHWMMR(DU NG
ADDI TI ON POLYMER 5 BACKGROUND OF THE | NVENTION Field tion The
present invention relates to a transition netal conpound hawswng a -

nul ti dentat e nono-anionic |igand contaihing a hetero atomas a
substituent, a catalyst for addition 10 pol ynerization ﬂﬁMﬁMMﬁW“MMm si ng
said transition netal conpound, and a process for prod tion
polymer with the catalyst. Description of Related Arts Regawdbmg a net hod
for producing an addition polyner 15 with a single site catal yst conposed
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system the anount of the initial heat generation is large particularly
due to high initial activity and consequently control of the

pol ynegi zati on reacti on gacgGROUND t OF25THERVMVARYERFIONE | NVENTI ON Under the
above-situation, an object of the present invention is to provide a

transi ti orirgidalofotipeubddvesaefivin for preparing a catalyst for addition

pol ymeri zation having a catalytic activity which suppresses heat
generation at t/fhe present invention relates to a ransition metal

compound havingamultidentatemono-anionic ligand containing
a hetero atom as a substituent, 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 catalyst 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
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



2 Dbeginning of polynerization and can be industrially carried out, and
such a catalyst for addition polynerization, and an efficient process for
produci ng an addition polymner, which can suppress heat generation at the
begi nning of 5 polynerization and can be industrially carried out. Nanely,
the present invention relates to a tradsition netal compound (A) of the
follow ng general formula (1): AERL MX2 (1) Dn (wherein, Mrepresents a
titaniumatom zirconiumatomor 10 hafniumatomin the +3 formal oxide
condition; A represents a nultidentate nono-anionic ligand; Rl represents
an al kyl bggduning itk polymanizakion grolgady beupadushird@ sy Wargigth; E
represents an oxygen atomor sulfur atonm. each of. two Xs |ndependently

r epr esent &9& -hFBHo§ERNR d?ﬁtﬁ%Y%BeﬁP%ta@:alfdt%illp@é’%ﬁ%ﬁth?ﬁk 324 Fdup,
aryl group,  substituted sily rou al kox LQUR.. aral kyl ox I.ou

2ol oy g Bsa Ry Rges e S hhrnathront, AaNERd RoThR oM a1y
to forma_ring; r t . al 'qéﬂg inatedeson M and n
represent%%%J%ﬁﬁé%ﬁéglﬁég?ogfge?%%;gﬁ %ﬁ) urtﬁgggg?gngggsent i nvention
rel ates t QoA vaRidl25tidRran@dehhi @2 R Za11PNcababaeduldy, bringing the
transition netal conmpound (A) into contact with the follow ng (B) and/or
(O: (B) one or Namedysl thenpitec@ountde el o tredl {teosntdea ftelan@dtigps  (Bl)

to (B3); (Bl) organic al um num conpounds of the general formula
metal compound (A) of the following general formula (1):

1
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(wherein, M represents a titanium atom, zirconium atom or

10 hafnium atom in the +3 formal oxide condition; A represents
a multidentate mono-anionic ligang; R? represents an alkyl
group, 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

15 group, aralkyl group, aryl group, substituted silyl group,
alkoxy group, aralkyloxy group, aryloxy dgroup oOr
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 present 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



El aAlZ 3-a, (B2) cyclic alum noxanes having a structure of the 5 general
formula {-Al (E2)-0-}b, and (B3) |inear alum noxanes having a structure of
the general formula E3{ -Al (E3) -O }cAl E32 (wherein, each of El, E2 and
E3 represents a hydrocarbon group, and all Els, all E2s or all E3s nay be
the same or different. 10 Z represents3a hydrogen atom or hal ogen atom
and all Zs may be the sane or different. a represents a nunber satisfying
O<a: 3, b represents an integer of 2 or nore, and c represents an integer
of 1 or nore.), (C one or nore boron conpounds selected fromthe foll ow ng
15 (d) toBXB)to(BB)boron conpounds of the general formula BQLQ@Q, (C2)

boron conpounds of the general formula G+ (BQLQR2 Cﬁ% -, and (C3) boron
conpounds of thelBleh@xganigy qdjunimpgn ggmpqlbn%}s @%QI €231 raé—vé'fé?’é‘ﬂﬁ? B
representgﬁa ﬁrivalent boron atom and QL to 4 represent a hal ogen atom
hydr ocar b aﬁ 5apv hal ogenat ed hydrocarbon group, substituted silyl group,

al koxy group or gy subst}Lul et aBin0 Aroup, A0 LNEY BY, D8 Lhe garme of 25
represen or gani C

different. §an rnorganic or atron,” "an LC represents

a neut kal '§aPa§8rﬁB§a(ktﬂhﬁﬁ?%ﬂtﬁ%%”t% @ Br#sted acid.). BRIEF
DESCRI PTI OF THE DRAWNG 4 Fig. T is’'a PIOM/chart for assisting

under st andi ng of(Bhp pigsent alamamdxehes isvidonehattushawe aleyRireal
exanpl e of enbodi ments of the present invention, and the scope of the
general formula E>{-A1(E3)-0-}:AlE?,
(wherein, each 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.
10 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 ¢ represents
an integer of 1 or more.),
(C) one or more boron compounds selected from the following
15 (C1) to (C3):
(C1) boron compounds of the general formula BQ'Q?Q3,
(C2) boron compounds of the general formula
G' (BQ'0%’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
hydrocarbon group, substituted silyl group, alkoxy group or
di-substituted amino group, and they may be the same or
26 different. G' represents an inorganic or organic cation, and

L represents a neutral Lewis base and (L-H)' represents a

Br¢nsted acid.).

BRIEF DESCRIPTION OF THE DRAWING



present invention is not limted at all thereto. 5 DETAILED DESCRI PTI ON OF
THE | NVENTI ON The present invention will be illustrated in detail bel ow
In the transition nmetal conpound (A) of the 10 above-nenti oned gener al
formula (1), Mrepresents a titanium atom zirconium atom or hafni um atom
in the +3 formal oxidation state, and darticularly preferably a titanium
atomin the +3 fornmal oxidation state. Exanples of the neutral |igand
represented by D 15 coordinated on M in the general forrmula (1), include,
for exanple, ether conpounds such as diethyl ether, tetrahydrofuran,

di -n-butyl ethefidli -l 9@ ufjlowethert for- esstishiing usidesrs tamidimg ¢f ke
tertiary am ne conpounds such as triethylamne, pyridine and the |iKke,
nitrile 20choppeaABs inKken bkorcetBh 3 EiLo¥ chht 6hPWSi 3 EYRAG aLRXIMRES

etc., and preferably tetrahydrofuran and ridine. E.in the general. fornmula
(1) 1s an SxSRBRMARE oZutRErPTCRORE LEDFbPRY MY P GEPYENOL TAE As

t he hal ogen atom represented.by X.in the neral .29, fornula (1), a
fluorine atome %IbﬁYﬁg éPSnﬁSbﬂ&%:%%%&%%f afo %%eégFoﬁggﬁd the like are
exenpl kfied, and particularly preferable is a chlorine atom As the alkyl
group represented by X or RL in the general forrmula (1), an alkyl group

having 1 to 20 carbhrgioe®d iprScrRYPEIONaOR, THe eramN=Eson her eof i ncl ude
a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl
group, sec-butyihgrmgseherinbehyliogr il itsohil Wistyratepd dnpeeritydil
below.
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 particularly 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,
iodine atom and the like are exemplified, and particularly
preferable is a chlorine atom.
As the alkyl group represented by X or R' in the general

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



group, neopentyl group, anyl group, n-hexyl group, n-octyl 5 group, n-decyl
group, n-dodecyl group, n-pentadecyl group, n-eicosyl group and the |iKke,
and nore preferable exanples are a nethyl group, ethyl group, isopropyl
group, tert-butyl group, isobutyl grogf and anyl group. Any of these alkyl
groups may be substituted with a 10 hatogen atom such as a fluorine atom
chlorine atom bromne atom iodine atomand the |ike. Exanples of the

al kyl group having 1 to 10 carbon atons substituted with a hal ogen at om

i nclude a fluoronethyl group, difluoronethyl group, trifluoromethyl group,
chl or onet Ipptefpoaipl e diagid exanpihgl thereof dnpluds 8 Medhineghohpgreiipy 1
brononet hyl group, dibrononet hyl group, tribrononethyl group, iodonethyl
gr oup, mQRRRMBt%yPrQPB&pSrPPHwxiﬁﬁﬁqﬂﬂybr%H%FPfIBO%B@ﬂHyBRﬂ ,
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group, 5peny AR5 ONae! by 9" QHPup Peﬁf-hHQéeg'iOB¥bu§r,oﬁpiplenﬁ:9aréédw Qrdwyp , 9roup,

per fl uoropentyl group,” perfl uorohexyl 25 group, perfluorooctyl group,

per f | uor odpderyds @l ogiPoup P&ALA! tReoperRbadaal mgreupreFRirfdble astagsyes gr oup,
per chl oropropyl group, perchlorobutyl group, perchloropentyl group,

per f hl or oleexgyla metvhyl geouhl oe byl yWdroupup, s operphl gmdmle b oy 1

per chl or opent adecyl grouE, 6 perchl oroei cosyl group, perbronopropyl group,
per br omob @EAUP gr bEPPUPELbEERYPe@NA 3HBUPITPRP br onohexyl group,

per bromoocty| gernléP’oPe{r?égnggggiylgr ﬁ.l%usp’may be substituted with a

100 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,
dibromomethyl group, tribromomethyl group, iodomethyl group,
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,
perchloropropylgroup, perchlorobutyl group, perchloropentyl

group, perchlorohexyl group, perchlorooctyl group,

perchlorododecyl group, perchloropentadecyl group,



per br onopent adecyl group, perbronoeicosyl group and the like. 5 Further,
any of these al kyl groups may also be partially substituted with an al koxy
group such as a nethoxy group, ethoxy group and the like, an aryl oxy group
such as a phenoxy group and the like, an aral kyl oxy group such as a
benzyl oxy group and the like, etc. 10‘%5 the aral kyl group represented by
X or RL in the above-nentioned general fornmula (1), an aral kyl group
having 7 to 20 carbon atons is preferable, and exanples thereof include a
benzyl group, (2-nmethylphenyl)nethyl group, (3- nethylphen¥J)nethyI group,
(4- et hy| pleashDamreéi/togy dudrous. @Mm@m%ﬁﬁgmmﬂ oAty
(2, 4-di net hyl phenyl ) met hyl grou 2, 5-di et hen I)nethyl group,

, d|neﬂmﬂqﬂwﬂﬁﬁ§?%@%9pe§F8&pgr%ﬁ?M$Hﬁ ?@é%ﬁ%ﬁ | PRYRYI group, 20

(2, 6-
TRt R D e R *GFoup,
3,4, 5-

Ebfseauponiiiug simsvbis Bilibedtiviy

(2, 3, 45 6- t et r angh e Wy ®E Rtle < QYRY 1 éﬁo§?§nﬁ'§ahl‘s@nﬁé drtienyly met hyl
group, (pentanethyl phenyl Jmethyl group, (ethyl phenyl)nethyl group, 7

(n- pr opy| pheyp ) et & vighoap a lkoxepyonyp phehyd g anieltiloxgr gupup, ethoxy
(n-butyl phenyl ) met hyl group, (sec-butyl phenyl)methyl group,

(tert - but Wiphempndrehiey L ifreoupn énypenyyyphepy$siiabt agia phenoxy group

and the like, an aralkyloxy group such as a benzyloxy group
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
7to 20 carbonatoms is preferable, and examples thereof include
a benzyl group, (2-methylphenyl)methyl group,
(3-methylphenyl)methyl group, (4-methylphenyl)methyl group,

15 (2,3-dimethylphenyl)methyl group, '
(2,4-dimethylphenyl)methyl group,
(2,5-dimethylphenyl)methyl group,
(2,6-dimethylphenyl)methyl group,
(3,4-dimethylphenyl Jmethyl 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,



group, (neopentyl phenyl)nethyl group, (n-hexyl phenyl)nmethyl 5 group,
(n-octyl phenyl ) met hyl group, (n-decyl phenyl)nethyl group,
(n-dodecyl phenyl ) met hyl group, naphthyl met hyl group, anthracenyl net hyl
group and the |ike, and a benzyl group _is preferable. Any of these aral kyl
groups may al so be partially 10 substi’tuted with a hal ogen atom such as a
fluorine atom chlorine atom bromne atom iodine atomand the |Iike, an
al koxy group such as a nethoxy group, ethoxy group and the like, an

aryl oxy group such as a phenoxy group and the |ike, an aral kyl oxy group
such as a{BeREPPYIPhE BethY hENouRe, ( £EEPIOBYAPhERY le tihy bgFouP .

d by X Rl | h | f I 1), I havi 6
o' 20" car BBDKEIABNY i treh B2 Oina B35 BP LY PHeraUr REErLhE R Breny!
,  2-tolyl 3-1 I -tolyl - ,
Oyt GPabs e Pl HRY S B ol g i Prp ey Y s A0,
3, 5-xyl yl 95ﬁ§9’ fe éﬁ%%igﬂgﬂ%llgmﬂylgéfUﬁ ,%ori- ek 1 BREAYH ARy 197 oup,
et Ip% up, , P

2,3,6-tri en gr , 6-trinet hyl phenyl group,

3,4, 5-5 ri gebly,Phendctf Bdeny 2) Re #h§it givoripet hol [dedyipBeayd, ) methyl
2,3,4,6-tg?ra#etﬁylphgﬁgl gr%up, 2,3,5,6-tetranet hyl phenyl group,

pent anet hgkrplaeny(n-256dgrelphesiyiy)nphenyl gyreawm, naphttwyiinstsnyl gonowpn,
i sopropyl phenyl group, n-butyl phenyl group, sec-butyl phenyl group,

t ert - but yaphbmacegrydms thiy 1 tareupand phenyliikg oignd a benzyl group is
di -tert-butyl net hyl phenyl group, n-pentyl phenyl group, neopentyl phenyl
group, n-RERFEFFSNA- group, n-octyl phenyl 8 group, n-decyl phenyl group,

T ey o8tk o BT AN s R R

10 substituted with a halogen atom such as a fluorine atom,
chlorine atom, bromine atom, iodine atomand the 1ike, an alkoxy
group such as a methoxy group, ethoxy group and the like, an
aryloxygroup such as aphenoxydgroup and the 1ike, 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



Any of these aryl groups may al so be partially substituted 5 with a

hal ogen atom such as a fluorine atom chlorine atom brom ne atom i odine
atomand the like, an al koxy group such as a methoxy group, ethoxy group
and the like, an aryloxy group such as a phenoxy group and the |ike, an
aral kyl oxy group such as a benzyl oxy gftoup and the like, etc. 10 As the
substituted silyl group represented by X or RL in the general formula (1),
a silyl group substituted with a hydrocarbon group is preferable, and
exanpl es of the hydrocarbon group include alkyl grou s having 1 to 10

car bon algé‘@élgud?r%c‘alﬁﬁ@ﬁy& GEOWP . er1RQAEBLRNERYRr §FPUlyr oup, 15

i | , h-b , - \ - ,
 Sobuty! GO HEALERe Ry OB ORS AR B LW c I UHIAAC R P LERP ¢ he
i ke, and ardg!qr% sﬁ;ugggﬁﬁg%h%%&gylﬂf%;é)u& nfqgétg?rl |flé%abﬁtec. As such

substi t ut & bon a or “exampl e,

nono- substitute ' ' ' a
methyl si 1yl or oy SLEREPEH X PErBRRLTAY ol Polka FAL LRI ST R0

di - substi tuted &5 hiailo P Wt AUdH ad &0 £30 05RO A P W ind A ttom,

di et hyl silyl group, diethylsilyl group, diphenylsilyl group and the |iKke,
tri-subst brneichesidtydm grie@dindaxtiong add eha512Re¢aahonlladepsgsadp ascla
trimethylsilyl group, triethylsilyl group, tri-n-propylsilyl group,
triisopro@d aimetiharyggoun.r ethoytgreup windthaplike i afe@TrhLUOYYLTSUP gr oup,
tri-tert-butylsilyl group, triisobutylsilyl group, _tert-butyldinet hgl silyl
group, triSYshastd PhanaxyasemP Qndt‘%lli‘@ -y r8 fHRIEYSQFY group suc

1L CEloeny S SO o PR W upyna (e T, ete. are
10 As the substituted silyl group represented by X or R?
in the general formula (1), a silyl group substituted with
a hydrocarbon group is preferable, and examples of the
hydrocarbon group include 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 like, etc. Assuchsubstitutedsilyl grouphaving
1 to 20 carbon atoms, for example, mono-substituted silyl
20 groups having 1l to 20 carbon atoms such as a methylsilyl group,
ethylsilyl group, phenylsilyl group and the like,
di-substituted silyl groups having 2 to 20 carbon atoms such
as 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,



tert-butyldinmethylsilyl group and triphenylsilyl 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 atom and
the like, an alkoxy group such as a nethoxy group, ethoxy group and the

li ke, an aryloxy group such as a pheno¥y group and the like, 10 an

ar al kyl oxy group such as a benzyloxy group and the like, etc. As the

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

met hoxy grtaup,n-Texyhekyy§r oupupn- Frdswmelhexipls i $Bpr 656%P -gr oup, n- but oxy
group, sec-butoxy group, tert-butoxy group, n-pentoxy group, . neopentoxy
group, n- R&IPRETFbEblY h- 8EPYRy agdodihe tidtRiecoks: 8F6uplsitefentaittbcoxy
group, n-i COXoX oup and the like, and . nore preferable are a nethoxy

gr oup, etﬁﬁé%%ﬁaﬁﬁf %%%p?o%E%?etgy%ﬁ%;ﬁ}eﬁﬁp?grt-butoxy group. Any of

t hese al k r arfi Y. | ' gen atom
such as a lﬁ%?n %.on?ghgﬁfgﬁpﬁquéﬁ# 1&%ﬁ?ﬁ%bgggﬁgsﬁggpngégﬂgaeum t he

li ke, gn al koxy angr QP 1idle 285uBsPRERRRA FHA4RD, ff&@gy AaPUR18Bdplhe | i ke,
an 25 aryl oxy group such as a phenoxy group and the 1i ke, an aral kyl oxy

group suckaas it PEPAIEBRYL G608 with thaallidgen attom Aachhes arfaldoginey group
represented by X in the general forrmula (1) , an aral kyl oxy group having 7
to 20 car ladromt o o1 ineadfoar abromiared adoanpliedinecatom and| thie ldikrenzyl oxy
group, 10 (2-nethyl phenyl) nmet hoxy group, (3-nethyl phenyl)nethox group,
(4- et hy| giveaykp#st H5RPPgFBAR, as (2 Metdo¥st HypﬁrPenyl‘i?lﬁ*&Yhsﬁg)ugr%ﬁ%,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 dgroup, n-butoxy
group, sec-butoxy group, tert-butoxy group, n-pentoxy group,
neopentoxy group, n-hexoxy group, n-octoky'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 1ike, an alkoxy
group such as a methoxy group, ethoxy group and the like, an

25 aryloxygroupsuchasaphenoxygroupandthelike,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,



(2, 4-di net hyl phenyl ) met hoxy group, 5 (2,5-dinethyl phenyl) nmet hoxy group,
(2, 6-di net hyl phenyl ) met hoxy group, (3, 4-dinethyl phenyl) nmet hoxy group,
(3, 5-di net hyl phenyl ) net hoxy group, (2,3,4-trimethyl phenyl)nmethoxy group,
10 (2, 3,5-trinethyl phenyl) net hoxy group, (2,3,6-trimnmethyl phenyl)nmethoxy
group, (2,4,5- tr|nethylphenyl)nethoxyl@roup,

(2,4, 6- trlnethylphenyl)nethoxy group, (3,4,5-trinethyl phenyl) nmet hoxy
group, 15 (2, 3,4, 5-tetranet hyl phenyl ) nmet hoxy group,
(2, 3,4, 6-tetranet hyl phenyl ) net hoxy group

(2,3,5,6- tcezfraﬁ’ehmppn@mu)méxm sy?@w; (3 prathidPhenyHamea theXYioxy
group, (ethyl phenyl)nethoxy group, r opyl phenyl ) net hoxy group, 20
(isopropyHﬁﬁ%%@P)%éfHé% ﬁiﬂﬁﬁ?yk%W%ﬁﬁ%%%h%ﬁ?P?methoxy group, P .

ec- but yl tert-butyl ph I th ,
(e hexyl DHE T HPRGRY PRRadImatisEr ) SHEREF) ot hoxy or oup.

n- decyl ph , th | met h
o oup nd G HHEERRERY L pBe M ARG Y PRUBLY Sheneyt oxy o1 oup. Any of
these gral kyl oxyigEeHRI phRR YA Fe 1o PRl §F8hpy substituted with a hal ogen

atom such as a fluorine atom chlorine atom brom ne atom i odine atom and
the |ike, @n, el &omgthglohenstiClineatchexyeghouy,group, ethoxy group and the

li ke, an 11 aryloxy group such as a phenoxy group and the |like, an

ar al kyl oxy( 3 g¢ edpmetibly Lahenyemetiloooyy ggoepprand the |ike, etc. As the

Ay Oy T P e thy 1pheny 1) mathaty Jsroun,
(2,3,4-trimethylphenyl)methoxy group,

10 (2,3,5-trimethylphenyl)methoxy group,
(2,3,6-trimethylphenyl)methoxy group,
(2,4,5-trimethylphenyl )methoxy group,
(2,4,6-trimethylphenyl)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)methoxy group, (ethylphenyl)methoxy
group, (n-propylphenyl)methoxy group,

20 (isopropylphenyl)methoxy group, (n-butylphenyl)methoxy
group, (sec-butylphenyl)methoxy group,
(tert-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 1ike, an alkoxy

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



formula (1) , an aryloxy group having 6 to 20 carbon atonms is 5
preferable, and exanples thereof include a phenoxy group, 2-nethyl phenoxy
group, 3-nethyl phenoxy group, 4-nethyl phenoxy group, 2, 3-di nmethyl phenoxy
group, 2, 4-di net hyl phenoxy group, 2,5-di nethyl phenoxy group,

2, 6- di et hyl phenoxy group, 3,4-dinethyﬂéhenoxy group, 10

3, 5-di net hyl phenoxy group, 2-tert-butyl-3-nethyl phenoxy group,
2-tert-butyl -4-nmet hyl phenoxy group, 2-tert-butyl-5-nmethyl phenoxy group,
2-tert-butyl - 6- met hyl phenoxy group, 2,3,4-trinethyl phenoxy group, 2,3,
5-tri met hyATineowX gToUMFICRag a BheRpREGRAYMRRS Le1ELR o, aBalky loxy

5-tri nmet hyi phenox roup, 2,4, 6-trinethyl phenoxy rQup,
2-tert-but Q@P4§%?ﬁePﬁyPpﬁ@ﬁ&%}%ﬁ%ﬁﬁgbgé-?EétPBgt§9%§JSFH¥hEthyIphenoxy

group, 2-tert-hutyl.-3,6-di hy| n I ) .
2,6-di-tert-but 3"9’- FhetHy jp%%%oﬁflggﬁogé,%r%&%%ed by X in the general

2-tert-butyl.- = di et Qﬁgﬂ fgué sl ryob af- | phenox
gr oup, 3,%6, %??g%ﬁyrg&en x% gjp, ,h??,?vi?]-t%itﬁa?rgtﬁ%r%ﬂgnggemggggup, Y
2-tert sbutpphefefabre! | BRENEXRAANIGY HOtPof 2ndldde- bephITRIY | PREnEXY

group, 25 2-tert-butyl-3,4,6-trinethyl phenoxy group,
2, 6-di -t erz-nhet yy 1 Bhéndixgeighryuphersoxye ghiplphendxg, groupet r anet hyl phenoxy

group, 2-tert-butyl-3,5,6-trinethylphenoxy group,

2, 6- di - t er4~neritlyy 1ghEndkyegrpuphe rfoxd Hoephylphepenya®doH phenoxy group,

oL phenoe, SLouR o TLRLSRYLPISION 6 40 LR IRYLRISTO: 42
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,
2-tert-butyl-6-methylphenoxy group, 2,3,4-trimethylphenoxy
group, 2,3,5-trimethylphenoxy group, 2,3,6-trimethylphenoxy

15 group, 2,4,5-trimethylphenoxy group, 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 group,

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-butyl-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,



tert-butyl phenoxy group, n-hexyl phenoxy group, 5 n-octyl phenoxy group,

n- decyl phenoxy group, n-tetradecyl phenoxy group, naphthoxy group,

ant hracenoxy group and the like. Any of these aryloxy groups may al so be
partially substituted with a hal ogen atom such as a fluorine atom 10
chlorine atom bronine atom iodine atbf and the like, an al koxy group such
as a nethoxy group, ethoxy group and the like, an aryloxy group such as a
phenoxy group and the |like, an aral kyl oxy. group such as a benzyl oxy group

and the like, etc. As the di-substituted am no grouE represented by X in
15 the geR&NGATINHARPEAGXY FROHRIn& LGYIRNAIBEY i FEPBR Wi th two

hydr o b ilyl i f bl d | f th
hydrogzli O P ORI RIHIQKE AFRYP - o A8 9RE ARKARIEAOFS 96°0Rar bon at ons such as
a net r - -et 0 - i | , n-butyl
o oun " sl B TR o SPoul, PEARYburd/iifuny EOBEOMK, O OUP, T P Y
group, n- Q@&W—bnﬂfﬂ%%&éfﬁ&oa%ﬁb,ghQ%ﬁldpﬂé}?oi{rkéﬁgébW groups having 6

to 10 carbon atons such as™ a phenyl group and the |i and aral kyl groups

havi ng5 7 10 old Yoo 2§ 0§B oG hnadezd yadatoxgr gbpupnd the |ike, etc. and
exanples of the silyl group include 25 a trinmethylsilyl group,tert '

- but yl di mat-lydtxidddcyyiphipnarg giteupl,i haplamy egroapsuah tiirasenstxyt ut ed

am no group include a dinethylam no group, diethylam no group,

di - n- pr opgrevma@ndrivyg, Ldkesopr opyl ani no group, di-n-butylam no group,

di - sec- butyl am no group, di-tert-butylam no group,. 13 diiosgbu&xlanino
ially

group, tert-but POYs & dﬁ_&ﬁ%ﬁﬁ Wb?ﬁﬁp,groﬂp-sn- : xﬁ]a?ﬁ RS gPdh .
di - n-octyl QNG A OMR w FERNETRLITLAR F e Psudlh SLET FEERYLE Y 3BdRp, 9T oup.

10 chlorine atom, bromine atom, iodine atomand the 1ike, an alkoxy
group such as a methoxy group, ethoxy group and the like, an
aryloxy group such as aphenoxy groupandthe like, anaralkyloxy
group such as a benzyloxy group and the like, etc.

As the di-substituted amino group represented by X in

15 the general formula (1), an amino group substituted with two
hydrocarbon groups or silyl groups is preferable, and examples
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 such as a benzyl
group and the 1ike, 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,



bis-tert-butyldinethylsilylam no group and the Iike, and 5 preferable are a
di met hyl am no group, diethylam no group, diisopropylamno group,
di-tert-butylam no group and bistrinethylsilylamno group. Any of these

di -substituted am no groups may also be partially substituted with a

hal ogen atom such as a fluorine 10 atd¥ chlorine atom bromnine atom

i odine atomand the |ike, an al koxy group such as a nethoxy group, ethoxy
group and the 1like, an aryloxy group such as a phenoxy group and the |iKke,
an aral kyl oxy group such as a benzyl oxy group and the_ like, etc. 15 Rl in
t he gener dliifagqhutylanine grevgnaiiey it idFoPEPRYHABANOUIIRARRM ed sily

group, and a nethyl_group, tert-hutyl group or trinethylsilyl group is
][mre pr ef gt eHAGEABER P PHHEP gélﬂ'e‘rna'loq‘q'&]ﬁ&”d’? B R ﬁﬁpbﬁ%iy)} to
orma ring. As . the. ha n.at al kyl_ group, al kox rou 20 or
alkenediyﬁ%ﬁFﬂﬁpX$§S %T%#ﬁgﬁg}agﬁghgg%hl]Fﬁﬂ%'atonl ne¥h3I group, met hoxy
group, 3- ene- 2, 5-dj (- - i =2=D n , 456l up is
further p?% e?%g%%?b&%%i?%@@%& ?F é’?ﬁggﬂﬂgﬁ%%%ﬁ?oﬁﬁg Fpéaé§ﬂ$%pfgggnfed by

Ain the genafdtath P& Ha L1himef®y 196AHY Qir&:lﬁyChQEEH adimamy ooy oup,
y

substitut éd cycl opent adi enyl group, inden group, substituted indenyl
group, fl @drieyvpr@pplamisdbgiciolipt,ed i -fletor-anytybamipe grosppymarol yl)
borate group, tris(substituted pyrazolyl) borate group and the |ike are
| i sted, ard sprsinee Glisy bs aiglamdnlostgramred cycl opent adi enyl 14  group,
substituted indenyl group and, substituted flugrenyl %IO%P. Alis
preferably a nuPnYderd dtheshfbl zsibafttnEgdnamapo groups may also be

partially substituted with a halogen atom 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 and 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 more 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-2,5-4diyl 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



the follow ng general formula (2): 5 Cp 1 G (2) wherein Cpl represents a
group having a cycl opentadi ene type anion skeleton; and G represents a
substituent having 1 to 30 non-hydrogen atons binding between Cpl and E.
As the group having a cycl opentadi ene-type anion 10 skel eton represented by
Cpl in the above-nentioned general folfula (2), there are listed, for
exanpl e, an 77 5-cycl opentadi enyl group, 775-methyl cycl opentadi enyl group,
775-di met hyl cycl opent adi enyl group, 77 5-trinethylcycl opentadi enyl group,
77 15 5-tetranet hyl cycl opent adi enyl group, 77 5- ethylcyclopentadlen

group, 77&&@4?%n%ﬂhﬁ&ﬂ%ﬁ@ﬁ@aﬁméﬁyyl greup andsspREHAdHA %ﬁfeny
group, 77 5-n-butyl cycl opentadi enyl group, 77 5-sec- butylcyclopentadlenyl
group, 77939%91ert-butylcyclopentadienyl group, 77

RS EGS R g

5-n- hexyl cycl op n-oc open gr oup

775- pheny |Gy chq&gg n rg%&“l];5 hthylcyclopentadlenyl group 77
5- trlnethtIS|Iy cyofg%g ¥ %233| group, Q?PS triethylsilylcycl opentadi enyl

group, 77 5-tert-butyldinethylsilylcyclopentadienyl group, 77 15
5-indeﬁyl groupC %Z5~netpyL+n@enyl E%Up, 7) 5 -dime thylindenyl group,
775-ethyl i ndenyl group 775-n-propyl i ndenyl group, Ti 5-isopropylindenyl
group, 775-n-butylindenyl group, Ti 5-sec-butylindenyl group,

r)S-tert- byhddideept kdserdts a group having a cyclopentadiene type

anion skeleton; and G represents a substituent having 1 to
30 non-hydrogen atoms binding between Cp1 and E.
As the group having a cyclopentadiene-type anion

10 skeleton represented by Cp1 in the above-mentioned general
formula (2), there are listed, for example, an 7
>.cyclopentadienyl group, 7 >-methylcyclopentadienyl group,
n5-dimethylcyclopentadienyl group, 7
5-trimethylcyclopentadienyl group, 7]

15 °®-tetramethylcyclopentadienyl group, 7
*-ethylcyclopentadienyl group, N *-n-propylcyclopentadienyl
group, n5-isopropylcyclopentadienyl group, 7
5-n-butylcyclopentadienyl group, 7
S_sec-butylcyclopentadienyl group, 7

20 °-tert-butylcyclopentadienyl group, 7
5—n—pentylcyclopentadienyl group, 7
>_neopentylcyclopentadienyl group, 7
>-n-hexylcyclopentadienyl group, 7
>-n-octylcyclopentadienyl group, n5—phenylcyclopentadienyl

25 group, n5—naphthylcyclopentadienyl group, 7]
-trimethylsilylcyclopentadienyl group, 7
>_triethylsilylcyclopentadienyl group, 7

_tert-butyldimethylsilylcyclopentadienyl group, 7



5 5-n-pentylindenyl group, 775-neopentylindenyl group, r) 5-n-hexylindenyl
group, 775-n-octylindenyl group, 77 5-n-decylindenyl group,

775- phenyl i ndenyl group, 77 5-nethyl phenylindenyl group,

775- napht hyl i ndenyl group, 77 5-trimethylsilylindenyl group,
r)y5-triethylsilylindenyl 10 group, 77%5tert-butyldi methylsilylindenyl
group, 77 5-tetrahydroindenyl group, 775-fluorenyl group, 77

5- et hyl fl uorenyl group, 775-dimethylfluorenyl group, Ti 5-ethylfluorenyl
group, 775-diethylfluorenyl group, 77 5-n-propylfluorenyl group, 77

5- di - n- pr pyhilenylegybugr ol m@rhy3 ifdiesapr gpylpl, udredygmedhyup,ndenyl
775-diisopropy|f|u9rengl group, =77 5-n-butylfluorenyl group, 7)

5- sec- but @rduror dhyt e hdpndpny l5grepp- bt yi® 1 REPRYYLNgLeBYS, group, 7
775-di-n-Rutyl fluorenyl group, 775-dissec-buty|f _|uorenyl group,

775- i -t er ¢ S5OPFORYIGIRAYL GIBABP . 77 ‘5 AT Y1 FLERYrgF O§Pour) 77
5-neopent ¥l | uorenyl. .20, group, 7). 5-n-sh fl p.. .7

5-n-octyl f Fd&Fe y&ﬁi%ﬂﬂﬁhyg7gﬁ9ﬁ9de@yﬁ?%%%%$§¥§g¥%ﬂgﬁg¥)gr P, 7

e SR T S SRR g,

775-di - phenyl fl'uo ) me uorenyl group, 77 5

- napht hyl SLgonemyll iGiquiy1 dréab! i mELhvloddyl {haengnygreapyp.n 77 25
5-bis-trimethylsilylfluorenyl group, Ti 5-triethylsilylfluorenyl group, 77
5-tert - bufyhdideetytyilrsidny I | gooepy| ngrphemridindenyikeroand preferable are
a7)5-cyc|gpentadieny| group, 77 5-nethylcyclopentadienyl group, Ti 16

5-t ert - but ymeyblydpdvenath tngenyi ogpoupi 5. 1ARRERY hin89RYapeFoaH ey |

group, r)%-indenyl group and. 77.5 - f luorgnyl group.. G in the general
fornul a (gthé&%£§¥ silylipdepylegroupr. 7 —gglgthy931§§&1ndenfi

10 group, N°-tert-butyldimethylsilylindenyl group, 7
5-tetrahydroindenyl group, ns-fluorenyl group, 7
>_methylfluorenyl group, 7°-dimethylfluorenyl group, 7
>_ethylfluorenyl group, 7°-diethylfluorenyl group, 7
*-n-propylfluorenyl group, n°-di-n-propylfluorenyl group, 7

15 S-isopropylfluorenyl group, 7°-diisopropylfluorenyl group,
7 °-n-butylfluorenyl group, N °-sec-butylfluorenyl group, 7
*-tert-butylfluorenyl group, n°-di-n-butylfluorenyl group,
N °-di-sec-butylfluorenyl group, n3-di-tert-butylfluorenyl
group, ns—n—pentylfluorenyl group, 7 °-neopentylfluorenyl

20 group, N°-n-hexylfluorenyl group, 7 °-n-octylfluorenyl group,
ns—n-decylfluorenyl group, ns—n-dodecylfluorenyl group, 7
*_phenylfluorenyl group, Nn°-di-phenylfluorenyl group, 7
S_methylphenylfluorenyl group, 7 °-naphthylfluorenyl group,
n°-trimethylsilylfluorenyl group, 7

25 ®-bis-trimethylsilylfluorenyl group, 7
*-triethylsilylfluorenyl group, 7
-tert-butyldimethylsilylfluorenyl group and the like, and
preferable are a7n’-cyclopentadienyl group, 7

>-methylcyclopentadienyl group, 7



5 having 1 to 30 non-hydrogen atons binding Col with E, and exanples

t hereof include a nethylene group; polynethylene groups such as a

1, 2-ethyl ene group, 1, 3-propylene group and the |ike; cycloal kanedi yl
group; silicon-containing hydrocarbon groups such as a dial kyl silyl ene
group, 10 silacycloal kanedilyl group aAd the |ike; germani um contai ning
hydr ocar bon groups such as a dial kyl ger nyl ene group,
gernyl acycl oal kanedi yl group and the |I|ike; atons of XVI group in the
periodic table such as an oxygen atom and sul fur atom substituted

phenyl ene "at@rthdutileyahepastadispyd &9, alsubstituent combini ng them
may al so Qe perm ssible, and preferable are a pokynethyl ene grou

subst it ut tng teraAm ety b pehoreibatienydd IR e?lebk?dﬁﬁéf&p,gr g‘{l}q ut ed

phenyl enet hio group aqg roups of the following general formula (4), and
parti cul arVy prEPEFEEi'e % Byr oups 20 of the fol l owing general formula (4):

1R 8 R (When] Bne) geRRISSCHEEAN LU Yot MR iﬁﬂi&tﬁ%@di c

tabl e of el enent’, "€ac and I ndependently represents a ogen

atom Bm<HE¥&@%0ﬂ1ta'EM'nahO%QﬂfﬂgﬂAQAt&mguyinaénarmblgweua,Esumﬂdttned
silyl group, alkoxy group, aralkyloxy 17 group, aryloxy group or

di - subst i tesih P&k NEheraevp, iaddude [ wiathyyené Besupay podiythentiybdny to
forma ring; mrepresents an integer of fromO to 4). Nanely, the
transiti ogmsips ssortpasnd bf2téth$labeverewnt i bnddpyepglanef goounlandl) is
pref erably atransition netal conmpound of the follow ng general fornula
(3): R3\ /e 1like: cycloalkanediyl group; silicon-contalning
hydrocarbon groups such as a dialkylsilylene group,

10 silacycloalkanedilyl group and the like;
germanium-containing hydrocarbon groups such as a
dialkylgermylene group, germylacycloalkanediyl group and the
like; atoms of XVI group in the periodic table such as an oxygen
atom and sulfur atom; substituted phenylene and the like, and

15 in some cases, 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):

\\\(Rz)m
J -(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



R3/ X CR2) m2 -(3) Rl (wherein, Mrepresents a titaniumatom zirconium
atomor hafniumatomin the +3 formal oxide condition; Cpl represents 10
a group having a cycl opent adi ene-type ani on skeleton; J represents an atom
of XIV group in the periodic table of elenent; each of R2 and R3

i ndependently represents a hydrogen atd®m hal ogen atom al kyl group,

aral kyl group, aryl group, substituted silyl group, al koxy group,

ar al kyl oxy group, 15 aryloxy group or di-substituted am no group, and a
plurality of Res may bond nutually to forma ring; mrepresents an integer
of from 0gmwy, RrEhreseareupnorxidersudtsonm beted| aminagt gAOurkl amsbrasent s
an al kyl group, aral kyl, group, aryl ou substituted silyl group; each
of two Xs BlvgaderHde it § Szmaﬁ’elb‘?’(\;@émts}l%lﬁyépo@‘éﬁmeﬁ EAT I P AT RIS al kyl
group, aral kyl = group, group, Ssubstituted silyl group, al koxy group,
aralkyIoxf“bﬁ%ﬂﬁ?g%ﬁy?%x§¥§W08pt8r43 substi t ut ed anlno group, and two Xs
may bond rrutualkﬁ\,ém}i fcnggg.{ §1Plong%%§f Ehaﬁh @hsllgand

coordi nated on n represen S -an i nteger In the
above- ge (Sfbcmf'éj ;@A?&ggmxaal(&rﬂuismeﬁ% ef@}aaamctfrazﬂs\itgf&vp in
the periodic table and 5 as specific exanples thereof, a
carbon at Q{Btaﬂlé&@éb@ﬁ@nbfgehaamoqmoaamg afénébell Ekemana l(imsted, and a
carbon atomor a silicon atomis preferable. In the general formula (3),
M D, n, X and Cpl are angdeflnedC&pQV|ouqby in the above-nenti oned

general formula (1) N~ TN ///
~ LN
3
R (R2) ] X9
-(3)
E Rl

(wherein, M represents a titanium atom, zirconium atom or
hafnium atom in the +3 formal oxide condition;\Cplrepresents
10 a group having a cyclopentadiene-type anion skeleton; 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 dgroup,
15 aryloxy group or di-substituted amino grohp, and a plurality
of R?s 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
20 represents a hydrogen atom, halogen atom, alkyl group, aralkyl
group, aryl group, substituted silyl group, alkoxy group,
aralkyloxy group, aryloxygroupordi-substituted aminogroup,

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



10 or (2). The hal ogen atom al kyl group, aral kyl group, aryl group,
substituted silyl group, al koxy group, aralkyloxy group, aryloxy group and
di -substituted am no group represented by R2 and R3 in the general fornula
(3) are as defined for X in 15 the general fornmula (1). mrepresents an
integer of fromO to 4 indicating thelBunber of substituent R2 on a
benzene ring, preferably an integer of fromO to 2, and R2 in this case is
preferably an al kyl group, al koxy group or substituted silyl group, nore
preferably an al kyl group. Each of Ras 20 independently represents an al kyl

group, al kexntmrlodp gardlcoogrdbua ted amy Moxgndrowepreseyts cah Kantealigs gr oup
or silacycl oal kanedi yl group obtained by conbining two R3 and J, further
preferabl f £nam B/1tYyrdup; ethyl group, nethoxy group, ethoxy group or

phenyl group. 25 Specific exanples of the transitign n%tal conpound of the
above- ment i oned 1§er2¢ FPOVEMATY Yaneq gepggel tormula (3), Jrepresents

(et hoxycycl opent adi X%)titaniunl ichloride.,
(ethoxycyéPoS%ﬁWh %%%% tQQ%ﬁFL%Hcﬁ%%I%?Fagslc table of element, and

(n- pr apoxyegy adi - j ichlLorLi 1 o
(isop?gpoé%c%%%%%g%?géﬁgﬁ$%§%%?g%?ﬁﬁggfchlg??gg? dtom, silicon atom,

(n- but oxy gwempeiRind ti land taRl UAkE aRlkolideéed, and a carbon atom or
(t-butoxycycl opent adi enyl ) titani um di chl ori de,

(trimet hylasislidxdiyoore | pemt Adi poglfettatbde .um di chl oride, 5

[ (et hoxynet hyl ) cycl opent adi enyl ] titani um di chl ori de, L

[ (et hoxynet hyl ) dycitdge geadimaly |§armaka ub3 Hi Ml oPi de, X and Cp  are as
[(n-propoxynethyl%cycLo ent adi en I%titaniun1dich|oride,

[ (i sopr opSRFridas, PFEYL &M&% peveamemhinnaf gepgeal formula (1)
[(n-bﬂiox%geR@%L)cyclopentadienyl]titaniun1dich|oride,

The halogenatom, alkyl group, aralkyl group, aryl group,
substituted silyl group, alkoxy group, aralkyloxy group,
aryloxy group and di-substituted 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 R’s

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,



10 [(t-butoxynet hyl)cycl opentadi enyl]titaniumdichloride,

[ (trimethylsiloxynethyl)cycl opentadienyl]titanium dichloride,

[ (et hoxyet hyl ) cycl opent adi enyl Jtitani um dichloride,

[ (et hoxyet hyl ) cycl opentadi enyl]titanium dichloride,

[ (n- propoxyet hyl ) cycl opent adi enyl JtitadBum 15 di chl ori de,

[ (i sopropoxyet hyl)cycl opent adi enyl Jtitanium dichloride,

[ (n- but oxyet hyl ) cycl opent adi enyl ]Jtitanium dichloride,-

[ (t-butoxyethyl)cycl opentadienyl]titanium dichloride,

[ (trinethylisdppomeixytycyopepeaidddingriy) it amirundigdldirddeor i de,
[ (met hoxy-n-propyl)cycl opentadi enyl]titanium dichloride,

[ (et hoxy- ATpr isayeyel epentadiiempttittanim ¢iehloride.
[ (1's0pr ope ty iPBYs15 LoRPBEHAERANS A T (hfBSORELR L or | de.
{1 DU O N £ 6L SURUbSLN A 0 BRI B or e
L S oS R Y i sl
[ (et hoxydineithd:sihet i $Y FEoR2 BRI tIMildriy I Pt tahidhChienndeide,
[(n-propoxydinethylsiIylgcyclopentadienyl]titaniun1 di chl ori de,
[ (1 sopr opdXydipmdpystwhé yhyty cyopepeadiashiydryl 1 abtamiuni dilchiliode de ,
[ (n-but oxydi net hyl si |l yl)cycl opent adi enyl] titanium
[ (isopropoxymethyl)cyclopentadienyl]titanium dichloride,
[ (n-butoxymethyl)cyclopentadienyl]titanium dichloride,

10 [ (t-butoxymethyl)cyclopentadienyl]titanium dichloride,
[(trimethylsiloxymethyl)cyclopentadienyl]titanium
dichloride, [(methoxyethyl)cyclopentadienyl]titanium
dichloride, [ (ethoxyethyl)cyclopentadienyl]titanium
dichloride, [(n-propoxyethyl)cyclopentadienyl]ltitanium

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

20 dichloride, [(methoxy-n-propyl)cyclopentadienyl]titanium
dichloride, [(ethoxy-n-propyl)cyclopentadienyl]titanium
dichloride,
[(n-propoxy-n-propyl)cyclopentadienylltitanium dichloride,
[ (isopropoxy-n-propyl)cyclopentadienyl]ltitanium

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

[(trimethylsiloxy-n-propyl)cyclopentadienyl]titanium

dichloride,



10 dichloride, [(t-butoxydinethylsilyl)cyclopentadienyl]titanium
dichloride, [(trinmethylsiloxydinethylsilyl)cyclopentadienyl]titanium

di chl oride, 15 [(nmethoxydi nmethyl silyl methyl)cycl opentadi enyl] titani um
di chl oride, [(ethoxydi nmethylsilylmethyl)cyclopentadienyl]titani um

di chl oride, [(n-propoxydi nethylsilyl mefyl)cycl opentadi enyl]titanium 20
di chl oride, [(isopropoxydi nethylsilylnmethyl)cyclopentadienyl] titanium
di chl oride, [(n-butoxydi nmethylsilylmethyl)cycl opentadienyl]titanium

di chloride, 25 [(t-butoxydi nethylsilylnmethyl)cyclopentadienyl]titanium
di chl ori de,[ (metttiomtdinmesthpkyilyd) bylcdiopegmetdidnry tt dbpantadi enyl Jtit

ani um di chl ori de, [(nmethoxydi nethylsilylethyl)cyclopentadienyl] titanium?21
di chl ori déliqhlam d|nethyIS|IyIethyl)cyclopentadlenyl]tltanlum

di chloride,, [(n dlneth l.et h clo ien titanium 5
i ohi or 1 dd. (IR H R by S RRAN 3Ly eR BOLhLSaRAM ]t | cant urn
dICh|Orld%Iéé tuggxydlnethyIS|IyIethyl)cyclopentadlenyl]tltanlum

di chl ori de, !

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

10 dichloride,
[(t-butoxydimethylsilyl)cyclopentadienyl]ltitanium
dichloride,
[(trimethylsiloxydimethylsilyl)cyclopentadienyl]ltitanium
dichloride,

15 [ (methoxydimethylsilylmethyl)cyclopentadienyl]titanium
dichloride,
t(ethoxydimethylsilylmethyl)cyclopentadienyl]titanium
dichloride,

[ (n-propoxydimethylsilylmethyl)cyclopentadienyl]}titanium

20 dichloride,

[ (isopropoxydimethylsilylmethyl)cyclopentadienylltitanium
dichloride,

[ (n-butoxydimethylsilylmethyl)cyclopentadienyl]titanium
dichloride,

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

[ (methoxydimethylsilylethyl)cyclopentadienyl]ltitanium



10 [(t-butoxydi met hylsilylethyl)cyclopentadienyl]titanium dichloride,

[ (trimethylsiloxydi methylsilylethyl)cyclopentadienyl]tita niumdichloride,
[ (et hoxydi net hyl si |l yl -n-propyl)cycl opentadi enyl]titanium 15 dichloride,

[ (et hoxydi nmet hyl sil yl - n-propyl)cycl opentadi enyl ]Jtitanium dichloride,

[ (n- propoxydi met hyl si |l yl -n-propyl)cycl &lent adi enyl Jtitani um dichloride,
20 [ (i sopropoxydi net hyl silyl-n-propyl)cycl opentadi enyl]titan ium

di chl oride, [(n-butoxydinmethylsilyl-n-propyl)cyclopentadienyl]titaniu m
di chl oride, [(t-butoxydinethylsilyl-n-propyl)cyclopentadienyl]titaniu 25 m
dichlorideii¢4l¢rhéehylsionydinethylsilyl n- propyl ) cycl opent adi enyl ]
titani umdichl ori de, gnethoxyphen%é%cyclopentadlenyl]tltanlun1d|chlor|de

[ (et hoxypﬁew;l}@miwe hydisddwjathwhl ¢ne eeanspddenydd titanium

[ (n- propoxyphen i cl opent adi enyl ] ti tani um di chl ori de,
[(isgpropdﬁﬁﬁhﬁ%ﬁ g%yclopentadienyl]titaniun1dich|pride,
L but oy GRS &Y BRER B E s 14 ol P 1 6RE Rl eny1 1t 1 tantun

(tringthydsih pxypgeny!)cycl opentadi enyl]titani um dichloride,
[(nethoxyﬁ% ? ﬁy ') cycl opent adi enyl] titanium dichloride,

[ (et hoxypne(rw&,@ﬁbybkw@in@rtmtlaﬂlwéﬂﬁyl Py Mo geahbdriiedsl J titanium

dichloride,
[ (n-butoxydimethylsilylethyl)cyclopentadienyl]}titanium
dichloride,

10 [(t-butoxydimethylsilylethyl)cyclopentadienyl]titanium
dichloride,
[ (trimethylsiloxydimethylsilylethyl)cyclopentadienyl]tita
nium dichloride,
[ (methoxydimethylsilyl-n-propyl)cyclopentadienyl]titanium

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

20 [ (isopropoxydimethylsilyl-n-propyl)cyclopentadienyl]titan
ium dichloride,
[ (n-butoxydimethylsilyl-n-propyl)cyclopentadienyl]titaniu
m dichloride,
[(t-butoxydimethylsilyl-n-propyl)cyclopentadienyl]titaniu

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

[ (methoxyphenyl)cyclopentadienyl]titanium dichloride,

[ (ethoxyphenyl)cyclopentadienyl]titanium dichloride,



0 [ (n-propoxyphenyl net hyl)cycl opentadi enyl ]Jtitanium dichloride,

(i sopropoxyphenyl net hyl ) cycl opent adi enyl Jtitani um dichlori de,

(n- but oxyphenyl et hyl ) cycl opent adi enyl Jtitanium 15 dichlori de,
(t-but oxyphenyl met hyl ) cycl opent adi enyl Jtitani um dichloride,
(trimethylsiloxyphenyl met hyl ) cycl opentZddi enyl Jtitani um dichloride,
(met hoxyphenyl et hyl ) cycl opent adi enyl ] titani um di chl ori de,

(et hoxyphenyl et hyl ) cycl opent adi enyl ] titani um di chl ori de,

(n-propoxyphenyl et hyl ) cycl opent adi enyl ] titani um di chloride,

(i sopr opo&@npmmpexmh)e@y&)Wmm@ﬁd}@whﬂmtmﬁanwmﬂm@qwe
(n-but oxyphenyl et hyl ) cycl opent adi enyl Jti tani um di chl ori de,

(t - but oxylphkss) P%?R?FYE%@P& ﬂﬁﬁiqgﬁﬂ%a@%?%ﬁ#&ﬁ%téPéWFbﬂ%ﬁ¥1%¥Pde
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dichloride,

1
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

[ (methoxyphenylmethyl)cyclopentadienyl]titanium

dichloride,

20

[ (ethoxyphenylmethyl)cyclopentadienyl]titanium dichloride,

10 [ (n-propoxyphenylmethyl)cyclopentadienyl]titanium
dichloride,
[ (isopropoxyphenylmethyl)cyclopentadienyl]titanium
dichloride,
[(n-butoxyphenylmethyl)cyclopentadienyl]titaniuh

15 dichloride,
[(t-butoxyphenylmethyl)cyclopentadienyl]titanium
dichloride,
[(trimethylsiloxyphenylmethyl)cyclopentadienyl]titanium

dichloride,

20 [ (methoxyphenylethyl)cyclopentadienyl]titanium dichloride,

[ (ethoxyphenylethyl)cyclopentadienyl]titanium dichloride,

[(n-propoxyphenylethyl)cyclopentadienyl]titanium

dichloride,

[ (isopropoxyphenylethyl)cyclopentadienyl]titanium
25 dichloride,

[(n-butoxyphenylethyl)cyclopentadienyl]titanium

dichloride,

[(t-butoxyphenylethyl)cyclopentadienyl]ltitanium

dichloride,



10 dichloride, [(n-butoxyphenyl-n-propyl)cyclopentadi enyl]titanium

di chl oride, [(t-butoxyphenyl-n-propyl)cyclopentadienyl]titanium

dichloride, 15 [(trimethylsiloxyphenyl-n-propyl)cyclopentadienyl]titaniu m
di chloride, {[.dinethyl (nmethoxyphenyl)nethyl]cyclopentadi enyl}titanium

di chloride, {[dimethyl (ethoxyphenyl)netddyl]cycl opentadienyl }titanium 20

di chl oride, {[dinethyl (n-propoxyphenyl)nethyl]cyclopentadi enyl}titani um
di chl oride, {[dinethyl (isopropoxyphenyl)nethyl]cyclopentadienyl}titan ium
di chloride, 25 {[dinethyl (n-butoxyphenyl)nethyl]cyclopentadienyl}titaniu m

di chl ori del (fFémashied VY reehglpepatasdenath Bhitanivmniu m
di chl ori de ,%$dinethyl(trinethylsionyphenyl)nethyl]cyclopentadienyl} 24
titani um dtERhbPFAEE

{[ di met hyl t hoxyphenvyl )silyl]cye ent adi enyl.}titanium_dichloride,

(L at et nyt { ERRO RS ERBRS A In R PR L P RSPty i oy e,
{[di met hyl § papy gpey¥phenyl)silyl]cycl opentadi enyl }titaniu mdichloride,
{[ di met hyl (1 sopr opoxyphenyl)silyl]cycl opentadienyl}titani umdichloride,
5 [ (ethoxyphenyl-n-propyl)cyclopentadienyl]titanium

dichloride,

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

[ (isopropoxyphenyl-n-propyl)cyclopentadienyl]titanium

10 dichloride,

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

15 [ (trimethylsiloxyphenyl-n-propyl)cyclopentadienyl]titaniu
m dichloride,

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

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

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

{[dimethyl(trimethylsiloxyphenyl)methyl]cyclopentadienyl}



10 {[di net hyl (n- but oxyphenyl)silyl]cycl opentadi enyl}titanium dichloride,
{[di met hyl (t-butoxyphenyl)silyl]cycl opentadienyl}titanium dichloride,

{[di met hyl (trimethyl siloxyphenyl)silyl]cyclopentadienyl}t 15 itanium

di chl oride, {[(6-nethyl-I-nmethoxyphenyl)nethyl]cyclopentadienyl}titan ium
di chl oride, {[(1-ethoxy-6-nethylphenyl)dfethhyl]cycl opentadienyl}titani um
dichloride, 20 {[(6-nethyl-I-n-propoxyphenyl)nethyl]cycl opentadienyl }tit
anium di chl oride, {[(6-nethyl-I-isopropoxyphenyl)nethyl]cyclopentadienyl}ti
t ani um di chl ori de,

{[(1-n- butt&@a@iﬂmtﬂ?bpﬂew}@ﬁnethyI]cyclopentadienyl)tita 25 ni um

di chl ori de %[ (1-t-butox % 6- et hy I ?bi %neth ] cycl opent adj en I}tita ni um
di chi ori del [ dFmethEd hpet pm&w YyhhergGLPrenthAdiqny b "e-'h apiBRy
Dtitaniu Iorlde 25

{[ di met hy! ?hy9f - et hoxyphenyl ) met hyl ] cycl opent adi eny 1} ti t ani um

i chl or de [dé LB (b Chosy IRty B Y] POFBYL bR diHpd FPERLASLANY

1}titaniu
{[di meghyld{ fspEbPyhel - n- propoxyphenyl) net hyl ] cycl opentadi  enyl )titani um

dichloride,” {[dimethyl (6-methyl-I-isopropoxyphenyl)nethyl]cycl opentad
ienyl)titaniaimétERlohi-geopoxyphenyl)silyl]cyclopentadienyl}titaniu
{[di met hyl (1- n- but oxy- 6- met hyl phenyl ) net hyl ] cycl opent adi e
m dichloride,
{[dimethyl(isopropoxyphenyl)silyllcyclopentadienyl}titani
um dichloride,

10 {[dimethyl(n-butoxyphenyl)silyl]cyclopentadienyl}titanium
dichloride,
{[dimethyl(t-butoxyphenyl)silyllcyclopentadienyl}titanium
dichloride,
{[dimethyl(trimethylsiloxyphenyl)silyl]lcyclopentadienyl}t

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

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

25 nium dichloride,
{[(l-t-butoxy-6-methylphenyl)methyl]lcyclopentadienyll}tita
nium dichloride,

{[(6-methy-1-trimethylsiloxyphenyl)methyl]cyclopentadieny

l}titanium dichloride,



10 nyl }titaniumdichloride,

{[di met hyl (1-t-but oxy-6-net hyl phenyl ) net hyl ] cycl opentadie nyl}titanium

di chl oride, {[dinethyl (6-nethyl-Il-trinmethylsiloxyphenyl)nethyl]cyclop

ent adi enyl }ti tani um di chl oride, 15

{[ di met hyl (6- net hyl -1 - met hoxyphenyl ) si 129l ] cycl opent adi eny 1}titani um

di chloride, {[dinethyl(1-ethoxy-6-nethyl phenyl)silyl]cyclopentadienyl
}titani um dichl ori de,

C di met hyl (6-net hyl -1 - n- propoxyphenyl ) silyl]cycl opentadie 20 nyl}titanium
di chl ori dec[q:;mwwlhyﬁ(@erthwmu-meﬁlwmm@&yp%@ﬁyhygi]quqmrb'mmam

enyl }titani um di chl ori de )
{[ di met hyl ¥tk apiwRydschdemidsheny! )si |yl ] cycl opent adien yl}titani um

i chi or i de. 22 L0l et Nyl (1.1 Butoxor: o RLOYL PheRvrsidpd ] epsriag en

l}titani
%l[ Ezli Irm?ﬂ;'l]gﬁ:ﬂ?éll{'i'ﬁ: @%F%@%ﬁg | oxyphenyl)silyl]cycl ope

nt adi enyl) ani um

4, 65di 5 I \ t | |
i i oF e FTLAe U ROny e net b pHeryT ) ret iyt | Syl apcrk adremi o1

taﬂiunldi@M$F}ﬂﬂtanium dichloride,
{[(4, 6-di methyl -1-n-propoxyphenyl ) net hyl ] cycl opentadi enyl 5 }titanium

di chl ori de{ [ d{ridt By 1K fremeyhyll- lscFapoxyphephEhFat meithwic apeio pei tag
1)titaniumdichl oride,

{[ (1- n- butisa¥ 4} 6l Bandupy AdiedhADiAS hyl ] cycl opent adi enyl }  titani um
diChloride{f[dimethyl(1—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)methyljcyclop
entadienyl}titanium dichloride,

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

20 nyl)titanium dichloride,
{[dimethyl(6-methyl-1-isopropoxyphenyl)silyl]cyclopentadi
enyl}titanium dichloride,
{[dimethyl(l-n-butoxy-6-methylphenyl)silyl]lcyclopentadien
yl}titanium dichloride,

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

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



10 {[(1-t-butoxy-4, 6-dinethyl phenyl)nethyl]cycl opentadi enyl} titanium
dichloride, {[(4,6-dinethyl-I-trinethylsiloxyphenyl)nethyl]cycl openta

di enyl)titani umdichlori de,

{[di met hyl (4, 6- d|nethyl-l-nethoxyphenyl)nethyl]cyclopenta 15

di enyl }titani um di chl ori de,

{[di met hyl (1- et hoxy- 4, 6- d|nethylphenyl)nethyl]cyclopentad ienyl}titani um
di chl oride, {[dinethyl (4, 6-dinmethyl-I|-n-propoxyphenyl)nethyl]cyclopen

tadi enyl }titani umdichl oride, 20

{[ di met hyli(tgréiwh ndtdlylokideopr opoxyphenyl ) net hyl ] cycl ope
ntadlenyl)tltanlun1d|chlor|de

{[ di met hy [ {(ICimakhexy= 4, 6- dimetiplpheny ee By 1 grrdpesn tagdianyd }Eit ani um
di chl ori de, {[dlﬂEth¥ #1 t- butoxy 4, 6- di net hyl phenyl ) net hyl ] cycl opent 25
adlenyl)t|§%ﬂﬁQWnQH%% oF i

{[di net hyl{é{ﬂ@;ﬁ){j ?E'ﬁgﬁ}fﬁ'bj érh:ngg}rh lo%;'y'p%é’rphfm{e}: 5.*% L&%pentadlenyl

cl opent adi

{[di rretéhyl (t%%ﬂ{‘ﬁt&¥£ﬂh?ﬁ téoxyphenyl )silyl]cyclopentad ienyl)titani Qm

di chl ori de et’'hoxy- 4, 6- di met hyl phenyl ) si |l yl ] cycl opent adi

enyl)tita LM MEtHP1 - 1-isopropoxyphenyl)methyl]lcyclopentadien
{[dlnethyﬂ?%n% dlnethyl?l-n progbxfbhgﬁ;l)§¥lyl]cyglopgnt I)adlenyl}t}litanlum

di chl ori de,} toi {4t wret dyEha ptridienet hyl - | - i sopr opoxyphenyl )silyl]cycl open
tadi enyl )titani umdi chl oride,
{ [ di met hy {16 h-tbthwkgx%: 8- §|ﬂgm@mhminnﬂgxﬂ)we}byéﬂ@ﬁ@ﬂp@enﬁaﬁweqylian|um

d|chIor|d%légégégﬂgycg%ogl%%toxy 4, 6- di net hyl phenyl )silyl]cycl openta

10 {[(1l-t-butoxy-4,6-dimethylphenyl)methyl]cyclopentadienyl}
titanium dichloride,
{{(4,6-dimethyl-1-trimethylsiloxyphenyl)methyl]cyclopenta
dienyll}titanium dichloride,
{[dimethyl(4,6-dimethyl-1l-methoxyphenyl)methyl]cyclopenta

15 dienyl}titanium dichloride,
{[dimethyl(l-ethoxy-4,6—diméthylphenyl)methyl]cyclopentad
ienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl-1-n-propoxyphenyl)methyl]cyclopen
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{[ di met hyl { é( hpptylibdey &meprelnhery L ympEhyldsaitlanentddieryL dhi um

di chl ori de di meth 1- et hyl t hi o- 6- et hyl phenyl )silyl]cycl opentadie 25
nyl }tit ani %Yé%?“&‘ﬂl éH\ébér?rldheX

{[di met hyl {p; hyl] 21 5 @3.Rropyl t hi ' I t di 1)t htani um
o chi'or i det Lt nErky-EE Lo RIS bk R R bkt

adi enyEk) ti | di¢ hde. 35

{[din%?%yl%ﬁ@%- ut%??h?%?gﬁﬁgthylphenyl)siIyI]cycIopentad lenyl }titani um
di Ch: ;3[ ! ?eﬁ [ (édgaeﬁ?yLQét&itgwﬁﬂﬁmmﬁlmwphehgwweaﬂﬂyw 1syel opent ad

i en i tani um di chl ori de,
C[d?nethyliéhmb}bytahiUmimmdnmdﬂﬁm$henyl)siIyI]cycIopent adi enyl }titani um
dichloride, {[(4,6-dimethyl-I-nmethylthiophenyl)methyl]cyclopentadieny

1) titani unt biEReBRYY£6-methyl-1-methylthiophenyl)methyl]cyclopentad

_ {[(1-et hyljwril}(’)ifftgig}lrir{al;tnh%li%kﬁeln I_lj?({'rgt hyl ] cycl opent adi enyl

10 {[dimethyl(l-ethylthio-6-methylphenyl)methyl]cyclopentadi
enyl}titanium dichloride,
{[dimethyl(6-methyl-1-n-propylthiophenyl)methyl]cyclopent
adienyl}titénium dichloride,
{[dimethyl(6-methyl-1l-isopropylthiophenyl)methyl]lcyclopen

15 tadienyl}titanium dichloride, |
{[dimethyl(1l-n-butylthio-6-methylphenyl)methyl]cyclopenta
dienyl}titanium dichloride,
{[dimethyl(1l-t-butylthio-6-methylphenyl)methyl]lcyclopenta
dienyl}titaniﬁm dichloride,

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

25 nyl}titanium dichloride,
{[dimethyl(6-methyl-1-n-propylthiophenyl)silyl]cyclopenta
dienyl}titanium dichloride,
{[dimethyl(6-methyl-1-isopropylthiophenyl)silyl]cyclopent

adienyl}titanium dichloride,



10 }titaniumdichloride,

{[ (4, 6-di net hyl -1 -n-propyl t hi ophenyl ) net hyl ] cycl opentadie nyl}titanium
di chl oride, {[(4,6-dinethyl-I-isopropylthiophenyl)nmethyl]cycl opentadi
enyl)titaniumdichloride, 15
{[(1-n-butylthio-4, 6-dinmethyl phenyl ) netd¥yl ] cycl opentadien yl}titani um
dichloride, {[(1-t-butylthio-4, 6-dinethyl phenyl)nethyl]cycl opentadien
yl }titani um di chl ori de,
{[(4,6-dinmethyl-I-trinmethylsilylthiophenyl)nethyl]cyclope 20

nt adi enyl }{ i dimethydi(dhinobudy;lthio-6-methylphenyl)silyl]cyclopentad
{[di met hyl (4, 6-di net hyl -| - net hyl t hi ophenyl ) met hyl ] cycl ope

nt adi enyl }keRBhi tktandnmoGighloride,

di et hyl (1- et hy| t hi 9- 4, 6-di net hyl phen t hyl cl,
Egdienylgtéﬂgﬁmﬁ H}éﬁréri&&Jgipfbp@-mngngﬁgnbixsz%T}cyclopentad
{[dinmethyl (4, 6-dipethyl-1-n-pro | ophenyl ) net hyl ] cycl o
pentadieny%??Y%gﬁggﬁP P@hpéfﬁlégyiag’

{[ di meghyl = di X Yc o] g j : ]
Opentagieﬁéf?f?§g§§%g¥dH&%€¥%(ﬁf@%iﬁ%@ﬂ???ﬁhbﬁﬁbﬂ&l)EWiyl]cyclopent
{[di met hyl{d+ énPut ¥h tBnduih Gidnmdwaehenyl ) met hyl]cycl op 36

ent adi enyl }titani um di chl ori de,

{[ di met hyl{[L¢ 4 ; buytkihg-14,16-mH thet Tyt pdehgh ¥ igmeyhiydycyolopentadieny
ent adi enyl }titani umdi chl ori de,

{ [ di met hyl ¥ Xt Btanpmhdichlioniga hyl sil yl t hi ophenyl ) nethyl .5

} [Céiclrgf oyl £ SHRRL LD o B A O HRRGRY S TePugdrgsdppentadiony
t adl ET

136 : i chlari de.
{[dinephil%ﬁfﬁ%ﬁ%*@kﬁggﬁggﬁiqﬁﬂhyIphenyl)silyl]cyclopent adi enyl ) titanium

dichloride[(4,6-dimethyl-1-n-propylthiophenyl)methyllcyclopentadie
nyl}titanium dichloride,
{[(4,6-dimethyl-1l-isopropylthiophenyl)methyl]cyclopentadi
enyl}titanium dichloride,

15 {[(l1l-n-butylthio-4,6-dimethylphenyl)methyl]cyclopentadien
yl}titanium dichloride,
{{(1-t-butylthio-4,6-dimethylphenyl)methyl]lcyclopentadien
yl}titanium dichloride,
{[(4,6-dimethyl-1l-trimethylsilylthiophenyl)methyl]cyclope

20 ntadienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl-1-methylthiophenyl)methyl]cyclope
ntadienyl}titanium dichloride,
{[dimethyl(1l-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-1-isopropylthiophenyl)methyl]lcycl
opentadienyl}titanium dichloride,

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



10 {[di net hyl (4, 6-di met hyl -1-n-propyl thi ophenyl)silyl]cyclop
ent adi enyl }titanium di chl oride,

{[di nmet hyl (4, 6-di net hyl -1-isopropyl thiophenyl)silyl]cyclo
pent adi enyl }titani um di chl ori de,

{[di met hyl (1- n-butylthio-4, 6-di net hyl pBényl )silyl]cycl ope 15
nt adi enyl }titani um di chl ori de,

{[di nmet hyl (1-t-butylthio-4,6-di et hyl phenyl)silyl]cycl ope

nt adi enyl }titani um di chl ori de,

{[ di met hyl&nit & temel hy it hntiomnetilmhisidide hi ophenyl ) si |l yl ]
cycl opent adi enyl }titani um di chl ori de, 20

{[ (6-t - butlyldimehyiy( L htophénithastdl § cyneperlrbram)me thyhi¢yed op

i chl ori -1- | -1 -ethylthioph I hyl I ' | }ti
oo 06 {14 Gty PYLYLaba S, iophegy ) et vt eyl opentadi enyl

{[(6-t-butyl:]-n-pr | £ hi.oph l,) met.hyl ] cycl opent adi en 2 tif.anjum
i chi o et L GTReET B b IR R Ry PR Ry A b pbresidiniat BR)
1}titagiu ' ' ; . ; ; ;
{[(6-t?buﬁy‘&‘f%§%‘l&?§ R RS A H B e e adienyl 3 titanium

i chlorideg [@ﬂmeﬁ(ﬁjﬂ( 15 BulY hehg16-1t-ntud vy PER DY bh ERY DY shayal ragst s gny! )
i tani um di chl ori de,
[ (6-t-buttddieryl pel bghsumydtilchdehedd ) met hyl ] cycl openta dienyl }titani um
ichloride, 5 {[dimethyl (6-t-butyl-I-nethylthiophenyl)nethyl]cyclopenta
i enyl }titEdimethyh(bdrethylthio-4,6-dimethylphenyl)silyl]cyclopent
[dinethyl(6;t-but{[-l-ethylthiophen | ) met hyl ) cycl opentad ienyl}titani um
i chl ori d@4¥gny kit hyRP6UR: gaCPloridley opyl t hi ophenyl ) met hyl ] cycl open

10 {[dimethyl(4,6-dimethyl-1-n-propylthiophenyl)silyl]lcyclop

d
t
{
d
d
{
d

entadienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl-l—isopropylthiophenyl)silyl]cyclo
pentadienyl}titanium dichloride,
{[dimethyl(1-n-butylthio-4,6-dimethylphenyl)silyl]cyclope

15 ntadienyl}titanium dichloride,
{[dimethyl(1-t-buty1thio-4,6—dimethylphenyl)silylibyclope
ntadienyll}titanium dichloride,
{[dimethyl(4,6-dimethyl-1-trimethylsilylthiophenyl)silyl]
cyclopentadienyl}titanium dichloride,

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

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

titanium dichloride,



10 tadienyl)titani umdichloride,

C di nethyl (6-t-butyl-I-isopropylthi ophenyl)nethyl]cycl ope

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

{[di met hyl (6-t-butyl-I|-n-butylthiophenyl)nethyl]cyclopent adienyl)titanium.
di chloride, 15 {[dinethyl (1-t-butylthi &%®-t-butyl phenyl)nethyl]cycl opent
adi enyl }titanium di chloride,

{[di methyl (6-t-butyl-I-trinmethylsilylthiophenyl)nethyl]cy

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

{[ di met hyl { B¢ 1-bubultyltirtdnd 1 tH mptehyhésy Ly npdhylldpeyd aospe?badienyl}

I enyl)titaniumdichloride,
{[dinethylt5tanbumyﬂibhmﬂ%md¢nophenyl)siIyI]cycIopentadi enyl }titani um
di chl ori de Lgdlnethyl(G -butyl-1-n f Exlthlophenyl)3|l | ] cycl opent
adienyl}tiéb ukr BRERRodi-dEimethylsily iophenyl)methyl]cycClopenta

di met hyl L=l -i t hj ophenyl ) si |yl |
tc[ad: rerﬁyl }ytéJfaw ?'n;%teﬁrlm ﬁfeloﬁi Djgphenyl)silyl]cycl open

{[ di metzhyl hj o ' ani um
dlCh|O%lde£Pd%T§EhéFA I%ﬂﬁﬁﬁié * Qgg%i%ﬁ%u¥y (¥§§%4¥%§2 %é% a 38
d'eny|}t't@ﬂéﬂ?lgtﬁ@bﬁ&bﬁ?d;chlorld

{[dimethyl (6-t-butyl-I-trinethylsilylthiophenyl)silyl]cyc

| opent adi eQydlhetAglye-adi-gu ol -dB-yethylthlophenyl )methyllcyclopentad
{[(4,6-di-t-butyl-I-nethylthiophenyl)' methyl]cyclopentadie 5 nyl)titanium
|chIor|de;e$YLAtﬁtdnﬂuMNﬁ%dhlozimqlth|ophenyl)nethyl]cyclopentadlen
}titaniumdichlorid

|
[ (4, 6-di- fl%wthwlrﬁﬁprtammyﬁnbmngmaﬁ%ﬁw]o&mrwﬁémeawylr LAY FIPPEBNI UM
|

d
y
{
di chlqud

etadlenyl}tltanlum dichloride,
{[dimethyl(6-t-butyl-1l-isopropylthiophenyl)methyl]cyclope
ntadienyll}titanium dichloride,
{[dimethyl(6-t-butyl-1-n-butylthiophenyl)methyl]cyclopent
adienyl}titanium dichloride,

15 {[dimethyl(l-t-butylthio-6-t-butylphenyl)methyl]cyclopent
adienyl}titanium dichloride,
{[dimethyl(6-t-butyl-1l-trimethylsilylthiophenyl)methyl]lcy
clopentadienyl}titanium dichloride,

‘ {[dimethyl(6-t-butyl-1-methylthiophenyl)silyl]lcyclopentad

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

25 {[dimethyl(6—t—butyl-l-isopropylthiophenyl)silyl]cfclopen
tadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-1-n-butylthiophenyl)silyl]lcyclopenta
dienyl}titaniuﬁ dichloride,

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



10 {[(4,6-di-t-butyl-I-isopropylthiophenyl)nethyl]cycl openta

di enyl }titani umdichl ori de,
{[(4,6-di-t-butyl-I-n-butylthiophenyl)nethyl]cyclopentadi enyl}titanium
dichloride, {[(1-t.-butylthio-4,6-di-t-butylphenyl)nethyl]cyclopentadi 15
enyl)titani umdichl ori de, 38 ,
{[(4,6-di-t-butyl-I-trinethylsilylthiophenyl)methyl]cyclo

pent adi enyl }titani um dichloride, {[dinethyl(4,6-di-t-butyl-I|-net

hyl t hi ophenyl ) met hyl Jcycl o pentadi enyl }titanium dichloride, 20

{[di met hyld¥e®y U} tithntyn IdieHdtidephenyl ) met hyl ] cycl op

ent adi enyl }titanium di chloride,

{[ di met hyl { UldBmethy 16t fi-buty-lorlopsar ire bahdaglydthhipphenyl)silyl]lcyc
| opent adi enyl }titani um di chl ori de,
{[dlnethyI¥QP%DH¢d@eBHﬂ9Fl¢ﬁQ&HWcﬁ%¢@%@6bﬂ@nyl)nethyl]cy 25

cl opent adi |}titaniu

Ll b et yl (it br A8 S BYEL A A HF b ARG Py bR hR Gy cLopentadie
opent a n1d| hl gri.de

{[ di rretd)hyl‘%/%ﬁ{%@?li} PR 89‘21“3°51‘%ebut yl phenyl ) net hyl ] cycl

opent adi e i Eagku Qryi_

CFai mot byt Gt b & B Tt PR e Y S e opentadien
yl ] cycl opest peli eanh hini Hashudrdige) ori de,

{[di nethyl (4,6-di-t-butyl-Il-trinmethylthiophenyl)silyl]cyc

| opent adi efiy( 4t 6 t dni brbdityll-dr-ndegrdpylthiophenyl)methyllcyclopentad
[ di met hyl (4, 6-di-t- butyI-I-ethylthlophenyl)5|IyI]cycIope
adlenyl)%ﬁ@%&ﬁEﬁiépéﬁmo@hﬁglorlde

hyléﬁ§$1 aﬂ}ug1hﬁéﬁl a|p”%%ﬂéggf¥ﬁfg¥LLS|EXmL@ﬁ§l]cyclopenta

t
Lent ien
[dlnethydéfgé&fjtltgﬂaﬁh hféﬁyyfgagthlophenyl)5|IyI]cyc

{[(4,6-di-t-butyl-1-n-butylthiophenyl)methyl]lcyclopentadi

{
n
{
0
{

enyl}titanium dichloride,
{[(1-t-butylthio-4,6-di-t-butylphenyl)methyl]cyclopentadi

15 enyl)titanium dichloride,
{[(4,6-di-t-butyl-1l-trimethylsilylthiophenyl)methyl]cyclo
pentadienyl}titanium dichloride,
{[dimethyl(4,6-di-t-butyl-l1-methylthiophenyl)methyl]cyclo
pentadienyl}titanium dichloride,

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

95 clopentadienyl}titanium dichloride, |
{[dimethyl(4,6-di—t—butyl-1-n-butylthiophehyl)methyl]cycl
opentadienyl}titanium dichloride,
{[dimethyl(l-t-butylthio-4,6-di-t-butylphenyl)methyl]lcycl

opentadienyll}titanium dichloride,



10 | opent adi enyl }titani umdi chl ori de,
{[di methyl (4, 6-di-t-butyl-I|-n-butylthiophenyl)silyl]cyclo
pent adi enyl }titani um di chl ori de,
{[di methyl (1-t-butylthio-4,6-di-t-butyl phenyl)silyl]cyclo
pent adi enyl )titani umdi chloride, 15 39
{[dimethyl (4,6-di-t-butyl-Il-trimethylsilylthiophenyl)sily 1]
cycl opent adi enyl }titani um di chl ori de,
{[(6-t-butyl-4-nmethyl-I-nmethylthiophenyl)nethyl]cyclopent adienyl}titanium
di chl ori de,[ dX{mdthyl bat ¢ dbi—et-foyl iyl -G 4t mibdyh pheny iy L irhtilophjenycl Jopestit a 20
di enyl }titani umdi chl ori de,
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ntadi enyl }titani um dichlorid
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adlenyl}tltanl n1d| |l Qri de, 25
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i en i u e
(1- X t{xllfn "U’]%ﬂ?%u yld 4’trré’tuﬁ>y he_ny?} H% ICI%I %BSllYl]CYCIOPe
di eny' } i A &y 1% €0 ARk G aichl

(6-t- butytlt 4érrﬂe% ?x I -1-tri methlfl S|°Iryllth| ophenyl ) met hyl J ¢ 40

| opent ad [aiyhe thy 204 yB-diiCR-®utda,-1-n-propylthiophenyl)silyllcycl
di met hyl (6-t-butyl -4-net hyl -1-nmethylthiophenyl)nethyl]c
Iopenta@panﬁédleamlmunda@mumwdkphlorlde

di met hyl (6-t-butyl-1-ethylthio-4- nethylphenyl nmet hyl]cy 5
opentamQ&ﬁAWthﬁh(6ﬂﬁdﬂéh¢0ﬁq$¥1 -isopropylthiophenyl)silyllcyc
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ycl openta
pentadienyl}titanium dichloride,
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ycC
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cl
{[d
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{[dimethyl(1l-t-butylthio-4,6-di-t-butylphenyl)silyllcyclo
pentadienyl}titanium dichloride,

15 {[dimethy1(4,6—di-t—butyl-1-trimethylsilylthiophenyl)sily
l]cyclopentadienyl}titanium'dichloride,
{[(6—t—butyl-4—methyl-1—methy1thiophenyl)methyl]cyélopent
adienyl}titanium dichloride,
{[(6-t-butyl-1l-ethylthio-4-methylphenyl)methyllcyclopenta

20 dienyl}titanium dichloride,
{[(6-t-butyl-4-methyl-1l-n-propylthiophenyl)methylicyclope
ntadienyll}titanium dichloride,
{[(6-t-butyl-4-methyl-1-isopropylthiophenyl)methyl]lcyclop
entadienyl}titanium dichloride,

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

{[(6-t-butyl-4-methyl-1-trimethylsilylthiophenyl)methyll]c



10 {[di net hyl (1- n-butyl thio-6-t-butyl-4-nethyl phenyl ) net hyl ]

cycl opent adi enyl }titanium di chl ori de,

{[di met hyl (1-t-butylthio-6-t-butyl-4-nmethyl phenyl) nethyl]

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

{[dimethyl (6-t-butyl-4-nmethyl-I-trinmethglsilylthiophenyl) 15 nethyl]
cycl opent adi enyl }titani um di chl ori de,

{[di nmet hyl (6-t-butyl-4-methyl -I-nethylthiophenyl)silyl]cy

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

{ [ di met hylf{Srdpénit ¥d i énelhylithinduihr rEidnlqaiedy| ) silyl]cyc

| opent adi enyl )titanium di chl oride, 20

{[ di met hyl{([@iméthyl ¢ - treblylyll-4r-metdpd + hingbenithdopplenyl )methyl]c

ycl opent adi enyl }titani um di chl ori de, .

[ di net hyly@lapenitydianwdifitaniumgighdeni@phenyl )sily

cycl opent adi enyl }titani um di chl oride, .

[ di met hy I {(Ed4oetRYH b - Butyiadyie thyldiie phehs EREilPhepy Darethyllcy

cl opeptadienyl )titaniu i,chlari de,. . '
[ di meghylctliqélg%ﬁ?é?‘?ﬂyg}g}tq@%uﬂ :%Af'-crpelt%lgljr%%ényl ysilyl]c

cl opent adi equ j Fum di Qryl_ 1omo ;

[di et hyl [gd]’%/“l‘%%ft‘% 0 g]etgm:&] ! ?’fentehtyhlw L RERPE S Aoppenyl Jmethyl
i1yl]cycl ﬁ!ﬁi@ﬁéﬁﬂ&hléh&i'}'ﬂi@a@ii@ﬂ Histeloddde,

(et hoxyphenyl t'hi o) cycl opent adi enyl ]Jtitaniumdichloride, [(
hoxyphenyl dimetkyt( 6 perbadivanyd -nted titeyii i Hsocpropydéhiophenyl )methy

(n- propoxyphenyl t hi o) cycl opentadi enyl] titanium dichloride, 5
(i sopr opaklgrnehgpent ajiépolvdddditaniiany | dich baride . di chl ori de,
(n-but oxyphenyl t hi o) cycl opent adi enyl ] titani um di chlori de,

(t - bdPoxykk wmi &yErbgéml&&’iléh'ﬁ ]‘h‘%‘é‘?ﬁﬂrﬁ aT“Eﬁ}‘é’rlpg’é“:nYl Jmethyl]

(trimethyl
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{[dimethyl(1-t-butYlthio-6-t-butyl-4-methylphenyl)methyl]

c
{
]
{
y
{
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{
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[
e
[
[
[
[
[

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

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

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

25 yclopentadienyl}titanium dichloride,
{[dimethyl(1—t-butylthio-6-t-butyl-4-methy1phenyl)silyl]c
yclopentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-4-methyl-1-trimethylsilylthiophenyl)

silyl]cyclopentadienyl}titanium dichloride,



10 dichloride, [(6-nethyl-I-nmethoxyphenylthio)cyclopentadienyl]titanium

di chl ori de,

[ (1- et hoxy-6-net hyl t hi o) cycl opent adi enyl]Jtitanium dichloride,
15 [ (6-net hyl -1-n-propoxyphenyl t hio)cycl opentadi enyl]titaniu
[ (6-met hyl -1 -i sopropoxyphenyl thio)cycl opentadi enyl]titan

m di chl ori de,
um di chl ori de,

[ (1- n- but oxy- 6- et hyl phenyl t hi 0) cycl opddt adi enyl Jtitanium 20 dichloride,
[ (1-t-but oxy-6-nethyl phenylthio)cycl opentadi enyl]titanium dichloride,
[ (6-methyl -1 -trinmethylsiloxyphenylthio)cycl opentadienyl]t itanium

di chl ori de,

25 [ (4, 6-di met hyl - | - met hoxyphenyl t hi 0) cycl opent adi enyl Jtitan

i um di chl offi(ehet HdxytdwxYt Bi6) diyoropenttetid iy bl tyehbpmnididiteog jdeé t ani

um di chl ori de,

[ (4, 6-di net hyl -1 -n-propoxyphenyl thio)cycl opentadi enyl]tit 42

ani um di cHl (et yplien Bl thiet) kylclopesgmdirxybhbhyanium) dichdpanitdrli enyl | ti
t ani um di chl ori de, ] ) )

[ (1- n- but Xy R BRRRAEPRSNFAERTC) FYSIORE VARG eRY LAV L FAPEY™M 5 ni um

di chl ori de ({(1-t-butoxy-4,6-dinethylphenylthio)cyclopentadienyl]tita

di chl ori d&i

RLR¥%QﬁnEthyl-l-trinethylsiIoxyphenylthio)cyclopentadien

yl]tltgnl%Tf%é%%égég§phenylthio)cyclopentadienyl]titanium

10

15

20

25

dichloride,

[ (n-butoxyphenylthio)cyclopentadienyl]titanium dichloride,
[ (t-butoxyphenylthio)cyclopentadienyl]titanium dichloride,
[ (trimethylsiloxyphenylthio)cyclopentadienyl]titanium
dichloride,

[ (6-methyl-1-methoxyphenylthio)cyclopentadienyl]jtitanium
dichloride,
[(1-ethoxy-6-methylthio)cyclopentadienyl]ltitanium
dichloride,
[(6-methyl-1-n-propoxyphenylthio)cyclopentadienyl]titaniu
m dichloride,
[(6-methyl-1-isopropoxyphenylthio)cyclopentadienyll]ltitani
um dichloride,
[(1-n-butoxy-6-methylphenylthio)cyclopentadienyl]titanium
dichloride,
[(l-t-butoxy-6-mqthylphenylthio)cyclopentadienyl]titanium
dichloride,
[(6-methyl-1-trimethylsiloxyphenylthio)cyclopentadienyl]t
itanium dichloride,
[(4,6-dimethyl-1-methoxyphenylthio)cyclopentadienyl]titan
jum dichloride,
[(1-ethoxy-4,6-dimethylphenylthio)cyclopentadienyl]titani
um dichloride,

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

ni um



10 [(6-t-butyl-1-methoxyphenylthio)cycl opentadi enyl]titanium dichloride,

[ (6-t-butyl-I-ethoxyphenylthio)cyclopentadienyl]titanium dichloride,

[ (6-t-butyl-1-n-propoxyphenylthio)cycl opentadienyl]titani 15 um
dichloride, [(6-t-butyl-I-isopropoxyphenylthio)cyclopentadienyl]titan ium
di chloride, [(6-t-butyl-I-n-butoxyphengfthio)cyclopentadienyl]titaniu m
dichloride, 20 [(1-t-butoxy-6-t-butyl phenylthio)cyclopentadienyl]titaniu m
dichloride, [(6-t-butyl-I-trimethylsiloxyphenylthio)cyclopentadienyl]
titani um di chl ori de,

[ (4, 6-di - taniuiny|dichedhodgphenyl t hi o) cycl opentadienyl]tit 25 ani um
dichloride, [(4,6-di-t-butyl-I-ethoxyphenylthio)cyclopentadienyl]tita nium
di chl ori dd,( 4 (64, dimk tihy bul y i s bpmropoogymheasieltth i &) oy cyobepdmdaddinanly] {1

i tani um di chl ori de, 43

[ (4, 6-di - ttanium -4i¢RbP¥r 886xyphenyl t hi 0) cycl opent adi enyl] titani um

i ohlori d N ypnet ! . .
i chl ori dg, [ (4, 6011 bulyls | s b Qoipheny] (11 o) eyl eperntad el (4
[ (1-t-putoxy-4,6-di-t-butyl phenylthio)cyclopentadienyl]ti tanium

di chl of | dé"_,lx"["{ _,chgb*gffﬁﬁtyl -1 -trimethyl sil oxyphenyl t hi 0) cycl opent adi
enyl]tltaTC{U{Ht y@i*ggzs-dimethy phen 1th'o)cyclopenthienylltita

[ (6-t-butyl-4-me nmet hoxyphenyl't hi 0) cycl opent adi eny
nium dichloride,
[(4,6~dimethyl-1-trimethylsiloxyphenylthio)cyclopentadien
yl]ltitanium dichloridé,

10 [(6-t-butyl-1l-methoxyphenylthio)cyclopentadienyl]titanium
dichloride,
[(6-t-butyl-1l-ethoxyphenylthio)cyclopentadienyl]titanium
dichloride,
[(6-t-butyl-1-n-propoxyphenylthio)cyclopentadienyl]jtitani

15 um dichloride,
[(6-t-butyl-1l-isopropoxyphenylthio)cyclopentadienyl]titan
jum dichloride,
[(6-t-butyl-1-n-butoxyphenylthio)cyclopentadienyl]titaniu
m dichloride,

20 [(l-t—butoxy-6-t-butylphenylthio)cyclopentadienyl]titaniu
m dichloride,
[(6-t-butyl-1-trimethylsiloxyphenylthio)cyclopentadienyl]
titanjum dichloride,
[(4,6-di-t-butyl-1-methoxyphenylthio)cyclopentadienyl]tit

25 anium dichloride,
[(4,6-di-t-butyl-1l-ethoxyphenylthio)cyclopentadienyl]ltita
nium dichloride,
[(4,6-di-t-butyl-1-n-propoxyphenylthio)cyclopentadienyl]t

itanium dichloride,



Jtitaniumdichloride,

6-t-butyl -1 -ethoxy-4-nethyl phenylthio)cycl opentadi enyl] titanium
chloride, [(6-t-butyl-4-methyl-I-n-propoxyphenylthio)cycl opentadien
Jtitaniumdichloride, 15
6-t-butyl-4-nmethyl-1-isopropoxyphenyl43hi o) cycl opentadie nyl]titanium
chloride, [(1-n-butoxy-6-t-butyl-4-nmethyl phenylthio)cyclopentadi eny
titani umdi chl ori de,

[ (1-t-butoxy-6-t-butyl-4-nethyl phenylthio)cycl opentadieny 20 1]titanium
di chl ori def (4 (6-81ibttput{imat-idoprdpoxedhghgllithiy)egelldgem)agténpeh
tadienyl]titani umdichloride, [(methoxyphenoxy)cyclopentadienyl]titanium
di chl ori detifdmitmxgdpbbioxyiyd®.cl opent adi enyl Jtitani um di chl ori de, 25
[(n-propox& henoxy) cycl opent adi enyl [ titani um di chl ori_de, ) ]

[ (i sopropo Ebh@nékyfc9@¢U&e@nﬁﬁQHﬁRﬁYP@%ﬂYhﬁhéPdﬁW§QQﬂ§ntadlenY1]tl

[ (n-but oxyphenoxy)c¢ycl o t adi enyl Jtitani umdichl ori de,
[(t-butoxf%ﬁ%HH?yé%éBhB%gﬁﬁadienyl]titaniun1dich|oride,

[ (trimethylsjlpx 0OXY) Gy C.0pel ' hLani i ' .
(6 mophy! L) Lt NER SRR S Rs T s e FREP B ol a1
[(1-ethoxyf?hf@%hd£eﬁgg Wecycl opentadi enyl Jtitanium 5 dichloride,

[ (6- et hyl -1 -n-propoxyphenoxy) cycl opent adi enyl Jtitanium dichloride,

[ (6- et hyl £ { 4] 6081 OROKMRRANWAEHEY EIEDS AUbRYBhEhiylan o eyl Tdpentdai

enyl]ltitanium dichloride,

10
[ (
d
yl
[ (
d
1]

[(6-t-butyl-4-methyl-1-methoxyphenylthio)cyclopentadienyl

10 Jtitanium dichloride,
[(6-t-butyl-1-ethoxy-4-methylphenylthio)cyclopentadienyl]
titanium dichloride,
[(6-t-butyl-4-methyl—i-n—propoxyphenylthio)cyclopentadien
yl]titanium dichloride,

15 [(6-t-butyl-4-methyl-1-isopropoxyphenylthio)cyclopentadie
nylltitanium dichloride,
[(1-n-butoxy-6-t-butyl-4-methylphenylthioc)cyclopentadieny
ljtitanium dichloride, _
[(1-t-butoxy-6-t-butyl-4-methylphenylthio)cyclopentadieny

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

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

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

[ (t-butoxyphenoxy)cyclopentadienyl]titanium dichloride,

[(trimethylsiloxyphenoxy)cyclopentadienyl]titanium



10 [ (1-n-but oxy-6-net hyl phenoxy) cycl opent adi enyl Jtitani um dichlori de,
[ (1-t-but oxy-6-nethyl phenoxy) cycl opentadi enyl]titanium .dichloride,
[ (6-nmet hyl -1 -trinmethylsiloxyphenoxy)cycl opentadienyl]tita 15 nium
di chl oride, [(4, 6-dinethyl-I|-nmethoxyphenoxy)cycl opentadi enyl]titani um
di chloride, [(1-ethoxy-4, 6-dinethylphenpiy)cyclopentadi enyl]titanium
dichloride, 20 [(4, 6-dinethy-I-n-propoxyl phenoxy)cycl opentadi enyl]titan
um di chl oride, [(4,6-dinethy-I|-isopropoxyl phenoxy)cycl opentadi enyl]titan
ium di chl oride, [(1-n-butoxy-4,6-di nmethyl phenoxy)cycl opentadi enyl]titaniu
25 mdi chl @i¢tHeorfi@é-t - but oxy- 4, 6- di net hyl phenoxy) cycl opent adi enyl Jtitaniu
m di chl oride, [(4,6-dinmethyl-I-trinmethylsiloxyphenoxy)cycl opent adi enyl ]
titani um dl totmettgl-45methoxyphenoxy)cyclopentadienyl]titanium
[ (6-t-butyl -1 -met hoxyphenoxy)cycl opentadi enyl Jtitanium dichloride,

6-t- buty¢l¢hb?ﬁé§9phenoxy)cyclopentadlenyl]tltanlun1 dichloride, 5

%gG t-buty oxy eno clo ntadlen i.tanium  dichloride,

[(6-t-butyl i ?Eg péx&ﬁﬁgi%gB%§Q¥§§%ﬁFéﬂpé %HHQHﬂﬁlﬁﬁ t3RLWRor i de,

[(6-t-%utyéléhfbgghggyphenoxy)cyclopentadienyl]tltanlum
[(6-methyl-1-n-propoxyphenoxy)cyclopentadienyl]titanium
dichloride,
[(6-methyl-1-isopropoxyphenoxy)cyclopentadienyl]titanium
dichloride,

10 [(l—n?but0xy-6-methylphenoxy)cyclopentadienyl]titanium
dichloride,
[(l-f-butoxy-6-methylphenoxy)cyclopentadienyl]titanium
~dichloride,
[(6-methyl-1-trimethylsiloxyphenoxy)cyclopentadienyl]ltita

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

20 [(4,6-dimethy-1-n-propoxylphenoxy)cyclopentadienyl]titani
um dichloride,

[(4,6-dimethy-1-isopropoxylphenoxy)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,



10 dichloride, [(1-t-butoxy-6-t-butylphenoxy)cycl opentadienyl]titanium
dichloride, [(6-t-buyl-Il-trinmethylsiloxyphenoxy)cyclopentadienyl]tita nium
di chloride, 15 [(4,6-di-t-butyl-I-nethoxyphenoxy)cycl opentadi enyl]titan
umdichloride, [(4,6.-di-t-butyl-I-ethoxyphenoxy)cycl opentadi enyl]titaniu

m di chloride, [(4,6-di-t-butyl-I-n-progéxyphenoxy)cycl opentadi enyl]tita 20
niumdi chloride, [(4,6-di-t-butyl-I-isopropoxyphenoxy)cycl opentadienyl]Jtit
aniumdichloride, [(4,6-di-t-butyl-I-n-butoxyphenoxy)cycl opentadienyl]titan
ium di chl oride, 25

[ (1-t- but qxye 4 Soultyl - Duinglpbey@hemset peal egle sByldlientyan t i tandimhl ori de,
[(4,6-di-t-butyl-I-trinmethylsiloxyphenoxy)cycl opentadi eny 1]titanium

di chl ori dédidh{Boxidet yl - 4- net hyl - | - met hoxyphenoxy) cycl opent adi enyl Jti 46

t ani um di chl ori de,

[ (6-t - but I (6 ~tetbiakyl 41 net heryRhenon )y @bepeatadagnyililt 1 tadn ium

di chl ori de (6-t-butyl -4-net hyl -1-n-propoxyphenoxy) cycl opentadi enyl] 5
titani um (ﬁ%%ﬂ#%?'

o ol T R BRI H RRER P SRt LS BT

i tani um digGhlprd fege
[(6-t-butyl-1-isopropoxyphenoxy)cyclopentadienyl]titanium
dichloride,
[(6-t-butyl-1-n-butoxyphenoxy)cyclopentadienyl]titanium

10 dichloride,
[(1-t-butoxy-6-t-butylphenoxy)cyclopentadienyl]ltitanium
dichloride,
[(6-t-buyl-1-trimethylsiloxyphenoxy)cyclopentadienyl]tita
nium dichloride, '

15 [(4,6-di-t-butyl-1l-methoxyphenoxy)cyclopentadienyl]titani
um dichloride,
[(4,6-di-t-butyl-1-ethoxyphenoxy)cyclopentadienyl]titaniu
m dichloride,
[(4,6—di-t-butyl-l-n-propoxyphenoxy)cyclopentadignyl]tita

20 nium dichloride,
[(4,6-di-t-butyl-1-isopropoxyphenoxy)cyclopentadienyl]tit
anium dichloride,
[(4,6-di-t-butyl-1-n-butoxyphenoxy)cyclopentadienyl]ltitan
ium dichloride,

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

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



10 [(21-t-butoxy-6-t-butyl-4-nmethyl phenoxy)cycl opentadi enyl]t itanium
dichloride, [(6-t-butyl-4-nmethyl-I-trinmethylsiloxyphenoxy)cycl opentad
ienyl]titaniumdichloride and the like, transition netal conpounds
obtained by substituting titaniumin these conpounds 15 with zirconi um or
haf nium transition netal conpounds ob#gi ned by substituting chloride in
t hese conpounds wth brom de, i odide, dinethylamde, diethylam de,

n- but oxi de or i sopropoxide, transition netal conpounds obtained by
substituting cycl opentadi enyl in these conpounds with 20

di met hyl cwelngpant@ticenytider, i nmet hyl cycl opent adi enyl

t et ranet hyl cycl opent adi enyl , n-butyl cycl opent adi enyl

t ert - but ylldiéret iy 571 y1 egt hopgridadiedringt 1 pheniexy ) ¢y cl epealtadriemuehtd t
fluorenyl or octahydrofluorenyl. The transition nmetal conpound(A) of the
present 2Riym\E&kehbaridf.be produced by nethods descri bed bel ow. Ligands
required in synthesis of the transition netal gggund can be syntheS|zed

by met hodd (f s"cﬂﬂ%'%‘él%ﬁ mFBPYle%aHpIPe“RQ?‘YLEW‘? cyglopgatgdignil

TranS|$ %Jﬁg i %% ﬂ% 15, 483, and the like. 47 And, the

transi R oHhS 8 f can be obt ai ned by reacting a netal salt

obt ai ned Y sl QRt_gigns | Wi th
an al kal i ﬁe ¢ %ﬁd{%ﬁp%uiﬁgﬂﬂg% gl E'asl (ifl}:eoﬂe)(éf#é}? y?cg‘éiﬁ 21 rt.‘k}aﬁ
compound oftixddivml @éndothiaasi tion nmetal of the 4t h group of the Peri odi c
Tabl e of the Elenents, or a mxture of a conpound of a tetraval ent

transi ti or (retred bwt oxhe6 4t Rbgrtglp 4ainek th y phen oy ageol opéng ackiteal kit f or
addi tion polynerization of the present invention is a catalyst for

addi ti on gdiamieim &4t ¢chobbagined

10 [(l-t-butoxy-6-t-butyl-4-methylphenoxy)cyclopentadienyll]t
itanium dichloride,
[(6-t-butyl-4-methyl-1-trimethylsiloxyphenoxy)cyclopentad
ienyl]ltitanium dichloride and the like, transition metal
compounds obtained by substitutingtitaniumin these compounds

15 withzirconiumorhafnium, transitionmetal compoundsobtained
by substituting chloride in these compounds with bromide,
jodide, 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.



10 by allowng the transition nmetal conpound (A)to contact with a
co-catalyst for activation. The catal yst for addition polynerization of
the present invention is preferably a catalyst for addition polynerization
obtained by allowing the transition netal conpound (A) to contact with the
followng 15 (B) and/or the following 4€): (B) : one or nore al um num
conpounds selected fromthe followwng (Bl) to (B3): (Bl) organic alum num
conpounds of the general forrmula ElaAl Z3 a, 20 (B2) cyclic al um noxanes
having a structure of the general formula { -Al (E2) -O }b, (B3) linear

al um noxanes hawn#®, ah¥ trehsie ioh heealgesmpalunido( Ml cakre obtaim¥d - O
}cAl E32 wherein, each of El, E2 and E3 represents a hydrocarbon group, 25
and al| Eby reattERg eomedlall &35t wintdimadby e binglaffegamd obtaingd esent s
a hydrogen atom or hal ogen atomand all Zs may be the sane or different; a
repr esent dyatherfoveadeseyihgd mekad witheancabiraiinn nefahcompoundy

nore; and c represents an integer re boron

of 1.or .npre, 48 ) one Qqr
conpounds Fer bed bneeaH ihBet 8l GRMRRP ¢ d"?‘r{?‘d’ ?@?9“?‘%31:-0%397&?( unds
o e 92Tl g P B R ) UELGE SETNBRSEE O e
o SO hplon B B S woRaphabe s gl Lo O
transition metal of the 4™ group and a reducing agent.
The catalyst for addition polymerization of the present
invention is a catalyst for addition polymerization obtained
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 preferably 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
(Bl) to (B3):
(B1) 'organic aluminum compounds of the general formula
E'aAlZ;.a,
20 (B2) cyclic aluminoxanes having a structure of the
general formula {-Al(E?)-0-},,
(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,
25 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,



10 group, substituted silyl group, alkoxy 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 Lewis base; and (L-H)+ represents a
Br~nsted acid. Such a catalyst for addition polynerization will be 15
further illustrated in detail below. (B8 Al um num conpounds As the

hydr ocarbon group represented by E1, E2 and E3 in the al um num conpounds
(Bi) , (B2) and (B3) nentioned above, respectively, a hydrocarbon group
having 1 to 8 carbon atons 20 is preferable, and an al kyl group is nore

pref er abl q.c Spe@ brCme¥anBbesnotombe udikigasied exdtied Myvne aiEoFod AdBdidng of t he
general fornula ElaA1Z3 a include trialkylal um nuns such as '

trinmet hyl gl nton (¢3) et hyl al um num tri propyl al um num

triisobutylalum num trihexylalum num and the |ike; 25 dialkyl al um num

chl ori des such d€1di resiron atembounfishpér the, gediasiay| EPTHRRAaNEE i-de,

di propol yal um num chl ori de, diisobutyl al um num chloride, dihexylalum num

chloride and tHE&3) koren KSPBPARPASHPEI EheoSedE 3L chOERY ARt hyi al uni num

di chl ori de,, et hyb & uninum di chl ori de, propyl al umi num 49 dichl ori de,
[ sobutg‘ll alqjﬁigﬁu%(gdiocm—ori de, hexyl alum num dichloride and the |ike;

dialkylaluninunue%gﬂﬂgg%&nﬁémgﬁggggng%h¥gﬁlq%ﬂgggfyggfggladiethylaIuninum

hydri de, diprop | um num diiso y um num hydride, 5

di hexyl al L{rﬂmj)m(wbizgz?gnd the like, etc. Trialkylalumnuns are
preferable, and triethylalum num or triisobutylalumnumis nore

pr ef er abl evheA%e HpBarépre exatpl£srakal2nindoEdni at ayelg'ct @Rimepmesast  ( B2)
having a structure of the general formula { -Al (E2) -O }b
a halogen atom, hydrocarbon group, halogenated hydrocarbon
10 group, substitutedsilylgroup, alkoxygroupordi-substituted
amino 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.
Such a catalyst for addition polymerization will be
15 further illustrated in detail below.
(B) Alumihum compounds
As the hydrocarbon group represented by E', E? and E*
in the aluminum compounds (Bl1), (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 examples of the organic aluminum compound (Bl)
ofthegeﬁeralformulaEﬂAlZ}aincludetrialkylaluminumssuch
as trimethylaluminum, triethylaluminum, tripropylaluminum,
triisobutylaluminum, trihexylaluminum and the like;
25 dialkylaluminum chlorides such as dimethylaluminum chloride,
diethylaluminum chloride, dipropolyaluminum chloride,
diisobutylaluminum'chloride, dihexylaluminum chloride and

the like; alkylaluminum dichlorides such as methylaluminum

dichloride, ethylaluminum dichloride, propylaluminum



10 and linear alum noxanes (B3) having a structure of the general formula
E3{ -Al (E3) -O }cAlE32, respectively, alkyl groups such as a nethyl
group, ethyl group, n-propyl group, isopropyl group, n-butyl group,
i sobutyl group, n-pentyl group, neopentyl group and the |ike can be
exenplified. b in an integer of 2 or nmdBe, 15 and c is an integer of 1 or
nore. Preferably, E2 and E3 are a nethyl group or isobutyl group, bis 2
to 40, and c is 1 to 40. The above-nenti oned al um noxane i s produced by
various nethods. The nethod is not particularly restricted, and it 20 may
be advant @geisdyidar r i edbatlyladeariiug dckl &nbde , Thekgdaldnoimexanpl e, a
trial kyl alum num (for exanple, trinmethylalumnun) is dissolved in a
sui tabl e ariganiersdévend theedddws, dilaPrptatuhyovochydodders thechike) to
prepare a solution which is allowed to contact with water. 25
Al ternat i \ﬂéquethmbumsnemehmdmc’@d admﬁmamm%«nu@hhxdrmem kyl al um num
(f or exa rime thé@ alumnum is a to contgft h a netal

t yd

sal t cont %ﬂ?&P¥%?§?@Fn EV@ﬁWﬂe (Q&&ﬁﬁgptggﬁbgwigﬁmf ate or the

i ke) ane net [ sual |y 50 - supposed to
be a n?xt %@%PB EVU ﬁgxane aﬁl a ?E%Eagtgalun1noxane (© Boron
conpound As the ) I lgﬂyj Sh! ected
from (d) boron conpodﬁ #ﬂﬂﬁégggﬁggge@%o?%&%agggggég%b xn oron

conpounds g ﬁl"ElQ@BQE?h.aﬁ.uﬁﬁmhﬁ i@ (d¥e PEBEHrableand () bor on
conmpounds of the general formula (L-H + (BC?CQCBCA) - are used, in the

present inventi & spectifd dheranmpidespofirEf &mi)E ointd;e:]gm@rlaimifnnxmhas
BAAR , .

(B2) having a structure of the general formula (-A1(E?)-0-}y,

10 and linear aluminoxanes (B3) having a structure of the general
formula E3{-A1(E?)-0-}:AlE?,, respecfively, alkyl groups such
asanmmhylgroup,ethylgroup,n-propylgroup,isopropylgroup,
n-butyl group, isobutyl group, n-pentyl group, neopentyl group
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 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) is dissolved in a suitable organic solvent
(benzene, aliphatic hydrocarbon or the like) to prepare a
solution which is allowed to contact with water.

25 Alternatively, there is exemplified a method in which a
trialkylaluminum (for example, trimethylaluminum) is allowed
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



10 B represents a trivalent boron atom and QL to @B represent a hal ogen
atom hydrocarbon group, hal ogenated hydrocarbon group, substituted silyl
group, al koxy group or di-substituted am no group, and they may be the
sanme or different. QL to B. preferably represent a hal ogen atom a

hydr ocarbon group 15 having 1 to 20 cappon atons, a hal ogenated hydrocarbon
group having 1 to 20 carbon atons, a substituted-silyl group having 2 to
20 carbon atons, an al koxy group having 1 to 20 carbon atons, or an am no
group having 1 to 20 carbon atons, and QL to B nore preferably represent

a hal ogen sipgyBsea Rydb 8 Ga st ud@ b8P dyaliig al uind ndkaies Aoid atlirsear a

hal ogenat ed hydrocarbon group having 1 to 20 carbon atons. Further

preferabl wluglindxa¥. represent a fluorinated hydrocarbon group having 1 to

20 carbon atons containing at |east one fluorine atom and particularly

pref er abl y,(CQL Bara ¢appevedt a fluorinated aryl 25 group having 6 to 20

carbon atons containing at | east one fluorine atom ecific exaqa;es of
fo i :

the conpound (CAS ithe BaEon: FPEPRERGEAL Fhor BPRMY IS on compou

tris(2 -tetrafluoro bor ane

tri s(2,5§: ?f‘ -e_t‘gt?‘if B%%EHZ% ESPar?é%mp%llW%f 2%, 508 PPRSEASp ST HRr ane,
e B, B! VR EPTERH SRR eyl ML PRBheEahusaplery ) borane ane
boron comppyne %09t ,t ARAYRTEY Bbrbar dehBoufs(d¥tREPEH e ral formepaesents
an inorganic or organic cation, B represents a trivalent boron atom and
QL to 4 ey (defpheth* forar@l dseds im the alresenterntriveredi¢ ).
| In the boron compound (Cl) of the general formula BQ'Q%Q°,
10 B represents a trivalent boron atom, and Q! to Q*® represent
| a halogen atom, hydrocarbon group, halogenated hydrocarbon
group, substitutedsilyl group, alkoxygroup ordi-substituted
amino group, and they may be the same or different. Q' to Q°
preferably represent a halogen atom, a hydrocarbon group
15 having 1 to 26 carbon atoms, a halogenated hydrocarbon group
having 1 to 20 carbon atoms, a substituted-silyl group having
2 to 20 carbon atoms, an alkbxy group having 1 to 20 carbon
atoms, or an amino group having 1 to 20 carbon atoms, and Q!
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,



10 As specific exanples of an inorganic cation G+ in the conpound of the
general fornula G+ (BQLQ2@BY) -, a ferrocenium cation, alkyl-substituted
ferroceniumcation, silver cation and the |like are |listed, and as specific
exanpl es of an organic cation G+ in the conpound, a triphenylnethyl cation
and the 15 like are listed. G+ represepts preferably a carbenium cation,
and particularly preferably a triphenyl nethyl cation. As (BQ @Q@®EBX4) -,
there are listed tetrakis(pentafluorophenyl)borate,
tetrakis(2, 3,5, 6-tetrafl uoropheny) borate, 20

tetraki s(2r3s4.253 9 it eloraphasybphenstl®borane,
tetrakis(3,4,5-trifluorophenyl)borate,

t et raki s( 2r3s4-3t,14,f4unriopheoybphbengild borane,

phenyl tri s(pent af | uor ophenyl ) bor at e,

t et r aki s(3r53H|25t3.|4ﬂm%h%t)hyppﬁéﬁ}l)mr%% and the like. 25 As specific
conbi nations thereof, ferrocenium tetrakis( entafluorgg?enyl orate,

1, 1' - di mePhpny %ﬁﬁﬂﬁﬂiﬁﬁ19@?93??§@&éﬁﬂﬁq rShetiP) bdr&redS | ver

E??Lﬁ Sﬁ%ﬁﬂﬁﬁ&%¥$ %gﬂ%ggﬁ%gﬁgﬁﬁaﬁﬁ)ﬁﬁw@ﬁSt preferable.
tri phenyl et hyl LRt & r@l@ Ha ??neny?ﬁ\n%b& }iu?bgryetoqul tay%agpéﬁ £bemuagd the

like are |isted, tetraki s(pen uor ophenyl )borate is

mst 5 pbef%gggQ hn,t e Y ERPP U A dryari c td1e ogeperiad daarired a

(L-H) + (BQ L represents a neutral Lewi s base and (L-H +
represent 8 pePresshed acirdval arepbesent stamt rAindpento @bare astdefiinedl QL to
X4 are as deflned for QL to B in the

_ for Q to 0® in the above-mentioned (Cl).

10 As specific examples of an inorganic cation G' in the
compound of the general formula G*(BQ'Q%Q%Q*)”, a ferrocenium
cation, alkyl-substituted ferrocenium cation, silver cation
and the like are listed, and as specific exampies of an organic
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°0*) ", there are listed
tetrakis(pentafluorophenyl)borate,
tetrakis(2,3.5,6-tetrafluoropheny)borate,

20 tetrakis(2,3,4,5-tetrafluorophenyl)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,



10 above-nentioned Lews acid (C). As specific exanples of the Br4nsted
acid (L-H) + in the conpound of the general fornmula (L -H + (BQ QR@BXA) -
, trialkyl-substituted amoni unms, N, N-dial kyl anili ni uns,

di al kyl ammoni uns, triaryl phosphoniunms and the |ike are |isted, 15 and as

(BQALQRE@BA) - , the sanme noieties as dgacribed above are |listed. As
speci fi c conbi nati ons thereof,

tri et hyl anmoni unt et r aki s( pent af | uor ophenyl )borate, tripropyl anmoni um
tetraki s(pent afl uorophenyl )borate, 20 tri(n-butyl)amoni untetraki s(pent af

|UorOphenfklgﬁ@ymmetﬂiiﬁékaRﬂbX96ﬁﬂﬁEQ®orophenyl)borate,
t.etrakis(3,5-bistrifluoronethyl phenyl)borat e,

N, N- di met byi phienylimettet I ekt sdhia 8f, bubisihdfidydoeme thylphenyl)bora
N, N-di et hyl ani | i ni um t et raki s(pent af | uorophenyl ) borate, 25 '
N, N- 2, 4, 6tpenaadetthd ahike¢ nanet ddipkeids( @& af | uor ophenyl) borate,

N, N-di et hyl ani | i ni unt etraki s(3,5-bistrifl th 1),bor at
diisoprop?%éﬂhﬁﬁﬁﬁﬂ%ﬁhﬁ&ﬁ%kﬁéhﬁéﬁPﬁBﬁaﬁﬁgﬁ%égﬁ%%gL?ggggte LR

di cycl ohexyanmoni_unt et r aki s( pent af | uor ophenyl ) bor at e,
tri phgyl 8%8561*'@@ et r aki s( pent af | uor ophenyl ) bor at e,

tri(nethylpheny&%pQ%%pmﬁ¥dﬂné%$€§g§?p?@§qfbqoqgﬁh%ﬂ?h%??l Fatrfiula

tri (di met hyl phenyl ) phosphoni unte s(pent af | uor op borate and the
like are ki sygd(parg2dmst prekepiiserts anddirdutgliamase amnd (L-H)*

t et raki s(pent af l uor ophenyl ) borate, or
N, N- di met kelpariddntisind @rdakd séPeatid| UBropheagkhliisr at ¢riGadteact boron
preparation of a catalyst for addition

atom, and Q' to Q' are as defined for Q' to Q’ in the

10 above-mentioned Lewis acid (C1).

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

15 and as (BQ'Q%Q°Q*) , the same moieties as described above are
listed.

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

20 tri(n-butyl)ammoniumtetrakis(pentafluorophenyl)borate,
tri(n—butfl)ammonium
tetrakis(3,5-bistrifluoromethylphenyl)borate,
N,N—dimethylaniliniumtetrakis(pentafluorophenyl)borate,
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,



10 polynerization by bringing the transition netal conpound (A) into
contact with a co-catalyst for activation in the present invention may be
conducted by.any nmeans providing the transition nmetal conpound (A) and the
co-catalyst for activation are contacted to forma catalyst, and there are
15 adopted a nethod in which a transit§®n netal conpound and a co-catal yst
for activation are previously diluted with a solvent or not diluted,
before they are m xed for mutual contact, and a nethod in which a
transition metal conpound and a co-catalyst for activation are separately
fed into aj2¢chohwiB/drmméh imvessakibgpentatiuamzenyl hboeate,As t he
co-catalyst for activation, a plurality of conpounds may be conbined and
used, howev&phentylighomslibessmt etsakisipend gkuorephenythbaaptee
previously m xed and used, or they may be separately fed into a

pol ymer i z&ridmetdgslahenyll iBkasphaniumte tarak kuipen 1 LaereBREaNEALS so
that the nmolar ratio of the alum num conpound (B)/transition netal
conpound EAfe.is from0.1 to 10000, preferably from5 to 2000, and the

| [ f the b d. (O, / [ '
From o8 01 trg (S rerehany s PRORPOCE e e bl S dFLara G TRaNRty Y 1 ¢
Conponentﬁowg%%tgﬁa/éﬂg ¥$RE LBel B8 SN And m&s £ hLBEePELIUSARNSI ON oOf

slurry in-a’solven are appropriately sel ected depending on the ability of

an appar 343 of Yu fPefhmido f 2HRNERE Sk 1 8{ e tAFILYMGROpIRIN YA bEPat O] 015 and
it is generally desirable that the concentration of the transition netal

compound NAN-iGEmestte)lanil omiGmB@et raki20pemraf Juorophenpieboraltiey from
0.001 to 100 mmol /L, further preferably from0.05 to 50 nmol /L, the
concentration ofonitactalimireerababdandofBR icatalyslerfRr orddhtAPRat om

usual ly from . _
18/ 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 providing the
transition metal compound (A) and the co-catalyst for
activation are contacted to form a catalyst, and there are .

15 adbpted a method in which a transition metal compound and a
co-catalyst for activation are previously diluted with a
solventornotdiluted,beforethéyaremixedformutualcontact,
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 Itis desirable to use components so that the molar 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.



10 0.01 to 5000 mmol /L, nore preferably fromO0.1 to 2500 nmmol /L, further
preferably 0.1 to 2000 mmol /L, and the concentration of the boron conpound
(C is usually from0.001 to 500 mol /L, nore preferably fromO0.01 to 250
mvol /L, further preferably from0.05 to 100. mol /L. 15 [Polynerization] In
the present invention, a catalyst for gddition polynerization obtained by
bringing the above-nentioned transition netal conpound (A) into contact
with the alum num conpound (B) and/or the boron conpound (C) is used. Wen
a 20 catalyst for addition polynerization obtained by bringing the

transition nmetalrHOERAYNh{ratidhe cOrbapondnts Wikmkueynaie eoagoind (B)
I s used, the above-nentioned al um noxane (B2) and/or |inear alum noxane

(B3) is prigierfadny ofsadsaiutBpn, As svshenspoef erablereybbuli assdlwént he
catal yst for addition 25 polynerization, catalysts for addition

pol yneri zarenpprepnédtblycsetlesntest dependimgi enothgeadilddpUhdr A

and, the al um num conpound (B) and the boron conpound, (C}é_are listed, and
t he above-aapa¥ahes fopfesding SompoRedt s,intap Qﬁrﬁrfm?glze ian rpacher,

o ol b | nheth e SerBEA ok o T bt A E G SR o fingE Hhe® =T
as oler 1 ) r , ne,

as ol eP i i habi et

atoms, | and ot Fieshesat Boheaihdlla (us S Il b Qe g 00,

si nul taneqysdy/1,, SREEL bee®ead 188 Ao . @ £f tbN1bOChREE /i nedir®h&Fi NS

such as ethylene, propylene, butene-1, pentene-1, hexene-1,
hept ene- 1,9€4 £eeaBlporesn- 4, deceneso amb X /e, | itee, cdriaacteait iohebf nshesuch as
3- et hyl but ene-1, 3-net hyl pent ene- 1,
aluminum compound (B) is, in terms of an Al atom, usually from
10 0.01 to 5000 mmol/L, more preferably from 0.1 to 2500 mmol/L,
further preferably 0.1 to 2000 mmol/L, and t.he concentration
of the boron compound (C) is usually 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-mentioned aluminoxane (BZ)
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) andg,
the aluminum compound (B) and the boron compound (C) are listed,

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

case.



10 4-net hyl pentene-1, 5-nethyl-hexene-i and the like, and diolefins such
as 1, 3-butadi ene and i soprene, and vinylcycl ohexane are also |isted,
however, the present invention should not be Iimted by these conmpounds.
As specific exanples of conbinations of nononers in conducting 15

copol yneri zati on, ethyl ene and propyl ep®g, ethylene and butene-|l, ethylene
and hexene-1, ethylene and octane-1, ethylene and 5-hexene-I-ol, propylene
and butene-1, ethylene-vinylcycl ohexane, and the |like are exenplifi ed,
however, the present invention should not be |limted by these 20

conbi nations. The menwir Zaip DilcaBl80Mns pollythea ista tniodn pbeaddirt fod
particularly, and for exanple, solvent polymerization using as a solvent
an al i phatiod ymectriceeb o osipounass bsushea s pdrefaires havdnan? toh2dcardomct ane
and the |like, an aromatic hydrocarbon 25 such as benzene, toluene _and the
li ke, or atiomisogeantibdulpydivociitvherecH ag8lpEima kel g i VP FETHRRAN t he

i ke, I I . i on. . . .
n{)gige‘r’;ha;ﬁ&rs[% In-ﬁq4@%&&%&%@33%82555335%38%3h‘eﬁﬁ%l,ﬁ%d F Bt i on
an ch-wi se pol ynerizati ' i bl e, [ '

F ompor Bt uante CBetn et Fyortae - EBRRoms i Str e e R R IR AR b Ly

pref erabl %gf Id r%i{cy%%f#]%é‘%he o%%im%nwdal?rliizr?éd@%ﬁ@ﬁwr&d&

usual Iy prefera normal pressure to 60 kg/cn2 G The pol ynmerization
time is 5a%ewrﬁ}idnéiﬁt§fapygdnappm&rd@eﬂy sepeaning , onetdemekind of the
e

i ntended pol yner, and reaction apparatus, and usually, it can be from
1 m nute thepiderdwur socEenehdr, nomethéel prdesmtte - 1 andritheohike, dtranchednsf er
agent such as hydrogen or the like can also be added for controlling the

nol ecul ar odeifgins ofugh as 3-methylbutene-1, 3-methylpentene-l,

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 present
invention should not be limited by these compounds. 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-1-0l, 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 iimited
partieularly, 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.



10 polyner. The foll ow ng exanpl es and conparative exanples wl|

illustrate the present invention further in detail below, but do not limt
the scope of the present invention. The properties of polyners in exanples
were neasured 15 by the follow ng nethods. (1) Intrinsic viscosity [77]:
It was neasured by using a Ubbell ohdesgi sconeter in a tetralin solution at
1300C . (2) Content of repeating units derived froma -olefinin a
copolynmer: 20 It was neasured fromthe specific absorptions of ethylene
and a-olefin using an infrared spectrophotoneter (IR 810, manufactured by

Ni ppon Bunko Kogwe Kolymeriaddti&priesmpéedtuhe &&hnbe OisGadLYy €hamn—branch
(SCB) nunbers per 1000 carbons. |In addition, in a content of a conononer

ot her t has0L - bbeialC , @l phrtdcntlatl ywasretasabay firom he2 6Rre arho0sr, (3)
Melting point of copolyner: It was neasured by using Seiko SSC 5200 under
t he foIIo@m@gt@@anﬁxmﬁii4ﬁﬁé¢hgprﬁ85u€ﬁté5156u3¢1&19€%ﬁﬁnﬁb$y Ernamt for
5 mnutes Cooling: 150CC to 109(:} kept for 10 m nutes, 57 )

Measur eme RCTMAJ0 B REF SR O ¢ FHL/kH 1£m (ﬁ) MBP@CBP&V'“%F&W% tidteckd a

hr ol gbrsg%“ b“tl{%rﬂﬁt}?ﬁ S Rprcer Latedy 43Sats PRRSHERA o o
condi ti ongpg H Bk OIS ab§IRERY Sra a5

Measur errent concent rat |
it can be from 1 minute to 20 hours. Further, in the present

invention, a chain transfer agent such as hydrogen or the like
can also be added for controlling the molecular weight of a

10 polymer.

The following examples and comparative examples will
illustrdte the present invention further in detail below, but
do not l1limit the scope of the present invention.

The properties of polymers in examples were measured

15 by the following methods.

(1) Intrinsic viscosity [77]: It was measured by using a
Ubbellohde viscometer in a tetralin solution at 130T.

(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 wasmeasuredbyusing Seiko
SSC-5200 under the following conditions.
Heating: 40C to 150C (10C/min.), kept for 5 minutes

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



ort hodi chl orobenzene 10 The nol ecul ar wei ght distribution was eval uated by
the ratio (Mwv M) of the weight average nol ecular weight (Mvy) to the
number average nol ecul ar wei ght (M). Exanple 1 (1) Synthesis of
1-brono-3-tert-butyl-5-nmethyl-2-phenol 15 In a 500 m four-necked fl ask
equi pped with a stirrer, 20.1g(123muolg)jof 2-tert-butyl -4-nmet hyl phenol

wasdi ssolved in 150 m of toluene, subsequently, 25.9 m (18.0 g, 246
mml) of tert-butylam ne was added to the solution, under nitrogen

at nosphere. This solution was cooled to -70t, to this was 20 added 10.5 m

(32.6 g, 204 nMmydasirdmentne1oTicosob0il osOyasimtjrred for 2 hours while
mai ntai ning at -70t. Subsequently, the solution was heated to room

t enperat ur(es) Metesathedweiiightl Ghdrimaled@¥ahydedghitodictacibuthore ti nes.
After washing, the resulted organic |ayer was dried by 25 anhydrous sodi um
sul fate, tTheseolwene messuradvby bBging agl asraeaidan shramakegrarhYayer
was purified using a silica el colum, to obtain 18.4 (75,7 mol ) of
colorlessQﬂ¢BUf§CBP§ﬁ€-9¥t&ﬂ:Qﬁﬂgﬂl%gne9hypnggﬁhéﬁﬂ.fé%ﬁPW4%$d was 62%

(2) Sypthesis_of 58 1-bronp-3-tert-butyl-2-nethoxy-5-mnmethyl benzene In a
100 n1gfcuﬁqqﬁk}%ﬁnﬁrask equipped with a stirrer, 13. 9 g (57.2 mmol) of

1-br0nD-3-Feer%ﬁi%#§;nF%RyPF%TpEEBQhT synt hesi zed in (1) above was

di ssolved in acetonrtrile,” 5 Subsequently, 3.8 g (67.9 mmol) of
pot assi um hydr oxgigles Yeeme Adedmbe @i W ©Nat UNYSEFC ni trogen at nosphere

Further, 17.8 ml (40.6 g, 286 mol) of nethyl iodide was added, and the
m xture was sti Medkepamhéntogshyehwraliidours0 mogmn) mhe

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-methyl—2-phenol

15 In a 500 ml four-necked flask equipped with a stirrer,
20.1g(123mmol) of 2-tert-butyl-4-methylphenolwas|/dissolved
in 150 ml of toluene, subsequently, 25.9ml (18.0 g, 246 mmol)
of tert-butylamine was added to the solution, under nitrogen
atmdsphere. 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 resulfed 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:

l1-bromo-3-tert-butyl-5-methyl-2-phenol. The yieldwas 62%.

(2) Synthesis of



sol vent was renoved by using an evaporator, 40 m of hexane 10 was added to
the resi due, and hexane sol uble portions were extracted. The extraction
was repeated three rinmes. The solvent was renoved fromthe extracted
fraction, to obtain 13.8 g (53.7 mml) of pale yellow oil:
1-brono-3-tert-butyl -2-met hoxy- 5- net hyggenzene. The yield 15 was 94% (3)
Synthesis of chlorodimethyl (3-tert-butyl-2-methoxy -5-nethyl phenyl)silane
Into a solution conposed of 31.5 nl of tetrahydrofuran, 139 m of hexane
and 45 g of 20 1-brono-3-tert-butyl-2-nmethoxy-5-nmethyl benzene synthesized

in the sane i asei - blieyabovaredivkiyoridne pipieenzeRe was added 115 ni
of a 1.6 nol/liter solution of n-butyllithiumin hexane dropwi se at -40 0

C over 20 nminut@s a The mesidurdneckedrilasl egpipped-with € Stohrmethour ,
then, 31. 5 25 m of tetrahydrofuran was added dropwi se. Into a solution
conposed af3.83¢ (§ of2 mipdN| @f dcibreme i teme- By 308 - e thy rdchhenRt added

the m xture obtai ned ab d i t -400 C Th ]

reat ed ;msmmmzémzré{ﬁaeéz‘}%sidﬁsapywra A8 SEgcedon Rty 15°
ours roomtenperature. Fro h [ '

excessg dﬁﬂﬂﬁﬁQﬁghﬁfﬁy!grﬁaﬂepbzrg %ﬁgﬁb:ggdg%?%%aiﬁgﬁﬁigﬁﬁ%gﬁgB&%gsure,
and hexa”e'ﬁgéncft%{/?;g?l Ir%' NAR ) r,]?ru%;ate&aﬁfi%‘}ofgeq{ne{t%s‘i)r{@ééﬂU%&Sﬁ'r{@rhexane,

and the sé& Stilléd o rom the resulted hexane solution, to

obtain 41,9 g ?ril €44 % 0?1 B8 HYhihd1Y €bE- Retyly12 4o ifae ywehs redded pheng| )
silane in the formof pale yellow oil. The yield was 84%
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
solvent was removed from the extracted fraction, to obtain
13.8 g (53.7 mmol) of pale yellow oil:
1-bromo-q—tert—butyl—z-methoxy-5—methy1benzene. The yield
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 al.6 mol/liter solution of
n-butyllithium in hexane dropwise at —40C over 20 minutes.
The resulted 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 —40°C. The resulted

mixturéwasheateduptoroomtemperatureover2hours,further,



(4) Synthesis of (tetranethylcycl opentadi enyl)dimethyl 10
(3-tert-butyl -2-net hoxy-5-net hyl phenyl)silane Into a solution conposed of
5.24 g of chlorodinethyl (3-tert-butyl-2-nmethoxy-5-nethyl phenyl)sila ne
synt hesi zed in (3) above and 50 ml of tetrahydrofuran was added 2.73 g of
tetramet hyl cycl opentadi enyl lithium dropsi se 15 at -35r-, and the m xture
was heated up to roomtenperature over 2 hours, and further stirred for 10
hours at room tenperature. The solvent was distilled off under reduced
pressure fromthe resulted reaction m xture, and hexane-sol uble 20

portions werig-read rest ed2 f hedrshatr esice digpengatexane, and the sol vent was
distilled off under reduced pressure fromthe resulted hexane solution, to

obtain 6.69 g offrom etheane¢agt tynl mpatuaxei, erie dokvent (3ndeekcpasyl - 2-net h
oxy-5-net hyl phenyl)silane in the formof yellowoil. The 25 yield was 97%
(5) Synt hekichlgrodimethrisidaner weang it el e@dx9LE- HRdgy FeaAesi |yl
(tetramet hyl cycl opentadi enyl )] titani_.um di chl ori de Int% a soh¥%ion %anosed
of 2.00 gB3FeHIITe( BRARRXRPLFOLYP RRTEAPPFI GRS FAtERGRET THaMARS.

met hoxy- 5- net hyl phenyl ) si |.ane synt lzed.in _(4)_above, . g ene
and 1. %5 &‘?ﬁl‘{‘ﬁ?é’tsrﬁﬂ%rsﬂeﬁ@%'s a&(ﬁagg‘e&sgﬁvﬁpg %?ga&)ﬁ;%if?r%fi/ ?iP% eérxoésdgl ution
of n-butyl )i thidm{ e §e¥aRGn2 %%%ﬁ%fﬁﬁfut tobtHER. 4406 Ol i on was heated
up to room tenperature over 2 hours, tfurther malntal ned at room

t enper at urg, f ¥ o dZnEeNYy S ( 32@ 39 it YIUSPaISt WEx 9L 52me 8 hg 19hriyiiani um

trichloride

silane in the form of pale yellow oil. The yield was 84%.
(4) Synthesis of (tetramethylcyclopentadienyl)dimethyl

10 (3-tert-butyl-2-methoxy-5-methylphenyl)silane

Into a solution composed of 5.24 g of

chlorodimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)sila
ne syﬁthesized 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
the solvent was distilled off under reduced pressure from the
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

25 yield was 97%.
(5) Synthesis of
[dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl
(tetramethylcyclopentadienyl) ]titanium dichloride

Into a solution composed of 2.00 g of



tripyridine in toluene was added dropw se at Ot under nitrogen 10

at nosphere into the m xture obtained above, then, the m xture was heated up
to roomtenperature over 1 hour, then, the m xture was heated under ref

| ux for 10 hours. The reaction mxture was filtrated, the solvent was
distilled off fromthe filtrate, and tgg residue was 15 re-crystallized
from at ol uene- hexane m xed sol vent, to obtain 0.46 g of

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

ramet hyl cycl opentadienyl) ] titaniumdichloride in the formof a pale

green fing ey thyl@yyiepednvaaibhtl ) Al mdthepest tatt datayils 2as shown
bel ow. Mass spectrum (Cl, me) 473 Me2Si TiCl2 0 ~o tBu (6)

Pol yner i z aleit@ios64- 5 -Ave thiy Dphang 1N adilagears yinrnhers had dinim df4 )1 abiaves, éfui pped
with a stirrer as a reactor was dried under vacuum and purged wth argon,
t hen, 300gnbfoftalsiammarnd k. 29 genf twmiethzlgadnet Wasepddeshd t8fe Meact or
was heated up to 60CC. After the 5 heating, ethglene was fed while

control | i of the <ahynehblipeessgratdons ofy/muthii ERivm dRe ReFansn was
stabiljzed, 1.0

R N O R T e T
Ao} YRR ANE b AL bt AGLYD Il Hd AV AEREACH L Irdokp) above vas
temperature for 12 hours.
| 20.9 g of suspension of 2.09 g of titanium trichloride
tripyridineintoluenewasaddeddropwiseatOTEundernitrogen
10 atmosphere into the mixture obtained above, then, the mixture
was heated up to room temperature over 1 hour, then, themixture
was heated under reflux for 10 hours.
The reaction mixture was filtrated, the solvent was
distilled off from the filtrate, and the residue was
15 re—crystallizedfromatoluene-hexanemixedsolvent,toobtain
0.46 g of
[dimethyl(3-tert-butyl—2-methoxy—s-methylphenyl)silyl(tet
ramethylcyclopentadienyl)ltitaniumdichloride in the form of
a pale green fine crystal. The yield was 17%.

20 The spectral data is as shown below.

Mass spectrum (CI, m/e) 473

Me,Si TiCl,

O
/

tBu

(6) Polymerization



tri phenyl car beni unt et r aki s(pent af | uor ophenyl ) borate was added.

Pol ynmeri zation was carried out for 60 mnutes while controlling the
tenperature at 60CC . The tenperature in the 15 reactor increased by 3.1CC
by the initial heat generation in this polynerization. As a result of

pol yneri zation, an ethyl ene honopol yneél having a nelting point of 133.1CC
was produced at a rate of 8.7X106 g per one hour per 1 nol of the titanium
conmpound. 20 Exanple 2 An autoclave having an inner volune of 0. 4 liter
equipped with a stirrer as a reactor was dried under vacuum and purged
with argon, thean 48Qoghatfe halktiageansimeanwanimeand 1A nteReqiigmx@ne- 1
as an a -olef in were charged into this, and the reactor was heated up to -
60- C. Af twarth anpeiarereasa seactstthyasnéried tndenhvaeusomré|nurded he

et hyl ene pressure at 6 kg/cnR, and after the system was stabilized, 0.5
mol of  twiitihs emaoy althemuBoRfas lagfcto L aaBseascntIqLVan b WASHRARIED

[di et hyl (3-tert-butyl-2-nmethoxy-5-nethyl phenyl)si] yl
r?mat hylhcfd':%ljl adﬁ”é‘ﬁy???ti“?éﬁ%ﬁﬁ el 'iféi/vbi\% %%dé{’j% t EtEes e | nol
of triphenyl carbeni unt et raki s(pent af | war-oph B

Pol yrregi 7 9B s %gﬁﬁ‘gﬂeo‘d S %F%de%rﬁln%)t%@tﬁg?%%@o%%o% | ﬁ‘g the

t enper at ur, : T, er e, 4 h r | QA 90C b
the initi aﬁe%%[esal?é)%g%%rgﬁi{%ﬁ%n' a%‘lﬁcli sa%g?%/nglrl?zg?igg%?n Xsr&%; resull?yzo%d' Y
pol ynmeri zat i @ hmodNo &t twyl 86vhieyeatuhinkth wapchgaed , Eub seqaenBCB, af . @0. 6, a

[ 77 ] of 1.17 dl/g, a nolecular weight (My) of 7.6X104, a nol ecul ar
wei ght di sfzmiolutdfon
[dimethyl(3-tert-butyl-2—methoxy-s-methylphenyl)silyl(tet
10 ramethylcyclopentadienyl)]titanium dichloride synthesized
in (5) above was added, then, 6.0 tmol of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
added. Polymerizatidn was carried out for 60 minqtes while
controllihg the temperature at 60C. The temperature in the
15 reactor increased by 3.1TC 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 fate 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/cm?, and after the sYstem was stabilized, 0.5 mmol of

triisobutylaluminum was added, subsequently, 1.0 fmol of



(Mv M) of 2.2 and a nelting point of 110.3CC was produced at a rate of 1.
5 X 107 g per one hour per 1 nol of the titanium conpound. 15 Conparative
Exanple 1 An autoclave having an inner volume of 0. 4 liter equipped wth
a stirrer as a reactor was dried under vacuum and purged wth argon, then,
190 nl of toluene as a solvent and 10 g 20 of hexene-1 as an a -olefin
were charged into this, and the reactor was heated up to 600C. After the
heating, ethylene was fed while controlling the ethylene pressure at 6
kg/cnm2, and after the systemwas stabilized, 0.50 mml of

triisobut ylglmet yage 2€dBdt yiusemtaristy- 5 mOthyLlphengfl ) sA9y1 (tet

[di methyl (3-tert-butyl -2-nmet hoxy-5-net hyl phenyl)silyl (tet

ranet hyl cycdnepent bely ebypghtatidenyh)ditdiiariue dechiduzde walse@dd®d /i no
of triphenyl carbeni untetraki s(pentafl uorophenyl)borate was added.

Pol yner i zdthiem, was0 camdledHut for 60 minutes while 63 controlling the

tenperature at 6090. The tenperature in the _reactor i eased by 11.5t b
t he initiélrwnlgb%@?‘a?Péﬁmtieﬁr@Pﬁiss(ﬁﬂ%}‘i‘é’f?%fm)@? ° 5‘3& t"y%?’f Y

Lo, o L PR d o SrEPBR T BB Bpagste ©
T3 tBQxﬁﬁﬂﬁ?ifiég the temperature at 60C. The temperature in the
reactor increased by 1.9C by the initial heat generation in
this polymerization.
As a result of polymerization, an ethylene-hexene-1
10 copolymer havinganSCBof 20.6,a[n]of1.17d41/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 1.5X10’ g per one hour per 1 mol of the titanium
compound.
15
Comparative Example 1
Anautoclavehavinganinnervolumepf0.4literequipped
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
20 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-5-methylphenyl)silyl(tet
ramethylcyclopentadienyl)]titanium dichloride was addedqd,
then, 3.0 Umol of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was

added. Polymerization was carried out for 60 minutes while



An autocl ave having an inner volunme of 0. 4 liter equipped 10 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 of hexene-1 as an a -olefin were
charged into this, and the reactor was heated up to 600C. After
‘tenperature raise, ethylene was fed we8l e controlling the ethyl ene
pressure at 15 6 kg/cnR, and after the systemwas stabilized, an MMAO type
3A tol uene sol ution manufactured by Tosoh- Akzo Conpany, Ltd., was charged
in an anount of 1. O mml in terms of A, subsequently, 1.0 U nol of

[ di net hyl c3niteidllity lthe rempenatirmetaty bpieny| Jise Itémp@tature in the
(tetranet hyl cycl opentadienyl) | titaniumdichloride was added. )

Pol yner i zakiaot omsincareased ooy 1ok 580 by ntkesinhtial beatr genesg tipn
tenperature at 600C. The tenperature raise in the reactor by the initial
heat genedat itdvid rPadimeBizapdPPneri zati on-was not observed. As a result of
pol yneri zati on, an et hyl ene- hexen

f'l cop%Lyner havi n SCﬁ of 1_& . 8,
a[ 7) ] of 1.7Rsd®y Fesihbt b BPLYREFIRE TEAR) S 7"7%@%‘,‘35 RBFPECUI ar
ight_distrihuti 5 (Mu 9 I §i (
\Slrmoguc%dl Scé{pl° %?rnlé‘?oxg qué Spr%@%(:%é6%5 %?r']ggge o%lfggg)(ejr%’lwrogolnﬁéﬁ'%ﬁi um
conpound. %%ﬂﬁp%%%léﬁ Ep%ygg&gﬁqhhp%dmgbﬁﬁﬁfied out in the same manner as
& except that

i n Exanpl exane-1 used was changed to 10 g of butene-1.
The tenperature in the reactoy
generation in this polyneri 1
et hyl ene-butene-1 15 ¢
~dl/g, anol ecul ar Me,Si

increased by 2 . 6CC by the initial heat
n. As a result of polynerization, an
mer having an SCB of 15.2, a [ 77 ] of 1.26

O
/

tBu

Example 3

An autoclave having an inner volume of 0.4 liter equipped

10 wifh a stirrer as a reactor was dried under vacuum and purged
with argén, 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
3A toluene solution manufactured by Tosoh-Akzo Company, Ltd.,
was charged in an amount of 1.0mmol in terms of A1, subsequently,
1.0 4mol of
[dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl

20 (tetramethylcyclopentadienyl) ]titaniumdichloride was added.
Polymerization was carried out for 60 minutes while
controlling tﬁé temperature at 60C. The temperature raise

in the reactor by the initial heat generation in this



wei ght (Mn) of 7.5X104, a nol ecul ar weight distribution (Mwv M) of 2.7 and
a nelting point of 93.9CC was produced at a rate of 1.5X107 g per one hour
per 1 nol of the titanium conpound. 20 Exanple 5 Polynerization was
carried out in the same manner as in Exanple 2 except that
triisobutylal um numwas changed to trg4thylal um num of the sanme nol ar
anount.. The tenperature 25 in the reactor increased by 0. 3CC by the
initial heat generation in this polynerization. As a result of

pol ymeri zati on, an ethyl ene-hexene-1 copolynmer having an SCB of 12.7 , a |
77 1 of 1p33 yilldrtz 8t Idh.ewakanotwebglervedy) of 3.4X104, a nol ecul ar wei ght
distribution 65 (Mv M) of 2.2 and a nelting point of 116.8t was produced
at a rate of 1.A3 X Isuliperf opelymeripetibnnplanpfetigleneahpasnecdnpound.
5 Exanple 6 Polynerization was carried out in the sane manner as in

Exanpl e 2cep@dmmqmbﬁvwgu%%ﬁw%ﬂémﬂnmn[\ﬂak ofhbngbd /@ 2MORAIRART umi num
f th | t t t th t d by O.

4 c b§ C heAnG dPEARE Rnd it fon 3 191 SCPAAE BBLFRE (GAT P RLoR & osul
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pr oduced rate of 106 g per oné hour per 1 of the

titaMLm1d&QOﬁm;

Example 4
10 Polymerization was carried out in the same manner as
in Example 2 except that hexane-1 used was changed to 10 g
of butene-1. ThetemperatureinthereactorincreasedbyZ.Gt)
by the initial heat generation in this polymerization.
As a result of polymerization, an ethylene-butene-1
15 copolymer havinganSCBof1l5.2,a[7n]of1.26dl/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
925 inthe reactor increasedby0.3C bytheinitialheat generation
in this polymerization.
As a result of polymerization, an ethylene-hexene-1
copolymer havingan SCBof 12.7,a[n]lo0f1.23d1/g, amolecular

weight (Mw) of 3.4X104, a molecular weight distribution



Exanpl e 7 Pol ynerizati on was conducted in the same manner as in 20 Exanple
2 except that triphenyl carboniuntetrakis (pentafl uorophenyl)borate was
changed to [dinmethylaniliniun[tetrakis(pentafl uorophenyl)borate] of the
same nol ar anount. The tenperature raise in the reactor by the initia

heat generation in this polynerizationesas not 25 observed. As a result of
pol yneri zati on, an ethyl ene-hexene-1 copolyner having an SCB of 18.6, 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 Exanple 8 An autocl ave havi ng
an i nner Voiwy¥n pfofl 2i2eanaqui peeding tthimtstdf reré agCa wasagimrdweesd dr i ed
under vacuum and purged 5 with argon, then, 300 ml of toluene as a sol vent
was char gedt iantateho§,1 ah thegrpactane emihased molt of4the tftanivme
heati ng, propylene was fed while controlling the propylene pressure at 4
kg/ cn2, amPrEewRdihe system was stabilized, 1.25mmol of

triisobutylalum numwas added, subsequently, 5.0 10 Ii nol of

[ di met hyl (3-tert-butyl-2-nmethoxy-5-net hyl phenyl ) sil vyl

(tetra ttggéaﬁ%opgntadienyl)]titaniun1dich|oride was added, then, 15.0 9m
of trigﬁe en unt et r aki s( pent af | uor ophenyl ) borate was 15 added.

emper at re o e e d ShaBy A88, Sorh Ithe oAt o f A Rt €5 by
the initialn keaimpeder akcdpt RhdthitsilYob®ty Z&l h@idnum was changed to
trimethylaluminum of the same molar amount. The temperature
inthereactor increasedby0.4C bytheinitialheat generation
10 4in this polymerization.

As a result of polymerization, an ethylene-hexene-1
copolymer havingan SCBof 9.6, a[n]1of2.13d1/g, amolecular
weight (Mw) of 16.8><164, a molecular weight distribution
(Mw/Mn) of 8.3 and a melting point of 119.9C was produced

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 ethylene-hexene-l
copolymer having an SCB of 18.6, and amelting point of 114. 1C
was produced at a rate of 1.9X10° g per one hour per 1 mol

of the titanium compound.



As a result of polynerization, a propylene honopol ymer 20 having a

nol ecul ar weight (Mvy) of 1.04 X 106 , a nol ecular weight distribution

(MM M) of 2. 2, a nmeso triad of 0. 283 and a racene triad of 0.162 was
produced at a rate of 1.6X106 g per one hour per 1 nol of the titanium
conpound. 25 Exanple 9 A stirring rod @é&s placed into an autoclave having
an inner volunme of 0. 1 liter, then, the autoclave was dried under vacuum
and purged with argon, then, 25 ml of toluene as a solvent was charged
into this, PMACG S manufactured by Tosoh- Akzo 67 Conpany, Ltd. , was
charged in an amount of 6.0 mmol in terns of A, subsequently, 6.0 Ii nol
of [dinmethyl (3-tert-butyl-2-nethoxy-5-nethyl phenyl)silyl(tet

ranet hyl c¥claopdre &li enyl )] titani um dichloride was added. 5 Into this was

i ntroduced 3.24 g of 1, 3-butadiene, and polynerlzatlon was carried out for
60 m nutes whil &n eeﬁppépwengatfhagtwrb&mwelélfnezsf Litter equipprest

ol yneri zat 3- but adi h h | ecul t
0 4, 6X108 i 1bEReRoRE L PRI RE SN EEPROT BN TARRAR) NS P at i o

f f d I d
?1 4- c$ ngﬂpafpgwg]%ﬁ% g ?%@ nggg B#gu%ngo qﬁééﬁnﬁ?ghﬁﬁﬁhqﬁéﬁgreue of
4. 0X104 919161{0 @R8 0un dJQ'helr%lct@cr wrar&ehE'att@a' up eempend. alex &xapd e 10

An aut ocl ave having an 1 nner volume of 1 liter equipped wth a stirrer as
a react or neaxidig erusielenacwas) fod WHiledcontiblaigon thieheropdemd of

tol uene as a solvent and 1.0 m
pressure at 4 kg/cm , and after the system was stabilized,
1.25 mmoi of triisobutylaluminum was added, subsequently, 5.0
10 Umol of
[dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl
(tetramethylcyclopentadienyl) ]titaniumdichloride was added,
‘then, 15.0 4m 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 having amolecular weight (Mw) of 1.04X10°, amolecular weight
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



20 of 5-hexene-l1-o0l as a conononer were charged into this, and 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 ethylene pressure at 6
kg/cn2, and the m xture was stirred continuously for 15 mnutes. After the
system 25 was stabilized, 5.0 /inol of 67

[di net hyl (3-tert-butyl -2-nmet hoxy-5-net hyl phenyl ) silyl
(tetramet hyl cycl opentadi enyl) ] titaniumdichloride was added, then, 15.0
9m of triphenyl carbeni untetraki s(pentafl uorophenyl )borate was 68 added.

Pol yneri zaidmpamps IoEd I | afh ® dhd e SAmrianiamdunt b€ 6conmmolll ingtétms
tenperature at 40t. The tenperature raise in the reactor by the initial
heat genercf i&h, i subseqguepsilynerti.Zatd melwas not observed. 5 As a result of
pol ynmeri zati on, an ethyl ene-hexene-|1-ol copolyner having a term nal

al cohol cdrﬂlémtléY103686W¢°/(PWl'a3rrﬂ[ei?1?°1fY0$ meybydphgnidd stk at a
rate of 1. 2 105 one .hour_ per, tltanlunlco ound. 10

Exanpl e 1f%ﬁ%¥%ﬁ(%€3a€8pﬁ§\‘iﬁﬁd%ﬂ)rﬂn‘é’rt%?-ﬁ‘ﬁgdbf’n LG “with a
stirreg a%[rgﬁg Cig;wgl@g&%{;gﬁt ucegf’ .Vfr;f“g gng B“B%%% 14 L argen, then,

300 m “of vi hyl cyclohexarne as an a ~ol ef

In were Cg{?dﬂ;ﬁﬁie#leﬁgtighswa%5c%'ﬁ 5@@%% Fbeaishtwass d}ﬁqtfd up to

60cC. Aft ating, ethylene was e controlling the ethylene

pressure adont®rdDi£A§, tAkt eempeaatifterawass¥ abilized, 0.75 mmol of
triisobutylalumnumand 1.5 LLnol of

[ di met hyl ( 3-t er tAdd yteRalret bbx polymeirhivd gihisory) )&i 1 yB ¢betad@ene
ramet hyl cycl opentad.ienyl)]titani umdichloride were added

homopolymer having a molecular weight (Mw) of .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]:[1,2-1=0.830:0.070:0.100) was
produced at a rate of 4.0X10* g per one hour per 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

20 of 5-hexene-1-0l 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 dontinuously for 15 minutes. After the system

26 was stabilized, 5.0 4mol of
[dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl
(tetramethylcyclopentadienyl)]titaniumdichloride was added,

then, 15.0 Um of

triphenylcarbeniumtetrakis(pentafluorophenyl)borate was



then, 4.5 nol of triphenyl carbeniuntetraki s(pentafl uorophenyl)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 polynerization was not observed. As a
result of polynerization, an ethyl ene-88 nyl cycl ohexane copol yner having a
content of a vinylcyclohexane unit of 4.1 ww% an [7] of 2.27 dl/g was 69
produced at a rate of 1.9X106 g per one hour per 1 nol of the titanium
conpound. As described in detail above, according to the present 5

I nventi on,aadédansPolpmnenmdtzalt ioonmuaisndansdied oludr fpreparmigutascehalgst for
addi tion polynerization having a catalytic _activity which suppresses heat
gener at i oncentrhdlbagi thenempensdiunee itz 40 on ahke ctemperahdust raikey
carried out, such a catalyst for addition polynerization, and a process
for 10 probRicFRg Afagde itth e yheithpinhepé gsrganptiomrin pk¥sded. 70
CLAI M5: 1. transitiqQn netal compound represented by the general formula

(1): A E R° &Qr&fftﬁﬂ?!yﬂﬁnﬂ?ﬁrpmf?ﬁﬁ?gsents a titaniumatom zirconium
atom o haf ni um, at.om.i he -+ ' C L1 an: e ent
amul tidentate rr%%c?— g%:sg%}tc%i%oairﬂﬁ%zgé%ggéeﬁ%taﬁﬁ%q<%ﬁ%’?%ﬁ%,’Térgél kyl
group, argbp8ighBroha®dhgt bt HEeMifkhhYh18686R: cbnt@RteSeNbS 68Nwe%YSRA

an [N] of 4.96 d1/g was produced at a rate of 1.2X10° g per

one hour per 1 mol of the titanium compound.

10 Example 11
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 15 ml
of vinylcyclohexane as an (& -olefin were charged into this,
15 and the reactionvesselwasheatedupto60C. After theheating,
ethylene was fed while controlling the ethylene pressure at
6 kg/cm?, after the system was stabilized, 0.75 mmol of
triisobutylaluminum and 1.5 (4 mol of
[dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl(tet
20 ramethylcyclopentadienyl) ltitanium dichloride were added,
then, 4.5 Umol of
tripnenylcarbeniumtetrakis(pentafluorophenyl)borate was
added. Polymerization was conducted for 60 minutes while
controlling the temperature at 60C. The temperature raise
25 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 [N] of 2.27 dl/g was



atomor sulfur atom each of two Xs independently represents 10 a hydrogen
atom hal ogen atom al kyl group, aral kyl group, aryl group, substituted
silyl group, al koxy group, aral kyl oxy group, aryloxy group or

di -substituted am no group, and two Xs may bond nutually to forma ring; D
represents a neutral ligand coordinate on M and n represents an integer
of.fromO to 2. 15 2. The transition nmetal conpound according to Claim1,
wherein A represents a multidentate nono-anionic |ligand of the general
formula (2): Cpl G (2) wherein Cpl represents a group having a

cycl opent adicchacdd/ pet 20raheocofskelbet b0° @rpes oppr boamt pex subwil ta@nt
having 1 to 30 non-hydrogen atons brldglng between Cpl and E. 3. The
transi ti ortheettd tamipoupempeddAdding to Claim1,. wherein the transition
metal compound is represented by the 71 general fornmula (3): R3 /Cp/Dn
R3/ X (R2) m2 E -Rl1 wherein Mrepresents a titaniumatom zirconium atom

haf ni h 3 f d di
S having. a cycl AseREsdEaRed SBeTahRbn SREFEr o%égé‘rrgﬁseégn@ig%ms o X v
t (HE¥E tl
?reglrjgs‘}egtsmgr%e{dfr%ge;a a?%rﬁes%ll&e{gen atlorn i ILE{/? gr oup, ar aIIEyii gr ou% )altryl

group, SUQstdéﬂ&ffs@l £yE 28RYRL ondlpoMeH 04Dk 1 86 ShEVH AYY adlcRith 1P ¢ OXY
group or - substituted 10 am no group, and a plurality of Res nmay bond

mut ual | y taxtfiority awhicly; suppeesseenheagngeneegdionf aftr ame) deyikining

represents
of polymerization and can be industrially carried out, such

a catalyst for addition polymerization, and a process for

10 producinganaddition polymer with the catalyst, are provided.



an oxygen atomor sulfur atom Rl represents an al kyl group, aralkyl

group, aryl group or substituted silyl group; each of two Xs independently
represents a hydrogen atom hal ogen ateg 15 al kyl group, aralkyl group,
aryl group, substitutedsilyl group, alkoxy group, aralkyl oxy group,

aryl oxy group or di- substituted amno group, and two Xs may bond nutually
to forma ring; D represents-a neutral |igand coordinated on M and n
represents an integer of fromO to 2. 20 4. The transition nmetal conpound
according to any one of Cains 1 t%@m@?f ein E represents an oxygen
atom 5. The transition netal conpound according to any one of Clains 1 to
4, wherein Mrepreaatsh A tidifbdAl AdMBourdd répriienitednsy theNg8RbAA1
conpound according to any one of Clainms 1 to 5, wherein Rl represents a

met hyl gr &grmula A Xat al yst for addition polynerization obtained by a
process conprising bringing the transition netal conpound of 5 any one of
Clains 1 to 6 inbe—eoatae%—mhﬁh the followng (B) and/or the follow ng
(O: (A atrangition netal conpound represented by the general formula
(1): AERL M Xi (1) Dn 10 wherein Mrepresents a titaniumatom zirconium
atomor hafnium' atomin the +3 fornmal oxide condition; A represents a

mul ti dentate nMno=ani Bpic |igand, R1)represents an al kyl group, aralkyl
group, aryl grpup or substituted silyl group; E represents an oxygen atom
or sulfur atom|{each of two Xs independently represents 15 a hydrogen atom
hal ogen at om %nkyl group, aralkyl group, aryl

5 wherein M represents a titanium atom, zirconium atom or hafnium
atominthe+3fdrmaloxidecondition;Arepresentsanmﬂtidentate
mono-anionicligand;erepresentsanalkylgroup,aralkylgroup,
aryl group or substituted silyl group; E represents an oxygen
atom or sulfur atom; each of two Xs independently represents

10 a hydrogen atom, halogen atom, alkyi group, aralkyl group, aryl
group,substitutedSilylgroup,alkoxygroup,aralkyldxygroup,
aryloxy group or di-substituted amino group, and two Xs may bond
mutuallytoformaring;Dfepresentsaneutralligandcoordinated
on M; and n represents an integer of from 0 to 2.

15 2. The transition metal compound according to Claim 1,
wherein A represents a multidentate mono-anionic ligand- of the

general formﬁla (2):

CP1 G (2)

I

wherein Cpl represents a group having a cyclopentadiene type
20 anion skeleton; and G representé a substituent having 1 to 30
non-hydrogen atoms bridging between Cp1 and E.
3. The transition metal compound according to Claim 1,

wherein the transition metal compound is represented by the



group, substituted silyl group, al koxy group, aral kyloxy group, aryl oxy
group or di-substituted am no group, and two Xs may bond nmnutually to forma
ring; Drepresents a neutral |igand cogndinated on M and n represents an
integer of fromO to 2, 20 (B) one or nore al um num conpounds sel ected from
the followng (Bl) to (B3): (B1l) organic al um num conpounds of the general
formula ElaAlZ3 a, (B2) cyclic al unmi noxanes having a structure of the

general 73 fornula { AI (E2) -O)b, and (B3) linear alum noxanes having a
structure &Idéélgl (ﬁnul a E3{ -Al (E3) -O }CAIE32 . wherein each
of E1, E2 7an represents a hydrocarbon group, 5 and all El's, all E 2S

or aII E 3S nay be the sane or different; Z represents a hydrogen atom or
hal ogen atB CpZzs e the same or different; a represents a
nunber satlsfy g O<a , b represents an integer of 2 or nore; and c

repr esent spg nt eger of or nore, 10 (C) one or nore boron conpounds

sel ected fromthe (RB OW n (CI) to (C3):. (d) boron conpounds of the
general fornmlaBD (C2) bor¢m) conmpounds of the general fornula G+
(BQ x@BXA 5 (C3) boron conmpounds of the general formula (L -H +
(BQ Q@xBX) Fereppesents a trivalent boron atom QL to Q4 represent
a hal ogen at /dr ocar bon group, hal ogenated hydrocar bon group,
substituted group, al koxy group or di-substituted am no 20 group and
they may be the“sane or different; G+ represents an

wherein M represents a titanium atom, zirconium atom or hafnium
atom in the +3 formal oxide condition; Cpl.represents a group
5 having a cyclopentadiene type anion skeleton; J represenfs an
‘atom of XIV group in the periodic table of element; each of R?
and R? independently represents a hydrogen atom, halogen atom,
alkylgroup,aralkylgroup;arylgroup,substitutedsilylgroﬁp,
alkoxy group, aralkyloxy group, aryloxy group or di- sub'sti_tutl:ed
10 amino group, and a plurality of R%s may bond mutually to form
a ring; m represents an integer of from 0 to 4; E represents
an oxygen atom or sulfur atom;lR1 rebresents an alkyl group,
aralkyl group, aryl group or substituted silyl group: each of
two Xs independentlyfrepresents a hydrogen atom, halogen atom,
15 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 ligahd coordinated on M; and n represents
an integer of from 0 to 2..
20 4. The transition metal compound according to any one of
Claims 1 to 3, wherein E represents an oxygen atom.
5. The transition metal compound according to any one of

Claims 1 to 4, wherein M represents a titanium atom.



I norganic or organic cation; L represents a neutral Lew s base; and (L-H)'
represents a Br~nsted acid. 8. A process for producing an addition pol yner
whi ch conprising polynerizing an addi t4on pol yneri zabl e conpound with 25
the catal yst for addition polynerization of Claim?7.

6. The transition metal compound according to any one of
Claims 1 to 5, wherein R represents a methyl group.
7. A catalyst for addition polymerization obtained by a
process comprising bringing the.transition metal compound of
5 any one of Claims 1 to 6 into contact with the following (B)
and/or the following (C):
(A) a transition metal compound represented by the general

formula (1):

A E R

M—— X 1)

Dy

4

10 wherein M represents a titanium atom, zirconium atom or hafniﬁm
atomin the +3 formal oxide condition; Arepresentsamultidentate
mono-anionicligand;erepresentsanalkylgroup,aralkylgroup,
aryl group or substituted silyl group; E represents an oxygen
atom or sulfur atom; each of two Xs independently represents

15 a hydrogen atom, halogen atom, alkyl group, aralkyl group, aryl
group,substitﬁtedsilylgroup,alkoxygroﬁp,aralkylokygroup,
aryloxy group or di-substituted amino group, and two Xs may bond
mutually toformaring; Drepresents aneutral 1igand coordinated
on M; and n represents an integer of from 0 to 2,

20 (B) one or more aluminum compounds selecfed from the following
(Bl1) to (B3):

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

(B2) cyclic aluminoxanes having a structure of the general



10

15

20

25

73

formula {-Al(E?®)-0-},, and

(B3) linear aluminoxanes having a structure of the general
formula E*{-A1(E3)-0-}.A1E3, ,
wherein each 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;
Z represents a hydrogen atom or halogen atom and all Zs may be
the same or different; a représents a number satisfying 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 (C1)
to (C3):

(Cl) boron compounds of the general formula BQQ?%Q3,

(C2) boron compounds of the general formula
G'(BQ'Q°Q°0*) ", and

(C3) boron_compounds of the genefal formula:
(L-H)*(BQ'Q*Q%0%) ™ ,
wherein B represents a trivalent boron atom; Q' to Q* represent
ahalogen atom, hydrocarbon group . halogenated hydrocarbon group,
substituted silyl group, alkoxy group or di-substituted amino _
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. A process for producing an addition polymer which
comprisingpolymerizinganaddition polymerizable compoundwith

the catalyst for addition polymerization of Claim 7.



