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CATALYST FOR ADDI TI ON POLYMERI ZATI ON, AND PROCESS FOR PRODUCI NG ADDI TI ON
PCOLYMER 5 BACKGROUND OF THE I NVENTION Field of the Invention The present
invention relates to a transition netal, conpound havi ng 18 jarbdr, 2664 at e
nono-ani onic ligand containing a hetero atomas a substituent,” a catal yst
for addition 10 pol ynerization obtained by using said transition netal
conpound, and a process for producing an addition polyner with the

catal yst. Description of Related Arts Regarding a nethod for producing an
addition polynmer 15 with a single site catal yst conposed of a netall ocene
conplex or th h K8 T THRRY F%xyt on @@ﬁ 8-19309
di scl oses a nee%l%%igg%[gr prgfum ng%%ﬂ?f neﬁgﬁgggr%xwi t Qf’;llmrr]lli?]'g%513?';‘500ene

conpl ex apPOLIMENIHATCNEAND NEECESS PERPROPUCENEMADD R TONE PORYMER ON
pol yneri zation of an 20 olefin or the like is conducted in such a system

the anobunt of the initial heat generation is large particularly due to high
initial activity and consequently control of the polynerization reaction is
diffidult. 25 SUMVARY OFBAGEGRONENT| QR (Fiker ENVENDE®- situation, an obj ect
of the present. invention is to provide a transition netal conpound usef ul
for prepafifddaofarts kn¥eRtEORi ti on pol ymerization having a catal ytic

acti vity whi ch SRPLe3ses A, GEELATLETLELL RS o 13JANHA Y, 2008

compound havingamultidentatemono-anionicligand 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




begi nni ng of polynerization and can be industrially carried out, and such a
catal yst for addition polynerization, and an efficient process for
produci ng an addition polymer, which can suppress heat generation at the
begi nning of 5 polynerization and can %e industrially cagubfehrptbos Nanely,
the present invention relates to a trafsition netal conmpound (A) of the
follow ng general formula (1): AERL MXZ (1) Dn (wherein, Mrepresents a
titaniumatom zirconiumatomor 10 hafniumatomin the +3 formal oxide

cond {1 ONpoBEERLEBA! 303, MULL AN 8,00895°0k O ki a3ad1 R aCeBLEseNt S

an al kyl gr?ﬁp, group, ary roup or subs ute rou

represent g angﬁbﬁté)r@a@aﬁ}a{ 'froraﬁaﬁhtﬁ%%hf:gﬁ.g&ng e 05 d e PRt ¥

represents a rogen atom hal ogen atom al ky roup, aral kyl group,
aryl gr Ouéffiéb.%tnltt pretedd Word pRiHu A iPXah HAUPL i8hapKyyRxY , gWAlRh

aryl oxy group or di-substituted am no group, and two Xs may bond nutually
to form acahnguppresg dsaent Sgeneecatiah hitgiaheé begidimiaigedoHn M and n
represents an integer of fromO to 2.). 20 Further, the present invention
rel at s tpodymerdlzpdt drorarsdidéan obe pbhgustirdiglilan Sotie dBY- bringi ng the
transition netal conpound (A) into contact with_the follow n é g and/ or

(O): ( B) one ¥amfd¥e EPEnPﬁﬁﬁPEBanEﬁHEiQBIEegé&eﬁrﬁﬁ1?h%r RFLOWPRg 13
J 200 H1 | d f |
formil  ERGRRYSChmbBYRT 1A .%f1 Huf SeTL e S PR &' ¢} I 25

gener al fornula { -AL ( Ez) b, and_gH3) |i near alunlnoxanes havi ng a
structure of the general fofhula 3{ -AlR( E3 ) -O }~AlE3z (wherein, each
of E1, Ez and E3 represents|a hydrocarbon group, and all Els , all Ezs or
all E3s may be the sane or different . 10 Z represents a hydrogen atom or
hal ogen atom and all Zs may, be the same or dlffefent . a represents a
nunber satisfying O<as3, b represen?s an i nteger 3f 2 or nore, and c
represents an integer of 1 #r nore.), ( C) one or nore boron conpounds
selected fromthe following'1l5 (Cl) to (C3): ( Cl ) boron conpounds of. the
general fornmula HQ QzQs, (@23 boron conpounds of the general fornmula G+ (
BQQ@Q Q) , and (C3) boron conpounds of the general fornmula 20 ( L -H) ~
( HQ QRQBfPn ?iﬂheﬁek'& prad SN £SEN SranithVakeR! R AMMasde &L to
r epr esent a ogén atom hydrocarbon group, hal ogenated hydr ocar bon group,
substiot utiegfsihyl agomUpPn Eh&OXY Ml Wxitle ditided ABdraganps and
they may be the same or 25 different . Gr represents an i norgani c or

organi ¢ catmwoht identateeposserrs onimedtigdnd e\vR's riease sant § Lan-l)&lkierr esents
a

group, aralkyl group, aryl group or substituted silyl group;
E represents an oxygen atom or sulfur atom; eéch of two Xs
independently represents a hydrogen atom, halogen atom, alkyl

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

20 Further, the 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




Br~nsted acid.). 13 January 2004 -3A Mre particularly, the invention
relates to a transitional nmetal conpound represented by the general formula
(3): RB\ /CPAMDn\. R(R-) m- (3) ERlL 10 wherein Mrepresents a titanium
atom zirconiumatomor hafniumatomin the +3 formal ox3dgngppdod4 on; Cp
represents a group having a cycl opent adi &ne type ani on skel eton; J
represents an atomof XV group in the periodic table of elenent; each of
RZ and R3 i ndependently represents a hydrogen atom hal ogen atom al kyl
group, aral L group, _aryl group, substituted silyl group, alkoxy group,

ar al kyl oxy €$ proaK?pdﬁy group or di 15 substituted am no group, and a
plurality of RQSEC?% bond nutually to forma ring; mrepresents an integer
of from0 to 4; brARan k¢ &1 WidRien compeends Wi Whetgene fil RETASEAL S
an al kyl g&pugizaralkyl group, aryl group or substituted silyl group; each
of two Xs indepéitentiy represents a hydrogen atom hal ogen atom al kyl

group, aral kyl gr ro substituted silyl group, al koxy group,
ar al kyl oxy group,ﬂ§$§l%i%ibgoﬁgegﬁqﬂx%ﬂﬁ%d%%Yi?Qtéd&%ﬁuﬂi@W©upf the t wo
Xs may Hondegndt@] | ¥obRuiar Puaqig2q._ 2 yepresents a neutral |igand

coordi nated on M an% nurepgggéégggaﬁppﬁfeﬁ of fromO to 2. BRI EF

DESCRI PTI ON OF THIBIDRAWMNG i lis_a flowchart for
assi sting understandi ng of ?h%ﬁgﬁlggg%[aﬁeﬁssgﬁf% .aTﬁi%EUFq‘J(ﬁP Harthehons a

typi cal exameplesak ﬁntmulaemf§-ni(Ehp-gnysgpﬁ%invention, and the scope of
the present invention is not limted at all tHereto. 5 DETAI LED DESCRI PTI ON

OF THE | NVENRE@S fThe eprbseniE i, iwhaha®’ wiblred@rtd HHyaEEHaih Behblighe! ow
In the transition netal conpound (A) of the 10 above-nentloneg g hersl
formula (1§P9\PrepFeSerall £ panrdth 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 :l.bnteger of'2 or more, and c represents
an integer of 1 or more.),

(C) one or more boron compounds selected from the following
15 (Cl) to (C3): |
(C1) boron compounds of the general formula BQ'Q2Q3,
(C2) boron compounds of the general formula
'G*(BQ'Q%Q%0*) ", ana
(C3) boron compounds of the general formula
20 (L-H)*'(BQ'Q%Q%*)"
(wherein, B represents a trivalent boron atom, and Q' to Q!
Tepresent 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
25 different. G* represents an inorganic or organic cation, and

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

Brénsted acid.).




atom zirconiumatomor hafniumatomin the +3 formal oxidation state, and
particularly preferably a titaniumatomin the +3 formal oxidation state.
Exanpl es of the neutral |igand represented by D 15 coordinated on M in the
general formula (1), include, for exanple, ether conpounggagusi2ess di et hyl
ether, tetrahydrofuran, di-n-butyl ether, di-iso-butyl ether, di-tert-butyl
ether and the like, tertiary am ne conpounds such as triethyl am ne,
pyridine and the like, nitrile 20 conpounaé'such as acetonitrile,
benzonitrile and the like, etc., and preferably tetrahydrofuran and
pyridine. Ein the general fornmula ( 1 ) is an oxygen atomor sul fur atom
and preferably arMomygenicalady) ths idvential aglfesatorn refsRaRAL adelly bnipbuhhe
general 25 fornuI% (%) a flqgrin atom chlorine atom brom ne atom

i odi ne at om SN PHS BYithe senes %é‘h"g? (Pied, and particularly preferable is a
chlorine atom As the al kyl group represented by X or Rl in the general
formula (1), an al kyl gro having .1 ,to 20_carbon atons is 13 January
2004 preferable, and exanﬁﬁ tﬁgrg ig;kghe anet hyl group, ethyl group,
n-propylsgroup; i sopropyl groyd,” n-but¥<_group, sec-butyl group, tert-butyl
group, isobutyl group, n-@g; yl{ group, ﬁﬁbﬂgntyl group, anyl group, n-hexyl
group, n-octyl 5 group, n-decyl grﬁg?, n- dodecyl group, n-pentadecyl group,
n-ei cosyl group and the |ike, & preferabl e npl es are a net hyl
group, ethyl group, isopro , tert-butyl group, isobutyl group and
anyl group. Any of these alikyl ps._may,pe substituted with a 10 hal ogen
atom such as a fluorine at ri atom brom ne atom i odi ne atom and
the like . Exanples of the

10 wherein M represents a titanium atom, zirconium atom or hafnium atom in the +3 formal
oxide condition; Cp' represents a group having a cyclopentadiene type anion skeleton; J
represents an atom of XIV group in the periodic table of element; each of R?> and R’
independently represents a hydrogen atom, halogen atom, alkyl group, aralkyl group, aryl
group, substituted silyl group, alkoxy group, aralkyloxy group, aryloxy group or di-

15 substituted amino group, and a plurality of 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 represents a hydrogen atom, halogen atom, alkyl group, aralkyl group,
aryl group, substituted silyl group, alkoxy group, aralkyloxy group, aryloxy group or di-

20  substituted amino group, and two Xs may bond mutually to form a ring; D represents a

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

BRIEF DESCRIPTION OF THE DRAWING




having 1 to 10 carbon atons substituted with a hal ogen atominclude a
fluoronet hyl group, difluoronethyl. group, trifluoronethyl group,

chl oronet hyl group, dichloronmethyl 15 group, trichloronethyl group,
bronmonet hyl group, dibrononethyl group, tribronmonethyl ¢sQdRudrp206%t hyl
group, diiodonethyl group, triiodonethﬁl group, f luoroethyl group)

di fl uoroethyl group, trifluoroethyl group, tetrafluoroethyl group,

pent af | uor oet hyl group, chloroethyl group, 20 dichl oroethyl group,

trichl oroethyl group tetrachloroethgl roup, . pentachl Qroet hyl. .qgroup,
bromoet hyl gr oupi9di br fodt HyP¥ ¢t hdh! ngb?gﬁBgFHQP BP&EB?tF S%bethyl
: b t hyl : I | J I :
Der 1 ot opBRAC TrbtvSBaRor St Lok CBRsiR ks Pl soet Srabkaes °
perf | uor odedgebaghaiRs HEIH4IQRRRHAIRCKN /M anBEEAL UREGFE TS 1thedr OUP.

per chl or opropyl group, perc butyl group, perchloropentyl™ group,

per chl or ojex¥knd Q¥RrerPei &k PE 0RSEY L 1R @WR, ateranl aishagiesy! group,
per chl or opent adecyl group, 13 January 2004 perchl oroei cosyl group,

per br gropr opyl group, perbronobutyl group, perbronopentyl group,

per br onohexyl group, perbronooctyl group, perbronododecyl group,

per br onopent adecy| DETaJ5EDpePESCRIPTION/ | OFr oBPEanINVENTEDNe. 5 Furt her,
any of these al kyl groups may al so be partiallg substituted with an_al koxy
group such as aRBehB¥gsenduFNVEaHAA gFblp BRAdILAESETRE e ntmhrds B3t gr oup
such as a_phenoxy group and the |ike, an aral kyl oxy group such as a
benzyloxybEFBUp and the like, etc. 10 As the aral kyl group represented by X

or RL in the abfxefﬁgnkkgggq gﬁg@ﬁﬁ;t frgy%?%é&?hégzo%&?h%%% group having 7

to 20 carbon atons I'S prefera , and exanp de a benzyl

group,g (2384 BY RReIHNdE HRYle r@108Brmu3anel hy IWwhepHe)serity a €1 e8Rium

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

(2, 4- di meabyinpheinyd g metn Wt oyt o1 ha fr2i um dit omt 1ry kpeerdy If pretalydx jdatipon

(2, 6-di met hyl phenyl ) net hyl group, (3, 4-dinethyl phenyl)nmethyl group, 20

(3, 5- di reshgtpheand)pat bycugaoly, pYeferabiyi acthia Aoty ther vdp,

(2, 3,5-trinet hyl phenyl ) nmethyl group, (2,3,6-trinethylphenyl)nethyl group,

(3,4,5-trfﬁ§?ﬁ§lBﬁéﬁé?ﬁﬁﬁrﬁﬂaiﬁoup, 25 (2,4, 6-trinethyl phenyl ) net hy
roup, (2,3,4,5;tetranmet hyl phenyl |, gr ,

?2, 3I,O4, gi tetr an%’fﬂvp ﬁgm#) R”z’teniﬁgugrf’%%,l%%?é?f%?ffgtssgr%tdhﬁyphDenyI ) met hyl
roup, h t Ryl ou 13

T, DB TR R Pt ethy It oy oo e et ey °5r o,

(n-butyl peganpleet kthed! @impdweds bstitiyh pasnyli prrbtylly le tgreatip, ~

(tert-butyl phenyl)net hyl group, (n-pentyl phenyl)nethyl group,

( neopent yteheahyiimetfimdanyr alip;n{atiekyepheny| dietlispl-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




5 group, (n-octyl phenyl)nethyl group, (n-decyl phenyl)nethyl group,
(n-dodecyl phenyl ) net hyl group, naphthyl net hyl group, anthracenyl net hyl
group and the |ike, and a benzyl group is preferable . Any of these aral kyl
groups nay also be partially 10 substituted with a hal oggnapuaysgsh as a
fluorine atom chlorine atom bromne atom iodine atomand the |ike , an
al koxy group such as a nethoxy group, ethoxy group and the |ike, an aryl oxy
group such as a phenoxy group and the like , an aral kyl oxy group such as a

benzyl Oxypg:re%araﬂf%,ﬁ %F;éﬁ?fégthje%e%zf inglﬁﬁga ﬂégﬂ?&r%é@ﬁ,e@tt‘?&lby X or

Rl in the“genera an ar rou avi ng carbon~atons is
preferab'%mdﬁﬂi‘%GBEB§§lt§§6§gt &Q%P%@%y@ . O OBty 2- by, 9T oup,
3-tolyl group, 4-tolyl "group, 2,3-xylyl group, 2, 4-xylyl group, 2,5-xylyl

group) 2, ge6rbutElr eHoups, 46t Wutll growp, Isdbawl ggoamd, n-pentyl
2, 3,4-trinmethyl phenyl group, 2,3,5-trinethylphenyl group,

2,3,6-tri geomp ,phemdergroumr;@, 6anyl ngtdyp phealexyglogpoup, n-octyl
3,4,5-trimethyl phenyl group, 2,3,4,5-tetramethyl phenyl group,

2, 3, 4,%- t groapet Myldseshy lgxpuup, -G ecHl 1FEQWPet BiyPPREATRE CYLogEOuP

hyl ph | 25 : hyl phenyl , _N- I I ,
7 Copr Opy| PREAFOROGHOR Find I Heryi s I e O STRFBRTF Grampcs
tert- butyl phenyl di - tert-hutyl phenyl
di -t ert - DRES RERPHIDhEIRA R ST 19521 BRERSP FgPodBO ReobRRE P Bk TRy,

group, n- ph 3i9ChEPARHY! January 2004 group,
n- decyl ph %é}ﬁbgrg'%blﬁf og%%é;lll%henyl g?ougfoﬁll?pt et radecyl phenyl group,

napht hyl group, Aﬁ?t BEaceRWe GIIOHPL aftbipe makebeastiba titrtdd ovdDtp as nore
preferable. Any of these aryl groups may also be partially substituted 5
wi t h 14 hahegegeat atosustchsas & flacimimeattom,chhdordaeaatnam, bboamhneat om

i odine atomand the |ike, an al koxy group such as a nethoxibgroup, et hoxy

group andatp®.| ir@jingnateq %G e udpikach Examp e fFhg 8LkYAnarPHR | i ke,
| ky] h b | d the Li tc. 10 As th
subet 1t urBavindy i Beoht setplucntate sptadbPtRBARE gt aboRoRRaRa” (1)
i1yl bsti i i bl e, d’
xamp! es SRCERRY B FatsHont ey E GYOLBTRRED UL LIty PIFAED. ) 0110

carbon at £pB£Iuehofe thyBldWdul! 08R1 0 £bMY¥ thgi0Gioul PraivH 1 & SH@thD
i sopropyl group, n-butyl group, sec-butyl group, tert-butyl group, isobutyl

grouf5 n-geotpl, @rdumlordeeahyyrgnpupcybrohemelthylograum, the |i ke, and
aryl groups such as a phenyl group and the like , etc . As such substituted
si |yl gr odpbnamomgthytlogpoupartyoibzenemethiv: s &odemeshydug¥e¥R: ed
silyl 20 groups having 1 to 20 carbhon atons such qg a nethxliilgl group,
iiodomethyl group, triiodomethyl group, fluoroethyl group,
difluoroethyl group, trifluoroethyl group, tetrafluoroethyl
group, pentafluoroethyl group, chloroethyl group,
20 dichloroethyl group, trichloroethyl group, tetrachloroethyl
group, pentachloroethyl group, bromocethyl group,
dibromoethyl group, tribromoethyl group, tetrabromoethyl
group, pentabromoethyl group, perfluoropropyl group,
perfluorobutyl group, perfluoropentyl group, perfluorohexyl
25 group, perfluorooctyl group, perfluorododecyl group,
perfluoropentadecyl group, perfluoroeicosyl group,

perchloropropyl group, perchlorobutyl group, perchloropentyl

group, perchlorohexyl group, perchlorooctyl group,

perchlorododecyl group, perchloropentadecyl gfoup,




ethylsilyl group, phenylsilyl group and the like, di-substituted silyl
groups having 2 to 20 carbon atons such as a dinethylsilyl group,

di et hyl silyl group, diphenylsilyl group and the like, tri-substituted silyl
groups having 3 to 25 20 carbon atonms guch as a tri net hygSghydry 2604 P,
triethylsilyl group, tri-n-propylsilyl “group, triisopropylsilyl group,
tri-n-butylsilyl group, tri-sec-butylsilyl group, tri-tert-butylsilyl
group, triisobutylsilyl group, tert-butyldinethylsilyl group,

11 cyolonelsPerbyetgRliys ebppndRE ARy Re e ettt
or oup. anctPRBRL ARt GEL K. SpRY kBRI dE P L 1\ T s Ty

al so be pgetbabhbot#lal idres, WhéhbAohakieaeeyat rcueh as a fluorine atom

chlorine atom brom ne atom 1odine atomand the |ike, an al koxy group such
as a net hpsybgbmupen teldedyl group , pekrhhembdekeosgh crrodpapdgrieupikech as a
phenoxy group and the like, 10 an aral kyl oxy group such as a benzyl oxy
group 5and t he |Fhetherc.any ofhthabk@dkyk gife ubspnay eént el bl@yp%‘tha{hﬁ

general formula ( 1) , an alkoxy group having 1 to 20 carbon atons is
pr ef er abl 8UbahdtBkefpisth BRAAXY HEPURS UChBF RIRS P BY FT oL 8 HR%Y gr oup,

Lert-but b5 P ot T R A Sy TSt s P65 S hERERy oro0p,
N 0CT XY ghQUPho 't HOLCCOXYa 0L PP1 oR7PERLAACEAKN JE CkMberlz) £0XPXYroguUP and

the |ike, and~nore préefera y group, ethoxy group, | Sopropoxy

20 group gnd tget 1hWEOXk @ oup. Any of these al koxy groups may al so be
partially substituted with a hal ogen atom such as a fluorine atom chlorine

at om10br om ne @A®mhéodraekgtiograup theptékentednbml Kooy & odip stheh as a
met hoxy group, ethoxy group and the |ike, an 25 aryl oxy group such as a
phenoxy caboye amentheneidkgenezalafarrylaxil hr @pasadkydsIHoBEMIVEKY group

d the like, etc. As the | kyl t by X.int I
iy Sl ar ] R e A il 19
2004 (Z-H%fﬂ??ﬁﬁ n???ﬁ@fhé '%ﬁ%ﬁﬁ{géégg%?ﬂg?gﬁén§?¥ﬁ@?h059 group, Y
(4- met hyl E,thﬁg%?eﬁ?ﬂmyﬁ grauf! rﬁhﬂémfryﬁéﬁﬂméxh%%up,
yl phenyl ) me met h

(2, 4-dinme hoxy group, 5 (2,5-di yl phenyl ) mef hoxy group,

(2, 61@i met hys paeny thFebheny1gmeyhyl 3gdedp et hyl phenyl ) met hoxy group,
(3, 5-di net hyl phenyl ) net hoxy group, (2,3, 4-trinethyl phenyl.)nmethoxy group,

10 (2, 3, 5¢2 s 4 neingthiré phlenyst meghyk cameup 2, 3, 6-tri net hyl phenyl ) net hoxy
g;gﬂg Efz),(éll g_%;;ﬂg%}t} Lg\%%@%yﬂ%gﬂg (1§ 4, 6-trinmet hyl phenyl ) net hoxy
(2,34 o (Lo b ERER S RER oAy r Gtpue -
(o1 hyT phety 1§ SR P Y T g Bue { P oy Group, 20 9O
(i sopoopy({ Phengi maehPe s} ediyaline iy bUsyéwpenyl ) met hoxy
- (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, (sec-butyl phenyl)nethoxy group, (tert-butyl phenyl)nethoxy group,
(n- hexyl phenyl ) met hoxy group, (n-octyl phenyl) nmet hoxy _
group, (n-decyl phenyl ) net hoxy group, naphthyl met hoxy group,

ant hr acenyl net hoxy group and 25 the Iige, and nore pref azalhgar, 2084

benzyl oxy group. Any of these aral kyl oXxy groups may al so be partially
substituted with a hal ogen atom such as a fluorine atom chlorine atom
brom ne atom iodine atomand the |ike, an al koxy group such as a net hoxy
group, ethoxy group.and the |ik

) 113 J 2004 |
such as a(BﬁBHGPyl@bc?db‘ﬂaWF'f%f ﬂir%glp,' éjns3P5P§§#§%ngggﬂbewﬁééggrggup
b | t he Jik . by X
Che. gener - BfiEheriL i g Pfos {8 MUl OXbndng D iAo GELes Y 5 | o
f i d - hyl ph
o, B R e e penony

group, 2, rehg‘?tmé&@@l'i‘@%!pﬁéﬁymg)m%t@ydj@E(blrﬂ#lﬂhﬁﬂmwywmwyl)methyl
2, 6- di met hyl phenoxy group, 3, 4-di net hyl phenoxy group, 10

3, 5- digret §ybpben@xy cytoripheny Eyme bhy | gBomet, hy inplermydplygmyp)methyl
2-tert-butyl -4-met hyl phenoxy group, 2-tert-butyl-5-nethyl phenoxy group,
2-t ert - bugybu- nen hgo gaerdrhegydupie thyd groupnekaphph¥ABRELY1 group,
group, 2, 3, 5-tri met hyl phenoxy group, 2, 3, 6-tr.i nmet hyl phepox 5

O oup. 2. 23BEhEPRErRINARICN PR BB 416 (iKfat AYCPAORERY Vs SEQUP 13

2-tert-butyl -3.,4-di net hyl phenoxy group, 2-tert-butyl-3,5-di nethyl phenoxy
group, 2-PEPEEEERHE-3, 6-di et hyl phenoxy gr oup,

2,6-di-tert-buty] -3 lSRNERRYk B WPyl lso be partiall _
2-tert-buty|-4,§§Hiﬁgfﬁg¥€%e%bxy &8%up, u,6-%?¥tgrf9buﬁyﬁ-4-nethy phenoxy

group,0 3, dubsthitiRiedy WaRaN XA O§Pn 2t 3m4 shchesaretind qaene Xyt gh pup,
2-tert-butyl-3,4,5-trinethyl phenoxy group, 2,3,4,6-tetranethyl phenoxy
group, 25cRibedihelntom ; Brémbnera et hibdhiseatomyaodihe 1ike, analkoxy
2,6-di-tert-butyl -3, 4-di net hyl phenoxy group, 2,3,5,6-tetraneth¥lphenqu
group, 2-gteupbsugh-as 3 eeatiat BIPHenGER PO EFouP and the like, an

2,6-di-tert-butyl -3, 5-di net hyl phenox rou 2 Januar 004 :
pent anet hFBheXEar %%ﬁﬂ?h&%BBﬁEH&ﬁ@?%‘gﬁ?dﬁ}‘;ﬁ %%W pl’?@n‘%]{?/ oY

| sopropyl phenexy, gsoun. -l ¥ PAeDOXY,gRoURa $RE- Buikd Phany! group,
tert-buty 5ﬂgﬁoxy gr oup, nf%ef&ﬁgﬁgngxy Broup,

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




5 n-octyl phenoxy group, n-decyl phenoxy group, n-tetradecyl phenoxy group,
napht hoxy group, anthracenoxy group and the like. Any of these aryl oxy
groups may al so be partially substituted with a hal ogen atom such as a
fluorine atom 10 chlorine atom brom ne atom i odi ne atgaansytbes! i ke
an al koxy group such as a net hoxy grouﬁ, et hoxy group and the [like, an
aryl oxy group such as a phenoxy group and the |ike , an aral kyl oxy group
such as a benzyl oxy group and the |like, etc. As the di-substituted am no
group represented 5a%>(in 15 the general formla. an am no group

g 1) .
subst i t ut 8FWR-h It qﬂ%ﬂ%@%Y%oﬂrﬁPBup§'@PQﬁqX&PEéQMbngguBreferable, and
exanpl es of . the drocar bon. group i ncl qﬁ}ggk | .grou hav] 1 0
carbon at Br’rﬁ:eg:féal%yjap 45%7?959‘5%13,“@??1 Y rg%l?p, ’n-ag'r%gﬁ%lceg%oluﬁr?:%iu opr opyl
group. n- Byl Qe SeLaRULYbnARGYP Ryl ald it | pBEeUPanl BObULY! QT Oup,
n-pentyl group, n-Hexyl group, “cyc ohgxyl group and e I'tke, aryl groups
having 6 to 10 ﬁﬁ&%tﬁé?%z?‘i%%pémﬁméoBé%ﬁrﬁjliihgubbléﬁtuﬁad
aral kyl groups having 7 to 10 carbon atons such as a benzyl group and the
like ,5etgithaadhaxageheatem thensakyh fraopinechuda,26havrinet Bybsi,l yl
group, tert-butyldinmethylsilyl group and the |ike. Exanples of such
di - subst i bubed n@Evatomgr dodinechtde andi tiee hydlan ran GlRexy @gireupy sashno
group, di-n-propylam no group, diisopropylam no_group, di-n-butylam no
group, di asexmeFhPXIIROUPr RiFLO¥Y FLOUR BRA\iharildkegr 3l RTY1OpY §5°YRnuary

2004 dii osobutyl am no group, tert-butylisopropyl amno group

di - n- hexy FYRPNdS & BBS,"%EHY- 33781:‘?)/?%‘&1% éﬂ'ggp, g%i%ﬂwg%%gr&%spch

bi strimethylsilylam r b st - | di hyl si | yl am no group and

t he Iike,a§n§ 6§§P3$§gléy§?% %ﬁgigé%hgﬁg#Vnéﬂﬁ%bup, di et hyl am no group,

di i sopg opyl am N9t RUPsukth @hltelllanlign B i We ki sdd iBethydsiR'y | ami no
group. Any of these di-substituted am no groups may al so be partially
substi t ut gd whehgankalagg@Fomiuin SUch, as si Iylioyroep 1ubsvitutbiowinh at om
brom ne atom iodine atom'and the |ike, an al koxy group such as a mnet hoxy
group, et hokydgocartond dieupi ke prafezpplexy arbgranrleasofi phtnoxy group
and the like ,~ an aral kyl oxy gr-oup such as a benzyl oxy group and the |ike,
etc. 15 RRYAROCHEDQEGrLME éPﬁ'quQe( 3ykyd %F@Pgﬁa%?élf‘ﬂel %WB §ABRB or

bstitut iyl , t hyl t - but vyl
i ot hyl SEPJE BP6T o0 aBed SR . St SE § 1 ot RERBYE SFarRaia ( 1
t d L8 L X, k :
i Ko or SIRPEBPaR SrReRadhy P sy auR P er eh S By R R e B e o

met hyl gr g¥Bup ek B3 10UProdp hexepentyd- drvlupdr aihexyl group,

1, 4-di phenyl - 2- but ene- 1, 4-diyl group isfurther preferable. As the

mul ti dent ayelohesydngooiup dndjahe I Epe candt adybygroups ssiehgesd@ pherBinul a (
1) , for exanple, a cyclopentadi enyl 25 group, substituted

cycl opent gapepAndtbegikendebgt opch SRR ERA PAGIHAT YIRBBYIRPuor enyl
Group. SUpSLpt Yol LIS bl 07 ouRe (LSRRl Jobotel & %1
o 1 S 8500 at a1 A BUELERCAL g S sc Ynbindaniany JElMpgroue,
a nul tidegtaiesHBRA- YHAP C phé&Us@iyl 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 l1ike, 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,




the follow ng general formula (2): 5 CP 1 G ~2~ wherein Cpl represents a
group having a cycl opentadi ene type ani on skeleton; and G represents a
substituent having 1 to 30 non-hydrogen atons bi nding between Cpl and E. As
the group having a cyclopentadiene-typﬁuanion 10 skeletqugﬁ@ﬁggggged by
Cpl in the above-nentioned general fortula (2), there are listed) for
exanpl e, an n 5-cycl opent adi enyl group, Q75-nethyl cycl opent adi enyl group,
~5-di net hyl cycl opent adi enyl group, ~7 5-trinethylcycl opentadi enyl group, ~7

15 5-tetranet hyl cycl.opent.adi enyl grou =l . 5- et hyl.cycl adi enyl group,
§YS-B-Pr?B§FF96 8?@&5 '%ﬁnﬁr%#%upgrﬁEYF%88??5%%%%?@n%§§§%lenYI gr oup, ;7
-n-buty I Pand 'tRaS€§xRY c oup, =
20 5-tertf%%P§?§§%%g6§ﬁtéﬁgé Ia%?oﬁg? §§k§fn¥%§%tfﬁ§§clopeﬁ?gd?gﬂyl group,

=7 5- “eopﬁ%?flas}%'ﬂp%&t@da efwimaf%gpsir%ﬁ Rofi@xy! cycl opent adi enyl group,

5-n-octylcycl opent adi enyl group, 5- phenyl cycl opent adi enyl 25 group,
Qr5- naphtﬁéfﬁyﬁhQﬁqlati%@thMsQIPLngrordp5ahﬁi netilpHesiyt 8 el opeotpdi enyl
group, ~J 5-triethylsilylcyclopentadienyl group, ~7

5-tert5 butyl di nehiybsi ithlesec |soprerttiadi teed | s hitplpgrenps Mayl3lxmkey 2004
5-indenyl group, n 5-nethylindenyl group, ~7 5-dinethylindenyl group,
Q75- et hy| padthgl lyr sups tdrstedpwa syl a mrekgyeqn rapm SUFIB-aISSBp%/%BgF?-ngnyI

, ~JS-n-b i nd | , ~/ b5- -b i nd | .
Group, IS0 bl e GO L1 et ey SR e,

5- tyli.nd | ~1 5-n- j - N ind |
S UL o b B, Yy G it
5- et hyl pffﬂegl '?H%?}l?ﬁ?%’ro@%ﬁ@@@shﬂ phdeR¥Wy g and the like, .

si [yl'i ndeny

5-trinmethylsrr group, Qr5-triethylsilylindenyl 10 group,

~75- f1er t - St x4 81 RPLBYYSHEplupngasyl agr aupenty16xyeyrahpdanintieaylikeoup,
Q75-fluorenyl group, ~7 . ~5-nethylfluorenyl group, ~7 5-dinethylfluorenyl
group, ~Jebeet hyl fluorenyl group, Q75-diethylfluorenyl group, n

5-n-propyl.fluarenyl group, ~7 5-di-n-propylfluorenyl group, ~7 15 .
5-i sopropyl fl uo’t\%nyhegﬁégﬁ?‘?—?%’-‘tﬁ iZeRF oD FEdoPENS qﬁr 631&, deneral

5-n-butyl {1 I S~ T - but v f | I QT sbutyl f
b oyl GrERBERHTarsR: oo 5P B, Ke U " KpeShnRsnl RebfEL AR

, Q75-di- -butyl S 793 tyf I )
G75- neopebt 1 P a8 Enye i Bt ENERoR FrEIERE Y Ty e

5-n-qgtyl éfﬂ@fc?nﬁh’:oﬁiﬁuﬂr—p“ro%dkyje%ﬂbﬁ 101 8B plroplo&yP .grolip, n-butoxy
5- n-dodecyl f | uorenyl "group, ~7 5-phenylfluorenyl group,

Q75- di - phgpytpl, seryht grpuxouy, Fertt-fod tphangirolupor BRpERYPEYPITOUD,
S pen oy group. i-Hexoxy groub, n-obtoxy broup. B dbdecaxy
group, n-pentadecoxy group, n-icoxoxy group and the like, and
more preferable are a methoxy group, ethoxy group, isopropoxy

20 group and tert-butoxy group.

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

25 aryloxygroup suchas aphenoxygroup andthelike, 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,




25 5-bis-trinmethylsilylfluorenyl group, ~7 5-triethylsilylfluorenyl group,
~1 5-tert-butyldinethylsilylfluorenyl group and the |ike, and preferable
are a ~5-cycl opent adi enyl group, ~7 5-nethyl cycl opent adi enyl group, -l 16
13 January 2004 5-tert-buty|cyclopenta?@enyl group, ~7 13 january 2004
5-tetranet hyl cycl opent adi enyl group, ~IS-indenyl group and ~ r%—Ppuorenyl
group. Gin the general fornmula ( 2 ) represents a substituent 5 having 1
to 30 non-hydrogen atonms binding Cpl with E, and exanples thereof include a

nmet hyl ene ,gr_ ; o] uch A -eth n Loup, 1,
3-propy|eég g#%ﬁBH§#%g§%£y+%E§?ggyg?é&%KaRé@??%@%%ﬁk§%%¥bﬁ%gﬁgg nt ai ni ng
hydr ocar bgnr o@OURS -SHETh #EpRe A 2) ¥k bk Jy,oup, 10 silacycl oal kanedi |yl
group and the l'i ke; gerrani um contai ni ng Aydr ocar bon groups such as a

di al kyl ger oy 3eda n@ 1l ploei ¢y ) meyabegl kabeg,yl group and the like; atons of
XVl group in the periodic table such as an oxygen atom and sul fur atom

substi t ut éd, ghenyledrey Iphib ik ) he kboxgndrdhipi,n some cases, a substituent
conbining them may al so be perm ssible, and preferable are a pol ynet hyl ene

gr oup,d® subdt prdiae thivdmpteneyl hnethoxyubspuput ed phenyl eneoxy group,
substitutﬁg Bhenylenethio group and groups of the follow ng general fornula

(4) , a éFFW@Gﬁ¥AQP?ﬂ¥ﬁbW%BF%x§rErSPBups 20 of the follow ng genera
1 the- pel Podt ELPShre I EhUNT CRRRENIBPURZ and R | ndependenty o ¢
aryl oroub: 2uber ey R RO E By Ber bup. arai kot oxy O 1713
January 20943,4-trimethylphenyl)methoxy group,

10 (2,3,5-trimethylphenyl)methoxy group,
(2,3,6-trimethprhenyl)methoxy group,
(2,4,5-trimethylphenyl)methoxy group,
(2,4,6-trimethylphenyi)methoxy group,
(3,4,5-trimethylphenyl)methoxy group,

15 (2,3,4,5-tetramethylphenyl)methoxy group,
(2,3,4,6-tetramethylphenyl)methoxy group,
(2,3,5,6-tetramethylphenyl)methoxy group,
(pentamethylphenyl)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




group, aryloxy group or di-substituted am no group, and a plurality of RZS
may bond nutually to forma ring; mrepresents an integer of fromO to 4).
Nanely, the transition nmetal conpound of the 5 above-nentioned general
formula ( 1) is preferably a transiti nmet al conpound ,qf oW ng
general formula (3): R\ /gyp\~/Dn RB~£EX2 CR) ~ - ~3)1§fa%@ﬁg?§§%, M
represents a titaniumatom zirconiumatomor hafniumatomin the +3 fornal
oxi de condition; Cpl represents 10 a group having a cycl opent adi ene-type
Jre

i kel ; f in.th i odi le of
ol emont - BEEROBT SAOhaCRS Anabpehaan 7o veanddhe Dikon ArbEaRk bRy © °
hal ogen atay, paldu %&tﬁo,b@%m Je£Ygp 2 | tgleounSubstEtuted silyl

Kyl o gr%u , 8 d

group, al Roxy group, arall aryl oxy group or di-substituted
anmi no group, a_nﬂsatﬁlauhﬁﬁr'lb&yogr%% Fpyshted usy |y 19 96 yé8netay; m
represents an integer of fromO to 4 ; E represents an oxygen atom or

sul fur atesrmBlar epnesantsrabory kytogp tipringad kyd 29r oappoar gltomsodilp or
substituted silyl group; each of two Xs independently 20 represents a

hydr oden prefieradllegeraral mrampkys ghenpofadaickyldegreopheraxy gyoup,
substituted silyl group, alkoxy group, aralkyloxy group, aryl oxy group or

di - subst i 2 the §hYAPRE NPFIUEL BRI t IONKERFAPDBBREYMIT@AHy to forma ring; D
represents a 1 3 January 2004_negutral |igand coordinated on M and n
represent%'%ﬁtpﬁﬁg Q§yf9%hHQYt%’gfé?m?ﬁL¥ﬂgg§BS§€-ﬁﬁﬂqued gener al
formula (,3,) 4« res m of = X i i.odic table of
el enent %hé glgété§25?¥§g£§&gﬂgﬁég’t%é?e%?@ggﬂggpggﬁhgghﬁﬁﬁgﬁgicon atom
ger mani um ag ogy ABYhtNSHERAEd ! edl, 4 288ma 631 pAR N owp Silicon atom
is preferable. Int e%benergf or#ﬁla t 3) , N? g, ,Xgngﬁa | are as
defined p3eyiatimkyhiyl phies calyowe-om} | pnedryebatgll -Bemethy lpHejodp or (2).
The hal ogen atom al kyl group, aral kyl group, aryl group, substituted silyl
group, al&oxypgr duperdr-dudylod  rgtuplpRendsXyIggesap and di - substituted

am no group represented by R2 and R3 in the general fornula ( 3 ) are as
defi ned fort&CFnPEEYine -FEIWAPHERIKY a9¥2YP  m represents an integer of

from 0 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,




to 4 indicating the nunber 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 R3s 20 independently reféesents an al kyl 1gr@Hgary 209Xy
group, aryl group or aryloxy group, ort€ycloal kanediyl group or

sil acycl oal kanedi yl group obtained by conbining two R3 and J, further
preferably, a nethyl group, ethyl group, methoxy group, ethoxy group or

phenyl group. 25 Specific exanpl es of thﬁé}ransition netal compound of the
above- menBESHERS e B e ROXHUBROPR)y BAEY]PHEnoxy group,

(et oy oL onety A S LA g8 enoy arous.
et hoxycy i :

- i j i i.chlar 3] 2004
(0D PO APl A P YLLL AL, SO g January

(n-but oxy%@&nﬁm@m&%! {;ﬁahgm dLekkeligldnoxy group,
(t-butoxycycl opent’adi enyl )1i fani um di chl ori de,

(trimes hy hsidorxypid mpent gebepy| ht deapilpiietiosdy aialey, 5

[ (et hoxynet hyl ) cycl opent adi enyl Jtitani um di chl ori de)

[ ( et hoxynmat-thel tradd apleph emioxyy g oupanhephdhoyordnfip, anthracenoxy

[ (n- propoxynet hyl ) cycl opent adi enyl Jtitani um di chl ori de,

[ (i sopr op&E@wd RS Bhe obklke adi enyl Jtitani um di chl ori de,

[ (n- but oxynet hyl ) cycl opent adi eny] 1titani umdichl ori de, 10 .
[(t-butoxynethyﬁ§¥§8fo&§ﬁ§ﬁﬂ§ﬁgg%¥¥t%ﬂ?ﬁﬁfd?éﬁlSAF&éPe partially
[(trimeth il t C pe ti i vn O i de

(401 ot M B PR 6k R oo Yk Bl WR 1 b SUPLAGatom,

[ (et hpxy etRYlorQE £#P6At BRIt 4t bR N lecdt O bé@the 1ike, an alkoxy

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

(i sopr opaxyeiphylirhyak opand titbenydddup artiiroxly grdaorp démd the like, an
(n-but oxyet hyl ) cycl opent adi enyl ] titani um di chl ori de,

(t - but ox peviPRygRewp 8HChd A PhENoRIIITeNR REH tdte Yéke, anaralkyloxy
(trimethylsiloxyethyl)cycl opentadi enyl]titanium 2Q dichloride,

( met hoxy IEOFPo SV A cﬁ)e‘?ﬁfg%W%WY] 9¥Phﬁi Gﬁngdit@m qb"-‘ev ete.

(et hoxy-n-propyl) gycl opent adi enyl ] ti tani ichl ori
(p-propoxy-n-p%ﬁpﬁ%?c@gTﬁggﬁF§§¥§%€I%ﬁﬁ%§2bgﬁ§ ig F%%F&gfed by X in

(i sopy opeyy- QéHéPP}' %8%‘:%993(‘1 pdignellitid 2w 3apditat¥ddfith two
(n-but oxy-n-propyl)cycl opentadi enyl Jtitanium di chl ori de,

[ (t-but oxpyarecarponcytbapeingdi eny driddmni ipxl fertatviele and examples

[ (trinmethylsiloxy-n-propyl)cyclopentadienyl]titaniumdichloride, 20 13
January 20@4thé¢ ieydoagarbenhgtreupyilchede mhtytigrauns itawingnlditehl @ri de,

[ (et hoxydi met hyl si |l yl)cycl opent adi enyl]Jtitaniumdichloride, 5
[ (n- pr opoRFEPABL BFPES| FULdY @So Fe MEAdRYdN FHAUR a i W i THIWR 1 fo;ProPYl

oDy TR TPt SR DY, bR BTN e

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 Senzyl
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,




[ (t-butoxydinmethylsilyl)cycl opentadienyl]titaniumdichloride,

[ (trimethylsiloxydi methylsilyl)cyclopentadienyl]titaniumdichloride, 15
[ (et hoxydi net hyl si |l yl net hyl ) cycl opent adi enyl Jtitani um dichl ori de,

[ (et hoxydi met hyl si | yl met hyl ) cycl opent adi enyl ] titani um di I
[(n-propoxydinethylsiIyInethyl)cyclopeHiadienyI]titaniug?géﬂﬁ?gﬁpgﬁide,
[ (i sopropoxydi net hyl si |yl met hyl) cycl opentadi enyl Jtitani um di chl ori de,

[ (n- but oxydi et hyl si | yl met hyl ) cycl opent adi enyl Jtitani um dichl oride, 25

[ (t-butoxydinethyl silyl methyl)cycl opentadi enyl]titanium dichloride,

[ (trinet hGLéPEORPFRETAS| §5PBRE h BT Ey PHSFASIRTART 13N ANTEATEY chl or i de,

th di met hyl si | yl et hyl I t adi | I.titani 21 13 2004
(b 51 TR AR T bty EERy ST Lkl BB o v dfydapLRsY
dichlorid - di ' I t adi IJtitani 5
i ohi or dBro b R L P X By Bl PP 2o 1 Fan o
dichlorid - ' ' i tA | '

i chl or i 486 S e T T e B ey S et amrum

di chl @ i dgrefblraibTRt e id axiAe Ry Dihshby gebly!,) @id uperdmthengtdtpt a ni um
di chl oride, [ (nmethoxydi nethylsilyl-n-propyl)cyclopentadienyl]titanium 15

di chl ori deiiEbgptromxdimitdydsoty| - Aiptepyl poyylepdmadi zoyp [andani um

di chl oride, [(n-propoxydi nethylsilyl-n-propyl)cyclopentadienyl]titani um
di chl ori deis2@ipeitdydrsdpasdanihme hgreiPyl - n- propyl ) cycl opent adi enyl Jtitan

I um di chl oride, [ (n-butoxydi nmethyl silyl-n-propyl)cycl opentadienyl]fitaniu m
di chloride, [(t2B¥t Bﬁyapﬁﬁﬁhﬁli_s'isllﬂhs-tﬁﬂ%tc?ﬁij)ﬁ"%&)’ o%’é?]‘ﬂ i BAYI T?%{?aﬁf*u 25 m
chenlorl OguekesgELUKERL RN IR Sl O e pere bt
[ (et hexyphegy! ) Sy eboRERt 2EbRNYHT oM AR AWRMl! G PfA&@&tom 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. AsX, the halogen atom, alkyl group, alkoxy group

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

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

25 group, substituted cyclopentadienyl group, indenyl group,
substituted indenyl group, fluorenyl group, substituted
fluorenyl group, tris(pyrazolyl) borate group,

tris(substituted pyrazolyl) borate group and the like are

listed, and preferable are a substituted cyclopentadienyl




22 13 January 2004 [ (n-propoxyphenyl)cycl opentadi enyl]titaniumdichloride,
[ (i sopropoxyphenyl)cycl opent adi enyl ]titanium dichloride,

[ (n- but oxyphenyl ) cycl opent adi enyl Jtitani um di chl ori de,

[ (t-but oxyphenyl)cycl opent adi enyl Jtitani um di chl oride,
[(trinethylsiIoxyphenyl)cyclopentadien];/4]t|tan|umdlchlo3J8nuary2004

[ (met hoxyphenyl net hyl ) cycl opent adi enyl Jtitani um di chl ori de,

[ (et hoxyphenyl met hyh) cycl opent adi enyl ] titani um di chl oride, 10

[ (n- propoxyphenylnethyl)cyclopentadlen | J1titaniumdichlori
(i sopr opg¥9BRenFIRSHHYISE #fg}lq {38 b ERF R ﬁéuorenyl

n- but ox henylnethyl)cyclopentadlenyl]tltanlun115 di chl ori de,
t- butoxég Inethyl)cyclopentadlenyl]tltanlun1d|chlor|de

trimet hyISIloxy %1%! }Qgi% o enyfﬁéﬂt&ﬂx'dxéhbaﬁhﬁ%q'ccﬁ'i@%h@eof20

met hoxyphenyl et clopenta rtanium di chloride

ethoxypgﬁgykgh@g h&ﬁfhﬂgﬁgﬁgﬁl§3¥hhghtqaqun1d|chlorlde

n- pr opoxyphenyl et cycl opent adi enyl ] titani um di chl ori de,
|sopropoxyphenyiethyl)cyclopentadlenyl]tltanlun125 di chl ori de,

[

[ (

((

[ (

[ (

[ (

g

[(n oxypheny@p-hy#}cgc+epentad|eﬁ@l]tltanlun1d|chlor|de

((t- oxyphenyl et hyl ) cycl opent adi enyl‘] titani um di chl ori de, 23 13 January
2004 [(trlnethyIS|onyphenylethyl)cyclopentadlenyl]tltanlun1d|chlor|de

[ (
[ (
[ (
[ (
[ (

met hoxy pheayk1in- G op¥brexenareat g ep Hahiiingai eyedopbhaniddenestype
et hoxyphenyl - n- propyl ) cycl opent adi enyl ] ti tani um di chl ori de,

n- pr opoaxfibangkedetonpy lancy mnmmla}tsummdnthhowdg 1l to

i sopropoxyphenyl - n- propyl ) cycl opent adi ]titanium 10 dichloride,
n- butox?@heﬁ?khNQMQﬂ%ﬂ)QﬁRﬂQﬁkﬁ%@éP@ﬂ?P?WP?&ﬂfﬁh]éP@hﬁorlde

As the group having a cyclopentadiene-type anion

10 skeleton represented by Cp' in the above-mentioned general
formula (2), there are listed, for example, an 7
5-cyclopentadienyl group, 7 -methylcyclopentadienyl group,
n°-dimethylcyclopentadienyl group, 7
S_trimethylcyclopentadienyl group, 7

15 S-tetramethylcyclopentadienyl group, 7
S_ethyleyclopentadienyl group, 7°-n-propylcyclopentadienyl
group, n°-isopropylcyclopentadienyl group, 7
-n-butylcyclopentadienyl group, 7
5_sec-butylcyclopentadienyl group, 7

20 S-tert-butylcyclopentadienyl group, 7
S_n-pentylcyclopentadienyl group, 7
*-neopentylcyclopentadienyl group, 7
>_-n-hexylcyclopentadienyl group, 7
s-n-octylcyclopentadienylgroup, 7 5-phenylcyclopentadienyl

25 group, n5-naphthylcyclopentadienyl group, 7
S_.trimethylsilylcyclopentadienyl group, 7

S_triethylsilylcyclopentadienyl group, 7

S_tert-butyldimethylsilylcyclopentadienyl group, 7




- but oxyphenyl - n- propyl ) cycl opent adi enyl Jtitani um di chl ori de, 15

rimet hyl si |l oxyphenyl - n-propyl ) cycl opent adi enyl Jtitaniu mdichloride,

i met hyl (met hoxyphenyl ) net hyl ] cycl opent adi enyl }titani um di chl ori de,

i met hyl (et hoxyphenyl ) met hyl) cycl opent adi enyl } titani uAB2@ngdryPbe4 i de,

i net hyl (n- propoxyphenyl ) net hyl ] cycll@pent adi enyl }titani um di chl ori de,

I met hyl (i sopropoxyphenyl ) nmet hyl ] cycl opent adi enyl }titan ium di chl ori de,
{[ di met hyl ( n- but oxyphenyl ) net hyl ] cycl opent adi enyl }titaniu m di chl ori de,
i met hy] (t - but oxyphenyl ) net hyl ] cycl opent adi enyl } t4 tani u_m dj chl or| de,

et hy%-(itl?dwhﬁlrﬂquygiéfrﬁﬂT)Xfr/?é’tqrf%m&%%ﬁ%’nﬂaédi%ﬂﬂﬁhylJz‘ﬁg‘i’éy anuary

|
4 titaniumdichl oride
|
|
|
|
|
|

i met Eyﬁ{ﬂ’éﬁho%yEﬁéﬁ}ﬂ%jﬂq?ﬁ%ﬁﬁ%&m%érEﬁQFfPP’tl&ﬁ‘id&r%Y(% &S 'qgn,
ot iyl (1 SERLE PHERD L ey O oot SEYLADIERRL Bl G o e,
met hy*léé@ﬁ%‘gﬁ@%}%ﬂagﬁyﬁ gﬂoyllp],cyﬁ_op@f{ aghe?yh}labhgrll g#vup chhoride, 10

met hyl ('n- enyl JsiI'yl'] cycl opent adi enyl'} titani umdichl oride,

| g hyd -(rI-'M@;ﬁl/PH_QEM&)lS ighshulpsy of Dpeed peh epylihtiehgni gmodipchl ori de,

i met hyl (trinmethyl sil oxyphenyl)silyl]cycl opentadienyl}t 15 itanium

di chl or i db;n{Hd:6y et dghyllgretupoxyphemyod el hnfipoydl gpenpadi’enyl Jtitan i um
dichloridg, {[(1-e.thoxy-6-methyl phenyl)nethyl]cyclopentadi enyl }titani um
di chl ori desn2tedyibndentiyl gronppr GhoBtRYIRARPKY PEPYPopeht adi enyl Jtit
A e pie iyl Thachyl ' grady . OPPXYRESRYA ) IEha¥ny DY GRS o ey !

S_trimethylsilylindenyl group, 7 °-triethylsilylindenyl

AR AAAAASAS N N s
' o N O (62 Lamnts TN

10 group, 7 °-tert-butyldimethylsilylindenyl group, 7
*_-tetrahydroindenyl group, 7 °-fluorenyl group, 7
3—methylfluorenyl group, n°%-dimethylfluorenyl group, 7
5-ethylfluorenyl group, n5-diethylfluorenyl group, 7
S_n-propylfluorenyl group, 7 °-di-n-propylfluorenyl group, 7

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

20 group, N °-n-hexylfluorenyl group, 7N °-n-octylfluorenyl group,
n°-n-decylfluorenyl group, N 3-n-dodecylfluorenyl group, 7
S_phenylfluorenyl group, 7°-di-phenylfluorenyl group, 7
*-methylphenylfluorenyl group, n *-naphthylfluorenyl group,
n°-trimethylsilylfluorenyl group, 7

25 S-pis-trimethylsilylfluorenyl group, 7
S_-triethylsilylfluorenyl group, 7
*_-tert-butyldimethylsilylfluorenyl group and the like, and

preferable are ans-cyclopentadienyl group, 7

>_methylcyclopentadienyl group, 7




{[ (1-n-butoxy-6-mnet hyl phenyl ) net hyl ] cycl opentadi enyl }tita 25 nium
dichloride, {[(1-t-butoxy-6-nethyl phenyl)nethyl]cyclopentadienyl}tits nium
di chloride, {[(6-nmethy-1-trinethylsiloxyphenyl)nethyl]cycl opentadieny
1}titani um dichloride, 25 13 January, 2004 13 J 2004

{[ di met hyl (6-nmet hy- 1- met hoxyphenyl ) net¥/1 ] cycl opent adi eny ell?ltjal}lan?um

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

{[di met hyl (6- met hyl - 1- n- pr opoxyphenyl ) met hyl ] cycl opentadi enyl }titani um
di chl ori de‘,t?{EIi’P’éFH}FQ’G’J—W‘{Ddli-‘?’éb%r%%‘@phényI ) et hyl ] cycl opent ad
ienyl}titani umdich| otide, 5_ s
{[dinethyI(E@ﬂ%%ﬂ?ggyigyﬁéPﬁﬁﬁﬁﬁﬁﬁﬁg%%t%??T%ycpopéﬁﬁﬁﬂ%}J%f?@?}%??anium
di chl oride,s {d(d] (1=t ~hut oxy- 6- net hyl phenyl ) net hyl ] cycl opent adi e

nyl }tit anﬁumé&ﬂicﬁ%wjdej}rgus )

{[di met hyl (6- meghyh -dnd rd&d Pyl skdexypaeny) )rephyséayel apsubstituent
ent adi enyl }ti tani um di chl oride, 15

{ [ di meg hyh&64iagt hy ltol -3etnmypfhenyyesi hyb]nsyblinpﬂmtgad]mlnyvit}n i® ardndn

di chl ori de, {[dinethyl(1-ethoxy-6-nethylghenyl)siIyI]~cycIopentadienyI
}titani unedampllesi ddiereof include a methylene group; polymethylene
{[dinethyl(6-nethy|-1-n-propoxygpenyl)siIyI]cKCIo entadi e 20 nyl }titani um
di chl or i d8TORPSi $RERVRT @& AehPthYLiedsH BERGRy pherdy PFOPY ﬁ“&@FB‘p" nERdi

enyl }titanj umdichl ori de, . ) _ ;
{[dinethyFbi-ﬁiﬁﬁﬁofyéiQﬁﬁWﬁﬂﬁ$%%§l?EPP9Y]5%&&&&5“%%5%5%%&?%itanium

i chor | dg, 123 LLALRPU (s L3 0uk o2 & BERAXyRBAYsid W) opent adi en

yl}titaniu
{[ di ney hyéi_@a&%hﬂa&éﬁ{édﬁfyl §rbeyyahanyhpsitiwel;cycl ope
e

nt adi enyl }titani um di chl ori de,

{[ (4, 6- di gethyhitmyeidnrairheny | hy@tbgatbyol gpenpadisaroll Jas a26 13 January
2004 itaniumdichloride,

{[ (1- et hostyaakgldemputhanshenpHprEd iy Lyey ohenl kanedil gTURARA the

o O ey L o TkY b P RS BRECHLL BV LS pal o gly! S

5 O PR SO SR Tk prshPE e et

titanisum gdi chhakl d@ses, 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):

(R

\/J ~(4)
\

R3 RS

(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 arylgroup,substitutedsilylgroup,alkoxygroup,aralkyloxy




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

di enyl }titani um dichl ori de,
{[dinethyl(4,6-dinethyl-1-nethoxypheny%)nethyl]cyclopenqugéﬂﬂyzoo4

di enyl }titani um di chl ori de, 1

{[di met hyl (1- et hoxy- 4, 6-di net hyl phenyl ) net hyl ] cycl opentad i enyh}titani um
di chl oride, {[dinethyl (4, 6-dinmethyl-1-n-propoxyphenyl)nethyl]cyclopen
tadi enyl }titaniumdichloride, 20 . ) )

{[ di met hy9¥auB. dRFFLEYY- BLSHHrop A pHeRS T FBERA PEYQGFFouP. and a
ntadi enyl }titaniumdic i

{[ di met hyP$4rad Gyog&ﬁz!sg“[gé?ﬁ@f‘mlbwéﬁw‘%ﬁ? FOFFCS &iikn T T2 lé%?/??%lst ani um

di chl ori de i hyl (11t - -4y 6-di met hyl phenyl ) net hyl ] cycl opent 25
adienyl}t??aéégﬁgggcﬁFo%F'gP%}qéy éb'

{[di methyl (4, 6 GLAELbY! he! KeBRIM G] RomiEwbhpstiil bey the

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

{[ di mat hyldvE-fenrtbyledlgers hax ¥ohemyla) 61 ) wks|pxyet @pevl pd i anys3tiomni um

di chl ori de, 27 13 January 2004

{[ di met hymétadt bompodn@ aifirettey | fkhywisg| geheyelofeormadia eld) 3tit ani um

di chl oride, {[dinethyl (4, 6-dinethyl-1-n-propoxyphenyl)silyl]cyclopent
adienyl}titaniun1dich|or$ae, 5 Cp1 D

{(di met hyl (4, 6-di net hyl - 1-1i .o,aﬁbxy I)gilyl]cyclopen tadi enyl }titani um
di chl ori de, {[dinethyl(l-n;butoxy-4,6- t hyl phenyl ) silyl]cycl openta

di enyl }titani um dichlori &;
{(di met hyl (1-t - butoxy-4, 6-d
di enyl }titani umdi chl ori de
[ di met hyl (4, 6-di net hyl - 1-
opent adi enyl }ti tani um di g
[ (6-t-butyl-1-net hoxyphe
5
i

| ] cycl opent adi enyl }tits nium dichloride,
et hyl ] cycl opentadi enyl }titan ium
- propoxyphenyl ) net hyl ] cyel opent adi enyl } ti

{[(6-t-Dbutyl-1-ethoxyphen
chloride, ' {[(6-t-butyl-1-
ani um di chl ori de, ] .
g [ ( ﬁl- t - bgtthreéeprkspﬁﬁpﬁﬁéﬁyrtfrrét o E R SRy diZdRAT LR YR Um

[ i de, 6-t-butyl-1-n- I t hyl | nt_adi i t [
g! ﬁm or i géef%{lém-qt%ﬁt%wﬁlé‘f?ﬁﬁﬁxﬁ{%ﬁiﬁdﬁeﬁeﬁ%ﬁkﬁﬁ oEnCa T T ani um
i i de, -t -1t ' ls di
e ;nal?u%zg}lé%gyggg}@ Gyl Bt dul shk oxyphenyhbirtdidldusd orent adi e

{ [ di met hy}§fz& s BHE ¥lanla 66k b@wPhgRYLbIEL tiYé peydlodient sl e ofyd Jdmdraini um
di chloride,” {[di met hyl (6-t-butyl-1-ethoxyphenyl)nethyl]cycl opent adi en
each of R? and R® independently represents a hydrogen atom,

{
|

{
1
d
t

halogen atom, alkyl group, aralkyl group, aryl group,
substituted silyl group, alkoxy group, aralkyloxy group,

15 aryloxy group or di-substituted amino group, and a plurality
of R?s may bond mutually to forma ring; mrepresents 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 representsahydrogenatom, halogen atom, alkyl group, aralkyl
group, aryl group, substituted silyl group, alkoxy group,

aralkyloxygroup,aryloxygroupordi-substitutedaminogroup,

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




28 13 January 2004 yl}titani umdichlori de,

{[di met hyl (6-t-butyl-1-n-propoxyphenyl)nethyl]cycl opentad ienyl}titani um
di chl oride, {[dinethyl (6-t-butyl-1-isopropoxyphenyl)nmethyl]cyclopenta 5
di enyl }titani um di chl ori de,

{[ di met hyl (6-t - but yl - 1- n- but oxypheny! )}t hyl ] cycl opent adt “amid™ 20 %ni um
di chloride, {[dinethyl (1-t-butoxy-6-t-butyl phenyl)nethyl]cycl opentadi
enyl }titaniumdichloride, 10
{[dinethyl(~6-t-buty|-1-trinethylsion%Phenyl)nethyl]cyclo
pentadien@@?tFﬁénlhﬂﬁﬂﬂdﬁ¢@¥ﬁéé?ted on'M; and n represents an integer
{[di met hyl (6-t-butyl -1-net hoxyphenyl)silyl]cycl opentadien yl}titani um
di chl ori d@t ffﬁWthﬁ?l@gsr-butyl-1-ethoxypheny|)siIyI]cycIopentadieny 15
1} titaniumdich]oride

{[ di met hyl (f-t-1 Iﬁlti:ble-dlb-%‘f%?%%rcl&%8%_%39)115?7 S FoyEaSeht hu’ BRI TETE &R um
di chl ori dgn 4L g5k NKE(OgtoRll Yh- tnks QREARRP U I 1wk opeatad
ienyl}titani umdic Iorldg, _ _ _ _
{[di mgt hyd§6spebuEyk- dxAmbule@XtplReR),Sid Walrtt eia Ak €1 1ybg tatemj um
di chl oride, {[dinethyl (1-t-butoxy-6-t-butyl phenyl)silyl]cyclopentadie
nyl }titangetmahthhoatom, and the 1ike are listed, and a carbon atom or
{[di methyl (6-t-butyl-1-trinethylsiloxyphenyl)silyl]cyclop 25

ent adi enyad }$itanpanagoohlisr inkeferable.
{[(4,6-di-t-butyl-1-nmethoxyphenyl)nethyl]cycl opentadjenyl, }titani um

di chloride, {[ (ﬂf} cthe -QQW9F-§9€%‘H6§y§ﬁ£nyV) th{r] §y€¥8péﬁt K erdf )

titaniumgdichloride, . 29 13 Januar 004, ..

{[ (4, 6-di 8?5’0%?9|P-rf-vr1¥°p?%3p’6§y"pﬁ%%%t§é’rr‘?eet'ﬁ‘§ﬁ thared gershad ForTEt et im
di chhgride, {$(4,6-di-t-butyl-1-isopropoxyphenyl)nethyl]cyclopentadie
nyl }titaniumdichloride, 5

{[ (4, 6-di-t-butyie hamoben®yahealkyTajiuig £iehorgiidacsemy atiilidmmipm
dichloride, {[(1-t-Dbutoxy-4,6-di-t-butylphenyl)nethyl]cyclopentadieny
1}titani substhtotedesilyl group, alkoxy group, aralkyloxy group,
{[(4,6-di-t-butyl-1-trineth JsiIonghenyl)nethyl]cyclopen 10
tadienyJ}QIY%@#YHﬁ%ﬁ%PHQﬂ¢ ,-subs tutéd amind group represented by

{[dimethyl{4, 6-diL-1-butyl-1-nmetho henyl thyl]c qéo n_tagdi l3titani um
dichlorid&,aPFanei%y#%%¥%ﬁ%ﬁg?ibﬁgngggez x?%ﬁé%%l %gfﬂ§%]gggﬁ%ﬁ%%t

adi eqgl }t4 | | hdg t int f £ 0

{[di Eét hy#%%%g%f%€£+ggan&gz (')por?<yliﬁ1pe$§/ﬁ?m? h?/rf] crilc?%%r o trom

ent adi enyd g i { 941 48t dhghd19& inéhber of substituent R’ on a benzene ring,
{(dlnethyl(4,6-d|-t-butyl-1-|sopropoxyphenyl)nethyILcycIo

pent adi epyteteéetavlynani fitegedeof from 0 to 2, and R in this case is

{[di net hyl (4, 6-di -t-butyl -1-n-but oxyphenyl ) net hyl ] cycl ope 20

nt adi enyigréfemabhy dinldldlderoup, alkoxy group or substituted silyl

group, more preferably an alkyl group. Each of R3s

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

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

(ethoxycyclopentadienyl)titanium dichloride,

(n-propoxycyclopentadienyl)titanium dichloride,




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

nt adi enyl }titani um di chl ori de,

{[di methyl (4, 6-di-t-butyl-21-trimethylsiloxyphenyl)nethyl]

cycl opent adi enyl }titani um dichloride, 25 13 January 2004

{[ di net hyl (4, 6-di -t -butyl - 1- net hoxyphdfy!l ) si | yl ] cycl opent ~adi enyl }titani um
dichloride, {[dinethyl (4, 6-di-t-butyl-1-ethoxyphenyl)silyl]cyclopenta

di enyl }titani um di chl ori de,

{[di met hyl (4, 6-di-t-butyl-1-n-propox Phenyl)silyl]c clope 30 13 January
2004 nt adf t99PFOPPENFYFL@PENtGiRNYL) titanium dichloride,

ent ad eny|3TPEEARERVELOREBAT Ry ) L b ) Sl ehibRiEe?

o onyl 101 BRFGRYGY SR Eesa e 2V RIERA AR’ BYChITaeRan ©
di net h c o 1t s ' laarRen ienyl }titani um
g{chloriégéE%T%?ﬁ%?ﬁ%E?%&ggﬁ%oé%ﬁﬁ%ﬂ-1- %?E%%%§#§¥foxyphéﬁ§?%siYy%]c
ycl opgnt adi goyhdkiharhyl) Gyl dditeadilényl ] titanium dichloride,
{[(6-t-butyl-4-nethyl-1-nmethoxyphenyl)methyl]cyclopentadi enyl}titanium
diF?Lp[idp(e{%@ﬁﬁ?ebpgyhc&cﬂdpnq&&ﬁi&ﬂ?&]phéayﬁpmeﬁ@pﬂhgnﬂdﬁxnﬂadie
n i tani um di chl ori de,
{ f/( 6- t - bul {4 - Ar epoXyme thylycysobopsrgdd emy byt 1 & paiype dismlpride,
di enyl }titani um di chl oride, . .
{[ (6-t - buk 4 $oBTARPKYME L YdISHSHARAIHAT SHEL hF L EPHBL SRR 1 ti t ani um
il cht ort d o (R Lo RRUL RN Sl e da B Py ) eREaKh LU Bisl apent ad
1+4-b = B 3 -@%ﬁ ﬂgﬁmy- : i it idd fitani um
ghﬁgrigéeﬁf??%§¥§ﬁ%¥bpﬁz-netﬁil-1-té%ﬁg%ﬂgf%F%giggﬁgﬁﬁﬁ?tethQ%]LyclIu
ent adi epyd ¢ ihé eAL S dosym@tda. ) cyclopentadienyl]titanium
[ di met hyl (6-t-butyl -4-nethyl -1- net hoxyphenyl ) met hyl J cycl 25
opent adi ehitBilothde um dimethoxiykehyl)cyclopentadienyl]titanium
{[di met hyl (6-t-butyl-1-ethoxy-4-net hyl phenyl nethx;hc¥qlo
pent adi erdighlenhdam &il efhexyeshyl)cyclopentadienyl]titanium

di met hyl (6-1 - butyl - 4- et hyl - 1- n- | vl
o LA e AP M s o
! 110 T DO: i ium
e oRBn it Satorkhy, - 1 TSLB aobA AN PPREYEISpEh L HBLBAYIG t1 tan
{ [ di met hyd{¢n o bubexy 1 ¢nl vRuody<AnEL foy Phepyh t 8L BYYIQYEd tanium
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cycl openta~lienyl}titani umdichloride,

{[dinEthyggééhégggﬁkgmﬁﬁﬁﬁﬁ%iﬁ%%*%é%ggﬁ@%&&hﬁ@ﬂﬂff¥49@iopentadieny

cycl opent

{[dinﬁthyiﬁgiEéBEEXJiﬂq tdwigd-trinethylsilylthiophenyl) 15
adi eny

met hyl ] cycl 6pen i tani um di chl ori de,

{[di methy}{ &3 hehH M_|(14'J£Q$M:é—jrﬁ@tﬂyibhbﬁthmﬂﬂﬁﬂ Middopentadieny
cl opent adi enyl }ti tani um di chl ori de,
{[ di met hyi § 6i tahainn ali-ctilrodide o- 4- met hyl phenyl ) silyl]cyc

| opent adi enyl }titani um dichl oride, 20 ]
{ [ di mé&t hy{ ( 8imebbiyyll(-64-mesitipl - 1-m= propokybhepdnyedivllgyclopentadi
ycl opent adi enyl }titani um di chl ori de,

di met hyeppli thgapiun @ighdanid’opr opyl t hi ophenyl ) silyl

ot hye (P19 EBERRLIR EkaRICD1SS0p
2 ot Pyt [ 4R b GeS G kS OB ARP RYPBREI S Hiyf Iowgt opentad

[

C

[

cl opent adi en Ltani um di j de,

[ di ﬁet hy %&Y%(E%Eéltt;? tllﬁﬁ o-%‘ﬂﬂb"ﬁﬁ/‘??a- net hyl phenyl )silyl]c

F'Openta?{&ﬂ%kkh%ﬁﬁﬁLWmﬂﬂﬂ3ﬁiuédﬁeth%thenyl)methyl]cyclopentadie
y

di met hyl (6-t-butyl-4-methyl-1-trinmet si |yl t hi ophenyl)

i | ylljocychppgetadnem didratiwaelj chl oride, 41 13 January 2004
(met hoxyphenyl t hi 0) cycl opent adi enyl Jti tani um di chl ori de,

( et hoxypheagnebhyldylcltofertexi ¢hyhé thyhnhanydi awitdyldeyclopentadie
(n- propoxy henglthio)c_clopentadienyl]titaniun1dich|oride, 5

(i sopr opeXyphé ?Pﬁ-h‘i‘b)ﬂ)éﬁlcﬁféirﬁ%di enyl ] titani um di chl ori de,

(n- but ox n hi.g).cycl ntadi e i.tani i N ]

(1 but oy EREREERRIS Pe e aRe: St Enir oy ARy gpeAvdieny 11 oyelon
(trimeth I Lty Y& Opeot-agdeenyl Jtitani um 10 di chl ori de,
(6-nethy%ﬁﬁéégéﬁggégﬁgﬁg*gﬁfo cycl opent adi enyl ] titani um di chl ori de,

(1- e1t5hO><f/ [ @1 et Ryht(si-eeits} openiethevybhehyanisumydilayalidmen tddieny
(6-nmet hyl - 1- n- propoxyphenyl t hi 0) cycl opent adi enyl Jtitaniu m di chl ori de,
(6- net hyl } titanpoepadyhiemdde o) cycl opent adi enyl Jtitans um di chl ori de,
(1- n- but oxy- 6- et hyl phenyl t hi 0) cycl opent adi enyl ] ti tanium 20 djchl ori de;
(1-t - but bk§iBetbyRfILiedha i &)RsEh ?%{Hiléﬁéll éi}tcé’m%ﬂﬁed}‘iarfliio‘?’?lﬂj;,
(6-methyl-1-tri et hyl sil oxyphenyl t hi o) cycl opentadi enyl ]t itanium
dichIorid&FiﬁénFPE,giﬁaﬁ& €11- net hoxyphenyl t hi 0) cyci opent adi enyl Jtitan
sum di chl pf}j &t -4, 60 di I RPsABhR)Qhayal RNt etwdid i t ans
um di chl o F%gﬁefkgié%d?ﬁé%ﬂél?Eg%?gﬁg%%xgghenglBhig?%gclopéﬁgzdienyl]tit
20 nyll}titanium dichloride,

c
{
]
{
y
{
y
{
S
[
[
[
[
[
[
[
[
[
[
[
[
[
[

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

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

ntadienyl}titanium dichloride,

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




42 13 January 2004 ani um di chl ori de,
[ (4, 6-di met hyl - 1-i sopropoxyphenyl t hi 0) cycl opent adi enyl Jti tanium
di chl oride, [(1-n-butoxy-4,6-dinmethyl phenylthio)cyclopentadienyl]tits 5
ni um di chl oride, [(1-t-butoxy-4,6-dinethyl phenylthio)cy byl Jtita
ni um di chl ori de, [(4,6-dinethyl-l-triH%?hylsiloxyphenylﬁ??g @ﬁgggggntadien
ylJtitani umdichloride, 10

6-t-butyl -1-nmet hoxyphenyl t hi o) cycl opent adi enyl ]Jtitani um di chl ori de,

t-butyl-1-et hoxypheny| thi o)cycl opentadi enyl]titani um dichloride,
t-but%ﬁfﬁgﬂmbﬁgﬁSQVﬁ%% §tt hi o) cycl opent adi enyl Jtitani 15 um dichl ori de;

((
g
6-t-butyl.-1-i h ' j ' L Hm. di i de,
(ot bu e R e kB Ry s AR R AR B B e 20
[(1-t-butqé%3§m;fggﬁﬁ! I'thi o) cycl opent adi enyl Jtitaniu mdichloride,
[ (6-t-butyl-1-trimethylsiloxyphenylthio)cyclopentadienyl] titanium

di chl ori de ([ 4-@ietimput yln 1pﬂ6%>bﬁﬁ§ﬁ€ﬁw.| Yl tyEV It PPEsb 88t eaykhiit 25
aniumdichloride, [(4,6-di-t-butyl-1-ethoxyphenylthio)cyclopentadienyl]tita
ni um d chijabitdeium 4ichlictidet yl - 1- n- propoxyphenyl t hi o) cycl opent adi enyl ]t

i tani um di chl ori de, 43 13 January 2004

[ (4, 6-di - ({64t pI-dimeddylopbxiprRrgP oKy Bhepyildp@tihath ket loperbafddany
di chloride, [(4,6-di-1-butyl-1-n-butoxyphenylthio)cyclopentadienyl]ti
t ani um di ¢Rfditpddums dichloride,

[ (1-t-Dbut -4.6:di.-t-buty nylthio)cyg ent adi-enyl ] ti_ tanium

i onl or do (iR BRgke do PSR ETLBREK S PBE TR T o ERa By
enylJtitani i,6hlsQrd i de.

[(6-t-but§l[1l-ﬂ%?r:lsltﬁhflq-dﬁier?eﬁ xyphenyl t hi 0) cycl opent adi enyl 10 ]tit ani um
di chlig i dey ([L(8-bultéiy~4-etdonytHy IBhx YR AR hiy1 IQvyid wperd @deryy ) |
titani umdichloride, :

[ (6-t-but yhitdndemhylichlomidpoxyphenyl t hi o) cycl opentadi en yl]titani um
dichloride, 15 [(6-t-butyl-4-methyl-1-isopropoxyphenylthio)cycl opentadie
nylJtitan{lffdfcAiBeityyl-1-trimethylsiloxyp enyl)methyl]cyclopenta

gfghPb?ré§§¥hgisiR%E¥EH#4§¥gHQ£¥Tﬁg!th|o)cyclopentadleny 1]titanium

{[dimethyl(4,6-dimethyl-1-methoxyphenyl)methyl]cyclopenta

15 dienyll}titanium dichloride,
{[dimethyl(l-ethoxy—4,6-dim§thylphenyl)methyl]cyclopentad
ienyl}titanium dichloride,
{[dimethyl(4,6-dimethyl-1-n-propoxyphenyl)methyl]cyclopen
tadienyl}titanium dichloride,

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

25 adienyll}titanium dichloride,
{[dimethyl(4,6-dimethyl-1-trimethylsiloxyphenyl)methyl]cy
clopentadienyl}titanium dichloride,

{[dimethyl(4,6-dimethyl-1-methoxyphenyl)silyl]lcyclopentad

ienyll}titanium dichloride,




[ (1-t-butoxy-6-t-butyl-4-nethyl phenylthio)cycl opentadi eny 20 1]titanium
dichloride, [(6-t-butyl-4-nmethyl-1-trinmethylsiloxyphenylthio)cyclopen
tadi enyl]Jtitaniumdichloride, [(nethoxyphenoxy)cyclopentadienyl]titanium
di chl oride, [ (ethoxyphenoxy)cycl opent enyl ] titani um digbhsuidrgd2o0425

[ (n- propoxyphenoxy) cycl opent adi enyl ] ti4‘ani um di chl ori de,

[ (i sopropoxyphenoxy) cycl opent adi enyl Jtitani um di chl ori de,
[(n-butoxyphenoxy)cyclopentadienyl]titaniun1dich|oride

tﬁ : Lf"rjé? Eiphem&%ﬂé”ox SRS vhe E é%s'né?l}wﬁ?slbe qd%;i'ldviwl qHECLeRERF§ 85004
Gi ol or | dEhyROEITERARR é@tﬂox%‘ﬁsﬁgi%y)c%foﬁgﬁ? bt enyl 111 tant um 5
diChloridﬁfdﬁ%%t§§hﬂﬁl 1d&d§fﬁ% Xyph Dﬁf%b@& ﬂ@ﬁyfﬁgfiyi?é¥é98péﬂt

dichlorid I SOpr opoxyp enoxy)cyclopentadleny i tani um

dlchlorldgdigg h@%ﬂf&ﬂﬁdHQ@fbﬁmgﬁyaehenoxy)cyclopentadlenyl]tltanlum
di chl ori de, ¥ but oxy- 6- net hyl phenoxy) cycl opent adi enyl Jtitani um

dicM(Bide{dﬁﬁatﬁguhmhﬁbdimémﬁwas+isﬁppbgnawph@ﬂylnﬁnﬁyﬂl@mql¢pena 15

ni um di chl ori de, [(4, 6-dinethyl-1-nmethoxyphenoxy)cycl opentadi enyl]titani um
di chl ori deadfebhydtdant s dibhehhgrplenoxy) cycl opent adi enyl Jtitani um

di chl ori de, 4, 6-di net hy- 1- n- pr opoxyl phenoxy) cycl ope i tani

di chl ori dé[d['-{“@[tiELYd-l(#E‘tW‘!l_t?’Sibp‘% ofoos%iﬂnﬁﬁgﬁé}e%e&y& cf&e]n‘é iﬁ ﬁf}‘?%{?“an |um
dichlorid ut oxy-4, 6- | phenoxy) cycl opent adi enyl Jtitaniu 25 m
dichIoridgiekgi}ﬁig&ﬁig&zg¥fﬁﬁ a%rphenoxy)cyclopentadienyl]titaniu m

di chlorid | i yreg hyk 5i )G hERYA]
I AT gyt s anespi s

[ (6- qiputahequqkaqgwmyﬁua@eﬁmwipwgntad|enyl]tltanlun1d|chlor|de

[ (6-t-butyl-1-ethoxyphenoxy)cycl opentadi enyl]titaniumdichloride,
{[dimethyl(4,6-dimethyl-1-trimethylsiloxyphenyl)silyl]cyc
lépentadienyl}titanium dichloride, '
{[(6-t—butyl-1—methoxyphenyl)methyl]cyclopentadienyl}tita
nium dichloride,

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

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

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

nyll}titanium dichloride,

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




(6-t-butyl -1-n-propoxyphenoxy)cycl opentadi enyl ]titani umdichloride,
-t-butyl -1-isopropoxyphenoxy) cycl opent adi enyl Jtitani um di chl ori de,

but yl - 1- n- but oxyphenoxy) cycl opent adi enyl ] titani um 10 di chl ori de,
butoxy-6-t-buty|phenoxy)cyclopenggdienyl]titaniunn@Ugh&gyb@g4
-t-buyl-1-trinmethyl sil oxyphenoxy) cyéFopent adi enyl ]Jtita nium dichlori de,
[ (4,6-di-t-butyl-1-nmethoxyphenoxy)cycl opentadi enyl]titani umdichl oride,
[ (4, 6-di-t-butyl-1-ethoxyphenoxy)cycl opentadi enyl]titaniu mdichloride,

[ (4,6-di-t-hutyl-1-n-pr henoxy) cycl opent adi enyl Jtita 20 ni um
dichIoH<me¥%£&%ﬁ%W@tgggg§¥%£§?50propoxyphenoxy)cyclopentadienyl]tit ani um
dichloride, J.4,68-6i7L-bu = %- n-_hu %QQMJ i ium
dichIoridgﬁ%ﬁ??éﬁi@géu?oké%X%Bﬁd?{#ﬁﬁﬁggﬁgﬂéﬁ%i¥§%§gﬁg%g% amtgﬁﬁ%f?tan
iun1dich|q@dya {£{#af18h bibuhWrike ri met hyl sil oxyphenoxy) cycl opent adi eny
1] ti tani um di"chl ori de,

[ (6-t-but yl[dinettyl ¢ 4- gebaexipheimoprtd opsté mell pngthiil ] cy4a ob@nlanuary
2004 tani um di chl ori de,

[ (6-1-But diehyel hokyadiomt By kcpAerdde).cycl opent adi enyl Jtit ani um di chl ori de,
[(6-t-buty|-4-nethy|-1-n-gropoxyphenoxy)cyc|opentadien ] 5.titanium

di chl ori dé,[ dimethvlit §+ t ADBEYRYIL--D-DIGRIEGHREHBK FH ¥ FEFERPER tEW
Jtitani um di chl oride

[(1-n-byt8%¥lﬁﬁi§ﬁﬂ%Wm4§ﬁ€PHQFBﬁ€noxy)cyclopentadienyl]t i tanium
di chior i dey dhddilyd ( PUEL BEY LRy 62 Hurl I BHAMY PRELHYL FégkaBpabadiaany It

i tani um di

[(6-t-butg5y&- fdud 1dmt G BRABYL Gl OXyphenoxy) cycl opentad ienyl]titanium
dichloride and the like, transition netal conmpoundsobtai ned by

substig ut iin@iidettymt 6 At t bagglcerpeumdthid s Idxypliennl imedhyhdicyiclo
transition netal conpounds obtained by substituting chloride in these
conpounds penttiadireony tkt it bdide, ddichdoinildevi de, di et hyl anmi de, n-but oxi de or
i sopropoxi de, transition netal conpounds qbtained Q¥%iubs itutin

cycl opent AARSMATHIFL (oS sDEbHpodNEE HHOMY ERP T et 1T L CPEPERERGPEASR
trimet hyl cycl opent adi epyl , _tetranet hyl cycl opent adi enyl
n-butylcygﬁéﬁ%ﬁéﬁﬁQﬂwﬁ¥cP%PfagﬁtyIdinethylsiIyIcycIopentadienyI, i ndenyl

tetrahydr Ku)[ ﬁ%heyﬂgp{ _em%gg_r_ 196 AR AT Rl y1 ]T@fciaae%tahgansfet al

conmpound( pr esent i nvention can "be produced by net hods
descridedieli@¥nium dichloride,

-t-
-t-

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

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

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

titanium dichloride,




Li gands required in synthesis of the transition netal conpound can be
synt hesi zed by net hods di sclosed in, for exanple, EP-A-0842939, Q -Huang,
et al., Transition Metal. Chem 1990, 15, 483, and the |iKke. 47 13
January 2004 And, the transition metal,conpound (A) can1Rgaphdrpioes by
reacting a netal salt obtained by reactd ng a |ligand obtained by the
above-descri bed nethod with an al kal i ne nmetal conpound or al kaline earth
met al compound, with a conpound of a trivalent 5 transition netal of the

4t h f the Periodic Tapl f th t ' f d
of a1 ot P hUAf eRr air GBI ek sPEapOTREP R QR v 1 ShEnPhgtafont
Th t al f ddi tj. | ) i zati f th toi ti [

e cata ¥§5tég§PgP8L gqyﬁ%$¥ggrlza ion o e present invention is a

cat al yst rzation obtained 10 by allowi ng the transition

| addft . _ owi ng
Total | COMPRURYSLANLE GRILAC: W b foBOxgBhakyal rihyactdyet spont Taee

cat al yst addifionp on of "the present invention is preferably

a catal ysfyi 9t ieddiitimo iR vdeidgati on obtained by allow ng the transition
nmetal compound (A) to contact with the following 15 (B) and/or the

fol | o ng{ { Ct; 6€aR-) -butiel -0r - mos et akyphanmli oephyids el apertiadienyt he
following (Bl) to (B3): (Bl ) organic alum num conpounds of the general
fornmul a ELapLE8naum2@iBRoxdde i c al um noxanes having a structure of the
general formula { -A1 ( EZ) -O }b B3) | inear al.um naoxanes, haying a
structure(bf1tﬁe£&éﬁ§ﬂm44Qﬂ¢ﬁﬂEr¢E§Y£E&3FYE§mftn§ih9¥éﬁéﬁf?tﬁﬁ%?% n, each
of El, E2_and E3.represents hydr ocar bon group, 25 and all Els, all EZS or
all E3s nﬁ?thaPﬁBms&ﬁgﬂ;pﬁﬁa?Erent; Z represents a hydrogen atom or

hal ogen at bty 380d 1L £ Y. Do ERYES 0T ot EERAYImStIPD @RS SR NUTher

satisfyin b represents an Integer or nore; and c represents

an i negetafiehy?h tiva®ium 4hidBidangary 2004 (C) one or nore boron
conpounds selected fromthe followng (Cl) to (C3): (Cl) boron conpounds of

t he gener gl dinertia (BQeGHAI- t (i) y hol eme thopyphes ydf) metdrivjeleyalopernul a 5
G+ ( BALQ2@BXA ) - ~ (C3) boron conpounds of the general formula.( L-H) +
( $Q@WtAdjenyhetatand umeHeatieti@eiri val ent boron atom QL to Q4

represent g halogen &t QMaaQSAr PO JLRERy p ARSI AR Y IV LGB P
adienyl}titanium dichloride,

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

20 ntadienyl}titanium dichloride,
{[dimethyl(1l-t-butoxy-4,6-di-t-butylphenyl)methyl]cyclope
ntadienyl}titanium dichloride,
{[dimethy1(4,6—di-t-butyl-i-trimethylsiloxyphenyl)methyl]
cyclopentadienyl}titanium dichloride,

25 {[dimethyl(4,6-di-t-butyl-1l-methoxyphenyl)silyl]lcyclopent
adienyl}titanium dichloride,
{[dimethyl(4,6-di-t-butyl-1l-ethoxyphenyl)silyl]cyclopenta
dienyl}titanium dichloride, '

{[dimethyl(4,6-di-t-butyl-1-n-propoxyphenyl)silyl]cyclope




10 group, substituted silyl group, al koxy group or di-substituted am no group
and they may be the sane or different; Gt represents an inorganic or
organic cation;. L represents a neutral Lew s base; and (L-H)+ represents a
Br~nsted acid. Such a catalyst for addjtion polynerlzathggamﬁ&yzb@415
further illustrated in detail below ( Al um num conpounds As” t he

hydr ocarbon group represented by E1, Ez and E3 in the al um num conpounds (
Bl ) , ( B2) and ( B3 ) nmentioned above , respectively, a hydrocarbon
group havi ng to carbon atons 20 '8 preferable, and an al kyl group is
nor e pref%FQQFSnYéﬁé&WQQ9qyuﬁ&ﬁQéoﬁ% Bhe organic al uni num conpound (B1 )

or1 ot oy A AR L A e (BB Y P4y Btop
triisobutyla thg&ggﬁﬁggﬁygﬁeﬁigg pyged the like; 25 dialkylalum num

chl ori dessuc al’'um num c orlde di et hyl al um num chl ori de,

di pr opol YﬂHE}n@‘EH‘rqu@rﬁ'-@ i hisoput yLaLuﬁtaugp@@m )L 1 i heyeyl ebemi num

chl oride and the al kyl al um num di chl ori des such as net hyl al um num

di chl & i deadekhyhaturdanimandicidiorodede propyl al umi num 49 13 January 2004
di chl ori de, isobutylal um num dichloride, hexylalum numdichloride and the
like; dla{kﬂimbmnyﬂdmIQﬂhutnxyshcﬁ &s- Urhﬁtﬁ}?éﬁ@ﬁhﬂﬂﬁhﬁkﬂ¢xﬁﬂopen
diethylalun1nun1h%dr|de di propyl al um num hydri de, diisobutylal um num
hydri de, badimeyy}&LEandiR Wﬁﬁh%l%rjaﬁl\%l the like, etc. Trialkylalumnunsare

A speci 11 L3LRarbrEd W Pt L chETRE Ao e RS L 07
struct ur o8l oblgraRIeh3 ) ftfmﬂfm& afdnfoffab -O 1b. 10' and [inear

al uni noxah g a structure o e general formula

E3{- Alo( E3} 1 05} tAbER 91 -uesiadty Vel Yme BhéxypBEAYDI methly 1A IS get t g Dup,

et hyl group, n-propyl group, i1sopropyl group, n-butyl group, isobutyl
group; n-grplykigaadpm dEepadyidegroup and the |ike can be exenpllfled b
in an integer of 2 or nore, .15 and c is an.integer of 1 or.  nore.

Preferabl {[ (E2tahdtp3 ér@tbQHX+ﬂdm%ﬁ@mbpbﬁnY§éBG¢%WldﬁMﬁiOH?QEFQF?o
and c is 1 to 40. The above-nenti oned al um noxane is produced by varlous
met hods . n¥hethEaRdgm dichl S cularly restricted, and it 20 nay be

B e OBy oM AL L 1 By e BRSOy Dy b

suitgly e &igﬁgigtigwﬁgﬁhlQgeﬁﬁﬁﬁehagilphat;c Pydr?ﬁarb?n or the like) to

prepare a solution ich is allowe 0 contact w wat er .
{[(6-t-butyl-4-methyl-1-isopropoxyphenyl)methyl]cyclopent
adienyl}titanium dichloride,
{[(1l-n-butoxy-6-t-butyl-4-methylphenyl)methyl]cyclopentad
ienyl}titanium dichloride,

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

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

{[dimethyl(6-t-butyl-4-methyl-1-n-propoxyphenyl)methyl]cy

clopentadienyl}titanium dichloride,




25 Alternatively, there is exenplified a nmethod in which a trial kylal um num
(for exanple,trinethylalumnumisallowed to contact with a netal salt
containing crystal water (for exanple, copper sulfate hydrate or the like).
The al um noxane produced by such nethqgf is usually  01335)85H)3pY4 2004
supposed to be a m xtures of a cyclic um noxane and a | i near ™ al um noxane.
(© Boron conpound As the boron conpound ( C) , one or nore boron
conpounds 5 selected from (Cl) boron conpounds of the general fornula

BQ Qz (B, G2 bor.on compoun f th | f la G+ -,

and ( C3 §[S& Q¥$ﬁﬁiﬁéﬁiihf?ﬁgmﬁEH§}gﬁQﬁ%%ﬁﬂé?%%&ﬁ%ﬁ%%%;%%gg%ﬁgé ;re
d, inth o f] I d (C1 f th I

formul o B8 erBentrn e T Em el BrEoaPERRetoron atom and QL to o

repr esent ¢ 4ahaleaqen. (yatrp.rau{e/,@f 06.2¢ DO HILOURm RGN £L) Y EhOE LN

group, substitute group, al koxy group or di-substitiuted am no group,

and they fBpeBealdi@nSaAne: Ofart hihedeshlorQhet, 0 B preferably represent a
hal ogen atom a hydrocarbon group 15 having 1 to 20 carbon atons , a

hal ogeénat ¢ddhmetbgar(iort grotgxnas+ gbltyd- 20 meahlydiphatrons) matisybity e ut ed

silyl group having 2 to 20 carbon atons, an al koxy group having 1 to 20

car bon at dapengrdaenani itd tpoupn hdvehgoride .20 carbon atons, and QL to B

nore preferably represent a hal ogen atong a hydrocarbaon 20 group having 1
roc

to 20 car boRAIBESHY 146 & 1o opknh Bt AYLr bcAFBBR towdwH XN RIS YL H"ED car bon

ar oup. havio 1§V SEs TATker o L RnleR: f7 G 8 ke one 1 uori ne. atom

e R e L R Ry T S

examloes pénthaieafmouid Arilim i dCdnDSride,
{[dimethyl(6-t-butyl-l-ethoxy-4-methylphenyl)silyl]jcyclop
entadienyl}titanium dichloride, ' '
{[dimethyl(6-t-buty1-4-methyl-1—n-propoxyphenyl)silylicyc
lopentadienyl}titanium dichloride,

15 {[dimethyl(6-t-butyl-4-methyl-1l-isopropoxyphenyl)silyl]cy
clopentadienyl}titanium dichloride,
{[dimethyl(1l-n-butoxy-6-t-butyl-4-methylphenyl)silyllcycl
opentadienyl}titanium dichloride,

, {[dimethyl(1l-t-butoxy-6-t-butyl-4-methylphenyl)silyllcycl

20 opentadienyl}titanium dichloride,
{[dimethyl(6-t-butyl-4-methyl-1-trimethylsiloxyphenyl)sil
vllcyclopentadienyl}titanium dichloride,

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

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

[ (methylthiomethyl)cyclopentadienyl]ltitanium dichloride,




tris(pentafluorophenyl)borane, tris(2,3,5,6-tetrafl uorophenyl)borane, 51
13 January 2004 tris(2,3,4,5-tetrafl uorophenyl) borane,
tris(3,4,5-trifluorophenyl)borane, tris(2,3,4-trifluorophenyl)borane,
phenyl bi s(pent af | uor ophenyl ) borane and_the |ike, and 5 13 january 2004
tris(pentafl uorophenyl)borane is nost %geferable. I n the boron conpound
(C2) of the general formula GH(BQ QzQa)-~ G+ represents an inorganic or
organic cation, B represents a trivalent boron atom and QL to Q4 are as
defined for QL to B in the above-nentioned (Cl). 10 As_specifi ¢ exanpl es
of an i nol §&khylddianetthy ] hey féoRBmEEGHE NI ttHe afehiar A1 ¢RI REECEr (
$QLEREBAU ), - , a ferrocenju ation, alkyl-suhstituted ferrocenium cation,
si | ver cag#BﬁRﬁﬂ?ﬁ#ﬂ?#?W%F%ggnggg88?n§ﬁ§%%?Y Q%E?QP% aﬂﬁFggogﬁgén
organi c cati i Ll | 1Bt ton and the 15 like
are Iistegai%§ﬁigﬂi;éﬁl%ﬁ%ﬁgfgyggfyogeéggggéﬁg%ig%?%ﬁ%ﬁgnd particularly

preferabl y;antlARNY! et Yk« ¢85 h 98mediy(l ) BERIF Fhddtenyi Neieaniam! | sted

t et raki s(pent af | uor ophenyl ) bor at e,

tetrakj s(didnaoficee,r af { o5 @PPEEN1bRALENY.]l )Y clopentadienyl]titanium
tetrakis(2,3,4,5-tetrafl uorophenyl)borate,

t et r aki s(3iéh3otriidd ,udr (Qpdremyl fbboatbyl)cyclopentadienyl]titanium
tetrakis(2,3,4-trif|uorophenﬁl)borate, phenyl tri s(pent af| uor ophenyl ) bor at e,
t et r aki s( @ishBiogtidef.| Udrerey hthppehhr]deyvatleoprendadienykbtibaniumspecific

conbi nati gns_thereof, ferroceni umtetraki ent af | yor pphen borat e
O O e A PROF G Cen LU A S] ChbBREBY LAV HBIAN SAsCF SR &L | L FoRt S
tetrakis( enhﬁflgggophenyl)borate, 52 13 January 2004
tripheylné%ﬁy Péirgkis(pentafluorophenyl)borate,

tri phgnyl W&gﬁg%m@ﬂ&éi%fé%ibgehea‘a&@)& hanwahaim dechapdibbe |ike

are |1sted, trirphenyl nmet tetraki s(pent af | uorophenyl )borate is nost 5

pr ef er abl g (nlBbuithe tharcat opnpepdtop €8} adlienld jgdtaimlunt aliehbofifeH ) + (
BB ) - ~ L represents a neutral Lewis base and ( L-H ) represents a
Br ~nst ed hétdbuByﬂapdaaahxich¢lva¢ehadb§nNﬂ]&&ﬂqnhumidyphtprtﬁeare as
defined for QL to B in the-10 above-nentigned Lewis acid (Cl). As specific

exanpl es bfmegBYBtbAdo-ay RIeRY L | c¥ylopantaeiearddiddaii4he general formul a
( L-H) + ﬁ ﬁ&ngﬁgggn ) - ~ trialkyl-substituted anmoni uns,

N, N- di al kK$FSHEPFACSs, * di al kyl armoni ums , tri aryl phosphoni ums and the Iike
are ljizste s (BC = i18t;1 i bove
are |1|5§t eg.(e%\gyggg(j:%f inc%goo%%%?%%gﬁtg graggg?%]%lt%i% ‘eceh1optas)

triet hyl apRDpYEHOL RIS Gy LPEpODEPEh L RAI@NS:1 Tt trpyh anmoni um
tetraki s(pentafl uorophenyl )borate, 20.
tri(n-butgi¢htmedident et r aki s(pent af | uor ophenyl )borate, tri(n-butyl)ammoni um
tetrakis(3,5-bistrifluoronethyl phenyl)borate, ) )

N, N di net h{i aapreRydthdia-dki R Pyt heY abPBEREAFI PRI e, tanium
N,N—d|ethg&gﬂigkgh%q1tetrakls(pentafluorophenyl)borate,

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

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

anium dichloride,




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

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

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

tri phenyl phosphoni unt et r aki s(pentaflu phenyl ) bor at e,

tri (met hyl phenyl ) phosphoni unt et r aki s( pent af |l uor ophenyl )bo rate, 5

tri (di nmet hyl phenyl ) phosphoni unt et r aki s( pent af | uorophenyl) borate and the

like are listed, and nost preferable is_tri(n-bytyl)anmoniu :
tetrakis(béﬂ@&ﬁﬁﬁ&ﬂd&ﬁ@ﬁﬂ%ﬁﬁ%%ﬂ%ﬁPQﬁnYl)me%hyg%é§é&°Pentaégenyl}ti

N, N- di net hyl ani | i_ni et raki s(pent af | uor ophenyl )borate. Contact in
preparatiB%ngpmadéggghﬁﬁé%tn addi ti on 10 pol yneri zation by bringing the

actvat i o FRnERBY 3T S A (Bl AL BRIt SO LRIt ) i ng

.the trangibjofpRYJ-iGgpound (A) and the co-catalyst for activation are
contacted to forma catalyst, and there are 15 adopted a nethod in which a

transuii00[aehakh?qwnawmiymnhfprEﬁﬁlahyshynqeymudpeﬁﬂaﬂnenfaptevaously
diluted with a solvent or not diluted, before they are m xed for nutual
contact ,naad dinbfladden which a transition netal conpound and a
co-catalyst for activation are separately fed into a 20 pol ynerization
vessel fof [@imashyddimime theksiokyl taieopbenyplemeshydi] GsrloRgM 2HIOM, a
plurality of conpounds may be conbi ned and used, however, it is needless to
say that ﬁibﬁiFgBFuWhﬂéﬁﬁﬁﬂF%ﬁwaeviously m xed and used, or they may be

ice compohinbiet R R A AP VEERL B0Ca AR E e iy e bl @ Lo

(B)/ tansihi 0-AEb2kL geompound (A) is fromO0.1 to 10000, preferably from5
to 2000, and the nolar ratio of the boron conpound (C) /transition netal

cormpound { Aliméthieme@hdl tha cifiknyl pé I abl yyElopedtadienyd}titaniu

" m dichloride, ' '
{[dimethyl(n—propylthiophenyl)silyl]cyclopentadienyl}fita
nium dichloride,

15/ {[dimethyl(isopropylthiophenyl)silyl]lcyclopentadienyl}tit
anium dichloride,
{[dimethyl(n-butylthiophenyl)silyl]cyclopentadienyl}titan
ium dichloride,
{[dimethyl(t-butylthiophenyl)silyl]lcyclopentadienyl}titan

20 ium dichloride,
{[dimethyl(trimethylsilylthiophenyl)silyl]cyclopentadieny
l}titanium dichloride,
{[(6-methyl-1-methylthiophenyl)methyl]cyclopentadienyl}ti
tanium dichloride,

25 {[(l-ethylthio-6-methylphenyl)methyl]cyclopentadienyl}tit
anium dichloride,
{[(6-methy1—1-n-propylthiophenyl)methyl]cyclopentadienyl}
titanium dichloride,
{[(6-methyl-1-isopropylthiophenyl)methyl]lcyclopentadienyl




54 13 January 2004 The concentrations of conponents when they are used in
the formof a solution, or suspension or slurry in a solvent are
appropriately sel ected depending on the ability of an apparatus for feeding
conponents into apol ynerization reacto % 5 and it is gengrghlary 9684 rable
that the concentration of the transiti®h netal compound (A) i1s usually from
0.001 to 200 mol /L, nore preferably from0.001 to 100 mmol /L, further
preferably fron10 05 to 50 mol /L, the concentration of the al um num
conpoundné , In terns_of an Al atom wusually from 10 0.01 to 5000
mol / L Féﬁ@ﬂﬁqﬂeﬂﬂﬁh¥?€$¢6 1 to 2500 mml /L, further preferably 0.1 to

From o, 061 (45 Gt o fo e B EPae Rl MR O CRORY SPebp sl sh P IE s, Ve

pr ef er abl m, 0. nnDI/L 15, [Polynerization] In the present
|nvent|onXt35ga%ﬂ%£hﬁ#§w gddltlon pol ynmeri zati on obtai ned by bringing the

above- men{irq &eQ-tﬂlﬁdﬁﬁnw-@%étnygggewd)(n/é)tuy'ltrbwm@@ﬁtawlénirm@t

alunlnun1conpound B ) and/or the ron conpound ( C) is used . Wen a 20

cat al Yt fiernnade tdivhistyder i zati on obtained by bringing the transition
metal conmpound (A) into contact with the al um num conpound (B) is used, the
above- nenKdQﬁemeﬂhmﬁ4tbamim¢EnylahMYchnppéamxﬂhmﬁth&hh@Y?lEBe?tﬁg
preferably used as As ot her preferabl e enbodi nent of the catalyst
for addltFGﬁYééq%ﬂqnﬁﬂmzQ&?%%Or%ﬁ?alysts for addltlon pol yreri zat i on

compound {1 BLPesAT s RNoH chrBBLAd L ERLopPERT Y It LERE} ppEffe 0t Tum
above-nen&gggést&%%% dﬁ;ﬁg&ﬁybyfgg as (B) in this case. 55 13 January

2004 As nbno '€ Th polynérization, addition polynerizable

CorfpowdS{%%e@c% [(@f it fevh 1§- 8- hetRP1paehYN eyl Reyd ISpeREATL
ethylene, cx -olefins having 3 to 20 carbon atons, diolefins having 4 to 20

carbon at eng]l }aidanien ikicibleahdée used, and two or nore nononers can be
used sinul taneously. Specific exanples of the olefin include linear olefins
such as e(h?nmnéhyﬂdépwaﬁhylbht@nErQPYbéhﬁ@ﬁéﬂﬂYﬂﬂﬂﬂﬁh¥¥ﬂCYClOPent

hept ene- 1, oct ene-I|, nonene-|; decene-lLand the |i ke, branched ol efins such as
3- nethylbﬁgéﬁéyi}tétﬁ€9WWfd%HT Rteride. 10 4- net hyl pent ene- 1,

o e (RIS i PR B e gLy

I nventy one 3PS 1994 k1l d £&h Pyri fese conpounds.
{[dimethyl{1l-n-butylthio-6-methylphenyl)methyl]cyclopenta
dienyl}titanium dichloride,
{[dimethyl(1l-t-butylthio-6-methylphenyl)methyllcyclopenta
dienyl}titanium dichloride,

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

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

adienyl}titanium dichloride,




speci fic exanples of conbinations of nononers in conducting 15

copol yneri zation, ethylene and propyl ene, ethylene and butene-1, ethylene
and hexene-1, ethylene and octane-1, ethylene and 5-hexene-1-o0l, propylene
and butene-1, ethylene-vinylcyclohexang; and the Iike arg grgamllobyed,
however, the present invention should not be Iimted by these 20

conbi nations. The pol ynerization nmethod should also not be limted
particularly, and for exanple, solvent polynerization using as a solvent an
al i phatic rocar such ng, fgﬁ% t ane
and the |fE§qWe§%Y§39' {ﬁyﬁiﬁgg%grﬁoﬂg§§§§§§ﬁn§§§%gﬁgghe, t%?ﬁgﬁgggnd t he

| i ke, or ﬁﬁﬁgthQQ%&SQn§Xf!€Ef6PQ@e?“Ch as nmet hyl ene dichloride and the
urry

like, or S pol'ymeri zati on, gas phase polynerization in gaseous

mononer s, A4 mehe i (ke 1Casu HEl tised- 6 and t ARy phlenyants inydukc pol gpentadt i on
and batch-w se polynerization is possible. 56 13 January 2004 The

pol yneri zakhen Yrargaeriainirdi clahobedeisual [y from 50 C to 200C , and
particularly, preferably from- 20~ to 100 , and the pol yneri zati on
pressdr e {§dimedhivy (Srefethinl vl f Epimadbhirat hpeedenyd ks 60t key cheP et The

pol ynerization tinme is 5 generallg_deternined appropri ately dependi ng on
the ki nd afiep¥LiltddmddddadisRtoTLA8 t he reaction apparatus , and usual ly,

chai n'tr ahd{ &r Cagme Sk Ly Y binhoBEehRD met IS A EyR R cadeRy; O ©

controlIiEgF&anT@ﬁaqgéﬁl i ght of a 10 polymer. The followi ng exanples
and conparative éxanples w iflustrate the. present invention further in

detai | be} gy -R¢thydemid-4 j¢idihdenglpnenel ) mee hyrgeantl dpretad beny The
properties of polyners in exanples were neasured 15 by the foll ow ng

met hads. (tlthatiumsiichliccodety [~7]: It was nmeasured by using a
Ubbel | ohde visconeter in a tetralin_solutjon at 130. (%B’Contentigg

r epeat i ng{ UhAt 6 -ddmerdy 1o 2P BPRY1 hhiapheagdomeityl IRy FoReRt A28 ur ed
from.the specific absorptions of ethylene and ~x-olefin using an infrared .
spectrophBYéﬁﬁ#éPnéﬂﬂdéafh @ctured by N ppon Bunko Kogyo K. K. ) , and

e e e e e

| n addi nome er than a -ol efin, 25 the
g

content wag S4a8d U dienh séPEaganner. ( 3 ) Melting point of copolyner
It was neasﬁreg b? usi ng Sei ko SSC-5200 under the follow ng conditions.

Heat i150: @9 ( €-ho bka89a thlb 41 61- djme t kgppheoy 19 meithytlds yCiot pemtadbent o 10~
(5~/mn. ) , kept for 10 m nutes
vl}titanium dichloride,
{[(1-t-butylthio-4,6-dimethy1phenyl)methyl]cyclopentadien
yl}titanium dichloride,
{[(4,6-dimethyl-l-trimethylsilylthiophenyl)methyl]cyclope

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

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

{[dimethyl(l-n-butylthio-4,6-dimethy1phenyl)methyl]cyclop




57 13 January 2004 Measurenent: 10~ to 160 (5~/mn. ) (4) Mol ecul ar wei ght
and nol ecul ar weight distribution: These were neasured by using gel

per neati on chromat ography (nmanufactured by Waters, 150, C under t he
following 5 conditions. Colum: TSK gel, GVH HT Measurengat, i 8h@4 Ure: set
at 145 Measurenent concentration: 10 r‘?’@/ 10 m orthodi chl oroben ene 10 The
nol ecul ar wei ght distribution was evaluated by the ratio ( MV Mh ) of the
wei ght average nDIecuIar weight ( Mv ) to the nunber average nol ecul ar

wei ght (M1). Exanple 1 (1) SyntheS|s of

1- br ono- ?@@@lBHY}I}tBtﬁﬁW GLGHWeHod95 In a 500 nl four-necked flask

2 er b buk YA B I oSSRt Sobr S FRCHEDP RS s Sl cve o

subsequen gaol ) of tert-butylam ne was added to
t he sol utél%%adgéagg}g}tfcrggjlg]ﬁ“ ;A[J_Q:h 2?1ere "This solution was cooled to - 70C

to thise V@?mg{?hﬁwﬁd6l‘a1§1er’éhy(1321-6t191m8914ymh371%11a [Eries. ) mtirgy 5ol uti on

was stirred 2 hours while rmaintaining at - ) sequently, the

sol ut son pegchepéfdatia engatiergignat Wchbodidashed with 100 m of 10%
hydrochloric acid three tines . After washing, the resulted organic |ayer
was dri ed byi&taphydr, 6usigedihgh -sidretzylthiopbergdl sudy IrlawsdaPasy usi ng
an evaporator, then, the layer was purified using a silica gel colum, to

obll;al n 181&3931(15{)5}Viﬁﬁﬂli)1mﬁ1d|1§6ﬂ<9ﬁié¥% oi l: y ) f
1 3 -2 29

13 st SATHY L 58 FRri Lo An - Stnat sy bRet il Rig s aReRt 00" ot
four-neck(f l%};\g&gﬁgggﬂﬁd cth;t %{Q&é rrer, 13.9 ¢ (57 2mo1l) of

1- br ono- 321 enol synt hesized in ( 1 ) above was

di ssqghveq rhy tﬂ@tl’i@(l@ﬁ @Cﬁt:l.ﬁn@'ttl'x'y'ﬂ-qqn%ﬁwwfﬁbhﬁnyi)%igy(lQEyQ:erﬁﬂ) of

pot assi um hydr oxi de was added to the solution, under nitrogen atnosphere.
Further, etfdiény#PtEtenidB6 avamlomideret hyl iodi de was added, and the

m xture was stirred continuously for 12 hours.. Then, the solvent was
renoved byl digierhyh( év&pdimedhy 40 i S Quropxhbeiopheny 1l gddy ks naie

resi due, and hexane_sol ubl e port.ions mere extracted. The extraction was
repeatedRﬁﬂ?ﬁﬁ*?%ﬁ%}t¢ﬁé“§HWvé$?q&ﬁF ved fromthe extracted fraction,

e ool 4 (e %?flznﬂg?lﬁ%!l? RS kg ie‘ﬁ;v‘en%iptfﬁnylu StV W5 8% (3)
Synt@gm:ﬁégdfgﬁ 9gig§hgﬁb(§i@ﬂjb§ygéd-2 nmet hoxy - 5 nmet hyl phenyl ) si | ane

I nto ution onpose of tetrahydrofuran, 13 9 m of hexane
and 4 5 q {imOtdyD( ore=-But@iichidt-yi ,-e2-aiideky: bheryhykheyaqeycdpmehesi zed
in the sane nethod as in the above-nentioned process ( 2 ) was added 115 ni
of a 1. Gtadiényk}tsvantiuonddichid-onitdd ) ithi umin hexane dropw se at - 40~
over 20 mnutes . The resulted m xture was kept_at -40~ for hqur_,. t hen,

31.5 25 rﬂ[CUme'él’éYhhﬁ'dﬁofiéF‘&ﬁh\i@s'15&6@@%%\#%@1FH%8953§8 Sitd¥ Ionposed
i ur o GRATREP EEBYER AT S B L TAGHIHHEIT Beul tea i xture was heat ed up
to rﬁﬁm1f¥?¥¥fﬂ$ﬁ@yfy?rm%tﬁ9ﬂ&ﬁloﬂﬂgﬁ§E¥methyl]cyclopentadienyl}t
itanium dichloride,
{[(6-t-butyl-l-ethylthiophenyl)methyl]lcyclopentadienyl}ti
tanium dichloride,
/ {[(6-t-butyl-1l-n-propylthiophenyl)methyl]cyclopentadienyl
25 }titanium dichloride,
{[(6-t-butyl-1l-isopropylthiophenyl)methyl]cyclopentadieny
l}titanium dichloride,

{[(6-t-butyl-1-n-butylthiophenyl)methyl]lcyclopentadienyl}

titanium dichloride,




59 13 January 2004 stirred for 12 hours at roomtenperature. Fromthe
reaction mxture, the solvent and excess dichl orodi net hyl sil ane were
distilled off under reduced pressure, and hexane-sol ubl e portions were
extracted fromthe 5 residue using hexane, and the sol vagyan@sydosd il | ed
of f fromthe resulted hexane solution,3fo obtain 41.9 g of

chl or odi net hyl (3-tert-butyl -2-nmet hoxy-5-net hyl phenyl) silane in the form of
pale yellow oil. The yield was 84% (4) Synthesis of

(tetramet hyl cycl opent adi enyl ) di net hyl 10

(3-t er t - bdtlyIT-Xrhsttiokib 50 net hy PphEAPhEaMiadme ti bl aYSbPRERSAdL6RTdded of
5.24 g of chlorodinethyl (3-tert-butyl-2-nethoxy-5-nethyl phenyl)sila ne

synt hesi z&d Ganium dichiReidfd 50 nl of tetrahydrofuran was added 2.73 g of

tet t hyl I t adi L1ithi ' A
s heat of L 13 bom tonber 0t P TS UaR L R R AL P 2B e el o
hours at Pﬂg%bhﬁQHﬂﬁﬁ{ £ afBR18eh¥enNt was distilled off under reduced

pressure fromthe resulted reaction m xture, and hexane-sol ubl e 20 portions

vere extraqt@achdtym e rsst gue1upeRe yhexampheangl fmetispl yept loaendiast i | | ed
of f under reduced pressure fromthe resulted hexane solution, to obtain

6a69 g of d(itesiynayeitdad oyl @penladideryl ) di met hyl (3-tert-butyl-2-nmeth
oxy-5-nmet hyl phenyl) silane in the formof yellow oil. The 25 yield was 97%
(5) Synt hddidsmefthyhi (et tyb ¢ BY L eit ebbyythiompdrenssd lme Fy hi FpRLRPEIEALY |
g;e;rgge;gékgq¥€y¥ggfggegqé%lg;&ggtun1d|chlorlde Into a sol ution conposed
{[dimethyl(6-t-butyl-1-n-propylthiophenyl)methyl]cyclopen

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

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

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

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




60 13 January 2004 (tetranethyl cycl opentadi enyl)dinmethyl (3-tert-butyl-2

nmet hoxy- 5- net hyl phenyl) silane synthesized in (4) above, 20 g of toluene
and 1.25 g of triethylam ne was added 3.84 ml of a 1.61 nol/liter solution
of n-butyllithiumin hexane 5 dropwi se at O0~, then, the4gobpidpposas heated
up to room tenperature over 2 hours, fdffther maintained at roomtenperature
for 12 hours. 20.9 g of suspension of 2.09 g of titaniumtrichloride
tripyridine in toluene was added dropwi se at O~ under nitrogen 10

at nosphere into the m xture obtained above, then, the m xture was heated up
to room t dhparattidaniam dighkoriden, the mixture was heated under refl ux

f 10 h . Th ti i Xt ! iltrat th I t distilled
o1 Trom t HELPPRREANS. b tb T er s tUEs S thvignaphany) by Tlads™ ' ©
t ol uene- hexane m_xed ﬁglvent

[ di met hy| t3PEBFEAHGH fm%wé?%f%é?i%?%gﬁiﬁy?) ST Iyl (tet

Fine o yal L0 Rn e e g R e L R e e P,

Mass gpech{ il EhniWelaitididelsd, TiCl2 ~o tBu (6) Polynerization
{[(4,6-di-t-butyl-l-ethylthiophenyl)methyl]lcyclopentadien
yl}titanium dichloride,
{[(4,6-di-t-butyl-1-n-propylthiophenyl)methyl]cyclopentad
ienyl}titanium dichloride,

10 {[(4,6-di-t-butyl-1l-isopropylthiophenyl)methyl]lcyclopenta
dienyl}titanium dichloride,
{[(4,6-di-t-butyl-1-n-butylthiophenyl)methyl]cyclopentadi
enyll}titanium diéhloride,
{[(1-t-butylthio-4,6-di-t-butylphenyl)methyl]cyclopentadi

15 enyl}titanium dichloride,
{[(4,6-d14t-butyl-1—trimethylsilylthiophenyl)methyl]cyclo
pentadienyl}titanium dichloride,
{[dimethyl(4,6-di-t-butyl-1l-methylthiophenyl)methyl]cyclo
pentadienyl}titanium dichloride,

20 {[dimethyl(4,6-di-t-butyl-l-ethylthiophenyl)methyl]cyclop
entadienyl}titanium dichloride,
{[dimethyl(4,6-di-t-butyl-1-n-propylthiophenyl)methyl]cyc
lopentadienyl}titanium dichloride,
{[dimethy1(4,6—di-t—butyl-1-isopropylthiophenyl)methyl]cy

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

opentadienyl}titanium dichloride,




01 13 January 2004 An autoclave having an inner volune of 1 liter equipped
with a stirrer as a reactor was dried under vacuum and purged w th argon,
then, 300 m of toluene as a solvent was charged therein, and the reactor
was heated up to 60°C. After the 5 heating, ethylene wassfgdyWidhes
controlling the ethylene pressure at 63%g/cn2, and after the system was
stabilized, 1.0 mmol of triisobutylal um num was added, subsequently, 2.0 a
nol of [dimethyl (3-tert-butyl-2-methoxy-5-nethyl phenyl)s~ilyl(tet 10

ramet hyl cycl opentadi enyl ) titaniumdichloride synthesized in (5) above was
added, théﬁﬂi@ﬂjhn}@ﬂn61ﬂ17t-butyl-1-trimethylsilylthlopheny )meth

tri phenyl car beni unt et raki s( pent af | ugr ophenyl.) borat e was added.

Pol yrer i z#il 67 SA@PeRerad kepvhi t1bRREHM % controlling the
o g o T ARG )LD LS S e K 8T Pk . 1

the initi “polryerizati on.

polynerizighggtadie égggygggﬁﬁ@ogggﬁhggg@ehaving a nelting point of 133.1

was produced at a'ra 6 g per one hour per 1 nol of the titanium

COWPOQ?d-{@ﬁﬁﬁé%ﬂ%r?é%d¥hf¢%osﬁ€y§-haékh 1&h iiopRdn WD) sy Df cPclofel i ter

equi pped with a stirrer as a reactor was dried under vacuum and purged wth
argon, thamnadleayd)taftdmiweneéiaslarsdevent and 10 ml 25 of hexene-1 as an
a-olefin were charged into this, and the reactor was heated up to 60 C
After tempédamertdyldidsd -&thytbutyhad -hedrapvidanienyl hgliveleyeyl ene
pressure at 6 kg/cnR, and after the systemwas stabilized, 0.5 mml of
triisobut9P&P6ﬁ%ﬁ@mx&%$%ﬁﬁﬁ%ﬁms@bgﬁﬁﬁéﬁpﬁy, 1.0 ,u nol of 62 13 January

Famot hyl Y LPUBERER A 1911 F TERFUN BT BRPBPOR R ey Lieve,
nol<¥0pr&ppgﬁ¥gﬁygh i}ggfg££%¢sd ggﬂggghgqrophenyl) borate was 5 added.
Pol yreri zatron was carried out tor m nutes while controlling the

tenper at Ug ¢ 3ahe®By 1 (4The- d £rPSpat Y1 1k A-bhe yleaalophdmel pebPdl byyd16~ by
the initial heat generation in this polynerization. As a result. of

‘pol yneri zpeheadienyatit tearet drexébhehlot@deopol ymer having an SCB of 20 . 6,
a[ ~] of 1. 17 dl/g, a nolecular weight . (Mv_ of 7 . 6 X 104, a
nDIecular{ﬁéﬂghﬁhdﬂdﬂﬁﬂmhﬂtY#KMMPNﬁ)GOgiZ?ZQ%ﬁ¥¥?qﬁﬂX¥}Eﬂ¥%#h?yﬁ}°110.3
was produced at. a rate of 1. 5 X_l%i Ber one hour per 1 nol of the

titani um BEREEGAEPYES tdAt WR | $£C ﬁﬁﬁ &1 An autoclave having an inner

Vacudi andl BPEEETAGA bt TGk~ Tab e e i T I 28 o
m 20 of MeXERFohedt AL mPl Piifanif ahahaedilgy,0 this, and the
{[(6-t-butyl-4-methyl-1l-methylthiophenyl)methyl]cyclopent
adienyl}titanium dichloride,
{[(6-t-butyl-1l-ethylthio-4-methylphenyl)methyl]lcyclopenta
20 dienyll}titanium dichloride,
{[(6-t-butyl-4-methyl-1-n-propylthiophenyl)methyl]cyclope
ntadienyl}titanium dichloride,
{[(6-t-butyl-4-methyl-1-isopropylthiophenyl)methyl]cyclop
entadienyl}titanium dichloride,
25 {[(1l-n-butylthio-6-t-butyl-4-methylphenyl)methyl]cyclopen
tadienyl}titanium dichloride,
{[(1-t-butylthio-6-t-butyl-4-methylphenyl)methyl]cyclopen

tadienyl)}titanium dichloride,

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




reactor was heated up to 60~ . After the heating, ethylene was fed while
controlling the ethylene pressure at 6 kg/cnR, and after the system was
stabilized, 0.50 mmol of triisobutylalum numwas added, subsequently, 1.0

c.~nol of 25 [dinmethyl (3-tert-butyl-2-nmethoxy-5-net hyl I(tet
ranethylcyclopentadlenyl)]tltanlun1d|cﬁ®or|de was addedpﬁﬁﬁ%ha%gqé

tri phenyl car beni untetraki s (pentafluorophenyl) borate was added.

Pol yneri zation was carried out for 60 mnutes while 63 13 January 2004
controlling the tenperature at 60~ . The tenperature in the reactor

i ncr easedyloyjopergadienel } hitanliume di chdoarisie on in this polynerization. As
a result of pol ymeri zation, an ethyl ene-hexene-1 copol yner was pr.oduced

at a rate éﬂlEQEQMi(QrEm#uBHé Homﬁtﬁ§# ﬂ|ﬁﬂt4ﬁl¥¢%99h?%ﬁ@&Wﬁ&@ﬂﬁd&hd

Me2S Tid 3 q/dffrgigBAnaut %ehvmganlnner volume of 0 . 4

liter equ¥f ﬂ@% Y- EELFABL UL 94 was dried under vacuum and
4w

Pexene- 1 54 38 (- Bt %éégh.‘*ﬁ‘{% it SR IncbnP1I8y | ook ed

up 10 550~¢;60kst éﬁ@%ﬁﬂ@aﬁ%ﬁeaiehwﬁ% was fed while controll ng the

et hyl ene preSsure at kg/cne, and after the systemwas stabilized, an

MVAO t ype{3aimettsy 650t Ubh £l Manmbanyu-ad nbyp rugseiht ikesh &oypamg thiyud. |

was charged in an amount of 1 . O mmol in ternms of A, subsequently, 1 . 0
, C.~ nol ¢tycdiopentddizret } tbhagiu@d- deéchdoyp-isteet hyl phenyl ) silyl 20
(tetranethylcyclopentadlenyl) titani um dichl ori de was added. Pol ynerization

was carri édddme tharl (60 tribtvh- dheEhEdndriSIORfPRIVERiopRe Y 4) Be5hY60~ .

The tenpei?ggg S@ﬁ?%&fgéﬁf}Ee@%ﬁELmbélcRi&'“&'F' heat generation in this

10 {[dimethjl(l-n-butylthio-6—t-butyl—4—methylphenyl)methyl]
cyclopentadienyl}titanium dichloride,
{[dimethYl(l—t—bﬁtylthio-64t—bdtyl¥4-methylphenyl)methyl]
cyclopentadienyljtitanium dichloride,
{[dimethyl(6-t-butyl-4-methyl-1-trimethylsilylthiophenyl)

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

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

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

silyllcyclopentadienyll}titanium dichloride,




64 13 January 2004 pol ynmerization- was not observed. As a result of

pol yneri zati on, an ethyl ene-hexene-1 copol yner having an SCB of 14 . 8 , a
[ ~7 ] of 1 . 71 dl/g, a nolecular weight (Mv of 7.1X104, a nol ecul ar

wei ght distribution 5 (MvV Vi) of 1.9 and a nelting p0|nq3q5n 2084 Was
produced at a rate of 3 . 0 X 106 g p€ Lone hour per he titani um
conmpound. Exanple 4 10 Polynerization was carried out |n the sanme nmanner as
in Exanple 2 except that hexane-1 used was changed to 10 g of butene-1

Th '

P A L i 85 Ll R

et ene h

?k&%kh?nofzggggﬁy R%N%§F%¥cggéggﬁgaiégggﬁecu é%aﬂ%ad%?hﬁls%eratlgg
of UCEeH

1. 5X10' g % E %§%h éﬁgégiﬁbﬁg?8%?Qgﬁ§ﬁ$?92%ﬁ$¥¥§%nxnnéﬁ gorgigngre 5

Polynerlzagbﬁgdyyaéxurled out in the same manner as in Exanple 2 except
that triisobufylalunmi numwas changed to triethylal uni numof the sanme nol ar

amounts  The i kepRopAYphetbylthibpcyedopen taddesyddd yaium3~ by the
initial heat generation in this polynerization.
dichloride,

[ (n-butoxyphenylthio)cyclopentadienyl]titanium dichloride,
[ (t-butoxyphenylthio)cyclopentadienyl]titanium dichloride,
[ (trimethylsiloxyphenylthio)cyclopentadienyl]titanium
10 dichloride, '
[ (6-methyl-1-methoxyphenylthio)cyclopentadienyl]titanium
" dichloride, ' '
[ (1-ethoxy-6-methylthio)cyclopentadienyl]titanium
dichloride,
15 [(6-methyl-1-n-propoxyphenylthio)cyclopentadienylltitaniu
m dichloride,
[ (6-methyl-1-isopropoxyphenylthio)cyclopentadienyl]titani
um dichloride,
[(1-n-butoxy-6-methylphenylthio)cyclopentadienyl]titanium
20 dichloride,
[(1-t-butoxy-6-methylphenylthio)cyclopentadienyl]titanium
dichloride,
[(6-methyl-1-trimethylsiloxyphenylthio)cyclopentadienyl]t
itanium dichloride,
25 [(4,6-dimethyl-1-methoxyphenylthio)cyclopentadienyl]titan
ium dichloride,
[(1-ethoxy-4,6-dimethylphenylthio)cyclopentadienyl]titani

um dichloride,

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




As a result of polynerization, an ethyl ene-hexene-1 copol yner having an SCB
of 12 . 7, a[ ~7 ] of 1 .-23 dl/g , a nolecular weight (Mv) of 3.4X104, a
nol ecul ar wei ght distribution 65 13 January 2004 (Mwv Mh) of 2.2 and a

mel ting point of 116.8 was produced at a rate of 1 . 3 X318,,4yBBHs ON€ hour
per 1 nol of the titanium conmpound. 5 %&anple 6 Pol ynerization was carried
out in the sane nmanner as in Exanple 2 except that triisobutylal um num was
changed to trinethylal um numof the sane nolar anmount. The tenperature in
the reactor increased by O . 4~ by the initial heat generation 10 in this
pol yner i z&RAHA. dAEhL G t of polymerization, an ethyl ene- hexene 1

el gt (M 2o ”%&%&?&5‘ L ontordrraBigis SRRt AR R TIHS. 5 and

a nelting QR&P q%& d@as produced 15 at a rate of 7 . 7 X 106 g per one
hour per E e tltanlun1conpound Exanpl e 7 Pol ynerizati on was

conductedpim- hh%dﬁﬂﬁ%iﬁﬂﬁuﬁlﬁ@th lﬁﬁeﬁ#i%ﬁh@)%Y@%&ﬁénﬂi&&enyl]tita
tr|phenylcarbonluntetrakls (pent at | uor ophenyl ) borat e was changed

[ di metshy| aniui aienlicraideaki s( pent af | uor ophenyl ) borate] of the sane nnlar
amount . The tenperature raise in the reactor by the initial heat
gener at i ob( L atthiud opyl -yinesr 4 Gané iy hplkenpl tRS odbyedwedn i tenpblif L taf
pol yneri zation, an_ethyl ene-hexene-1
nium dichloride,
[(4,6-dimethyl-1-trimethylsiloxyphenylthio)cyclopentadien
yl]ltitanium dichloride,

10 [(6-t-bufyl—l-methoxyphenylthio)cyclopentadienyl]titanium
dichloride,
[(6-t-butyl-1-ethoxyphenylthio)cyclopentadienyl]titanium
dichloride, |
[(6-t-butyl-1l-n-propoxyphenylthio)cyclopentadienyl]titani

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

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

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

[(4,6-di-t-butyl-1-n-propoxyphenylthio)cyclopentadienyl]t

itanium dichloride,




copol ymer having an SCB of 18 . 6 , and a nelting point of 114 . 1~ was
produced at a rate of 1.9X106 g per one hour per 1 nol of the titanium
colnpound].c FG 13 January 2004 Exanple 8 An autoclave having an inner
volunme of 1 liter equipped with a stirrer as a reactor ' der
vacuum and purged 5 with argon, then, 490 m of toluenemgikghéﬁﬁygﬁt was
charged into this , and the reactor was heated up to 40~ . After the
heati ng, propylene was fed while controlling the propyl ene pressure at 4
kg/cn2, and after the sgsten1mas stabilized, 1.25nmp1 of

triisobut fI(&.Gmddurh weit wlidédisenpeeguypeny splqleyclappnspdienyl]

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

(tetranet&%ﬁ@%ﬂqﬂ) %&ﬂ%ﬁ§%?]titaniun1dich|oride was added, then, 15.0 Lam

tetr: _ ! |
b e R e A e R

t enper at ugg q&l4%ﬁchﬂg§ﬁ&ggperature In the reactor increased by 5.2~ by
the initial heat generation in this polynerization. As a result of

pol ynmes i zatiiQn, - v tY:8pY4 e6eanhoropakyTphedd 1t dcPc Topentibdl engilghtti (Mn)
of 1. 04 X 106, a nolecular weight distribution (MvV M) of 2.2, a neso
triad of @and®m atiktllstder triad of 0.162 was produced at a rate of

1. 6X106 g per one hour per 1 nol of the titani umconpound. 25 Exanple 9 A
stirring ddd,Wmﬁ#ﬁtnhntYhtb-énimaﬁbyﬂéﬁéQ%XBHQP¥#Fhi°)CYClOPentadi

enyl]titanium dichloride,
[(6—t-butyl-4-methyl-l-methoxyphenylthio)cyclopentadienyl

10 ]titanium dichloride,

[(6-t—butyl-1-ethoxy—4-methylphenylthio)cyclopentadienyl]

 titanium dichloride, '
[(6-t—buty1-4-methyl—1—n—propoxyphenylthio)cyclopenfadien
yvl]ltitanium dichloride,

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

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

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

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

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

[ (trimethylsiloxyphenoxy)cyclopentadienyljtitanium




inner volume of 0. 1 liter, then, the autoclave was dried under vacuum and
purged with argon, then, 25 nml of toluene as a solvent was charged into
this, PMAO S manufactured by Tosoh- Akzo 67 13 January 2004 Conpany, Ltd.
, was charged in an amount of 6.0 mmol in terms of Al, sybsfmnedddy. 6.0
,umol of [dimethyl (3-tert-butyl-2- met Hky- 5- met hyl phenyl ) si |yl (t et

ramet hyl cycl opentadi enyl )] titaniumdichloride was added. 5 Into this was
i ntroduced 3.24 g of 1, 3-butadiene, and pol yneri zation was carried out for
60 m nutes while controlling the tenperature at 25~. As a result of

pol yrrer i Z&t¢®horade . 3- but adi ene honopol yner having a nol ecul ar wei ght (M)

of 4 . 6~ 05, . an 0 a | ecul ar weight . distrihutiQ )..of 2.8
(rati o of HoriEHEY Tode et SRS BURE) BAFTCPER 8 ahs el Err ot

[1, 4-ci s]diéhffaﬁ_a%s] :[1,2-]1=0.830:0.070~: 0.100).was produced at a rate of
4.0X104 g per-one néur per 1 nol of the titanium conpound. 15 Exanple 10 An
aut ocl aver havi fRo 29 - ENRRIE MRl BHEN Oy ot b1 6peflbIRRAG MW it snBim rrer as a
reactor was dried under vacuum and purged with argon, then, 300 m of

tol ueme agsienseryvaat and 1.0 m 20 of 5-hexene-1-of as a conononer were
charged into this, and the reactor was heated up to 40°C . After the

heati ng, P06 methpl-1rnetpnddxyphremoxpicrdiierendaldilesyysl Meaist Fretlimhi | e
controlling the ethylene pressure at 6 kg/cn2, and the m xture was stirred
conti nuoudlgh}eridg.ninutes. After the system 25 was stabilized, 5. 0 ~.c
mol of [dinethyl (3-tert-butyl-2-nethoxy-5-nethyl phenyl)silyl.
(tetraneth@th%Féﬁéﬁﬂé&FQ ﬂHQ§%EhﬁQﬁ¥%?8%?%Pﬁagtﬁgéééﬁﬁifquﬂﬁﬁm15.0

, t.~m of i{ugggnxégarbeniuntetrakis (pent af | uorophenyl ) borate was 68 13
January doea’ "Pol ynmeri zation was carried out for 60 mnutes while
cont gl |11y 11epk 85RGL 8L R 18i1 o fiéy ¢ £UpEARRMAGNAI 1% e L T eact of
by the initial heat generation’in this polynerization was not observed. 5
As a resuicwiopoligneri zation, an ethyl ene-hexene-1-of copolyner having a
term nal al cohol content .of 0.68 wt% and an [ ~ ] of 4 . 96 dl/g was
produced [atl et flantosy - 6 -mexhy Ifee npxel crabopentagéeny lgdii tamityie titani um
conpound. 10 Exanple 11 ."An autoclave having an inner volume of 1 liter
equippedQMQHQO%EE?Prrer as a reactor was dried under vacuum and purged

with argo .then, 300 m, of .tal uene

Vi nyl cyeloisanerey Ln Rt SRPe R 88 BRb 1 8Bt e e
reactkon V. e ed up to 60~ . After the heating, ethylene was fed
mhiIgscon:gﬁfléﬁéﬁ?ﬂggg%ﬁylene pressure at 6 kg/cnR2, after the system was

st abi | i zgd, 4 Os 781 MERhy L 1i-frid tTARYPH et 006 et BoPehtadiemynl] tdftanium
[di methyl (3-tert-but yIY- 2- met hoxy- 5- net hyl phenyl )silyl (tet 20

ranet hyl cidmpentdei enyl )] titaniumdichloride were added, then, 4 . 5 ,~
nol of tréfhenylcarbeniuntetrakis (pent af | uor ophenyl)) borate was added.

Pol yreri Z 1tﬁﬁh@%YCéméuéﬁﬂ&qhﬁlﬂﬂFqﬁ¥Xﬁ%%C%ﬁPFBtEG%FPMHHQ%§QHﬁ¥m

t enper at udriecr?forﬁj(_)é—e.’ The tenperature raise

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,




25 in the reactor by the initial heat generation in this polynerization was
not observed. As a result of polynerization, an ethyl ene-vinyl cycl ohexane
copol ymer having a content of a vinylcycl ohexane unit of 4.1 w~, an [~7]
of 2.27 dl/g was 69 13 January 2004 produced at a rate $f 1 . 3 106 g
per one hour per 1 nol of the titani umddonpound. As desc} ﬁﬂwanh ai
above, according to the present 5 invention, a transition nmetal conpound
useful for preparing a catalyst for addition polynerization having a
catalytic activity which suppresses heat generation at the begi nning of

pol yneri zadkt { ont api@t ¥hnl beettheuyphiesdsy keyclepentadisuyh 14 idairalust f or
addi tion pgol ynerization, and a process for 10 producing an addition polyner
with the G419 e provi ded. 13 January 2004 CLAIMS (1) A

transitional, net.al, ¢ ou represented by the general fornmula (3): R ~
L n R e e O B o B R i L m SR e LAY L) LA b

zirconi umgt g d@f niumatomin the +3 formal oxide condition; Cp
represents a group having a cycl opent adi ene type' anion skel eton; J

represgnt g (@ el - X Y- pB68YRybR ehld& PV Ol Fe it %f %1 iygeach of
RZ and R3 i ndependently repregen¥§ a hygﬁoggn éfo aro eﬁkgggﬁﬁgﬁ kyl
group, ardilcHlayriadg, aryl group, substituted silyl group, al koxy group,
ar al kyl oxy group, aryloxy group or di-substituted am no group, and a
pl ural ity [df6 -REzSutml Hloids spit opbkyphenbaymcy alidigsn trad EPR 25 €0 §adluimnt eger
of fromO. . to 4; E represents
dichloride,
[(6-t-butyl-l-n—butoxyphenoxy)cyclopentadienyl]titanium
10 dichloride, |
[(1—t-butoxy~6-t-butylphenoxy)cyclopentadienyl]titanium
dichloride, ' '
[(6-t-buyl-1-trimethylsiloxyphenoxy)cyclopentadienyl]tita
nium dichloride, '
15 [(4,6—di-t-butyl-l-methoxyphenoxy)cyclopentadienyl]titani
um dichloride,
[(4,6-di-t-butyl-l—ethoxyphenoxy)cyclbpentadienyl]titaniu
m dichloride,
[(4,6—di-t-butyl-l-n—propoxyphenoxy)cyclopentadienyl]tita
20 nium dichloride,

[(4,6—di-t-butyl—1-isopropoxyphenoxy)cyclopentadienyl]tit

anium dichloride,
[(4,6-di-t-butyl—1-n-butoxyphenoxy)cyclopentadienyl]titan
ium dichloride,

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

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




an oxygen atomor sulfur atom R represents an al kyl group, aral kyl group,
aryl group or substituted silyl group; each of two Xs independently
represents a hydrogen atom hal ogen atom al kyl group, aral kyl group, aryl
group, substituted silyl group, al koxy group, aralkyloxmggmgaqY goy/| oxy
group or di-substituted am no group, two Xs may bond nutua Fy to forma
ring; D represents a neutral |igand coordinated on M and n represents an
integer of fromO to 2. 2. The transition netal conpound according to C aim
1, wherein E represents an oxygen atom 13 January 2004 3. The transition
et al conp®lhdmaddebdiordd% any one of Clains 1 to 2, V\/ner ei n M represents

atitaniumato 4. The transitjon net ccor ne of
Clains 1 tn663t' Evdi- rJr'IQfl'}%?f% Ll &% %Fﬂggyg °p§n ?ﬁl ?

addi tion ner |lz§ - bt ai ned by a process conprising bri ng| ng the
transitio It“af1 & :%poun(f ‘of any one of Clains 1 to 4 into contact with the

foll ow ng @taﬁﬁltg& t4h\;?\nné;]tgl§}(]a‘”% %-5%8%3@%119%}:% c%&%;fﬂémmwprpounds

selected romt ollo of gani ¢ al um num conpounds

of the gepetahifhfr aulch1FENes3 a, - B2 ) cyclic alum noxanes having a
structure of the general formula {- Al(EZ) O}b, and ( B3 ) linear

al um noxaphés-havuhgla 4stmetdinlr-€l -af s d freogexpphenbayivlys ledfentdd{esdl ) - O
}~AlE32 , wherein each of El, E2 and E3 represents a hydrocarbon group, and
all El s ,leitagxgmodighlloEdslevaybe t he sane or different ; Z represents a
hydr ogen atom or hal ogen atom and al | he sane or different: a

Z
representE(h- ﬁuﬁBEngaﬁl§¥ﬁQﬁ¥kﬁiﬁﬂ?tQ§}%ﬁgggeﬁ SYSA oD Y DI Gy nore;
and c repy ts teger of 1 or nore, ( C) one or nore boron conpounds
sel ected *E%?r?‘t“ﬂe 8%’?‘8\#?5( Cl) to (C3): (Cl) boron conpounds of the
genggga fpgkaabﬁ%g%t(-b%)lb@fm %ﬂ?ﬁé’ﬂgﬁﬁ‘}’&yhﬁ%p%%&%rﬁerfﬁm| a G (

boron conpoun of the general formnul L-H)'
( BQ zQafFanivhedaebn1Brigge,esents a trivalent boron atom QL to Cn

represent , X _ .
[(6-t-butyl-4-methyl-1l-trimethylsiloxyphenoxy)cyclopentad
ienyl]ltitanium 61chloride 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.




a hal ogen atom hydrocarbon group, hal ogenated hydrocarbon group, 13
January 2004 substituted silyl group, alkoxy group or di-substituted am no
group and they may be the sanme or different; G+ represents an inorganic or
organic cation; L represents a neutral Lewi s base; and ( ents a
Br~nsted acid. 6. A process for produci*lg an addition po#@?rﬁgenp-aﬁﬁ
conprising polynerizing an addition polynerizabl e conpound with the

catal yst for addition polynerization of Claim5. 7. A catalyst for addition

P o eont act v A e etk LSS st Comnbting) (B fan s obyagnad )
t iti | t h | f | LA R1

' oDn, YRRt AN R ER TR R e bV SR EL RS L B B aAts S i um
atomin ths, tBef S5HRE - Q¥ 16VhELABE WA £ %ﬁzeéfﬁéiiﬁe’}t‘é#éf%’b Sund

nono-ani onic ligand; Rl represents an al kyl group, aral kyl group, aryl

group or sihalkaliae edryh metalontpd@id SHethSa 8BmPYMERIL Bh FPia 154 Ur
atom each of two Xs independently represents a hydrogen aton) hal ogen

atom al kyirapsoipiomrmékall gfotthe ary|goowpipof sthet Pertiedisi IMablgy @,

al koxy group, aral kyl oxy group, aryloxy group or di-substituted am no

group, andhendEbemertspoad Aumdxitiure ©f or reempowyd OFfr epteseavalanteut r al
and _n represents an integer of fromO to 2,r (B)

| i gand co%ré:daiﬁn%':ﬁe%n ¢ :
one or o BBhBbuRds tEEI dct I PRBNRRAC A SRISRIRG (@BRt o (B3):
ARt DAL R
formul a { inWertifeh is Q- cdtaiy@P%or 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 preferaﬁly a
catalystforadditionpolymerizationobtainadbyallowingthe
transition metal compound (A) to contact with the following
15 (B) and/or the following (C):
(B): one ormore aluminum compounds selected from the following
(B1l) to (B3):
(Bl) organic aluminum compounds of the general formula
E'aAlZ;.,,
20 (B2) cyclic aluminoxanes having a structure of the
general formula {-Al(E?)-0-},,
(B3) linear aluminoxanes having a structure of the
general formula E3>{-A1(E>)-0-}.AlE3, ,
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,




B3 ) linear alum noxanes having a structure of the general fornula E3 {
-Al ( E3 ) -0- }~A1E32 . wherein each of El, E2 and E represents a
hydr ocarbon group, and all Els , all E2s or all E3s may be the sanme or
different; Z represents a hydrogen atom or hal ogen ato may be
the sane or different; a represents a48unber sati sfyi nghggggg%}l%@‘lepr esents
an integer of 2 or nore; and c represents an integer of 1 or nore, (C) one
or nore boron conpounds selected fromthe following (Cl) to ( C3) ( C1)
bor on cogxé?unds of the general formula BQ %ch ) _.and ( C2 )_ boron conpounds
of the gelfel #né¢ @TIMmMOF eGP BQAPRINds gekeched ok bem cip MBI Y he
general forpula (,L-H) + ( $QLQRE@BA ) wherein B represents a trival ent
bor on atoH?ltnt?o(ﬁﬁ)Fepresent a hal ogen atom hydrocarbon group,
hal ogenat ed hyd r.bon grou titaut S| o] OXKW1gEQUp Or
di - substituted éﬁﬂobﬁggpcgﬁgoﬁ%% r(r)any tg'lceiet éer}(éslé%% grgrgllﬁ?'%e)r&ejng;@é
represents an i I r G ad G eppsmalgeutral Lew s
base; and (L-I—I)(%gg?%g%ﬁt gBé@%ﬁlﬁl‘r‘?&e ?glied!-g%?&frﬁg tmr)ansi tion netal
conpognd @q@qﬂgiz@gﬁ)c Cdaim7, wherein (A) represents a nultidentate
nmono- anionic |ligand of the general fornmula (2): CP 1 G ~2) wherein Cpl
represents a gr@gp) eoron aompouadsntodditdree demperahi Sormulda 13 January
2004 skeleton; and G represents a substituent having 1 to 30 non-hydrogen
at ons bridgithy (RQ'@7Q0pl .and E. 9. A process for producing an addition
pol ynmer, which conprising polynerizing an additjon pal ki zabl e conmpound
wi th the WharginB repraganrtsod tFdi 4 BPTrOR BFORF 4 n‘ry%orreé%resent
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(B) Aluminum compounds

As the hydrocarbon group represented by E', E? and E°
in the aluminum compounds (B1l), (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 (B1)
ofthegeﬁeralformulaEE&lZ}aincludetrialkylaluminumssuch
as trimethylaluminum, triethylaluminum, tripropylaluminum,
triisobutylaluminum, trihexylaluminum and the like;

25 dialkylaluminumchlorides such as dimethylaluminumchloride,
diethylaluminum chloride, dipropolyaluminum chloride,
diisobutylaluminum chloride, dihexylaluminum chloride and

the like; alkylaluminum dichlorides such as methylaluminum

dichloride, ethylaluminum dichloride, propylaluminum
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supposed to be a mixtures of a cyclic aluminoxane and a linear
aluminoxane.
(C) Boron compound
As the boron compound (C), one or more boron compounds
5 selected from (Cl) boron compounds of the general formula
BQ'Q%Q’, (C2) boron compounds of the general formula
G*(BQ'Q%Q%Q*) 7, and (C3) boron compounds of the general formula
(L-H)*(BQ'Q*Q%0*)” are used, in the present invention.
In the boron compound (C1l) of the general formula BQ'Q2Q3,
10 B repreéents a trivalent boron atom, and Q' to Q® represent
a halogen atom, hydrocarbon group, halogenated hydrocarbon
group,sﬁbstitufedsilylgrbup,élkokygroupordi-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 20 carbon atoms, a halogenated hydrocarbon group
having 1 to 20 carbon atoms, a substituted silyl group having
2 to 20 carbon atoms, an alkoxy 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, Q!
to Q4represent 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,
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phenylbis(pentafluorophenyl)borane and the like, and
5 tris(pentafluorophenyl)borane is most preferable.
In the boron compound (C2) of the general formula
G'(BQ'Q*Q%Q*)”, G* represents an inorganic or organic cation,
B represents a trivalent boron atom, and Q' to Q* are as defined
for Q' to Q° in the above-mentioned (Cl).

10 As specific examples of an inorganic cation G* in the
compound of the general formula G*(BQ'Q?Q%°Q*)”, a ferrocenium
cation, alkyl—substituted.ferroceniunlcation; silver.cation
and the like are l1isted, and as specific examples of an 6rganic
cation G' in the compound, a triphenylmethyl cation and the

15 like are listed. G'represents preferablyacarbeniumcation,
and particularly preferably a triphenylmethyl cation. As
(B0'Q%Q°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,
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triphenylmethyltetrakis(pentafluorophenyl)borate is most
5 preferable.

In the boron compound (C3) of the general formula
(L-H)*(BQ'Q%0%Q*)~, Lrepresents aneutral Lewis base and (L-H)*
represents a Brénsted acid, B represents a trivalent boron
atom, and Q' to Q' are as defined for Q' to Q® in the

10 above-méntioned Lewis acid (Cl1).

As specific examples of the Brénsted acid (L-H)" in the
compound of thé general formula (L-H)*(BQ%fQ%f)_.
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-butyl)ammonium
tetrakis(3,5-bistrifluoromethylphenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N-diethylanilinium tetrékis(pentafluorophenyl)borate,

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

diisopropylammoniumtetrakis(pentafluorophenyl)borate,
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borate and the like are listed, and most preferable is
tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate, or
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate.
Contact in preparation of a catalyst for addition

10 polymerization by bringing the transition metal compound (A)
into contact with a co-catalyst for activation in the present
invention may be conducted by any means prdviding.the
transition metal compound (A) and the co-catalyst for
activation are contacted to form a catalyst, and there are

15 adopted a method in which a transition metal compound and a
co-catalyst for activation are previously diluted with a
solventornotdiluted,beforetheyaremixedformutualcontact,
and a method in which a transition metal compound and a
co-catalyst for activation are separately fed into a

20 polymerization vessel for mutual contact thereof. As the
co-catalyst for activation, a plurality of compounds may be
combined and used, however, it is needless to say that a part
of which may be previously mixed and used, or they may be
separately fed into a polymerization vessel and used.

25 It is desirable to use components so that themolar ratio
of the aluminum compound (B)/transition metal compound (A)
is from 0.1 to 10000, preferably from 5 to 2000, and the molar

ratiocﬁftheboroncompound(C)/transitionmetalcompound(A)

is from 0.01 to 100, preferably from 0.5 to 10.
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apparatusforfeedingcomponentsintoapolymerizationreactor,
5 and it is generally desirable that the concentration of the
transition metal compound (A) is usually from 0.001 to 200
mmol/L, more preferably from 0.001 to 100 mmol/L, further
preferably from 0.05 to 50 mmol/L, the concentration of the
aluminum compound (B) is, in terms of an Al atom, usually from
10 o0.01 to.5000 mmol/L, more preferably from 0.1 to 2500 mmol/L,
further preferably 0.1 to 2000 mmol/L, and the concentration
of the boron cor:npound (C) is usﬁally 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 (B2)
and/or linear aluminoxane (B3) is preferably used as (B). As
other preferable embodiment of the catalyst for addition

25 polymerization, catalysts for addition polymerization
obtained by contact of the transition metal compound (A) and,
thealuminumcompound(B)andtheboroncompound(C)arelisted,

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

case.
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atoms, diolefins having 4 to 20 carbon atoms, and the like
5 canbeused,andtwoormoremonomerscanbeusedsimultaneously.
Specific examples of the olefin include linear olefins such
as ethylene, propylene, butene-1, pentene-1, hexene-1,
heptene-1, octene-1, nonene-1, decene-1andthe like, branched
olefins such as 3-methylbutene-1, 3-methylpentene-1,

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

15 copolymerization, ethylene and propylene, ethylene and
butene-1, ethylene and hexene-1, ethylene and octane-1,
ethylene and 5-hexene-1-o0l, propylene and butene-1,
ethylene-vinylcyclohexane, and the like are exemplified,
however, the present invention should not be limited by these

20 combinations.

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

25 such as benzene, toluene and the like, or a halogenated
hydrocarbon such as methylene dichloride and the like, or
slurry polymerization, gas phase polymerization in gaseous
monomers, and the like can be used, and any of continuous

polymerization and batch-wise polymerization is possible.
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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 polymef.

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

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

15 by the following methods.

(1) Intrinsic viscosity [Nn]: It was measured by using a
Ubbellohde viscometer in a tetralin solution at 130TC.
(2) Content of repeating units derived from & -olefin in a
copolymer:

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

25 the content was measured in the same manner.

(3) Melting point of copolymer: It wasmeasuredbyusingSeiko

SSC-5200 under the following conditions.

Heating: 40T to 150C (10T /min.), kept for 5 minutes

Cooling: 150C to 10T (5C/min.), kept for 10 minutes
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Column: TSK gel GMH-HT
Measurement temperature: set at 145C
Measurement concentration: 10 mg/10 ml-
orthodichlorobenzene
10 The molecular weight distribution was'evaluated.by the
ratio (Mw/Mn) of the weight average molecular weight (Mw) to
the number average molecular weight (Mn).' .
Example 1
(1) Synthesis of 1-5romo-3-tert-buty1—5-methyl-2-phenol
15 In a 500 ml four-necked flask equipped with a stirrer,
20.1g(123mm01)of2-tert-buty1-4-methylpheholwasdissolved
in 150 ml of toluene, subsequently, 25.9ml (18.0 g, 246 mmol)
of tert-butylamine was added to the solution, under nitrogen
atmosphere. This solution was cooled to —70C, to this was
20 added 10.5 ml (32.6 g, 204 mmol) of bromine. This solution
was stirred for 2 hours while maintaining at —70C.
Subsequently, the solution was heated to room temperature,
and washed with 100 ml of 10% hydrochloric acid three times.
After washing, the resulted organic layer was dried by
25 anhydrous sodium sulfate, the solvent was removed by using
| an evaporator, then, the layer was purified using a silica
gel column, to obtain 18.4 g (75.7 mmol) of colorless oil:
1-bromo-3-tert-butyl-5-methyl-2-phenol. The yieldwas 62%.

(2) Synthesis of
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105"10%&aﬁhed9QWM§hb—solutlon, under nitrogen atmosphere. Further,
17.8 ml (40.6 g, 286 mmol) of methyl iodide was added, and
the mixture was stirred continuously for 12 hours. Then, the
solvent was removed by using an evaporator, 40 ml of hexane
10 was added to the residue, and hexane soluble portions were
extracted. The extraction was repeated three rimes. The
solveﬁt was rémoved from the'extfacted fraction, to obtain
13.8 g (53.7 mmol) of pale yellow oil:
l-bromo-3-tert-butyl-2-methoxy-5-methylbenzene. Theyield
15 was 94%.
(3) Synthesis of chlorodimethyl(3-tert-butyl-2-methoxy
" -5-methylphenyl)silane
Into a solution composed of 31.5 ml of tetrahydrofuran,
139 ml of hexane and 45 g of
20 1l-bromo-3-tert-butyl-2-methoxy-5-methylbenzene
synthesized in the same method as in the above-mentioned
process (2) was added 115 ml of a 1.6 mol/liter solution of
n-butyllithium in hexane dropwise at —40C over 20 minutes.

The 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 above dropwise at —40C. The resulted

mixture was heatedup toroomtemperature over 2hours, further,
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&()--V’{@Eé%sure,andhexane-solubleportionswereextractedfromthe
5 residue using hexane, and the solvent was distilled off from
the resulted hexane solution, to obtain 41.9 g of
chlorodimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)
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)siiane
Into a solution composed of 5.24 g of
chlorodimethyl(3-tert—butyl-2-methoxy—s-méthylphényl)sila
ne synthesized in (3) above and 50 ml of tetrahydrofuran was
added 2.73 g of tetramethylcyclopentadienyllithium dropwise
15 at —35C, and the mixture was heated up to room temperature
over 2 hours, and further stirred for 10 hours at room
temperature.
The solvent was distilled off under reduced pressure
from the resulted reaction mixture, and hexane-soluble
20 portions were extracted from the residue using hexane, and
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
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5 dropwise at O%Z, then, the solution was heated up to room
temperature over 2 hours, further maintained at room
temperature for 12 hours.
20.9 g of suspension of 2.09 g of titanium trichloride *
tripyridineintoluenewasaddeddropwiseatOtiundernitrogen
10 atmosbhereintothendxtureobtainedabove,then,thenﬁxture
was heated up to room temperature over 1 hour, then, themixture

was heated uﬂder reflux for 10 hours.
The reaction mixture was filtrated, the solvent was
distilled off from the filtrate, and the residue was
15 re-crystallizedfronnatoluene-hexanemixedsolvent,toobtain
0.46 g of
" [dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl(tet
ramethylcyclopentadienyl)]titaniumdichlorideintheformof
a pale green fine crystal. The yield was 17%.
20 The spectral data is as shown below.

Mass spectrum (CI, m/e) 473
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(6) Polymerization
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8 5 heating, ethylene was fed while controlling the ethylene
pressure at 6 kg/cmz, and after the system was stabilized,
1.0 mmol of triisobutylaluminum was added, subsequently, 2.0
Umol of
[dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl(tet
10 ramethylcyclopentadienyl)]titanium dichloride synthesized
in (5) above was added, then, 6.0 (U mol of
triphenylcarbeniumtetrakis(pentafluorophehyl)boréte'was
added. Polymerization was carried out for 60 minufes while
controlling the temperature at 60C. The temperature in the
15 reactor increased by 3.1C by the initial heat generation in
this polymerization.
As a result of polymerization, an ethylene homopolymer
having a melting point of 133.1C was produced at a rate of
8.7X10° g per one hour per 1 mol of the titanium compound.
20
Example 2

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

25 of hexene-1 as an @ -olefin were charged into this, and the
reactor was heated up to 60C. After temperature raise,
ethylene was fed while controlling the ethylene pressure at

6 kg/cmz, and after the system was stabilized, 0.5 mmol of

triisobutylaluminum was added, subsequently, 1.0 Umol of
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controlling 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 copolfmerhavinganSCBof20.6,a[77]of1.17dl/g,amolecular
weight (Mw) of 7.6X10*, a molecular weight distribution
(Mw/Mh) of 2:2 and a melting point of 110.3C was produced
at a rate of i.5><ld7g per one hour per 1 mol of the titanium
compound.
15
Comparative Example 1
An autoclave having an inner volume of 0.4 liter equipped
with a stirrer as a reactor was dried under vacuum and purged
with argon, then, 190 ml of toluene as a solvent and 10 ml
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/cm?,
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 added,
then, 3.0 Umol of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was

added. Polymerization was carried out for 60 minutes while
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reactor increased by 11.5 by thé initial heat generation

in this polymerization.
As a result of polymerization, an ethylene-hexene-1
5 copolymer was produced at a rate of 1.1X10’ g per one hour

per 1 mol of the titanium compound.
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/
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Example 3

An autoclave having an inner volume of 0.4 liter equipped

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

15 6 kg/cm?, and after the system was stabilized, an MMAO type
3A toluene solution manufactured by Tosoh-Akzo Company, Ltd.,
was charged in an amount of 1.0mmol in terms of Al, subsequently,
1.0 4tmol of
[dimethyl(3-tert-butyl-2-methoxy-5-methylphenyl)silyl

20 (tetramethylcyclopentadienyl) ]titaniumdichloride was added.
Polymerization was carried out for 60 minutes while

controlling the temperature at 60C. The temperature raise

in the reactor by the initial heat generation in this
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compound.
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
ofbutene-l..ThetemperaturéinfhereactorincreasedbyZ.EC
by the initiél heat generation in this polymerization.
As a result of polymerization, an ethylene-butene-1
15 copolymer havingan SCBof 15.2,a[n710f1.26d1/g, amolecular
weight (Mw) of 7.5X10*, a molecular weight distribution
(Mw/Mn) of 2.7 and a melting point of 93.9C was produced at
a rate of 1.5X10’ g per one hour per 1 mol of the titanium
compound.
20

Example 5

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

25 inthereactorincreasedbyo.3T3bytheinitialheatgeneration
in this polymerization.

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

copolymerhavinganSCBof12.7,a[77]ofl.23dl/g,amolecular

weight (Mw) of 3.4X10*%, a molecular weight distribution
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5 Example 6

Polymerization was carried out in the same manner as
in Example 2 except that triisobutylaluminum was changed to
trimethylaluminum of the same molar amount. The temperature
inthereactorincreasedbyo.4T§bytheinitialheatgeneration

10 in this polymerization. ‘

As a result of polymerization, an ethylene-hexene-1
copolymer having an SCBof 9.6, a[n] of 2.13dl/g, amolecular -
weight (Mw) of 16.8X10%, a molecular weight disfribution
(Mw/Mn) of 8.3 and a melting point of 119.9C 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-1

copolymer having an SCB of 18.6, and a melting point of 114.1TC

was produced at a rate of 1.9X10° g per one hour per 1 mol

of the titanium compound.
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5 with argon, then, 300 ml of toluene as a solvent was charged
into this, and the reactor was heated up to 40C. After the
heating, propylene was fed while controlling the propylene
pressure at 4 kg/cm?, and after the system was stabilized,
1.25 mmol of triisobutylaluminum was added, subsequently, 5.0

100 “mol of
[dimethyl(3—tert-butyl-2-methoxy-5-methylphenyl)silyl
(tetfamethyicyclopentadienyl) ]fitanium dichloride was added,
then, 15.0 dm 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 tolueneasa solvent

was charged into this, PMAO-S manufactured by Tosoh-Akzo
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[dimethyl(3—tert—buty1-2—methoxy-s-methylphenyl)silyl(tet
ramethylcyclopentadienyl)]ltitanium dichloride was added.

5 Into this was introduced 3.24 g of 1,3-butadiene, and
polymerization was carried out for 60 minutes while
controlling the temperature at 25C.

As a result of polymerization, a 1,3-butadiene
homopolymer having a molecular weight (Mw) of 4.6X10°, and
10 a molecular weight distribution (Mw/Mn) of 2.8 (ratio of
bonding mode of double bond parts in a polymer chain,
[1,4-cis]:[1,4-trans]:[1,2-]=0.830:0.070:0.100) was
produced at a rate of 4.0X10* g per one hour pef 1 mol of
the titanium compound.

15

Example 10

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

20 of 5-hexene-1-o0l 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/cm2 , and the mixture
was stirred continuously for 15 minutes. After the system

95 was stabilized, 5.0 Amol of
[dimethyl(3—tert-butyl-z-methoxy-s-methylphenyl)silyl
(tetramethylcyclopentadienyl)]titaniumdichloridewasadded,

then, 15.0 #4m of

triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
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in the reactor by the initial heat generation in this
polymerization was not observed.

5 As a result of polymerization, an ethylene-hexene-1-ol
copolymer having a terminal alcohol content of 0.68 wt% and
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 Examble 11

An autoclave having an inner volume of 1 liter equipped
with a stirrér'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 andthereactionvesselwasheatedupto60C. Aftertheheating,
ethylene was fed while controlling the ethylene pressure at
6 kg/cmz, after the system was stabilized, 0.75 mmol of
triisobutylaluminum and 1.5 4mol of
[dimethyl(3-tert—butyl—2-methoxy-s-methylphenyl)silyl(tet

20 ramethylcyclopentadienyl)]titanium dichloride were added,
then, 4.5 (mol of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
added. Polymerization was conducted for 60 minutes while
controlling the temperature at 60C. The temperature raise

95 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 d1/g was
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As described in detail above, according to the present

5 invention, a transition metal compound useful for preparing
a catalyst for addition polymerization having a catalytic
activity which suppresses heat generation at the beginning

of polymerization and can be industrially carried out, such

a catalyst for addition polymerization, and a process for

10 producinganadditionpolymerwiththecatalyst,areprovided.




3410%r&' ()-s0-10%r& ()-jjjkllumnoP1l/! "10% h& ()-Y' !10% h& ()-s!#10% h

h& ()-g! #10%' ()-g! #10%h& ()-9Z10% h& ()-3 10mxmbnbo pGoHpl pyW;/! 10
10! " $$10%&' () -L! n  $$10%h& ()-L!| $$10%h& ()-L!~ " $$10%h& ()-L

T $$10%@& () - LI pJp] p*qrrsSsoM / $10%4| &'Ag - @ k5$10% | & () - %ng -1 f-#10
W|'|& ()- 'T-#10% |' | & ()- yZ10%| &'% 10Ss' t et ) uuvvvz 1 M

104| 4| ' dF7& 109%4| 4] & () -!-#109& () -! 5& & ()-##10%| & () - @##10% | & ()- @
vvOovnvvvvwuV7/ F& 10% h& () - S#10% h& () - , &10% h& ()-Y 10% h& () - F& 10%

h& ()-3S10% h& (()L) fozgnqnﬁqunakwwﬁ@mm' £3pgaBeBt€)- byOuR'e() - !
@o%&' () - 10 h 1 %Q‘\UB'L % h& ()- xxxxx,ykyz[9~_@ g#10%\&' () -! 10%&' ()-
|$L#10%&' () ST &1 %1 & ()-g! xL&109R2& ()-gky+zkzzz${b{aB~_@ *!10

9 ()-1(!10%& () - &l 10%& ()-!CY$
%WO0%& () -#Hhi0%& () 10%& b{{|[}}}}Y}Iuj =113 110%b& ()- 10 10
R N oL )D

109109&' () -
37MLO%&. () - V&' () - TIM‘R@%lofV##&' ()-Y}}~~S}H[ <) _=!9s10%& ()-!3YS109&' ()-m
R, 2

ymt' 10%2 & (R3’
-(3)

E—RI

wherein M represents a titanium atom, zirconium atom or hafnium
atom in the +3 formal oxide condition; Cp' represents a groﬁp
having a cfcl,‘open,tadiene type an:Lon skeleton; J represents én
atom of XIV group in the periodic table of element; each of R?
and R? independently represents a hydrogen atom, halogen atom,
alkyl grou;_S, aralkyl group, afyl group., substituted silyl group,
alkoxy group, aralkyloxy group, aryloxy group or di-substituted
amino group, and a piurality of R’s m‘ay bond mutually to form
a ring; m represents an integer of from 0 to 4; E represenfs
an oxygen atom or sulfur ato_m;‘ R? represehts an alkyl group,
aralkyl group, aryl group or subétituted silyl group; each of
two Xs independently represents a hydrogen atom, halogen atom,
alkyl group, aralkyl group , aryl group, substituted silyl group,
alkoxy group, aralkyloxy group, aryloxy group or di-substituted
amino group, and two Xs may bond mutually to form a ring: D
represents a neutral ligand coordinated on M; and n represents

an integer of from 0 to 2.

2. The transition metal compound according to Claim

1, wherein E represents an oxygen atom.
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one of Claims 1 to 3, wherein R' represents a methyl group.

5. A catalyst for addition polymerization obtained
by a process comprising bringing the transition metal
compound of any one o‘f Claims 1 to 4 into contact with the

following (B) and/or the follewing (C):
(B) one or more aluminum compounds selected from the following
(B1) to (B3):

(Bl) organic aluminum compounds of th.e general formula
E%ALlZ;.a,

(B2) cyclic aluminoxanes having_é structure of the general -
formula {-A1(E?)-0-},, and | | |

| (B3) linear aluminoxanes having a structure of the general

formula E*{-AL(E®)-0-3}.AlE%; ,
wherein each of E!, E? and E? -represen.ts a hydrocarbon group, and
allE's, all1E?s or all E’s may be the same or different; Zrepresents
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,
(C) one or more boron compounds selécted from the following (Cl)
to (C3):

(C1l) boron compounds of the general formula BQ'Q*Q?,

(C2) boron compounds of the general formula G'(BQ'Q’Q'Q‘)~
‘and

(C3) boron compounds of the general formula (L-H)*(BQ'Q%Q%"Y)

’

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

ahalogen atom, hydrocarbon group, hélogen'ated hydrocarbon group,
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| "#$9%® the catalyst for addition polymerization o
7. A catalyst for addition polymerization obtained by a
process comprising bringing the following (A) into contact with

the following (B) and/or thelfollowing (C):
(A) a transition metal compound repreéented by the general formula

(1):

A E R

M— X5 v 1)

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

and n represents an integer of from 0 to 2,°

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

(B1) to (B3):
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(Bl) organic aluminum compounds of the general formula
E'2AlZ3.a,

(B2) cyclic aluminoxanes having a structure of the general
formula {-A1l(E2)-0-},, and

(B3) linear aluminoxanes having a structure of the general
formula E*(-AL(E’)-0-}AlE% , |
wherein each of E', E? and E® represents a hydrocarbon group, and
allE's, allE’s or all E’smay be the same or different; Zrepresents
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 réprésents 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 BQ'Q%Q?,

(C2) boron compounds of the general formula G*(BQ'Q2Q%Q*)",
and

(C3) boron compounds of the general formula (L-H)*(BQQ%Q%Q*)

wherein B represents a trivalent boron atom; Q' to Q* represent
a halogen atom, hydrocarbon group, halogenated hydrocarbon group,
substitutedsilylgroup, alkoxy groupordi-substitutedamino group
and they may be the same or different: G* represents an inorganic
or organic cation; L represents a neutral Lewis base: and (L-H)"
represents a Brinsted acid.
8. The transition metal compound'éccording to Claim 7,

wherein (A) represents a multidentate mbno-aniobnic ligand of the

general formula (2):
Cpl G (2)

wherein Cp? represents a group having a cyclopentadiene type anion
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skeleton;andGrepresentsasubstituenthavinglto30non—hydrogenb
atoms bridging between Cp' and E.

9. A pfocess for producing an addition polymer, which
comprising polymerizing an addition polymefizable compound with

the catalyst for addition polymerization of Claim 7 or 8.




