;yz{|}~e3e\LY 6TLM #1 CATALYST COVPONENT AND CATALYST FOR ADDI TI ON
POLYMERI ZATI ON, AND PROCESS FOR PRODUCI NG ADDI TI ON POLYMER BACKGROUND OF
THE | NVENTI ON 5 Technical Field The present invention relates to a catal yst
conponent for addition polynerization) a catalyst for addition
pol ymeri zation using the catal yst conponent, and a process for produci ng an
addi tion polyner using the catalyst. 10 Description of Related Arts Since
ol efin polymers such as pol ypropyl ene and pol yet hyl ene are excellent in
mechani cal CAraRes!r €SMRONENTCAND AT OSYST FTE ADDIA IO POLYMERTE Xt M s e
bet ween those properties and econom cal efficiency, they have been w dely
15 used for vari ouBNDi PROSESS IFORS BRQRUECENGNADDIFION HOIsEMER ef i n pol yners
have been conventionally produced by polynerizing an olefin using a
conventional type solid catalyst (nulti-site catalyst) which conbines a
solid catal yst conponent obtai ned b% using a netal conpound of Goup IV

i

such as titanium zo trichl RAFRERBYND; PEnTHR THVERRIONi de, with a netal
conpougd o%etggi agu%.lé {epresented by an organoal um num conpound. But, as
a catalyst f 4 on polynmers having less in stickiness and nore
excel lent 10 SuiRngkBsEHani ADARE 1 BOILESEaDY 4 BOc6RYERY S8RbofiBhd! #6512
so-called single sTte cata?yst z% prepare% by conbi nihg a catal yst
conponent sgghtasnapeRiald oAt LONP! &Xcatahglkft Mmirldaceniepnpl ex with a
co-cat al yst conponent for activation such as an al um noxane, and

tri (n-but ybyayweniamttietr aldis(gpettiafdaiod bphengbnbonand,, \wasl @ gposssls and
wWth respect to the single site catal yst, 2 inprovenents for using it in
an i ndust rfar Brapechage areaddt vivredpelymerpusdmpIge /CatEEBst126,
U55153157), pound prepared by contacting

di et hyPzi n2S RLEPRoCopiEA tehd?kEer, is devel oped as a 5 co-catal yst
component for agkliald.andy andof falal W PP Y S PYoFPRLAS! | Basal @

co- cat al yst conponent w ocen
polyethylene are excellent in mechanical properties and

chemical resistance, and excellent in balance between those
properties and economical efficiency, they have been widely
15 used for various fields such as a packaging £ield. These olefin
polymers have been conventionally produced by polymerizing
an olefinusing a conventional type solid catalyst (multi-site
catalyst) which combines a solid catalyst component obtained
by using a metal compound of Group IV such as titanium
20 trichloride or titanium tetrachloride, with a metal compound
of the Group 13 represented by an organoaluminum compound.
But,asEicatalystprovidingadditionpolymershavingless
instickinessandmoreexcellent instrength than those produced
by the conventional catalyst, a so-called single site catalyst
25 prepared by combining acatalyst component such asametallocen
complexorhalfmetallocencomplexwithaco-catalyst component
for activation such as an aluminoxane,and
tri(n~butyl)ammonium tetrakis(pentafluorophenyl)borate,

was proposed and with respect to the single site catalyst,



conplex or half netall ocen conplex, are proposed as a high activity

catal yst(e.g. U56586356). |0 SUMVARY OF THE | NVENTI ON However, according to
the inventor's studies, when ol efins were addition-polynerized with the
above-nentioned catal yst, olefin polyners thus obtained were not
satisfactory in height of nolecular weight. Under the above-situations, i5
the present invention provides a catal yst conponent for addition

pol ymeri zati on whi ch can produce an addition pol yner of high nol ecul ar

wei ght, a gapab¥eheh®s 2 WisQhdPoltyy B i Zatiwiuybiehli scaade hayeldiean t he
catal yst conmponent, and a process for producing an addition polynmer using
the 20 catetydiefioe.addigr @8 i 30%®rizavsbaz21laee| YESUES i2kent i nvention
relates to a catlyst conponent obtained by a process conprising contacting
(a)) (b) and (@Fumdeor. ecertby, a cam@opnd fureparedi By pORFAETIN& | on

conprising the catal yst conponent, and a 25‘$rocess for roducigg an

addi ti on p¥i§ERY1ALDR .t RENESEAPROBANRH ARG SR TR v et iCAlg Ped HS £

conpound represented by the chemical farmia [1 BiL]r

Compound rEhT S ERLEA PTG EREM A PG A P Zpnd & cdtalfst prepiicd
by contacting said co-catalyst component with the metallocen

complex or half metallocen complex, are proposed as a high

activity catalyst(e.g. US6586356).

10 SUMMARY OF THE INVENTION
However, according to the inventor‘s studies, when
olefins were addition-polymerized with the above-mentioned
catalyst, olefin polymers thus obtained were not satisfactory
in height of molecular weight. Under the above-situations,
15 the present invention provides a catalyst component for
addition polymerization which can produce an addition polymer
of high molecular weight, a catalyst for addition
polymerization which is made by using the catalyst component,
and a process for producing an addition polymer using the
20 catalyst for addition polymerization.
Namely, the present invention relates to a catlyst
component obtained by a process comprising contacting (a),.
(b) and {(c) described below, a catalyst for addition
polymerization comprising the catalyst component, and a
25 process for producing an addition polymer with the catalyst
for addition polymerization:
(a) a compound represented by the chemical formula [1],
Bil', 11,

(b) a compound represented by the chemical formula [2],




3 Rg 1TIH[ 2] , and (c) a conmpound represented by the chem cal fornula
[3], Rzt-zTzHz [ 31 . wherein r is a nuneral corresponding to a val ence of
Bi; L1 s is a hydrogen atom a hal ogen atom a hydrocarbon group or a

hydr ocar bon oxy group, and when nore than one L1 exist, they may be the
same or different fromone another; respective Tl and Tz independently
represents an atomof Goup 15 or 16 of the periodic table; s represents a
nuneral corresponding to 1o a valance of Tl1; t represents a nuneral
corresponding to gt vapgnce of Tziy Rl iajmen el ectron-w thdrawi ng group or an
el ectron-w t hdrawi ng group-contai ni ng group, and when nore than one Rl

exi sts, thegchay bempbensthrepfedirifed eby thenmchemimul yrmuhd R3],
represents a hydrocarbon group, and when 15 nore than one Rz exists, they
may be the sane R’*:.diT¥erent frdmlone another. Further, the present
invention is illustrated in detail below 20 DETAILED DESCRI PTI ON OF THE

| NVENTI ON Yhetfadngbodé RoRRUEEALIFPIEesSPOENG nk® R HBkenaRdeE Béprbsent s

I di t I f_Bi d_i 5 f bly 3. L1
1 he abovs FoPRATROEY AFaR-c b asan o bYin & BRAT96ATOER GRARITH) o

hyd b 1
i st o UrayYdPegiedn W ST (B PR Bor S WhdR TR SHEF, Moy

exanpl es ohai Nse ek & Fdm trMd iCH didlen 8 FAMRdNE A PleR; CRASHEBL1LOTT a

brom ne atom and an iodine atom As the hydrocarbon group, an al kyl group,
an aryl gran@ T? An@epshdamt ky | r@poepensspanf&tomdot Asrdtip hydeochs e oxy
group, an al koxy group or an aryloxy group is preferred. Exanples of the
al kyl grouphéeextedicntahyk:gsonpprasestisyb gnoegalacerrespandinap)o an
i sopropyl group, a n-butyl s group, asec-butyl group, atert-butyl group,
ani soB3dt yl %r%ﬁg?nﬁenpﬁeﬁ%lyl tgfsap e sedo e RYMre R buporaeiPREAING P a

n-octyl grou a n-%e | gioup, _a n-do%&p | agr.qu a. n- pent adecyl group and
a n-eicosyYag?%ﬁﬁ.o hgﬁe Ikﬁg 6?08&?0 fxbéggﬁﬁgf?Yﬁ?%d?ﬁfyﬁ héﬁbgen
atom 10 sugile @er8nt i hiaReAfNgrodil 86481 A1A g2okp0MaH ¥R Hore
than one R!' exists, they may be the same or different from
one another; and R® represents a hydrocarbon group, and when
15 more than one R? exists, they may be the same or different
from one another.
Further, the present invention is illustrated in detail

below.

20 DETAILED DESCRIPTION OF THE INVENTION
In the above formula [1], Bi is a bismuth atom, and r
represents a numeral corresponding to a valence of Bi, and
is 3 or 5, preferably 3.
L! in the above formula [1] represents a hydrogen atom,
25 a halogen atom, a hydrocarbon group or a hydrocarbon oxy group,
and when more thanone L' exist, theymay be the same or different
from each other. Specific examples of the halogen atom include
a fluorine atom, a chlorine atom, a bromine atom and an iodine

atom. As the hydrocarbon group, an alkyl group, an aryl group



an iodine atom Exanples of the al kyl group substituted with the hal ogen
atominclude a fluoronethyl group , a difluoronethyl group, a
trifluoromethyl group) a chloronmethyl group, a dichloronmethyl group, a
trichl oronethyl group, a brononethyl 15 group) a di brononet hyl group, a
tribrononet hyl group, an iodonethyl group,a diiodonethyl

group, atriiodonet hyl group) a fluoroethyl group) a difluoroethyl group) a
trifluoroethyl group, a tetrafluoroethyl group, a pentafluoroethyl group, a
chl or oet hybrgimdpalkydi §8bapoed Pyl rerddd . Asitis Alyaroehiyonlexgrdtbup A
tetrachl oroet hyl group, a pentachl oroethyl group, a bronoethyl group, a

di br onoet hgh gilé&wxy grdup bvonaet Ayl lgreugravpetirsalypmethyd. gr oup, a

pent abr onoet hyl group, a perfluoropropyl group, a perfluorobutyl group, a
per f | uor opent yIE¥geRibes sopethe uditsndxgroypodpcladzes spaeftinygy (ayn - @dup, a
per fl uor ododecyl group, a perfluorogentadecyl group, a.ﬁerfluoroeicos
group, a pSFEPﬁ'OQ BRBpyR QrREPPYL $ ?EHPO?%&FI?/P"’%HE’)%?J@ QUBerd M ¢t tyl

O ounr e BERRE e SRa S Bl e Y3 e Pl BRBy e AL SO RE TR
per br onopr gRylp KPP grdRES gg%%ﬁl YAy, 8 &-%&O%g&gmpv' al Bty A

per br onohexyl “group, “a perb group, a perbr odecyl group,” a

per br omopegadssyd ngaedy 15gEoap P R @FREEGI Yo @l Oumh - Pedbeaabillgi@pp as
L1 is preferably an al kyl group having 1 to 20 carbon atons, and nore

pr ef er abl yandmat nyleigroeyp, guowd hyl group, an isopropyl group, a n-butyl
group) a tert-butyl group or an isobutyl group. As the aryl %roup as L1,
exanpl es t her eoThies® alkyd GFREDs MRY Qﬁcﬁ}%?sﬁlﬁut@ﬂwl"@}? dupa Lageniatgm

roup,. a 4-tolyl gro a.2,3-xylyl gr , .a 2,4-xylyl _grouy, a 2, 5-xyl
o oup 1% 25BERY RS 2ot HURT1REIAKOM)| B CHIGHI R, 5F M ot FEGFGIR, 2 PR oF

2,3,4-tri h Y. o] , Dzt r . .

2o 1 TERIYRLREN 850 aaes ot AT DUl Sl cutoa wien
3,4, 5-tri nghBWan! afbRUhcRrude a,f%u%ﬁ&ﬁémfi RoRRENY Wi Aébonfe thy 1
2,3,4,6-tetranet hyl phenyl group, a 2,3,5, 6-tetranet hyl phenyl group, a

pent amet hygpbepy!| agrtedE L wir@idyhpbegybugr, 0up chd drgqueytyy phenylipgr aup, an
i sopropyl phenyl group, a n-butyl phenyl group, a 20 sec-butyl phenyl group, a
tert - but yl phehyprgmethylagrovpbue i pienloronetihy lagneppntdy bgleaepie grotp, a
neopentylphenxl groupé a n- hexyl phenyl group, a n-ochgl hengl group, a
n- decyPphef§PUBr ofp L q?mﬂﬂﬁiﬂﬂgh%ﬁ9PPgrBuﬁf%?ﬁ?WQR y¥PRBRY| 28r oup, a
napht hyl gro an n_ant hracenyl .25 oup.. The aryl. group | referably an
a1 g oup-searRBy TR A Ehe abBREb T iR oF o T R AV BB, U
or bgngi g%fu:gjoéaé%yi FEOUP, PR tiPE FAKYla ¢rI4A BT deknyie! ude
group, a tetrafliuoroethyl group, a pentafluoroethyl group,
a chloroethyl group, a dichloroethyl group, a trichloroethyl
20 group, a tetrachloroethyl group. a pentachloroethyl group,
abromoethyl group, adibromoethyl group, a tribromoethyl group,
a tetrabromoethyl group, a pentabromoethyl group, a
perfluoropropyl group, a perflucrobutyl group, a
perfluoropentyl group, a perfluorohexyl group, a
25 perfluorooctyl group, a perfluorododecyl group, a
perfluoropentadecyl‘group, a perfluoroeicosyl group, a
perchloropropyl group, a perchlorobutyl group, a

rerchlorcopentyl group, perchlorohexyl group, aperchlorooctyl

group, a perchlorododecyl group, a perchloropentadecyl group,




a (2-nmet hyl phenyl ) met hyl group, a (3-nethyl phenyl)nethyl group, a

nmet hyl phenyl ) net hyl group) a (2, 3-di net hyl phenyl ) net hyl group, a
dlnethylphenyl)nethyl group, a s (2,5-dinethyl phenyl)mnmethyl group, a
di met hyl phenyl ) met hyl group, a (3, 4-dinethyl phenyl)nethyl group, a

di met hyl phenyl ) net hyl group, a (2, 354-tinethyl phenyl)nethyl group, a
2,3,5-tinmet hyl phenyl ) met hyl group, a (2,3, 6-tinethyl phenyl) net hyl

p, a (3,4,5-tinethyl phenyl)nethyl group, a (2,4, 6-tinmethyl phenyl) et hyl
p, a (%ﬁ%é%éﬁié%é@ﬂ@é?flpEQBﬁb)”%I@@rﬂﬂdhﬁ@r@p&i group, a

4, 6-t et ranet hyl phenyl ) net group, a

3,5, 6- t@terramirmthpmmdr)dmihw pgroupmopehigrlt grouipy| phpewbiomohgkydroup,
an (ethyl phenyl)nethyl group, a (n-propyl phenyl)nmethyl group, an

(i sopropyl gremgd ) reetpstbyenapc taln grewd pHemayeehgfodesyd, dXeWP ., 2
(sec-butyl phenyl ) net hyl rou a (tert-butyl phenyl)nmethyl group, a

(n- pent yl pB&RA BQWRH%ﬂtﬁg%ﬁﬁ rPH@oﬁ&ﬂ REFRF MR hGPSYogFPuP -

a( n- hex Iphenyl rou n QCI

G oup. At decy| BREgLKN S5 Pun AR 1 LY RAHRALTY B AHH EROPRR bR
napht hyl met;h o] a r Y, p a I oup
as L1 is pre%érgglgggﬁegré EQP ?%E ﬂﬁggléfggg¥%bggogép gﬁgétgﬁéhﬁanghnn re
pref er abl y egrgang¥bug', A is%wsayeﬁ gQ'foutﬂ"'eaQ{ koxty Digrdu@s alde b fchudgia

met hoxy group ) an ethoxy group, a n-propoxy group, an iSopropoxy group, a
n- but oxy grawnp aisen blokytglogmoup .t ert - but oxy group) an isobutoxy
group, a n-pentyl oxy group, a neopentyloxy group, a tert-pentyl oxy group )
a n-hexyl oxy grégpthe ariegrpexgs dr ou@xala}?heéctMm9fglrf&ﬂdld%anP %‘(‘!YF-oxy

group, a n-dodecyl oxy .group, s a n-pentadec roup i COS oxy
group. 1%The 9R9B ey 89Pode a6l 1I9F I prévfisr it 3a/l‘llgox?r %} gﬂbyﬁag?:ﬂ pl f‘o 20

o PP R N B % 90

i sopr opoxy grou y'gro Ut oxy’ gro a“neo entoxy

group or terts REAtH QYYod, 9404P4 - §9,g_9|lf Ifr SRR €5, 9L xihg1aigtlonyy, ¢ oup as

L1 include a phénoxy group, a 2-tolyloxy group, a 3-tolyloxy group, a
4-tol yl oxy 2g130up, t e ShixYpHEAYY GEOEP) & 22,34-5H pinndenpxphgngipgraud, 5-
xylyl oxy group, a 2,6- xylyloxy group) a 3,4 is xylyloxy group, a 3, 5-
xyl yl oxy grdupi. @-erBndthyilpbemylpdemery ag olips akr 3msthyilphteny phenoRry
group, a 2,3,6-trinethyl phenoxy group, a 2,4,6-trinethyl phenox rougé
3, 4, 5-1% i mBt By pBertddfefiiphanyl 39208P: o fr Andt Ay 5o & Q%bg

2,3,4,6- te%&%@%jngFﬁ%??%yﬁ-tetramethylphenyl group, a

6
(4-
(2,4-
(2, 6-
(3,5-
io (
rou
rou
2, 3,
2,

gro
gro
(
(

2,3,5,6-tetramethylphenyl group, a pentamethylphenyl group,
an ethylphenyl group, a n-propylphenyl group, an
isopropylphenyl group, a n-butylphenyl group., a
20 sec~-butylphenyl group., a tert-butylphenyl group, an
isobutylphenyl group, a n-pentylphenyl group, a
neopentylphenyl group, a n-hexylphenyl group, a n-octylphenyl
group, a n-decylphenyl group, a n-dodecylphenyl group, a
n-tetradecylphenyl group, a naphthyl group and an anthracenyl
25 group.
The aryl group is preferably an aryl group having 6 to
20 carbon atoms, and more preferably a phenyl group or a 2-,
3-, or 4-tolyl group.

Examples of the aralkyl group as L! include a benzyl group,



group, 2,3,5,6-tetranet hyl phenoxy group, a pent anet hyl phenoxy group, an
eth<rlr,hen v< nrn,~nan- r vr vnvwnnin-nsr Q.~~_ 1.,
p_Ojli.h..n.. _.j ,~ isopropyl phenoxy group, a n-butyl phenoxy group, a

sec- butyl phenoxy group) a tert-butyl phenoxy group, an 25 isobutyl phenoxy,

n- pent yl phenoxy, a neopentyl phenoxy) n-hgexyl phenoxy group, a n-octyl phenoxy
group, a 8 n-decyl phenoxy group) a n-tetradecyl phenoxy group, a napht hoxy
group, an anthrat henoxy group and the |ike. The aryloxy group is preferably
an aryl oxy agr@+mdty Ithén ¥ D) 1Ot AgLbGR o (@3 nd'Eli €1 phehenamecd phenoxy
group. 5 These al kyl, aryl, aral kyl, al koxy and aryl oxy groups

above- nent gooa as L(14 eyt ivel phepgd ) medhy 1s drsiup ut@d with a hal ogen at om
such as a fluorine atom a chlorine atom a bromne atomor an iodine atom
an al koxy dPedp &ietiuslpheny hoRgth¥dugrémpan &t hoxy group, an aryl oxy
group such or an aral kyl oxy group such as a

h 1 :
benzyl oxy é33dgﬁ&d?%ﬁ&%?ﬁ%%%fgﬁﬁ$ﬁyﬂoHﬁﬁ%?{:ﬁ) preferred is a hal ogen
atom an ak5y%_%%mg%qfihéég%%?@gggyéﬁé&%éﬁkgqup or an aryl oxy group, nore

preferred i'S’a hal ogée oxy group or aryloxy group, and
particuIargy,ngaﬁg%ﬂfiﬂﬁéﬁylgﬁghh§§ growy, H in the above-nentioned
] r

formula | represents an atomof "thé G oup 15 or G oup 16 of the

Peri odi ¢ Tabl, @ -@findtyH sy B ) o&eHiysegredip,i en of | UPAC I norganic
Chem stry Nonmencl ature 1989). Specific exanples of the atom of G oup 15

i ncl ude a %8.p/i-diogdihwimremnt)mephygdpgooops & om and speci fic exanpl es of
the atom of Goup 16 include an oxygen atomand a sulfur atom T1 is
preferably(8'ﬁhﬂré@éﬁﬁﬂﬁﬁﬁ%ﬁnﬁk)Bﬁggﬁﬂ g€e¥P arfl nore preferably an oxygen

of T anb22 P BEHET PR CRED AR T 104 8N &1 the GroUp 15, & i< 3 and
when T1 1 5(203260%:Me o SR QNP1 IR eRyhS gfoufgl 1) the Tormiia [ 2]
presents an el ectron t'hdr a g group~or group contai ni ng an
el ectron- wghdr, awitichedBHPhenyl Jmethyl group, a
(2,4.6-timethylphenyl)methyl group, a
(2,3.4,5-tetramethylphenyl)methyl group, a
15 (2,3,4.6-tetramethylphenyl)methyl group, a
(2,3,5,6-tetramethylphenyl)methyl group, a
(pentamethylphenyl)methyl group, an {ethylphenyl)methyl
group,., a (n-propylphenyl)methyl group, an
(isopropylphenyl)methyl group, a (n-butylphenyl)methyl group,
20 a (sec-butylphenyl)methyl group, a (tert-butylphenyl)methyl
group, a (n-pentylphenyl)methyl group, a
(neopentylphenyl)meth?lgroup,a(n-hexylphenyl)methylgroup,
a (n-octylphenyl)methyl group, a (n-decylphenyl)methyl group,
a (tetradecylphenyl)methyl group, anaphthylmethyl group and
25 an anthracenylmethyl group.
The aralkyl group as L' is preferably an aralkyl group
having 7 to 20 carbon atoms, and more preferably a benzyl group.

Examples of the alkoxy group as L' include a methoxy group,

an ethoxy group, a n-propoxy group, an isopropoxy group, a



9 and when a plural nunber of Rl's exist, they may be nutually the sane or
different. As an index of the electron-w thdrawi ng property, the
substituent constant O of the Hanmet's rule is known, and a functi onal
group in which the substituent constant 5 O of the Haomet's rule is
positive can be nentioned as an el ectror-w t hdrawi ng group. Specific
exanpl es of the electron-wi thdrawing group include a fluorine atom a
chlorine atom a bromne atom an iodine atom a cyano group, a nitro
group) a carbatykyghgaidup,.la sesuibimody Grayy, and ertplenydxgraepup Jhen
groups contai ning an el ectron-w thdraw ng group preferably include

hal ogenat edshpuitosar gaeug .0aps -peatt ydo¥yalgagenat ed nelopen el grelp,

hal ogenat ed aryl groups, cyanated hydrocarbon groups such as cyanated aryl
gr oups, 153rﬁeclftatw¢w%i‘?%¥§w g@Buﬁ@xéft}(ﬂi‘ﬁSr |YURi tar%t]éGPEY}Pxérrm
hydr ocar bonoxy car roups su al koxycar bon

ar al kyl oxy&d} bRREY %lﬂ}g CURd &Py 8?9’3‘5’1"5’09§ UEr o ',dcgiﬁl"igié’é‘éﬂWgroup.

Speci fic exa t 0 ed_al k Q4P i ncl ude a
fluoromsthé/lHp %36% e%ﬁ%%ﬁ%ﬁéﬁ%@% grohp%kcg éﬁgtgﬁgg?bup ) an

i odonet hyl grouprna @irfkddigy gﬂ%nﬂy adimupig ﬁ!r%@le(ifa%l%‘ A Ay Froup
di brononet hyl group, a diiodonethyl group, a trifluoronethyl group, a

trichl oronkaghggnotp) 28 dadvoanemdiy) fi@updra preifedemaihyd ngithgxya 25
2,2,2-trifluoroethyl group, a 2,2,2-trichloroethyl group, a

2,2, 2-tri baoaopt hgn @tbwxy @mu 2-an iisepecbykygouopp.aa tert-butoxy
2,2,3,3,3-pentaf | uoropropyl group, a 2,2, 3,3, 3- pentachloropropyl %[oup, a
2,2,3,3, 3- BEHFEbFthﬁPBB?P%&QﬁRPPaanQHP%P9°§YQP?Hﬁ#E esdoBEBPH LYFBup, a
2,2,2- %rlfluoro 1-trifluoronethylethyl group, a

2,2, 2% i cAF8PB-1-tri chl or onet hyl et hyl group, a

2,2,2-tribrono- 1- trlbronnnethylethyl rou

2,2, 2-triiodo- 13P&Giddch ARt ¢S 1 O %r a%¥1°xY group as L" include a

1, 1- bls(trlfluoronethyl)-Z 2, 2- trlfluoroethyl group)

1, 1- bi s(t r PRAPBFEMATR/MD ~ Zazzztﬂﬁﬂ%ﬂ%ﬂcﬁﬁﬁvp » gPo 7t%ﬁYl°xY group, a
1,1-bis(tribronmonethyl)-2,2,2-tribronoethyl group, and a

1, 1- bi s(trf bASHEPHY PrRUP, 2.4 rd i uGEk P XYr $UPUPL 02SPedi Kivd YERIRNVLY of

t he hal ogenated aryl group as Rl include aryl groups in which a hydrogen

at om of andgBPBBRmt f8c2r Pngxy¥AYLREyYgoooppi.s asdb$t-i wvtlad oMy lonpurl oyeh Such as
a 2-fluorophenyl group, a 3-fluorophenyl group, a 4-fluorophenyl group, a

2- chl ddophen¥¥lgrpup, arionmB- chl ér ophehy’ - gr oy lzzdoslyl or oghvemd . gr oup,
a2- bromophenyl group, a 3-bronophenyl group, a 4-bronophenyl group, a
2,3,4-trimethylphenoxy group, a 2,3, 5-trimethylphenoxy group,

a 2,3,6-trimethylphenoxy group, a 2,4,6-trimethylphenoxy

group, a 3,4,5-trimethylphenoxy group, a
2,3,4,5-tetramethylphenoxy group, a
20 2,3,4,6-tetramethylphenoxy ‘ group,

2,3,5,6-tetramethylphenoxy group, a pentamethylphenoxy group,

isopropylphenoxy group, a n-butylphenoxy group, a
sec-butylphenoxy group, a tert-butylphenoxy group, an
25 isobutylphenoxy, n-pentylphenoxy, a neopentylphenoxy,

n-hexylphenoxy group, a n-octylphenoxy group, a




2

2,
3,
3,
grou
2
2,

i
6-
4
5-
0
4
4,

-i odophenyl group, a3-i odophenyl group, a4-i odophenyl group, a
di fl uorophenyl group, a 3,5-difluorophenyl group) a
,5-trifluorophenyl group, a 2,6-dichlorophenyl group, a 20
d

p

6-

pentafluorgp

group,

i chl orophenyl group, a 2, 6-di bronophenyl group, a 3, 5-di bronophenyl
a 2, 6-diiodophenyl group, a 3,5-diiodophenyl group) a
trifluorophenyl group, a 2,4,6-trichlorophenyl group, a

6-tri bromophenyl group, a 2,4,6-triiodophenyl group, a

andt 208 %Pg. SR ony 1) %EE“EL?{ %%@62%1'8 Al dnr cagpLET P

the(halogenat Kk ar up j.ncl ude ar roups titpted with a
hal ogenat cBeRR Ep x§) G R Rt T 7 HRPnBRYna RS, ARchyi i bHES - &
3-(trifluoronet oaet

2,6-bis(trifl uo@g{rréet h%;lllgdxﬁg%g%&pr %aﬁféfé{-é‘d%?éﬁ?r %ﬁg% hyl )pherﬁ
group, andsatd 204crbbhshatbmls,UmATeidnd )gm@mfasl?ua pheaekl greapl es
of the cyanated aryl group i ncl'ude a 2- cyanophenyl group, a3-cyanophenyl

group gnd a4- Cy@ﬂeeg mﬂtc?orOHEyll.SpEE'a&kSrleXleogﬁr ot nlgh @ rYhlesdt @%@f;}g

group include a 1o

pheny group, 3-nitrophenyl gfoupand

4-ni trophe |f|c ax gﬂgb C ¥ I @
a nethoxyc%? onyﬁggF%§p%%an eghogy arbon ng%%%ggyn§%P§Eo§y§§r oﬁy
group,

10

15

20

25

& 5PEP Yoxyca group’inc

bromlneatmnoraniodineatom,analkoxygroupsuchaseamethoxy
group or an ethoxy group, an aryloxy group such as a phenoxy
group, or an aralkyloxy group such as a benzyloxy group.

As L! in the above formula [1], preferred is a halogen
atom, an alkyl group, an aryl group, alkoxy group or an aryloxy
group, more preferred is a halogen atom, aryl group. alkoxy
group or aryloxy group, and particularly preferable is an aryl
group.

T! in the above-mentioned formula {2] represents an atom
of the Group 15 or Group 16 of the Periodic Table of the Elements
(Revised edition of IUPAC Inorganic Chemistry Nomenclature
1989). Specific examples of the atom of Group 15 include a
nitrogen atom and a phosphorous atom, and specific examples
of the atom of Group 16 include an oxygen atom and a sulfur
atom. T! is preferably a nitrogen atom or an oxygen atom, and
more preferably an oxygen atom. s in the formula [2]
representsa numeral corresponding to a valence of Tt , and
for example, when T! is an atom of the Group 15, s is 3 and
when T' is an atom of the Group 16, s is 2.

R! in the formula [2] represents an electron-withdrawing

group or a group containing an electron-withdrawing group,

| ude

" & SRR 8B8KY SRRROL 0L, 91, & e {LESh LOL OB RO KERTAYNY] 1 OUP.

SpeC|f|c ex



a benzyl oxycarbonyl group. Specific exanples of the aryl oxycarbonyl group
I ncl ude aphenoxycar bonyl group andpent af | uor ophenoxycar bonyl group. 20
Speci fi c exanpl es of the acyl oxycarbonyl group include a nethycarbonyl oxy
group and et hyl carbonyl oxy group. Rl is preferably a hal ogenated

hydr ocar bon group, nore preferably a halogenated al kyl group or a

hal ogenated aryl group, further preferably a fluoroal kyl group, a
fluoroaryl zs group, a chloroal kyl group or a chloroaryl group,

par ti cul ar lapndwifesr abpluzafll nomdalrkkyle gl dspeeise, ftheyaasy| bgrmupually
Furthernore preferable is a fluoronmethyl group, a difluoronethyl group, a
trifl uoromdhieysagecupdiffarent t Asfandndetshgf theoepecdron-withdrawing
2,2,3,3,3-pent af | uor opr opy! 12 group, a )

2,2, 2-tri f PEORSIEN 1 ft%euﬁlﬂéﬁétiﬁ)}ﬂle@t%?Pn@rt@@G, Uy of the Hammet's rule is

|, 1-bis(trifl h -2.2,.2-trifl .oet hyl 4-f h I
G oup, 5 2XEOH| SBRGFERGELBRadT el B R PR PG RS F LhHEHS Cops Fant
2,4,6-14 'f'woéfpf?ﬁgyha%%%p’ al-lfle?"“s 5‘5&&{:?9@88?@%‘ et bnéa as an
pent af I uor ophenyl” group, and a rlfﬁuo?one ylI" group, a

2,2, 2-trifley@iclrld i 4 4@F QBAGY hebly. group, a
1,1-bis(trifluoromethyl)-2,2,2-trifluoroethyl group, a

3,4,5-trifluor ophenytigr astampaie sa grenited | e @phenywighadtawih gl ayrmsh
preferable. TZ in the above-nentioned forrmula [3] independently represents
an at om of iGcdwglel® §lugrdme agowf. shehPerivei atoabl 8 bfomhneErbawnt an
(Revi sed edition of | UPAC I norganic Chem stry Nonenclature 1989). Specific
exanpl es of-CAHE@SIAERM s BoFYBRBUBT 2Py nB| HHETE IFPRBgeh RN EL pFEePRor ous

atom and the |i nd_speci fic.exanpl es .of the atomof Goup 16 include an
oxygeﬁﬂ%toﬁ)sgggaqfh %ﬁ%ﬁ?adﬁ“?h% EBQQYITfﬁ%?%ﬁeferably a nitrogen atom

Or an oxygeRealg@PutIPELi RIRECLAPLY o YOI P Ming group
preferably include halogenated hydrocarbon groups such as
halogenated alkyl groups and halogenated aryl groups,
cyanated hydrocarbon groups such as cyanated aryl groups,

15 nitrated hydrocarbon groups such as a nitrated aryl groups,
hydrocarbonoxy carbonyl groups such as alkoxycarbonyl groups,
-aralkyloxycarbonyl groups and aryloxycarbonyl groups, and an
acyloxy group.

Specific examples of the halogenated alkyl group as R!

20 include a fluoromethyl group, a chloromethyl group, a
bromomethyl group, an iodomethyl group, adifluoromethyl group,
a dichloromethyl group, a dibromomethyl group, a diicdomethyl
group, a trifluoromethyl group, a trichloromethyl group, a
tribromomethyl group, a triiodomethyl group, a

25 2,2,2-trifluorcethyl group, a 2,2,2-trichloroethyl group, a
2,2,2-tribromcethyl group, a 2,2,2-triiodoethyl group, a
2,2,3,3,3-pentafluorcpropyl group, a
2,2,3,3,3-pentachlorepropyl group, a

2,2,3,3,3-pentabromopropyl group, a




20 t in the above-nentioned fornula (3] represents a nuneral correspondi ng
to a valence of TZ , and for exanple, when T2 is an atomof Goup 15) t is
3 and when T2 is an atomof Goup 16, t is 2. RZ represented in the fornula
[ 3] represents a hydrocarbon zs group or a hal ogenated hydrocarbon group,
and when a plural nunmber of RZ' s existipothey may be nmutually the sanme or
different each other. The hydrocarbon group in RZ is preferably an al kyl
group, aryl group or aral kyl. group, and the sanme hydrocarbon groups as

iIIustrated,Qnggbq3@@yﬁﬁﬁigd5§&%FyiZQraﬁpglaand 13 the sane hal ogenat ed
hydr ocarbon groups as illustrated 1n the general fornmula [2] as Rl are

exenplifi ed, 2RZ -itx iflafcaredl Yyt 12d fihogemat by Lieytdiydc agrtoorp graup, nore
preferably a fluorinated hydrocarbon group. 5 Specific exanples of the
conpound ( &) 2i Acltgdei@ naydnat ekchl snomps pylethyilc lgzgup., a

bi smuth(l11)fluoride, bisnuth(lll)chlorjide, bismuth(lIl)bromde and
bi smut h( 1 | By Pedi §&1orama 1d1 t prreshEh et byl [GRAYRA “Bi snut h;

tri |_bi h h. [ | bi h:trialk bi th h

L1 1 ot Rowy 20P < ROLA L ORI oo MO e EP Qg Ay 8 S e Sten 2
Lri met foxy b et _ b D o

pi Smuth and b7 PLEOr R A L (R 20 AT O Eoh i L [ E0aR, aosy

tri phenoxy1bisBukht tildH1o et oY) - Bi snutkrildhlcrdetyy Dxyrotpsmat h, 15
tri(4-tolyloxy) bismuth, tri(2,3-xylyloxy) bismuth, tri(2,4-xylyloxy)

bi smut h, t i L 2p3sXthrylbomononks st h) 21 2i 2 t&-iydoplaedbly bi gvoth, and a
tri(3,4-xylyloxy) bisnmuth) tri(3,5-x¥I¥ony) bi smut h,
tri(2,3,4-LrilnbiEytpidmsigme ighlit b, 21 2 tZid ofloathiek HFPRRnoxy) bi smut h)

B st 71 (3 SR SotRTBhERoRY) s ripdenated’ SEyDY gROHVRd v
tri(2, 3,4, 5: I . _Dj h j 4, 6-1 et
R e R

tr!(pentanﬁiﬂﬁ|@Bﬁ%ﬁéybﬂ3ﬁﬂnﬁéhs&ﬁéffEﬁiEEhwmﬁﬂﬁatﬂéﬁ%@éh such as a
tri(n-propyl phenoxy) bismuth, tri(isopropyl phenoxy) bismuth,

tri(n-butybkpbBeaexyphlkinsflutdrodp) (&e8-bltprpbieomyt) drcmpi ha
tri(tert-butyl phenoxy) bisnmuth, tri(isobutyl phenoxy) 14
4-fluorophenyl group, a 2-chlorophenyl group, a
15 3-chlorophenyl group, a 4-chlorophenyl group, a 2-bromophenyl
group, a 3-bromophenyl group, a 4-bromophenyl group, a
2-iodophenyl group, a 3-iodophenyl group, a 4-iodophenyl group,
a 2,6-difluorophenyl group, a 3,5-difluorophenyl group, a
3,4,5-trifluorophenyl group, a 2,6-dichlorophenyl group, a
20 3,5-dichlorophenyl group, a 2,6-dibromophenyl group, a
3,5-dibromophenyl group, a 2,6-diiodophenyl group, a
3,5—diiddophenyl group, a 2,4,6-trifluorophenyl group, a
2,4,6-trichlorophenyl group, a 2,4,6-tribromophenyl group,
a 2,4,6-triiodophenyl group, a pentafluorophenyl group, a
25 pentachlorophenyl group, a pentabromophenyl group, and a
pentaiodophenyl group.
Further, specific examples of the (halogenated alkyl}aryl
group include aryl groups substituted with a halogenated alkyl

group such as 2-{trifluoromethyl)phenyl group, a




bi smuth, tri(n-pentyl phenoxy) bisnmuth, tri(neopentyl phenoxy) bisnuth,
tri(n-hexyl phenoxy) bisnuth, tri(n-octyl phenoxy) bismuth,

tri(n-decyl phenoxy) bisnmuth, tri(n-dodecyl phenoxy) bisnuth, s
tri(n-tetradecyl et hyl phenoxy) bisnmuth, trinaphtyloxy bisnmuth and
triant hracenyl oxy bi snut h; hal ogenated hiizsnmut hs(V) such as

bi smut h(V) fl uoride) bisnmuth(V)chloride, bisnuth(V)brom de and

bi smut h(V)i odi de; pentaal kyl bismuths such as pentanet hyl bi smut h;

pent aal koxys-bi it héosomBtagFl)eneentlagidiaxy i smuth and pent aet hoxy
bi snut h; and pentaaryl oxy bi snuths such as pentaphenoxy bi snuth. Anmong
t hese, the onpoinmtielropethylsphenyicigmes hah ogenated bi smuths(111),
trial kyl bismuths, triaryl bismuths, trialkoxy bisnuths, triaryloxy

bi smut hs, rlorfebiis bl Elapromeihyddmbeny bigvePs(&11), triaryl bisnuths,

trial koxy ki smyt hs, an riaryl ox ismuths, and particularly preferably
triaryl biﬁmﬁ?ﬂ?%h%ﬁfgiuPFP ﬁéHéPRQQﬁﬂﬁyLQW@Eﬂ'tﬁﬁdtﬁe conpound ( b ) is

an am ng, ecific e t.her i,ncl.ude di (f] uoronet hyl)am ne)
di (chl or?orre hf/’l% a%%%?gggdgg}lfﬁ 5‘%{%&?& )ﬂ%eanrﬁrfleé‘?é}lﬁl‘odorret hyl ) am ne,
bi s(di fluoromnet g?él:i‘f‘i@:eex_ h%ﬁ@&@@r%%%r)m@ear 1 group include a .
bi s(di bronmonet hyl ) am ne, bi s(dii odonet hyl Jam ne, bis(trifluoronethyl)am ne,
bi s(trichl or-aEdrypneny Derdups( & Bi-Riyeiiuprdny ) gifo and a 4-cyanophenyl
bi s(triiodonmethyl)amne, bis 25 (2,2,2-trifluoroethyl) amne, bis(2,2,2
trichl or oetdndymari ne) bis(2,2,2-tribronoethyl)am ne,
bis(2,2,2-triiodoethyl)amne, bis(2,2,3,3,3-pentafluoropropyl)amn ne,
bi s(2, 2, 3, 3, 3- peReG_KRLEr 6FABPlesafifndhe nigrated aryl group include a
bis(2,2, 3,3, 3-.pent abr onppr opyl ) ami ne,, bi g(2 3,3, 3-pent aj odopr opyl ) agi ne,
bi (2. 50 5" R EHRASTT Btk At Rttt fsoud &nd o SSEPESBeATT
bis(2,2,2-Eﬁj oro-1-trichloronethyl ethyl)anne, s
bis(2,2,2-tribrono-1-tribrononet hyl et hyl ) am ne,
b!5(2,2,2jtr||Q@?eéit&b'@ﬁgﬁﬁlaﬁ|SEhﬂﬁéaﬁifﬁkycarbonyl group include a
bis(1,1-bis(trifluoronethyl)-2,2,2-trifluoroethyl)am ne,
bi s( 1, 1- bi metthcctyrarcetny | granp, 2ahr iedthotyos dtydbn i gepup, a
bi s(1, 1-bis(tribrononethyl)-2,2,2-tribronoethyl)amne, io
bi s(1, 1- bi $(-PHGRYEHEAPYPNRYR, groupri apddsopyopaRyrarbonyl group and a
bis(2-f|uorgphen H%anine, bi s(4-fl uor ophenyl ) am ne,
bi s(3-thl or ﬁﬁ%ﬁh o HROX BT DOBYIMIRIMRA ) ani ne, s
bi s(4-brono l).am ne i s(3-f1uorophenyl )am ne, .
bi o(2- chl or SEESAA L AT LFE (5 G RERTK Y SEylrbony1 group tncluae
bis(3-brongp@gﬁggfggfghrggﬁgg-bgggphenyl)anine, bi s(3-i odophenyl ) am ne)
bi s(4-i odophenyl yam ne, bi s(2, 6-difluorophenyl)am ne,
bi s(3, 5-di fl uosppberyk) amang)1dd d2, bhéli shDoRPRATYONAIT NProup include
bi s( 3, 5-di chl orophenyl ) am ne, bis(2, 6-di bromophenyl)ani ne,
bi s( 3, 5- di lrmrphengiybongé, gr2oampas D e6rith § baopbphghpayicaecbonyl group.
bi s( 3, 5-di i odophenyl ) am ne,

20 Specific examples of the acyloxycarbonyl group include

a methycarbonyloxy group and ethylcarbonyloxy group.

R! is preferably a halogenated hydrocarbon group, more
preferably a halogenated alkyl group or a halogenated aryl
group, further preferably a fluoroalkyl group, a fluoroaryl

25 group, a chlorecalkyl group or a chloroaryl group, particularly
preferably a fluorcalkyl group or a fluoroaryl group.

Furthermore preferable is a fluoromethyl grocup, a
difluoromethyl group, a trifluoromethyl group, a

2,2,2-trifluoroethyl group, a 2,2,3,3,3-pentafluoropropyl



bis(2,4,6-trifluorophenyl)am ne) bis(2,4,6-trichlorophenyl)am ne,

bi s(2,4,6-tribronophenyl)am ne, bis(2,4,6-triiodophenyl)am ne, zs

bi s(pent af | uor ophenyl ) am ne, bi s(pentachl orophenyl ) am ne,

bi s( pent abr onophenyl ) am ne, bi s(pent ai odophenyl)am ne)

bi s(2-(trifluoronethyl)phenyl)am ne, bi$g¢3-(trifluoronethyl)phenyl)am ne,
bi s(4-(trifluoronethyl)phenyl)am ne, 16

bi s(2,6-di(trifluoronethyl)phenyl)am ne,

bi s( 3, 5- di gl ,uer aed Jod 4phebybyraninerifluoromethylethyl group, a
bis(2,4,6-tri(trifluoronethyl)phenyl)am ne, bis(2-cyanophenyl)am ne,
bi s( 3- cyandphetnils)(dminElusrdmetdytyadogh@mbr)ifiungoethyl group, a
bi s(2-ni trophenyl )am ne, bis(3-nitrophenyl)am ne and :

bi s(_4]:_ni trépﬁé;‘ﬂ?l%rq{éf.l% Fs_mt?lr@;,amﬁeﬁ- H l@mﬁm}w;%_)gra;_a-ﬁﬁospm ne,
atom d cpr 2683 LT b eebat ot %?9%82‘%%%3@@%@#49@&%%26:
Cnelude i doronsAl BN apL 4o dy. % PN A ARSEOREnGEFOER | ga O

difluorOﬁEEh%QQEidﬂfHHéyﬁ%Ft&@89 ) di bronmonet hanol , dii odonet hanol
trifluoromethanol) |5 trichloronethanol, tribrononmethanol, triiodonethanol,

2,2,2-trifkyar, eetthamluosh 2 2t 1 FThbebaethgnethy?, Zg2otip| baonoet hanol ,
,2,2-triiodoet hanol, 2,2, 3,3, 3-pentafl uoropropanol,
2, 3, 3, 3- pedtadisl{crofloparwhe tkyl 2 2, 3, 3 -Iriditehrantpy bpanohlp. a

3- pent ai odopropanol, 2,2,2-trifluoro-1-trifl uoronethyl ethanol,
ri cRk 8r 8- EiSIMATARIRR VY | Hihoor @ pentafluorophenyl group is

3,

t
]%;:Pégg?iiéi%ﬁepégﬁgnethylethanol)

S

2

2

2,2,
2,2,
2,2,
2
1
1
1
1

%hylethanol, 25

(trifluoro h h%— Ny t 1 ind dentl
_s(tricmcnog§%h¥ -%%%%%t§%%ﬁ¥géggtﬁg%§h 2 [3] independently
i s(tribpeseerithylar Atbm-df i droupel Happl Gabdp 16 of the Periodic

, 1-bis(triiodonmethyl)-2,2,2-triiodoethanol. Further, when the conpound (b)
is an thi oTabdrpodndhe Elfnrspetcsf (Reeiardl editthiemeadf | NgPADeIhbhirglhnic
conpounds in which an oxygen atomis replaced with a sulfur atomin the
above- nent FBaBd sEryoNomeaeHads L X&) o&nastit ie rpanndesreprieiemicem by
repl aci_ ng t hanol , et hangl .and propanol in 5 the above-nentioned specific
exanmplids oPEaPEORB] 45wl BALHEENAnBLAFEOe e AHakt I SCARN T SHRrAL OB HS

respecti Velcﬂe’l:ﬁag, tarﬁ% H)égific examples of the atom of Group 16 include

3
3
2
2
, 2, 2-
bi
bi
b

1
, 1
1
1

an oxygen atom, a sulfur atom and the like,. T? is preferably
anitrogen atomor an oxygen atom, and more preferably an oxygen
atom.

20 t in the above-mentioned formula [3] represents a numeral
corresponding to a valence of T® , and for example, when T
is an atom of Group 15, t is 3 and when T? is an atom of'Group
16, t is 2.

RzrepresentedjJ1theformula[3].representsaihydrocarbon

25 group or a halogenated hydrocarbon group, and when a plural
number of R*'s exist, they may be mutually the same or different
each other. The hydrocarhbon group in R? is preferably an alkyl
group, aryl group or-aralkyl group, and the same hydrocarbon

groups as illustrated in the general formula [2] as L' and




When t he compound (b) is a phenol, specific exanples thereof include
2-fluorophenol) 3-fluorophenol, is 4-fluorophenol, 2-chlorophenol,
3-chl orophenol , 4-chl orophenol, 2-bronmophenol, 3-bronophenol,

4- br omophenol , 2-i odophenol) 3-iodophenol, 4-iodophenol,

2, 6-di fl uorophenol, 3,5-difluorophenol, 13, 6-di chl orophenol)

3, 5-di chl or ophenol , 2, 6-di bronophenol, 3, 5-di bronophenol, 15

2, 6-di i odophenol, 3,5-diiodophenol, 2,4,6-trifluorophenol)

3,4,5-trif ther spherivhilo@erdabetirhyditocaphenoyrolpd &6 tidillusdnattehadn, the
2,4,6-triiodophenol, pentafluorophenol) pentachl orophenol,

pent abr onog8&sFal g bdophénab, R2- arei erespdddtilgd ) phenol , zo

3-

(trifluoromethyl)phenol, 4-(trifluoronethyl)phenol
> 6Dl s(ir1 11 udt il SEAREY 3, B2 P aERArEOLBROREERAD iR uD , more
2- cyanophenol - Gyanoph | .5 4: n nol_. .2-nitrophenol) 3-nitrophenol,
4-nitropheﬁ%ﬁ?é%ﬁﬁzﬁté&ﬁiﬁgﬁéﬂagﬁg g%ﬁ%ﬁﬁﬁfﬁ%ﬁ é%oaPthiophenol conpound)
speci figL exa i o) 0 ’ i i gen
R S e e e RS
conpounds. bYbaim thize TONPosnels 48) bl Sma tGATIRN Iocdsl) specific 18
exanpl es thereof include 2-fluorobenzoic acid, 3-fluorobenzoic acid,
4-f | uor obehismu tidiId)I X8l alr fdeor bhemndhd IAd] }hrdyddeli dhdor obenzoi ¢ aci d,
2, 5-di fl uorobenzoic acid, 2,6-difluorobenzoic acid, 5 _
2,3, 4-trif PisFYBEAZi D) rdide 2, srialkyl| bdeapdhsoiguekias trimethyl
2,3,6-trifluorobenzoi¢ acid,. 2,4 5-trifluorohenzoic¢ acid, .
326111 f PAGPORE, o Labg ) P1itng shob Aot FABPEOM L SF BGERg trtalkoxy
2,3,4,6-tett r.0 [ j f Nnzai.c. aci I tic
ci d 1 oy S WAL £ S e Bk B B 0 S P, HERARER ¢

aci d, hept at-ue5eRutI8) Bi8mli€naNtril¢ de Pt SbhkbhkhY W OIREEN | kriisobutoxy
-2,2,2-trifluoroehtanoi c acid. Wien the conmpounds (b) is a sulfonic acid)
speci fi c ekaepuen,t teriadoperct pilexf| basanmhhames W fioht €rtecpdntyloxy)

di f 1 uor onet hanesul fonic acid, trifluoronethanesulfonic acid, is

pent af | uor bésmass ultifny kaxyl) b hepuihEusuelr Grartesiniemexy abigmuth,

1, 1-bis(triflugronmethyl)-2,2,2-trijfluoroehtane sulfonic acid. The conpound

(b) pref er 8pit{ 2 FOHTIEE D) K151 FRor BRi{ Ry Epdilaxy) bismuth,
bis(2,2,2-triftl t hyl ] i , 2y 33,3 fl | i ,
b o(2 5 5. FFrERL ATy LA ER D PERisr Bokvly TP AL HRLERT OPY!) am ne
bi s(1, 1- bi s£4¢hf | ) 21 i . | o

b1 S( pent of Foot pomy el ) Wi dndeh || Eridpas BNABAA0) Blsmutn,

2,2,2-triftuo(eebharalylckyd) b EsmupPRNt 8EhYar aphenaidly PSbismuth,
2,2,2-trifluoro-21-trifl uoronethyl et hanol and
tri(3,5-xylyloxy) bismuth, tri(2,3,4-trimethylphenoxy)

bismuth, tri(2,3,5-trimethylphenoxy) bismuth,

20 tri(2,3,6-trimethylphenoxy) bismuth,
tri(2,4,6-trimethylphenoxy) bismuth,
tri(3,4,5-trimethylphenoxy) bismuth,
tri(2,3,4,5-tetramethylphenoxy) bismuth,
tri(2,3,4,6-tetramethylphenoxy) bismuth,

25 tri(2,3,5,6-tetramethylphenoxy} bismuth,
tri(pentamethylphenoxy) bismuth, tri(ethylphenoxy) bismuth,
tri{n-propylphenoxy) bismuth, tri(isopropylphenoxy) bismuth,
tri(n-butylphenoxy) bismuth, tri(sec-butylphenoxy) bismuth,

tri(tert-butylphenoxy) bismuth, tri{isobutylphenoxy)




1,1-bis(trifluoromethyl)-2,2,2-trifluoroethanol as al cohols;

2-fl uorophenol, 3-fluorophenol, 4-fluorophenol, 2,6-difl uorophenol,

3, 5-di fl uorophenol, 2,4,6-trifluorophenol, 3,4,5-trifluorophenol, 19
pent af | uor ophenol, 2-(trifluoromethyl)phenol, 3-(trifluoronethyl)phenol,
4-(trifluoronethyl)phenol) 2,6-bis(triflldoromnethyl)phenol,
3,5-bis(trifluoronethyl)phenol and s 2,4,6-tris(trifluoronethyl)phenol as
phenol s; pent afl uorobenzoic acid and trifluoroacetic acid as carboxylic
aci ds; and tignutios obei farpenltidphenaciyl) dsismhtbni ¢ aci ds. Further) the
conpound (b) nore preferably includes lo bis(trifluoronethyl)am ne,

bi s( pent af |tk Opresn Yy hphanoxyyi bismubhettiahon-hexylphenoxy) bismuth,
2,2,2-trifluoro-1-trifluoronethyl ethanol

1, 1- bi s(t ri¥ThiGHRRERIPREDOBY). PFN%EH«KR#%M%TdeﬂYIPBSP8§W8n&13mUth
2,6-difl 4 6-trifl 15 3,4,5-trifl henol ,
pentaIIug?&ﬁﬁéﬁgQI6%¢?¥IPFFééF3#e%ﬁfﬂyb nol , i1 uoropheno

2, 6-bis{t , t fI |,
Furt ner” pr e GhNELAA4BYERER yAphetclyly %%%I% bl ot EipaphpaaRpnOl . and
1, 1- bi s(tridigmired iy 3 r2aR tBrhciehlyu@:aethedighth Zondhe gepapaad (c)

preferably I ncl udes wat er, hydrogen disulfides, and al kyl am nes,

aryl am nes bmmiﬁd’yéam rmmmalsogﬂ:aaueﬂ(an)lqumm HiadnogienE pdh doyhdei.nes
and (hal ogenated al kyl)aryl am nes havi ng to 20 carbon atons, and
speci fi c exdfmushth %@tﬂldﬁ@m@@wwh(‘ﬁgﬂﬁéééﬁ : 2Bedt3alkydebismuths

hyl hyl I I I
Cec- but vl afie se?q”%lﬁﬁmsﬁy BBty S TLs %@sgﬁwrﬂ&%ﬁ% AR s
neopenty! e R AREALY | » 20k AN SR AN 05 ML BRLRR, Bdecyl am ne,
S openta

n- dodecy m ne, n-ei am ne, enyl am ne,
anlllne) 2dei éﬁ?i@ky3biQhMEﬁ§‘%%ch4ééﬂﬁ@ﬁ¥%ﬁﬁen3x§ »YlsyhaH ne, 2, 4-
xnyIan1ne 5-xylyl @am ne 6- xyl yl am ne, 3, 4-xylylam ne, 3, 5- xnyIan1ne

2,3, 4- trlnethylambhgneheEeZ I He tddnifddiyd a) | ppefezad 16 tirakidysani | i ne,
2,4,6-trinethy|ani|ine, 3,4,5-trimethylaniline, 2,3,4,5-tetranmethylaniline)
2,3,4,6- temmingénﬂtﬂﬂlbhemuth(Klﬁ)temmiﬁﬁkwiahiSMHéhspeﬁﬂéWEnﬁylaniIine)
ethylanlllne) -propyl aniline, isopropylaniline, 1o n-butylaniline,

sec- buty|aMﬂ%mﬁ$h%er¥rb@%§PéﬁuP#ﬁ@uthsv triaryloxy bismuths, more

15 preferably halogenated bismuths(III), triaryl bismuths,
trialkoxy bismuths and triaryloxy bismuths, and particularly
preferably triaryl bismuths such as triphenyl bismuth.
When the the compound (b) is an amine, specific examples thereof
include di(fluoromethyl)amine, di(chléromethyl)amine,

20 di(bromomethyl)amine, di(iodomethyl)amine,
bis{difluorcmethyl)amine, bis(dichloromethyl)amine,
bis{dibromomethyl)amine, bis(diiodomethyl)amine,
bis(trifluoromethyl)amine, bis({trichloromethyl)amine,
bis(tribromomethyl)amine, bis(triiodomethyl)amine, bis

25 (2,2,2-trifluorocethyl) amine, bis(2,2,2-
trichlorocethyl)amine, bis(2,2,2-tribromoethyl)amine,
bis(2,2,2-triicdoethyl)amine,
bis{(2,2,3,3,3-pentafluoropropyl)amine,

bis(2,2,3,3,3-pentachloropropyl)amine,




n- pentyl ani l i ne, neopentyl aniline, n-hexylaniline, n-octylaniline,

n- decyl ani | i ne, n-dodecyl aniline, n-tetradecyl aniline, naphthyl am ne,
ant hracenyl am ne, benzyl am ne, (2-nethyl phenyl) net hyl am ne, 15

( 3- net hyl phenyl ) net hyl am ne, (4-nethyl phenyl) nmet hyl am ne)

(2, 3-di net hyl phenyl ) met hyl am ne, (2, 4-diset hyl phenyl ) net hyl am ne,

(2, 5-di net hyl phenyl ) net hyl am ne, (2, 6-di net hyl phenyl ) nmet hyl am ne, 20

(3, 4-di net hyl phenyl ) net hyl am ne, (3, 5-di net hyl phenyl ) net hyl am ne,

(2,3, 4-tri seishy,phend )3midyt 8pt8RopdpF1Yaimineet hyl phenyl ) net hyl ami ne
(2,3,6-trinmethyl phenyl)nethyl am ne, 25 (3,4, 5-trinmethyl phenyl) net hyl am ne,
(2,4, 6-tri basky,Zhenyd ) Irparyt ahodepropyl ) aminteet r anet hyl phenyl ) met hyl am ne,
(2, 3,4, 6-tetranet hyl phenyl ) net hyl am ne,

(2, 3,5, 6- t disdRetn\A Pl yome hit brifduoromethylethyl)amine,

(pent anet hyl phenyl ) met hyl am ne, _ (et hyl phenyl ) net hyl anj pe, .
(n-propylpﬁéﬁ§ﬁy@e@mﬂ§%ﬁhﬂ9r?f%65F6é953ﬁ8 Fﬁﬁ%@%ﬂ¥&i%@}ne'

(n-but yl phenyl thyl.am.ne. (sec:butvl ph t ]

(Lert- Bty PRRSAYD Ao £ hepRkp P BRE e e ne s

(neopentyl ghgnyl Let iyl anddie) 1 ( PrRexdbRBS RY e £ K
(n-octyl phenyl) methyl am ne, (n-decyl phenyl )net hyl am ne)

(n-dodecy! phemyl, ity & feu o AGREE My T8t RY 29 7 1 FNd diF € ERY L atyleg m ne,

fl uoronet hyl am ne, chl oromet hyl am ne, brononet hyl am ne, i odonet hyl am ne, 10
di f | uor oneblhgl{ anilrd)i s tohich boeohgthgilne 2, i, R-dmwindt gt eethgl ) amine,
diiodonethglanine, trifluoronethylamne, trichloronethyl am ne)

t ri br onomebhgl dnilndis(tiniduenmengthwilhe2 . 2, 2 -2rihrones Yoy hypadige,
2,2, 2-trichl thyl.anine) 15 2,2 2-trib t hyl ani .
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richioro-1-trichl or onet hyl et hyl ani ne,

ri bbasg3tchilidopreret hyhreihyl abis¢d -chlorophenyl)amine,
triiodo-1-triiodonethylethylam ne)
i s(trbiederbremanheryD) 2aminef | bbsbdethyomanhenyk) anine,
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bis(2,6-dichlorophenyl)amine, bis(3,5-dichlorophenyl)amine,
bis(2,6-dibromophenyl )amine, bis(3,5-dibromophenyl)amine,

20 bis(2,6-diiodophenyl)amine, bis(3,5-diiodophenyl)amine,
bis{2,4,6-trifluorophenyl)amine,
bis(2,4,G—trichldrophenyl)amine,
bis(2,4,6-tribromophenyl)amine,
bis(2.4,6-triiodophenyl)amine,

25 bis(pentafluorophenyl)amine, bis(pentachlorophenyl)amine,
bis{pentabromophenyl)amine, bis(pentaiodophenyl)amine,
bis(2-(trifluoromethyl)phenyl)amine,
bis(3-(trifluoromethyl)phenyl)amine,

bis(4-(trifluoromethyl)phenyl)amine,



2- bronoani li ne, 3-bronoaniline, 4-bronoaniline, 2-iodoaniline,
3-iodoaniline, 4-iodoaniline, 2,6-difluoroaniline, 3,5-difluoroaniline,
2, 6-dichloroaniline, 3,5-dichloroaniline, 5 2,6-dibronmoaniline,

3, 5-di bromoani | i ne) 2, 6-diiodoaniline) 3,5-diiodoaniline,
2,4,6-trifluoroaniline, 2,4,6-trichloroaw|ine, 2,4,6-tribronoaniline)
2,4,6-triiodoaniline, pentafluoroaniline, pentachl oroaniline,

pent abr onoani | i ne, pentai odoaniline, io 2-(trifluoromethyl)aniline)
3-(trifl uordrethys )ab( trbeludromeithywloymreaiyy) ambnéi ne)

2,6-di (trifluoronethyl)aniline, 3,5-di(trifluoronethyl)aniline and

2, 4, 6-tri (thdisf( 0¥ okt byl Finpkrome th ipteanyhbaeipe ef er abl e conpounds (c)
i ncl ude water, hydr ogen di sul fi de, nethylam ne, ethylam ne)

n- pr opy! amie { gs%pgbbﬁhﬁﬁ@luﬁrﬁ’ﬂﬁﬂ% )r@ersiélel%‘ﬁ%yﬁam ne,

ter

2,4
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;Fbi’ﬁﬂéﬁlﬁﬁanﬁ#’m‘i@ﬁmﬂ} At ndyLe lm”e ndbhentl) ?magﬁilil tmne)
per 1 oy obety i e o Re RIS} Srs R P SN ARG PR  TopthRy = e

perfl UOFOo%tﬂél(@lrfhﬂ)r@ﬁﬁéh#@jQﬁlﬁﬁﬁcﬂnﬁnﬂl‘% @Er{:i'& ﬁeﬁf}&gfaﬁmeam ne,
per fl uor oei cosyl am ne, uoroani |l i ne uoroanl i ne, 2s

4-fl uoroani | i neFu2thedi f ¥henothe ! ¢tpodnd- (b | LorOgprdipieine, specific
2,4,6-trifluoroaniline, pentafluoroaniline, 2-(trifluoronethyl)aniline,
(trifl uoeHamthas diiéreet ﬂn@ﬂ-nﬂiel Mm )eompoards in which a
, 6- bls(trlfluoroneth | Yaniline 3,5-bis(trifluoronethyl)aniline or
6-tris@iHHdfst %y%?aﬁ???ﬁéeq WiHY 13 RN2FPRPFRF eREBMY 1Rattdre

upr o a erfl uorobutyl amin per fl uorooctyl am ne,
u%{og§%¥é%%g%€3%ékfé anPFugﬁ&ﬁ?qq €, 3-fluoroaniline,

or oanighlehethé: cﬁanﬁjﬁgﬁﬁ@r(%niglﬁa Sorich f FQEQ.?@.'J éﬂﬁmﬁl]ﬁs)the eof

I
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u
6-trifluoroaniline, pentafluoroanl ine) 2-Ctrifluorome anl I ne,
rifluodakaiddd )ENididite thahbli, f uaoe@iditaisl | i BEomomethanol,

e
r

it
f
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3-
2
2 4
tr
per
4-f
2,4,
3-(t
iodemethanol, difluoromethanol, dichloromethanol,
dibromomethanol, diiodomethanol, trifluoromethanol,

is5 trichloromethanol, tribromomethanol, triiodomethanol,
2,2,2-trifluoroethanocl, 2,2,2-trichloroethanol,
2,2,2-tribromocethanol, 2,2,2-triiodoethanol,
2,2,3,3,3-pentafluoropropanol,
2,2,3,3,3-pentachlotopropanol,

20 2,2,3,3,3-pentabromopropanol, 2,2,3,3,3-pentaiodopropanol,
2,2,2-trifluoro-l1l-trifluoromethylethanol,
2,2,2-trichloro-1-trichloromethylethanol,
2,2,2-tribromo-1-tribromomethylethanol,
2,2,2-trijodo-1-triiodomethylethanol,

25 1,1-bis{(trifluoromethyl)-2,2,2-trifluorcethanocl,
1,1-bis(trichloromethyl)-2,2,2-trichloroethanol,
l,1-bis(tribromomethyl)-2,2,2-tribromoethanol and
l1,1-bis(triiodomethyl)-2,2,2-triicdoethanol.

Further, when the compound (b) is an thiol compound,



10 2,6-bis(trifluoronethyl)aniline, 3,5-bis(trifluoronethyl)aniline and
2,4,6-tris(trifluoronethyl)aniline; and nost preferably water and

pent af | uoroani l i ne. The catal yst conponent of the present invention is a 15
reacti on product(herein-after; referredto as "conpound[ A]") obtained by a
process which contains contacting the alddve- nmenti oned conpounds (a), (b)
and (c). The order of contacting the conpounds ( a) , ( b) and ( c ) is
not specifically limted, and for exanple) the foll ow ng order can be

adopt ed. z@Hecif ietdvamplesohhackiofg ifc)lwid drhimhtampognda) iandhfeh . ~2
A nmet hod of contacting (b) after contacting (a) and (c) . A nethod of

cont acting a(ra)o:gyg@p @‘émﬂaéﬁl rgpliceshwitdy a guefusnedem dnddhe s

preferably Q or ~. t he conpound Qﬁﬁ referably obtained b
contactlngQHﬂv%MT?P§§°ﬁeéoﬁﬂgepﬁ&wﬁﬂﬂﬁ° i neArbFXEERt Eet SAPRWSRd

0 (2 L AR AR TR s gt i st (0

contacting ﬁﬂE& a Nge 212%nk cghproducts
may be punqﬁa t éﬁﬁ? %g%ﬁfggg proé%ctslﬁgiéﬁescoﬁtgéteg the

remai ned CeHEth{PLL h@tl@éﬂ@fhﬂaﬂldanhhﬁréﬁaﬁbl eﬁlanodﬂééﬁeaﬁiv@y
contacted the remained conponent without said purification. 5 The cont act

treat ment a@nad hehe hkildove- nenti oned conpounds (a)-(c) is preferably
carried out under an inert gas atnosphere. The treatment tenperature is
usual Iy from - 18oent §heogompavdhr&t brb®l § Pheprlzg0EReEUHOT exanples
treatnent tinme is usualléﬁfron11 mnyute to 36 hours, and io preferably from

10 nlnutesqﬂ?§§P#KﬁH%lu r ERé&AUOZ oD - ﬁﬁyf%EOEQBBePﬂlthe treatnent

and th e GO qgng e dir t act using it. As
the so @en? Egé é?@?%ogangbgﬁgégﬁéﬁ%%i%ﬂv%n g @bgg% fonlnon pol ar

sol vent s SQQ*brﬁ%ﬁé}i;ﬁéhGBati o rHE PE&h SN :ﬁ%ﬁf@xﬂéﬁhéﬁg1ar@f@s§6ﬁoﬁﬁéh@;9.ar bon
is solvents, and polar sofl vents such as etheral solvents, which are inert

to the the 2camqdupriend®) , 3¢ hpdapienoll, Fpeiddephenanpl es of thereof include
but ane, hexane, heptane) octane) 2,2,4-trinethyl pentane, cycl ohexane,

benzene, t @ berdfydeophedpiet fyb- éiﬁénonﬁnhﬂnnlfnZuﬁ .dithkepephgnodt. her
zo di-n- bué¥ et her, nmethyl tert-but et her, anisole, 1, 4-dioxane,
O o Mot ML O TR BR SDA bt hox BoHPIPTATIANOL or F 2y BLEFGREPHEROL

brepar i1 o -dr A SRRRRNY: (45 2P et ABPBESERr1 Catdf 11 5 AP TOBRBIBL ¢ rom
the view paj ot 0fchel o £0bRENGS ,t Be £S3 aéryfam@fabgéhxl when the nol ar

rati o of thé anounts used e ‘respéctive conpounds is def fined as a
ol ar rati @,af, ¢- trdbrohophenol( e 4,6-kridodophenylis preferably 0.7 Xr

to 1.3 Xr, nore preferably 0.8 Xr to 1.2 X r, further preferably 0.9 X r
to 1. 1 X pemttafdiuvpro@iencl, pentachlorophenocl, pentabromophenol,
rentaicdophenol, 2-{trifluoromethyl)phenol,
z0 3-{trifluoromethyl)phenol, 4-(trifluoromethyl)phenol,
2,6-bis{trifluoromethyl)phenol,
3,5-bis{trifluoromethyl)phenol, 2-cyanophenol,
3-cyanophenol, 4-cyancphencl, 2-nitrophenol, 3-nitrophenol,
4-nitrophenol.
25 Further, when the compound (b) is a thiophenol compound,
specific examples thereof include thiophenol compounds in
which an oxygen atom is replaced with a sulfur atom in the

above-mentioned phenol compounds.

When the compounds (b) is a carboxylic acid, specific




r is avalence of Bi ) ( 2 is preferably O . 1to 2, nore preferably 0.4
to 1.8, further preferably 0.6 to 1.6, particularly preferably 0.8 to 1.4,
nost preferably 0.9 to 1.3. As a result of the contact treatnent, at |east
one of (a) ) 5 (b) and (c) which are raw materials) may renmain as unreacted
matters concerning the conpounds. Here, Mhen the conpounds (a), (b) and (c)
are respectively triphenyl bisnuth) pentafluorophenol and water, an

enbodi ment for producing the conmpound (A) of the present invention is 10
shown bel ovexanpbésehbeokofi dmcdoriteni v fiugeobahkadcoplkddal i n anmount of
three tines by nole to triphenyl bisnuth is added dropwi se to a tol uene

sol ution of3t¥lyrephenppipuagidand thHaorehen2eiai R€lde is stirred under a
reflux condition for 10 m nutes 15 to 24 hours, then coqled to room

;erperatyr31§f1ﬁ€%?%F?BfBZSlGL?QEQt %ﬁ??ﬂifkﬁ°ﬁr9§P59?Fﬁ%ﬂ%ﬁﬂaled Ey
wter in i e e Shaltp 1o b s s SeAbIRERPEN a8k Alidiene sol uti on

i s addeg dr?}%"f@—%fffiﬁ@ﬁf)ﬁhﬂ‘%%‘ié@éﬂ.,Orb,gpsaeﬂikﬁlﬁ?i%%%?&lztoﬁ.% Heddre is

stirred at 80 C for one hour. The catalyst conponent of the present
invention iz, 3sefttifBudreBeadbdley Heildr BAdd)$Lepipohyrebesdldian,acid,
particularly, for olefin polynerization. Specific exanples of the catal yst
for additidh &< porifitnorabeozodic tEtedr esehi4 | Bveatref luoeclobda zoigat al yst
for addition polynerization obtained by a process conprising contacting the

the catal ystcibnpbntnt - § Al eirel Laonaban 20 ca@bd ¢ Bpest sEAEOGRRN 21 t he
0 o 13 el D005 3l % 18! Sl e STELLTES Ll SR
oF ganodl umiiid cbR sEETBE b Half, FOUBIUN he Yot 1o £OBREURG 1 o A0 dnB"

" conpound _(1Q)1"Jbi§ﬁ fexE1ubbemedhdinyst- X ,of, A0Ek{ £ PRoPEbYFBNCARY Iadid S
described in detail below As the conpound (B) used for addition

pol yneri zati on Waeal yhe erpmmies@n) isvensutfonik iscinbt specifical ly
limted so far as it is a netal conpound of the Goup 3 to 10 13 or

Lant hani de eS@anplesf thepe Pér iLodgladrafllaasdnethangsuhfandict agdd,

pol ymeri zatjon activity by using . together with the congound

conpound( AR P IHIEORPRERULEPT 183 Ghd adtT 1t H HECRDER P_&Pyéé)"éﬂ%ﬁﬁéﬂr.
chom ¢35 1 B TR Gk hpal s ety T8 8, ePY At IRt ia i fE e Blabor
Lanthant de “Sa st o T Re PRrT Sare T o e H Sasht aoRpdpednd 00 ip 20
havi ng a cydligmitadend|l type anion skel eton or a group
The compound (b) preferably includes
bis{trifluocromethyl)amine, bis(2,2,2-trifluoromethyl)amine,

20 bis(2,2,3,3,3-pentaflucropropyllamine,
bis(z,2,2—trifluoro—l—trifluoromethylethyl)amine,
bis(l,l-bis{(trifluoromethyl)-2,2,2~-trifluoroethyl)amine
and bis(pentafluorophenyl)amine as amines; trifluoromethanol,
2,2,2-triflucroethanol, 2,2,3,3,3-pentafluorepropanocl,

25 2,2,2-trifluoro-1-triflucromethylethanol and
1,1-bis(trifluoromethyl)-2,2,2-trifluorcethanocl as
alcoheols; 2-fluorcphenol, 3-fluorophenol, 4—fluordphenol,
2,6-difluorcophenol, 3,5-difluorophenol,

2,4,6-trifluorophenol, 3,4,5-trifluorophenol,




containing a hetero-atom a plurality of LZ groups nmay be the sanme or
different each other, and a plurality of Lz groups may be optionally |inked
in direct, or through a group containing a carbon atom a silicone atom a
nitrogen atom 2s an oxygen atom a sulfur atomor a phosphorus atom XS is
a hal ogen atom or a hydrocarbon group exd udi ng the group having a
cycl opent adi enyl type ani on skel eton or a hydrocarbonoxy group) and a
plurality of XB groups may be the sane or different each other; "a"
represents pemt@elabrephiefbili, N@ -HrtedlessSondthyZyphknol@asB; and "b"
represents anuneral satisfying an expression of OCbs8. ) In the fornula [ 7
] . M6 is a3netnifduvonvuetByd)phznal GouptidBfbuokaneliyildeh®ardles of the
Periodic Table (1 UPAC 1985). s Specific exanples thereof include a scandi um
atom yttri4int 2@b%{ teifinpyemetdHl )Aeynt um at om haf ni um atom vanadi um
atom ni obi um at tantal um atom. chrom um atom iron atom ruthenium
at om cobal‘lfj' %%n} Fﬁbﬁ#‘ﬁﬁ?&?‘&ﬁ%yﬁ )ahanat o3 9dpal | adi um atom samari um
atom ytterdi I i t i r 5 the net al

h{ 4 a%?g% 5%%5!%‘1{18%%.(3‘1{}}';}01‘;) %%%%P 88 gfdgg‘ol’és

conpound) 1s"pre y a transi conp nore preferably a

titani um atdy ¢ £ 1 §6P6HER LI Qe iR ldHd! Nt A £Tho AoHEBERNAUIR _
cycl opent adi enyl type anion skeleton as 15 LZ i ncludes a cycl opent adi enyl

group, a substbhéxyEdccyeiapenbadi e dictdne Bhah8gdalFond/cOWtid as
substituted i ndenyl group, afl uorenyl group, asubstitutedfl uorenyl group and
the |ike. Bahipméctaeidst include an S-(substituted)cycl opentadienyl
group) an 20 5-(substituted)indenyl group, an ns-(substituted) fluorenyl
group and the | FREthSFecithe: GompRM fhgrEBFeiMHQEﬁ¥%HiYIi“ClUdBS

5-cycl gpent.adi gny] . gr oup, an - net hyl qycl opent adi enyl _group,, an .
75 e R bt Co Bt BnR Ry gFia . e Pertath iRkl Snau eny)
group, an 7l.; = = i yl cycl opent adi enyl group, an n
S—1-tert-bJ%?%ég?%%?ﬁﬁﬁ%égﬁgbentadienyI group) an ~7

S-1-tert-buf yi;B-veihyhexsl epertiddR@PdmHOFPe tRANS1,

5-1-net hyl - 2-i sopropyl cycl opent adi enyl group, an n

5- 1- et hyl -13-1 swois Oyl £yabopaethgildmd, roupyifihuoroe28anol,

5-1, 2, 3-trimet hyl cycl opent adi enyl group, an

5-1, 2, 4- t ri4rek Wi egRriheopeht adli englfdnogpphenoly, 2,4,6-trifluorophencl,
5-tetranet@ylcyclo entadienxl %roup, an ~J 5-pent amat hyl cycl opent adi enyl
group, *an <25ty 1yrbaBhenpls pentafioroRRERRYdr oi ndenyl group, an

~5_2_nEthyuj¥¥¥§@luoromethyl)phenol, 2,6-bis(trifluoromethyl)phenol
and 2,4,6-tris(trifluoromethyl}phenol, and further
preferably 3,4,5-trifluorcophenol, pentafluorophenol and
l1,1-big(trifluoromethyl)-2,2,2-trifluoroethanol.

20 The compound (c) preferably includes water, hydrogen
disulfides, and alkylamines, arylamines, aralkylamines
halogenated alkylamines, halcgenated arylamines and
({halogenated alkyl)arylamines having up to 20 carbon atoms,
and specific examples thereof include water, hydrogen

25 disulfide, methylamine, ethylamine, n-propylamine,
iscopropylamine, n-butylamine, sec-butylamine,
tert-butylamine, isobutyl amine, n-pentylamine,
neopentylamine, isopentyl amine, n-hexylamine, n-octylamine,

n-decyl amine, n-dodecyl amine, n-eicosylamine, allylamine,



group, an ~5-3-nethylindenyl group, an ns-4-nethylindenyl group, an

~/ 5-5- et hyl i ndenyl group, an 775-6-net hyli ndenyl group, an
775-7-met hyl i ndenyl group, an ~ 5-2-tert-butylindenyl group, an
775-3-tert-butylindenyl group, 1o an ~5-4-tert-butylindenyl group, an
~5-5-tert-butylindenyl group, an ~5-6-terd-butylindenyl group, an ~
5-7-tert-butylindenyl group) an ~S-2, 3-di net hylindenyl group) an

Q75-4, 7-di et hyl i ndenyl group) an 5-2,4,7-trinethylindenyl group, an ~ 15
5- 2- net hyl -dyd BOPpeapaaiBHeNYnigeouUanidfnad-Z PodeDannfanyl - g6 D¥DamiRe ,
~5-2-net hyl - 4, 5- benzi ndenyl group, an 5-4-phenylindenyl group, an

~5- 2- net hyl 4 St@plehyhindenl, 3gxyy laanindg- 22 it hyyiglipménel.i ndenyl group, an
~5- 2- net hyl - 4- napht hyl i ndenyl group, an ~5-fluorenyl zo group, an
a75-2,7-m|ﬁM5ﬁKYlﬂb@@hyp-gﬁo&p?ﬁ%YLaﬂiQEJ-%i4t%¥i¥%§ﬂ}ﬂﬁhuorenyl group,
and substitution products thereof) etc. The hetero-atomin the group

cont ai ni ng 3 WefEHBLAEREY nél ddds FAMBEE Rt biPea sul fur atom a nitrogen
atom ;25 Phosphoruse ehomand iie 1 ke.o andh gppl agjgeot 1 nl ude an
y up; a

al koxy group,” ‘an aryroxy~group,  a ‘t hi‘oal koXy gr : i‘odryl oxy group, an
al kyl am no group. + A8t KL 8HhAQ 1He0UR ﬂ%?&%ﬂ&&@ﬂ%ﬂ&hﬂ@i%qup, an

aryl phosphi no group, or an aromatic or aliphatic heterocyclic group having

an oxygen a4 g5 stktdametRBY1a30aMink Nid D96 at @8ramdihfy lan@asphor us

atomin the ring, and a chelating |igand. Specific exanples of the group

cont ai ni ng % hal £ otat vamehbiuaa id imet hpen tanephydanéihoey group, a n- or

i SO-propoxy S group, a n-, sec-) iso- or teyt-butoxi group, a phenoxy

grzug, a_Zﬁfﬁ%%R BRY QrBﬁﬁPY§QEﬁ%ﬁH¢FH¥®¢Bﬁ%RB ?néﬂiﬂﬁg a o
,4,6-trine no rou a 2-e phenoxy, grou a.4-n-propyl phenoxy

ot oup) L8 2 A-HHREEF Dby Bhes T 2 BT« vrPEhs PRREAaRY ety

4-sec- but yl_pl a - - Qutyd phenox ;

2,6-di-secjﬁ3ty|é%%%%£¥£g?buég°§e&§ éﬁ%ﬂ%&%%kZgn%?ﬂg?%ﬁ%%§£f'group) a

2, 6-di -t er tr ld 84 PACNOXNe 9 AURe o 14mTBLRXY ReASXcglaHR 1 ide ,

2, 6- di met hoxyphenoxy group, a 3, 5-di net hoxyphenoxy group, a 2-chl or ophenoxy

group, a 4-nitetsapheybayijioep, naphthluninpheankirgrenylamine,

2- am nophenoxy group, a 3-am nophenoxy group, a 4-ani nothi ophenoxy group, a

2, 3, 6-tri chegyzaphamoxg . gf dope thy lphenwl nakhpbamihb®y group, a thi onet hoxy

group, _a dinet hyl am no groug, a di et hyl am no groug, a di-n- or )

i so- prbbyl 4 TS et vl ke el %o drbilg tBBLBRePE S PSRRI Y oup,

a tert-butylang no. u Kol roup, a di net hyl phosphi no

group, a2- ( 2(-23'>r<§y[]éil-r%%%pﬁ?‘?%ﬁgﬁg%"e_)g%g%émlaﬁedat echol ato group, a

2- hydor oxy Qe Xy gl 1pReh§39meitRQ 13infi f OUp, ., a 3- hydor oxyphenoxy group,

4-i sopropyl cat echol, 3-nethoxycatechol, a
(2.5-dimethylphenyl)methylamine,
(2,6-dimethylphenyl jmethylamine,

20 (3,4-dimethylphenyl)methylamine,
(3,5-dimethylphenyl)methylamine,
(2,3,4—trimethylphenyl)méthylamine,
(2,3,5-trimethylphenyl)methylamine,
(2,3,6—trimethylph¢nyl)methylamine.

25 (3.4,5-trimethylphenyl)methylamine,
(2,4,6-trimethylphenyl)methylamine,
(2,3,4,5-tetramethylphenyl)methylamine,
(2,3,4,6-tetramethylphenyl)methylamine,

(2,3,5,6-tetramethylphenyl)methylamine,



zs 1, 8-di hydr oxynahpt hyl group, a 1, 2-di hydroxynahpt hyl group, a

2,2' -bi phenyl diol group, a 1,1 -bi-2-naphthol group, a

2, 2' -di hydroxy-6, 6' -di met hyl bi phenyl group, a

4,4 ,6,6'-tetra-tert-butyl-2,2"-nethyl enedi phenoxy group, a

4,4' /6,6 -tetranethyl -2, 2" -i sobutylidenedi phenoxy group 30 and the |ike.
Further, the hetero atomcontaining group also includes a group represented
by the formula(8]: R3sP- N s (wherein R represents a hydrogen atom

hal ogen at dipentdaneltiogiphenyd)methyR agrings (@yhpiphbaydgme tdry dhnifes ent |
and two of them may be bonded nmutually and may forma ring.) Specific
Exanpl es of (IRPTePY hphabplemethyilamdd e of fgparjodly intuinie) me biywil sgéneat om
fluorine atom_ chlorine atom iqQ bromne atom iodine atom nethyl group,

ethyl group P TR}roIRReRYEABEthydSPHaRy GivkpbuhybRRGRYd)BGF R LnR v
Phe i ko) By Rt PRy EdvesBdBiiny Rap e e MR ST Y b &8RRI ng
e P S S R
(n-octylphenyl)methylamine, (n-decylphenyl)methylamine,
(n-dodecylphenyl)methylamine, naphtylmethylamine,
anthracenylmethylamine, fluoromethylamine,
chloromethylamine, bromomethylamine, iodomethylamine,

10 difluoromethylamine, dichloromethylamine,
dibromomethylamine, diiodomethylamine,
trifluoromethylamine, trichloromethylamine,
tribromomethylamine, triiodomethylamine,
2,2,2-trifluorcethylamine, 2,2,2-trichloroethylamine,

15 2,2,2-tribromoethylamine, 2,2,2-triiocdoethylamine,
2,2,3,3,3-pentafluoropropylamine,
2,2,3,3,3-pentachloropropylamine,
2,2,3,3,3-pentabromopropylamine,
2,2,3,3,3—pentaiodopropylamine,

20 2,2,2-trifluoro-l-trifluoromethylethylamine,
2,2,2-trichloro-1-trichloromethylethylamine,
2,2,2-tribromo-l-tribromomethylethylamine,
2,2,2-triiodo-1-triiodomethylethylamine,
1,l~bis(trifluoromethjl)-2,2,2-trifluoroethylamine,

25 1,1-bis{trichloromethyl)-2,2,2-trichloroethylamine,
1,1-bis(tribromomethyl)}-2,2,2-tribromocethylamine,
l,l-bis(triiodomethyl)—2,2,2-triiodoethyiamine,
2-fluorcaniline, 3-fluoroaniline, 4-fluoroaniline, 2-

chloroaniline, 3-chlorcaniline, 4-chloroaniline,




hydrogen atom hal ogen atom hydrocarbon group, hal ogenated hydrocarbon
group, hydrocarbon oxy group, silyl group or am no 20 group, they may be
the sane or different, and two or nore of them may be bonded nutually and
may forma ring.) Specific Exanples of Rin the general formula [ 9 ]
include ~ 31 a hydrogen atom fluorine22tom chlorine aton) brom ne atom
i odi ne atom phenyl group, 1-naphtyl group, 2-naphtyl group, tent-butyl
group, 2, 6-di net hyl phenyl group, 2-fl uorenyl group, 2-nethyl phenyl group,

4-trifl uor Ardymhedebyingr, 08p brombardilnimey phevlytogoanplidepyri dyl group,
cycl ohexyl group, 2-isopropyl phenyl group, benzyl group, methyl group,
triethylsil3diiqdoamplilinehedyimdolapidiling. groupdoaniding-1- phenyl et hyl
group, 1,1-dimethyl propyl group, 2-chl oropheny| _group and the like, but
are not I|irft&dd £¥%§n16 Bért Rer - A W@ 21 k€ gand neans a | i gand

havi I | of . coordi nat.i sition and specific exanpl es
tﬁglggfaiﬁc{§i9é§giﬁéﬁ§?é§éP8nQ?e%tgi4ﬁié£é%&§&£??ne, Bisgx;zolﬁng?

¢ Do cyd i et hyl q¢ ey i o hyl X

oor e A ERE o, UKL SBR[ VBRI

the cycl opentsadi eiydodyPeiA8l 08 , akel-axGP1 dd¥o A PuPndavi ng a

cycl opent adi enyl type ani on skel eton and the group containing a

het er o- at o, 4ar6 tthei chil cabagidipe ,cantdgiaH i lardeben bl ahemn may be directly
| i nked, or 20 may be |linked through a group containing a carbon atom a
silicon at dm4.$thinkiedeanidifpeanperygdlvanmanbliyefur atomor a
phosphorus atom respectively. Exanples of the group include alkyl ene
groups sucReidaghln %%%1ﬁ¥ouBeQHGQ§ﬂﬂQﬂﬂﬂ¥%é§gr eptadggepnddiids -

alkylegf 95Q3@%f%%ﬁbfghgtﬂ§ﬂ?gﬁgég%ghy&% égsnégz$T§?gaigﬁpﬁline,

di phenyl met hyl'ene "group, “o6r-a’si eng group,” yléne ‘groups
such as a di-MaidWSidYAROEnPE PHR113ndi PRERYESL ki enaH o 1Py fniline,

tetramet hyl disi l'yl'ene group, or hetero-atons such as a nitrogen atom an
oxygen at o, 5 & 24 f bhetvaedh9l )anphdsRheimnegs atom etc.
2,4,6-tri(trifluoromethyl)aniline.
Further, more preferable compounds (c} include water,

15 hydrogen disulfide, methylamine, ethylamine, n-propylamine,
isopropylamine, n-butylamine, sec-butylamine,
tert-butylamine, isobutyl amine, n-octylamine, aniline,
2,6-xylylamine, 2,4,6-trimethylaniline, naphthylamine,
anthracenylamine, benzylamine, trifluoromethylamine,

20 pentafluorcoethylamine, perflucoroproylamine,
rerfluorcbutylamine, perfluoropentylamine,
perfluorohexylamine, perfluorooctylamine,
perfluorododecylamine, perfluoropentadecylamine,
perfluoroeicosylamine, 2-fluorcaniline, 3-fluoroaniline,

25 4-fluorcaniline, 2,6-difluorocaniline, 3,5-difluorcaniline,
2,4,6-trifluoroaniline, pentafluoroaniline,
2-(trifluoromethyl)aniline, 3-(trifluoromethyl)aniline,
4-(trifluoromethyl)aniline,

2,6-bis(trifluoromethyl)aniline,



32 XBin the formula [7] is a hal ogen atom a hydrocarbon group excl udi ng
the group having a cycl opentadi enyl type anion skel eton or a hydrocarbon
oxy group. Specific exanples of Xe include a hal ogen atom such as a
fluorine atom) chlorine atom s brom ne atom and iodine atom and

hydr ocar bon group such as an al kyl groupB an aral kyl group, an aryl group
and an al kenyl group. The al kyl group as X8, includes) for exanple, a

met hyl group, an ethyl group, a n-propyl group,an isopropyl group) 1o a

n- butyl gr Gu -isectblf yhogomaphya )aeritl-imd ydr gr oup, an i sobutyl group, a
n- pentyl group, a neopentyl group, a tert-pentyl group, a n-hexyl group, a
n-octyl grcu. b triecyrigloapome thydodeshling oupn aparpérudesyl group and a
n-ei cosyl group. is These al kyl groups may be substituted with a_hal ogen

‘atom such &F quRﬁYﬁgﬁﬁﬁnﬁréf HPGﬁM%?@ﬂ%ﬂﬂl%Pbﬁ@ﬁﬁ%?QﬂQPHEyléﬂlpﬁdlne
atom Al kyl S sub tuted wi th e hal o en at0f1|nclude for exanpl e,
a fluoroneﬂ%%é%#kﬁﬁPc ??fPﬁOrBﬁEFhﬁoﬁﬁp %.%% BPSREC hyl group, a
trichl of omalipgl S aips 1 2nd0 §LEQLEELE ﬁllqrrpr 4%9@&1{1;%99 ggthyl group, a
perfl uoropropyl group, a perfluoro group, a perfluoro exyl

group, aper fal @rdlmwdr&&@ypiﬂsr,cbl,@r-a&rfqmﬂrcgirpypmé per chlorobutyl group
and perbronnpropyl group. These al kyl groups may be al so substituted with

an al koxy graumémnifkwoﬁﬁaﬂimmhboxpqmﬂaﬂluﬂraanflhmay group, an aryl oxy
group such as a phenoxy group, or an aralk ony group such as a benzyl oxy
group. The 2al(bpifmpenstixel ) gnpliherald - tarl Hlkgroge thplhapiddne.t o 20
carbon atons, nore referabl a nethyl group, an ethyl 33 group, a

n- pr opyl grod Tifl %BVY §PBEping tert-butyl group, an isobutyl group

and a fert-pen r as X8, includes, for exanple, a
benzylfogrof}[je6 E%fﬁﬁg #%H %%%%ﬁﬁé?ﬁ?ﬁlgﬁgﬂp, as (3- nethylphenyl)nethyl
group, a(4 ”%L®ﬁ§¥E¥E@ﬂﬁG%8M£tH§QWBnliﬂﬁ%:%ﬂhnﬁthy|pheny|)”9thy| group, a
(2, 4- dlnethylphenyl)nathyl group;, a (2,5-dinethyl phenyl)mnmethyl group, a

(2, 6-di met hyl4pmmﬁ:)s“r(eﬁfwf1@dsﬁumetnyuqa(n3.,14i.~z£& red iy | pes By pretkmabigr oup, a
(3, 5-di net hyl phenyl ) net hyl group, a (2,3, 4-tinethyl phenyl)nethyl group) a
(2,3,5

- t i nealihgirpRavd) | pemténffl ugroaplilane.
The catalyst component of the present invention is a
15 reaction product(herein-after, referred to as "compound [A]")
obtained by a process which contains contacting the
above-mentioned compounds (a), (b) and (c¢). The order of
contacting the compounds (a), (b) and {¢) 1is not specifically
limited, and for example, the following order can be adopted.
20 C) A method of contacting (c¢) after contacting (a) and (b).
() A method of contacting (b) after contacting (a) and (c).
@ A method of contacting (a) after contacting (b) and (c).
The contact order is preferably C)or Cl Namely, the
compound [A] is preferably obtained by contacting (c) with
25 a contact product obtained by contacting (a} and (b), or by
contacting (b) with a contact product obtained by contacting
{a) and (c}.
Further, in the method of contactong (a), (b) and (c),

after contacting (a) and {b) or (a) and (c), thus obtained




2,3,6-tinmethyl phenyl)nmethyl group, a i5 (3,4, 5-tinethyl phenyl) net hyl

roup, a (2,4,6-tinethyl phenyl)nethyl group, a
2,3,4,5-tetramet hyl phenyl ) met hyl group, a

2,3,4,6-tetramet hyl phenyl ) met hyl group, a

(2, 3,5, 6-tetranet hyl phenyl ) net hyl group,24a zo (pentanet hyl phenyl) net hyl
group, an (ethyl phenyl)nethyl group, a (n-propyl phenyl)nethyl group, an

(1 sopropyl phenyl ) met hyl group) a(n-butyl phenyl)nethyl group, a

(sec- but yl preagt joetdyddye bsmayabetput i biegl, ptitesy [Hhephyl fdedupyoducts
(n-pentyl phenyl ) net hyl group) a 2s (neopentyl phenyl’) net hyl

gr oup, a( n- 3% | epgn ¥ aethdl wiitdbupheapemadmngddivanpimenty| On the other
group, a( n-decyl phenyl ) net hyl group, a (tetradecyl phenyl)nethyl group, a
napht hyl met1#d gr 6@ BRECEACRnPRCSUSHA MATyPe gFelpactrEsdhe A9MALRedups
may be substituted with hal oge 34 atom such as a fluorine atom a
chlorineaﬂ%ﬂﬂp%P?ﬁ€LVﬁEggP%nﬁ%F%aﬁqqiﬁiﬁPE£%ﬂT an al koxy group such as a
met Noxysgroup OrqAl ELARAIWI Lilh &Ik Ok ILAUP 2B et RiEQEXY T OUD,
or an aral kyl oxy group such as a benzyl oxy group. s The aral Kyl group as Xa

is preferaliompourddl ki - geoURshpreR@raviG 20h£Af @M@t OfRderaffl FRESt
preferably a benzyl group. As the aryl group as Xe, exanples thereof

i nclude a pglenydtmosppera.2Thel tregrimegnt atdnperytugeoip, uasudliloh Vramoup,
a 2,3-xylyl group, a 2,4-xylyl group, a 2,5-xylyl group, a 10 2, 6-xylyl
group, a 3,4-08LytogrOfC .2 and prafarapbypfram2 -804 t tond6AW phBhel gr oup)
a 2,3,5-trinethyl phenyl group, a2,3,6-trinethyl phenyl
group,a2,¢q§qq$béhhy¥bﬂgnﬁﬁ YE8GHL Ya EXom st tPIRRE Ry FBhéRy POogTsip, and
2,3,4,5:-tet epyl grQup. 2.3.4, 6-tetramet hyl phenyl gr 15
2,3,5, 9tenééggg{%%%ﬂeﬁ§?mg;gu%}ngtﬁgann%ﬁh$V%ﬁgﬁyh%ﬁﬁgﬂ%¥'a% %EEgF%ﬁenyl
group, a NyyyPRY ARGV +HOUN a fifle i £ O RNAPYA REE WimpB ik may bddl ybBREYY!
group, a sec-butyl phenyl group, a tert-butyl phenyl” group, an i1sobutyl phenyl
group, a n-querdadphenystgacupthéut adeogeit ylahene sgroent asedhexikbpbenyl
group, a n-octyl phenyl group, a n-decyl phenyl group, a n-dodecyl phenyl
group, a n-aagt badesgfpiendolgrenip sed eqdpid ylomgnonp ped@ranocdnentac seugh
group. These aryl_ groups may be substituted with a hal ogen atom 25 such as

a fluori neae?cﬁﬂqalallb*l*ﬂl 1 E AV AT RO D SOH AR S dRdorramatégi medspeaFban

| k t th I .

such 95 HRaERFr sl Bsn R, s ERr £y e PhtradeeatBeREdi ony Ehoun.
The aryl gry drfesPt eEc?rF‘HlaytﬁEe%B?ﬁon{nw @yYingy$ LRa (29 .28 e

atons, and nore preterably a phenyl “group.
examples of thereof include butane, hexane, heptane, octane,

(
g
(
(

2,2,4-trimethylpentane, cyclohexane, benzene, toluene,
xylene, dimethyl ether, diethyl ether, diisopropyl ether,
20 di-n-butyl ether, methyl tert-butyl ether, anisole,
l,4-dioxane, 1,2-dimethoxyethane, bis{2-methoxyethyl) ether,
tetrahydrofuran, tetrahydropyran.
The amounts used of the respective compounds in the
preparation of the compound (A) are not specifically limited.
25 But, from the view point of heightening of the catalytic
activity, when the molar ratio of the amounts used of the
respective compoundsisdefinedasamolarratiocoof (a):(b):(c)=
l1:y 12,V is preferably 0.7 Xr to 1.3 X r, more preferably

0.8Xrtol.2Xr, further preferably 0.9Xr to 1.1 X r (whrein



The hydrocarbonoxy group as XB includes, for exanple, al koxy groups,

aryl oxy groups and aral kyl oxy groups, preferably al koxy groups having 1 to
20 carbon atons, aryloxy s groups having 6 to 20 carbon atons and

ar al kyl oxy groups having 7 to 20 carbon atons. Specific exanples thereof

i ncl ude hydrocarbon oxy groups which arezsgrenti oned above as those of L', a
(2- met hyl phenyl ) net hoxy group, a (3-nethyl phenyl) nethoxy group) a

(4- met hyl phenyl ) net hoxy i o group, a (2, 3-dinethyl phenyl)nethoxy group, a

(2, 4- di met hy lighe mallerRicheE B igy Oup, i€ prafor@ibIsi Oy phenyinokd pasyegably, a
(2, 6-di net hyl phenyl ) met hoxy group, a (3, 4-dinethyl phenyl) nmet hoxy group, a

is (3,5-di nethytphéngl) ferttirer greperabl?, 6, &- toi dstéhy|gartidy hat hyxy
group, a (2, 3,5-trinethyl phenyl)nethoxy group and benzyl oxy group, nore
preferably %rﬁﬁ?ﬁék}YgPo@pFQﬂifﬁhd&?sérbﬁﬁfeﬁﬁbﬂ§bﬂrébd%y-bﬁ%up, a

576 di ‘(’Eé'rtg[)f}? %s)%‘%%%?”é%éﬁag rbeds frRaiitnt 3 tereternp et (Al v o
et hOXY 307 Oy SRPTANY D % Gl R mgemsiq{ Qe ARd gy | oxy

group, part ably a met hoxy grouﬁ ana phenoxy group

chlorine atr@attérgeéaxbe%q% %%Mﬂ)o@ﬁ@é‘? zs a n-propyl group, an
i sopropyl group, a n-butyl group, a benzyl group, an-allyl group,a

met hal |yl grioampe , aviieh ey @smpPunds eaRoXybyrang a8y arphesspycghiselyar e
preferable, and a chlorine atom a nmethyl group, a nethoxy group and
phenoxy gr otpiphenybrie gmetfler pleindaf L 8srdphemel bodwb hefp, an embodiment
represents a nuneral satisfying an expression of 0<aSB, "b" represents a
nuner al satf%’r’yﬁ’ﬁﬁd‘éﬁlgﬁpFB%P@ﬁ‘P&U HdB, ofhdthe PEeEent” i&?’@“ﬁﬁ-&ﬁ’er’ﬁ/
selectqﬁ dﬁgndlng ?n t he val ency of M. 5 Anpong the netal conpounds

repr esént VYR heS+8Fnul af 7] above specific exanples of the conpound in

which Ms is a twﬁﬁ%%%%gégﬁhﬂ%§H alnlanentaﬁ%uorgghenal1namount

di met hyl si | yl enebi's opent adi enyl )titani"um di chl ori

di met hyl si |y aenehies ¢AmeR By :ﬁmboe@rﬁ@?mmlvi B4 drant bl M &l @ ddiechBebipfiase
I eny

di met hyl si | yl enebi s(3-met hyl cycl opent a ) titaniumdichloride,

di met hyl si | §d endbilsie2ren sl iose lodp emtipdieerpdl b itsntetrh urandl chleoredelted
di met hyl si | yl enebi s(3-n-butyl cycl opentadi enyl) titaniumdichloride, i5
di net hyl si InAekeBe sig, 3tarﬁeﬂhy1|n@pcn @pé?ﬂfé'mi"erﬁnf)d%t%'aﬂl fardi 8hmapudes

di met hyl silyl ene (2, 4- | opent adi e titani ymdichlorid
i ot g ot |97 HOBIGES & tirecaiyp £941 EPcHt S Grgpe=abulR, hih Doeaightatse,
a crystal. After the crystal is separated by filteration,
and then dried, the crystal is dissolved with toluene, then
water in an equimolar amount to a bismuth component in the
toluene solution is added dropwise to the toluene solution,
20 and then resulted mixture is stirred at 80C for one hour.
The catalyst component (A) of the present invention is
useful as a co-catalyst for addition polymerization,
particularly, for olefin polymerization.
Specific examples of the catalyst for addition
25 pelymerization of the present invention include a catalyst
for addition polymerization obtained by a process comprising
contacting the the catalyst component (A) with ametal compound
(B) of the Group 3 to the Group 13 or lanthanide series

(herein-after, sometimes referred to simply as “compound (B) "},



di met hyl si |l yl enebi s( 3, 4-di net hyl cycl opent adi enyl ) titaniumdichloride,

di met hyl si | yl enebi s(2, 3-et hyl net hyl cycl opent adi enyl )titan i um di chl ori de,
z5 di net hyl sil yl enebi s(2, 4- et hyl met hyl cycl opent adi enyl )titan i um

di chl ori de, dinethylsilylenebis(2,5-ethylnethylcyclopentadienyl)titan ium
di chl oride, dinethylsilylenebis(3,5-ethyarethylcycl opentadienyl)titan 37
i um di chl ori de, dinethylsilylenebis(2,3,4-trinethylcyclopentadienyl)titan
i um di chl oride, dinethylsilylenebis(2,3,5-trinmethylcyclopentadienyl)titan 5
i um di chl oraniéa chitreelt it §ok ydehiehi ;i pollymeetaptdyr opeaiadiddwa proiceasi um
di chl oride, dinethylsilylenebis(indenyl)titaniumdichloride,

di net hyl si | ¢mpebssg, gostacténgahhar opmoenpd) (Rt diveumogipohingt i(d0, and

di met hyl si |l yl ene(cycl opent adi enyl ) (i ndenyl ) titani um dichl oride,
dinethyhﬂI%@QE@GHQQﬁﬂqﬁﬁﬂ%ﬁ@ﬂﬁﬂﬂ%ﬁ&hﬁreﬁﬂmﬁﬁﬂ%E4?QNQHﬁ%ﬂ%ﬁPSPFaéﬁ

di net hyl sil yl eng( n- butyl ¢ycl opent.adi i ndenyl). titaniumdichloride, 1s
di ot h§| o |€‘?e ’g'f‘?Je%’lrjaéet ﬁ?l"'???&“éﬁe(l %1 2@§1|y| ) (iynZZIeny: )ti tani um di ohl or de)
di net h i1yl I t adi AN ' ' i d

i ety Pel 171 enBefts IR £Ied (£ob0aaRX ol HRVHBAL FOLPER Es |1 o1 e,

di met hyl si | gd £ae{pe Ut ¥l arehanemeaadweny! ) (fluorenyl)titan i umdichloride,
di met hyl si l yl ene(tetranet hyl cycl opentadi enyl) (fluorenyl) titanium

di chl oride, 25 dsmthleylconpduard({BHenyéd( Ebmoadadilt)itart g Lymetrthkoibde and
conmpounds in which dinmethylsilylene is replaced with
di et hyl si | y&krlv$phefytbel piresemt dinwamokymi | ¥tens nott fpeidficalkkyri bed
conpounds. f}giggﬁ’sgpggéfgg géagglgsm%%ahh%x%%ﬂagagdo%ntﬂgi820%% 3 to
10 13 or Lanthanide Series of the Periodic Table exhibiting an
addition polymerization activity by using together with the
compound(A), or compound(A) and the compound(C), as an
activating co-catalyst component.
Examples of the compound(B) includes metal compounds
15 indicated by the chemical formula [7] described below, U
-0xX0 type metal compounds thereof.
L2, MeX8, (71
(whereinMsisametalatomoftheGroup3toGroup130rLanthanide
Series of the Periodic Table of the Elements; L ? is a group
20 having a cyclopentadienyl type anion skeleton or a group
containing a hetero-atom, a plurality of L? groups may be the
same or different each other, and a plurality of L? groups
may be optionally linked in direct, or through a group
containing a carbon atom, a silicone atom, a nitrogen atom,
25 an oxygen atom, a sulfur atom or a phosphorus atom; x® is a
halogen atom or a hydrocarbon group excluding the group having
a cyclopentadienyl type anion skeleton or a hydrocarbonoxy

group, and a plurality of X® groups may be the same or different

each other; "a” represents a numeral satisfying an expression



38 is a titanium atom include bis(cyclopentadienyl)titaniumdichloride,

bi s(met hyl cycl opent adi enyl )ti tani um di chl ori de,

bi s(n-butyl cycl opent adi enyl )titani um di chl ori de,

bi s(di net hyl cycl opent adi enyl )titani um di chl ori de,

bi s(et hyl net hyl cycl opent adi enyl) ti tani.umdi chl ori de)

bi s(trinmethyl cycl opentadi enyl )titani umdichloride,

bi s(tetranet hyl cycl opent adi enyl )titani um di chl ori de,

bi s( pent aneoBlkeays Bopand bl earyindd dmts amuticxtd Dsatd s £lyiing anl expiretsistiaom um
dichloride, io bis(4,5,6,7-tetrahydroindenyl)titaniumdichloride,

bi s(fl uorengf) @Kb&8 uin di chl ori de, bi s(2-phenylindenyl)titanium dichloride,
bi s[ 2-(bis-3,5-trifluorometh Ipheny%%indenyl titani umdichl oride,

bi S[ 2- (4- Ler { - butl BRErSPITRIRlT] 1 M sh# driiebadi R FPBATIETOUP 3 £o Group

s[ 2-
bis[2-(4-trjfl hyl | Lindenyl ] titani di chlorid
b1 5[ 2. (4. ek Py PE e S ERAGRyFPE L PEnt APCE B PUdc TaBLe TTuBAC 1985).
bi S[ 2- ( 2. 5- g ) denvl 11 it ani Cchl or i de. .
b 2 PP BRI LG VAL o 2By acom, ytcriom

cycl opent adiea! (PepaATRRNYLEMC! 2PEAbAGdUANKEDM!, | haRhYMM atom, vanadium
di chl ori de, cycl opent adi enyl (i ndenyl) titaniumdichloride,

cycl opent adatom| (diciotenydforh j ttaar e vih Gt an | ddhr onnidlem\d {drh L drmy la)ttant ani um
di chl ori de, pentanethyl cycl opent adi enyl (indenyl)titaniumdichloride, z5
pent anet hyl eythepinmaditem;| cobsrtergtomi t phodinn afloay.i deickel atom,

cycl opent adi enyl (2- phenyl i ndenyl )titani um di chl ori de, ]

pent arret hyl Q?%i%ééHF‘a%l’F y| SPRGRERY | 3 HRRN A 5 RS TR A R h A um atom

et hyl enebi s C nt adi_enyl ) ti tani um di chl ori de,
et hyl eﬁgbi s%rg%{rr}!é?g%lc%%fo%bent adi enyl)titanium 39 dichloride,

et hyl enebi s(3- meh BV £y HeRANE8ALBAKK), LI tianp HA¥draBh 9 4 $ansition metal
et hyl enebi s(2-n-butyl cycl opent adi enyl’)titani umdichlori de,

et hyl enebi s¢Smpotintly| myte apest &thBDy| 3 t+ 1 et 1unh i tdih Ordide)orbium atom or
et hyl enebi s( 2, 3-di net hyl cycl opent adi enyl ) ti tani um di chl ori de,

et hyl enebi sf@fdidgnnathm.cycl opent adi enyl ) titani um di chl ori de,

et hyl enebi s( 2, 5-di net hyl cycl opent adi enyl )titaniumio dichloride,

et hyl enebi s( 3, 4%9#@9&%@%%@&?&&&%%@@%%Ybrﬁrm%rﬂrbwmé,keleton as

is L? includes a cyclopentadienyl group, a substituted
cyclopentadienyl group, an indenyl group, a substituted
indenyl group, a fluorenyl group, asubstituted £luorenyl group
and the like. Examples thereof include an 7
5—(substituted)cyclopentadienyl group, an 7

20 5—-(substituted)indenyl group, an n3-(substituted) fluorenyl
group and the like. Specific examples thereof include an 7
S_cyclopentadienyl group, an 7 °-methylcyclopentadienyl group,
an 7 °-tert-butylcyclopentadienyl group, an 7
®-1,2-dimethylcyclopentadienyl group, an 7

25 °-1,3-dimethylcyclopentadienyl group, an 7
5-l-tert-butyl—z—methylcyclopentadienyl group, an 7
5-1-tert—butyl—3~methylcyclopentadienyl grbup, an 7
*-1-methyl-2-isopropylcyclopentadienyl group, an 7

®.1-methyl-3-isopropylcyclopentadienyl group, an 7




et hyl enebi s( 2, 3- et hyl net hyl cycl opent adi enyl )titaniumdichloride) is
et hyl enebi s( 2, 4- et hyl net hyl cycl opent adi enyl )titani um di chl ori de,

et hyl enebi s( 2, 5- et hyl net hyl cycl opent adi enyl ) ti tani um di chl ori de,

et hyl enebi s( 3, 5- et hyl met hyl cycl opent adi enyl )titani um zo di chl ori de,
et hyl enebi s(2, 3, 4-trinethyl cycl opent adi engl ) titani um di chl ori de)

et hyl enebi s(2, 3,5-trinmet hyl cycl opent adi enyl )titanium di chloride,

et hyl enebi s(tetranet hyl cycl opent adi enyl) 25 titaniumdichloride)

et hyl enebi s{d ngeyy! t#ihathylcfcapyrtdiienyl group, an 7

et hyl enebi s(4,5, 6, 7-tetrahydroi ndenyl )titani um di chl ori de,
ethylenebis%%lphehytrndenhylbybaMpﬂntﬁdﬂényldgroup, an 7
ethylenebis{fluorenyl)titaniun1dich|oride, et hyl ene(cycl opent adi enyl )
( pent anet hyl tSetiopeethvi englppend@diantt kdeeupe) an 7

et hyl ene(cygl o entadienilé&indenyl)titaniun1dich|orige*

et hyl ene( met RARSAMSHRVL SHUCLAPEF tEHANKA JEPURN 8 Wi chPEPRYL, 9EoupP. an

t hyl - hut yli | t.adi [)(ind | ).titani i eh '
ot hyl end(t ot s ol R R DR BERYB art (e aehfstageny
et hyl ene( cy@_a&ﬁot afli %rw—'z)i_rﬁéwf?%qﬁﬁﬂaawwl GH Of Fd@methyl.ingenyl

et hyl ene( net hyl cycl opent adi en uorenyl)titaniumio dichloride,
et hyl ene (pebdapet Ayl eyTlmpent i engbhel! yeoany, )dn tahi grmdthRllanddmyl

40

et hyl ene(n-butyl cycl opent adi enyl) (fluorenyl)titaniumdichloride, ethylene

(t et r amet hyg¢peup adasnyl H«(Fimorleynyiddenghi gmodipchlaor ide, i5
ethylene(iggenyl)(fluorenyl)titaniunldichloride,
i sopropyl i

lid 5s( 2- met hyl cycl opent adi enyl )titaniym dj ch| oy i
by ot | el 3B SRER AN SR i A Shenk b pgaeny
3 o bl . tifan bl or i de.

sobr opyl | BRSPS ARN T 1o AT CBEEY EEhGRK LT O TGS
sopropy! i denehied 2, W €y ﬂ?hh&hﬂ&?m} adi gAyb), 3Lidti%i'éﬂ!f§ﬂir€&’é@§'l%9.soup,
Cc e

sopropyl i denebi s( 2, 4- di net hyl cycl opentadi enyl ) titaniumdichlori
an N°%-4,7-dimethylindenyl group, an 7

%-2,4,7-trimethylindenyl group, an 7
15 5-2-methyl—4—isopropylindenyl group, an 73-4,5-benzindenyl
group, an n5—2-methyl—4,S—benzindenyl group, an 7]
*-4-phenylindenyl group, an 7 °-2-methyl-5-phenylindenyl
group, an 7 °-2-methyl-4-phenylindenyl group,
an 71°-2-methyl-4-naphthylindenyl group, an 7 >-fluorenyl
20 group, an 7°-2,7-dimethylfluorenyl group, an 7
>-2,7-di-tert-butylfluorenyl group, and substitution
products thereof, etc.
The hetero-atom in the group containing a hetero-atom
includes an oxygen atom, a sulfur atom, a nitrogen atom, a
25 phosphorus atom and the like, and examples thereof include
an alkoxy group, an aryloxy group, a thioalkoxy group, a
thioaryloxy group, an alkylamino group, an arylamino group,
an alkylphosphino group, anarylphosphino group, or an aromatic

or aliphatic heterocyclic group having an oxygen atom, a sulfur

et eX kYRt bt Ardan¥Ayasour ¢ a8 Unrdi-derdriiylindenyl group,



i sopropyl i denebi s(2, 5-di net hyl cycl opentadi enyl) titanium 41 io is 20 zs

di chl oride, isopropylidenebis(3,4-dinethylcyclopentadienyl) titanium
di chl ori de, isopropylidenebis(2,3-ethylnmethylcycl opentadienyl) titanium
di chl ori de, isopropylidenebis(2,4-ethylnmethylcyclopentadienyl) titanium

di chl oride) isopropylidenebis(3,5-ethylnethylcyclopentadienyl) titanium
di chl ori de, isopropylidenebis(2,3,4-trinmethylcyclopentadienyl) titanium
di chl ori deatbmQPBORY kirdgRePbEoh And/lor 1 phspidaie i ish ey | fhd itiang um
di chl oride, isopropylidenebis(tetramnethylcyclopentadienyl) titanium

di chl ori deanids aprb@llatdane i sqamdenyl ) titani um di chl ori de,

i sopropyl i denebi s(4,5, 6, 7-tetrahydroi ndenyl )titani um di chl ori de,

i sopropyl i deneSipgelHiemxtinplay|of ithemianeuh cend@igeing a hetero-atom

| sopropyl i denebi s(fluorenyl)titaniumdichloride,

i sopr opy| i 4BREEEPCRIMHRAEY SHQYP ( (3t BERMONYy BEPEIPopEnt adi e 9 TR M

di chl ori de, i lid | di.enyl) (i ndenyl )t itani i i de,
opr ofyl | HERBBILE RN ¢ e opehtaa Sy BT SRR PECERN Bt AnkD Sqatd . 1°
! 3 AN R o
 onr opyl i HedcFELIIRHRKHBDAEAGL PN, 2L eNATRE chy ity B EUUBL B0, e,
i sopropyl i deae g(&¥ahRRraR}BsH Swky (fEyapenyl blidtdylpnéhely ogréap, ad2

i sopropyl i dene( et hyl cycl opent adi enyl ) (fl uorenyl )titani um dichl oride,
4-n-propylphenoxy group, a 2-isopropylphenoxy group, a

i
[
i

di chl oride, isopropylidenebis(2,5-ethylpgthylcyclopentadienyl) titanium
i
[

2,6-diisopropylphenoxy group, a 4-sec-butylphenoxy group, a

10 4-tert-butylphenoxy group, a 2,6-di-sec-butylphenoxy group,
a 4-tert-butyl-4-methylphenoxy group, 4
2,6-di-tert-butylphenoxy group, a 4-methoxyphenoxy group, a
2,6-dimethoxyphenoxy group, a 3,5-dimethoxyphenoxy group, a
2-chlorophenoxy group, a 4-nitrosophenoxy group, a

15 4-nitrophenoxy group, a 2-aminophenoxy group, a
3-aminophenoxy group, a 4-aminothiophenoxy group, a
2,3,6-trichlorophenoxy group, a 2,4, 6-trifluorophenoxy group,
a thiomethoxy group, a dimethylaminc group, a diethylamino
group, adi-n- or iso-propylamino group, adiphenylamino group,

20 an isopropylamino group, a tert-butylamino group, a pyrrolyl
group, adimethylphosphino group, a2-(2-oxy-1l-propyl}phenoxy
group, a catecholato group, a Z—hydoroxyphenoxy'group, a
resorcinolate group, a 3-hydoroxyphenoxy group,
4-isopropylcatechol, 3-methoxycatechol, a

25 1.8-dihydroxynahpthyl group, a 1,2-dihydroxynahpthyl group,
a 2,2'-biphenyldiol group, a 1,1'-bi-2-naphthol group, a
2,2'-dihydroxy-6,6"-dimethylbiphenyl group, a
4,4',6,6"'-tetra-tert-butyl-2,2'-methylenediphenoxy group,

a 4,4',6,6'-tetramethyl-2,2'-isobutylidenediphenoxy group



i sopropyl i dene(n-butyl cycl opent adi enyl ) (fluorenyl) titaniumdichloride) 5
i sopropylidene(tetranethyl cycl opentadi enyl) (fluorenyl)titaniumdichloride)
i sopropylidene (indenyl)(fluorenyl)titaniumdichloride,
cycl opent adi enyl (di met hyl am do) titani um di chl ori de,
cycl opent adi enyl (phenoxy)titani umdichleoide, io
cycl opent adi enyl (2, 6-di net hyl phenyl ) titani um di chl ori de,
cycl opent adi enyl (2, 6-di i sopropyl phenyl)titani um dichl ori de,
cycl opent acdinenyWHe?, Bikk - t ert - but yl phenyl )titani um di chl ori de,
pent anmet hyl cycl opent adi enyl (2, 6-di net hyl phenyl )titaniumis dichloride)
pent anet hyl cycl Bpehheadi etlyé (12 e o i aopm opyh padnght granbua hsdi ore bedes,
pent anet hyl cycl opent adi enyl (2, 6-di -tert-butyl phenyl)titan ium dichloride,
i ndenyl (2, & @LEHHrARTPIRAYERt PYafbemEnFmiladl Bt i de, f1 uorenyl
(2,6-diisopropylphenﬁbﬁ%hianiun1dich|oride,

afret

(tert-butyl am do)tet yl cycl opent adi enyl -1, 2et hanedi yl titani um

di chl orj de) ) i r I t adi enyl.- 5
ot hanedgl yl t(ﬁé\%% afﬂcggéh%%g%@ f‘&/ 1{‘9’&%8&&{1‘ 395.%, haj.l.’o%e% atom or

(et hyl am de)iidarmidy 'g%(:ﬁi;i),p‘ik”%:%h%maﬁnl?@tﬂiﬁﬁ%%bé' birt @0 pareneh)! ahade)
(tert-butyl am do)tetranet hyl cycl opent adi enyl di nethyl silanetitanium 43

di chl ori de twheeray | aramapd et babbhdkedy aluifiaililadi &0y | may meblpl ai rdmeg.i)t ani um
di chl ori de, (phenyl phosphi do)tetranethyl cycl opent adi enyl

di net hyl si | anetSpemi fiicdEsampliege of5R> in the above-mentioned formula
(tert-butylaniqo)indenyl-1,2-ethanediy|titaniunldichloriéﬁi ]
(tert - but yl[&di dOetdarR R FREeT| 2108 o AHREANR AHAni I A HRP oF F Oy

(tert-putylam do)fluorenyl-1. 2-ethanediyltitaniumdichloride, __
(tort-Bhey PERTTNG RESRy 20 dE At anee v il o shrirh GrpfB. n-propy
(tert-butylamdp)t i | dimey, 1h:x?llsi lacngp:tiﬁgm:ugh@ hlg@iduie,
(tert-butyﬁgﬁ%ﬁ%ffﬁégég%ﬁgi€5§E§FSPIanetité%iun1dich|oride?qig@’dga
(di et hyl agyiars J)beh@fTB%, ReheyCcdopept adirpiphtl ggiup( behkydi ghbapi de,
(di net hyl am noet hyl )t et ranet hyl cycl opent adi enyl titanium(111) dichloride,
(di met hyl ammdoprhapyl ket rlawet aybcpoltofemtisdteemghhexetani um 20 (111)
di chl ori de, :
Further, the hetero atom-containing group also includes
15 a group represented by the formula [9]:

HEB

R65 I

=N \\
R%4 o

R62

[9]

(wherein respective R®'-R®® groups independently represent a
hydrogen atom, halogen atom, hydrocarbon group, halogenated
hydrocarbon group, hydrocarbon oxy group, silyl group or amino

20 gfoup, they may be the same or different, and two or more
of them may be bonded mutually and may form a ring.)

Specific Examples of R in the general formula {9] include




(N-pyrrolidinylethyl)tetramethyl cycl opentadi enyl-titaniumdichloride)

( B-di et hyl am nobor abenzene) cycl opent adi enyl zi rconi um di chl ori de, z5
cycl opent adi enyl (9- nesi tyl boraant hracenyl ) zi rconi um di chl ori de,

2,2 -thiobis(4-methyl-6-tert-butyl phenoxy)titani umdichlori de, i
2, 2" -thiobis[4-nmethyl-6-(1-nethylethyl)phienoxy] titanium 44 dichloride,
2,2'-thiobis[4, 6-di net hyl phenoxy]titani um di chl ori de)

2,2' -net hyl enebi s(4-net hyl -6-tart-butyl phenoxy) titaniumdichloride, 5
2, 2' - et hyl enblyidsiofrare ittpim, 6 £ aotrilmet gkpwenokipriinkaatam, dbcbnbnedatom,
2,2" -sul finyl bi s(4-methyl-6-tart-butyl phenoxy) titaniumdichloride,

2,2' - (4,4 Ipdktne @tom .+ henylt growpl' 1bnpRbimlyyreppant uhdBhENlograsp. 10
(di-tart-butyl-1,3-pro anedianidqititaniun1dich|oride

(di cycl ohe litl',@éfpig%s RE&i- A troY e BRY LRPERIH Fr9 YR, 2-fluorenyl group,

Lbi sCtri el i M dadeds PLOBARCT Aot L A MR SL L) dE o

[bis(tart-buty propanedi-ani . . n15?ch|oride,
b 22 2 s, Sreipnenciianabl st ghebhpside e
[ bis(2,6- diz-twdpﬁﬁyi@eﬂyl) gtodphl ®RANKAI E @), thé eRyUMyeoal or i de,
[bi s(triisopropylsilyl)naphthal enedi am do]titanium dichloride,
[ bi s(tri mettdnjilesiiylgihpht abepeddapheatlintesthiyis tlyhl grodp, 2s
[bi s(tart-butyl di met hyl silyl)napht hal enedi am do]
l-methy-1-phenylethyl group, 1,l1-dimethyl propyl group,
2~-chlorophenyl group and the 1like, but are not limited thereto.
10 Further, the chelating ligand means a ligand having a
plural number of coordinating positions, and specific examples
thereof include an acetylacetonate, diimine, oxazoline,
bisoxazoline, terpyridine, acylhydrazone,
diethylenetriamine, triethylenetetramine., porphyrin,
15 crown ether, cryptate and the like.

The mutual groups having the cyclopentadienyl type anion
skeleton, the group having a cyclopentadienyl type anion
skeleton and the group containing a hetero-atom, or the mutual
groups containing a hetero-atom may be directly linked, or

20 may be linked through a group containingacarbonatom, asilicon
atom, a nitrogen atom, an oxygen atom, a sulfur atom or a
phosphorus atom, respectively. Examples of the group include
alkylene groups such as anethylene group and a propylene group,
substituted alkylene groups such as a dimethylmethylene group

25 and adiphenylmethylene group, orasilylenegroup, substituted
silylene groups such as a dimethylsilylene group, a
diphenylsilylene group and a tetramethyldisilylene group, or

hetero-atoms such as a nitrogen atom, an oxygen atom, a sulfur

atom and/or a phosphorus atom, etc.




titani umdichlori de,

[bis(tart-butyldimethylsilyl) napht hal enedi am do] ti tani um di br om de,

cycl opent adi enytitaniumtrichl oride, pentamethylcycl opentadi enyltitanium
trichloride, 45 [hydrotri s(3, 5-di net hyl pyrazol yl )borate]titanium
trichloride, [hydrotris(3,5-diethylpyraza yl)borate]ltitaniumtrichloride, s
[ hydrotris(3,5-di-tert-butyl pyrazolyl)borate] titaniumtrichloride,
[tris(3,5-dinmethyl pyrazolyl)methyl]titaniumtrichloride,
[tris(3,5-diethxfpymaziobyEdpmubgl [t7ijt A& @nhalicxddrordtem anal hydrocarbon
[tris(3,5-di-tert-butyl pyrazolyl)nmethyl]titanium 1o trichloride.

Fur t her nor egreye ekiila ddrarphesgdup hevdogpa giye liopant add by 1 Sype andahum
atom include conpounds in which dichloride of these conpounds_ is repI aced
with difludiieketer #H® ydrocarbon oxy group. Specific examples of X

i ethoxt te, ”rﬁf#%%é%%2¥asd' 'Es?@osaf%b %Bfel%qf:?#%%t%dgﬁa%h?@é% EBirde,
i1 1 s DUyl o UKL 5o G181 £ 20 ol S APULLEBBENBXEGS) 38 o

conmpounds in ese’ co rsre I

trifluoridegn hmrlogl-gg?r fam%ﬂgﬂ gt | hﬁh akweéfwdlp ddd bﬁoﬂlﬁéﬁbl zo

triiphenyl, tribénzyl nmet ho triethoxide, tri-n-propoxid

trii sopropcgﬁcflm tri-n-butoxide, triisobutoxide, tri-tert-butoxi de

tri phenoxide or tri(2,6-di-tert-butyl phenoxi de. Mreover, anong the netal
conpounds repr eShat 8dikiyy Eh?@UIS aoéiul dnfcajudespedidd cexamppe esa ohetbifpounds
in which M6 in the formula [ 7] is zirconiumor hafnium) include those in
which a ti t3AWRn &ofmthyly gﬁpé@edaﬁthr‘apiir%ﬂ‘?ﬂn?ﬁt ohFBPTIPK A FFARPat om

compouttls PV aLEHreSEgoP. 26 SERE RIS (- SpETEr BOSYAmpatnyy an

2 2 <ot hy e Oy E B gl ST B TR arar PRel Y SR & de, 5

2, 2" - et hy ledyedi g ¥Rl -dliEN ¥l n &y Uigidup Ovazobt 8Ly eded , & bk aatge,

2, 2" -nmet hyl enebi s[ (4R) - 4- phenyl -5, 5" di - n- propyl oxazol i ne] ni ckel di brom de,

2, 2' - met hylgerein s [a( ARjodieplydnygirofiph'a n~-pentdecyl group and a n-eicosyl
group.

15 These alkyl groups may be substituted with a halogen atom
such as a fluorine atom, a chlorine atom, a bromine atom or
an iodine atom. Alkyl groups substituted with the halogen atom
include, for example, a fluoromethyl group, a trifluoromethyl
group, & chloromethyl group, a trichloromethyl group, a

20 fluorocethyl group, a pentafluorcethyl group, a
perfluoropropyl group, a perflucrobutyl group, a
perfluorchexyl group, aperfluorococtyl group, perchloropropyl
group, a per chlorobutyl group and perbromopropyl group. These
alkyl groups may be also substituted with an alkoxy group such

25 as a methoxy group or an ethoxy group, an aryloxy group such
as a phenoxy group, or an aralkyloxy group such as a benzyloxy
group.

The alkyl group as X® is preferably an alkyl group having

1 to 20 carbon atoms, more preferably a methyl group, an ethyl



I o diisopropyl oxazoline]nickel dibrom de)

2,2' - et hyl enebi s[ (4R) - 4- phenyl -5, 5" - di cycl ohexyl oxazol i n a] ni ckel

di brom de) 2, 2'-net hyl enebi s[ (4R) - 4- phenyl -5, 5' - di net hoxyoxazol i ne] n i ckel
di brom de, 15 2, 2' - net hyl enebi s[ (4R) - 4- phenyl -5, 5" - di et hoxyoxazol i ne] ni
ckel dibromde, 2,2'-nethylenebis[(4R)-43phenyl-5,5"-di phenyl oxazol i ne]ni
ckel di brom de, nethyl enebis[(4R)-4-nethyl-5,5"-di-(2-nethyl phenyl)oxazol
20 ine] nickel dibrom de,

met hyl enebiggdAR) -8 eby D, §rodp, 63 MEEbYIrRRENY Igrowr olai teroipkelyl

di brom de, net hyl enebi s| (4%&) -4-met hyl -5,5" -di - (4- net hyl phenyl ) oxazol

I ne) ni ckel goidmpgmeade,iskssbutyl group and a tert-pentyl group.

met hyl enebi s[ (4R) -4-net hyl -5,5" -di - ( 2. met hoxyphenyl ) oxazo |ine] ni ckel

di bromi de, net HhenasialkuRgrbuie@syK: 5 isicinde s, forhexpppdey RoxenRsy L

| i ne] ni ckel di brom de

met hy| enebiSEPUIR) -3 (Agt el Bhepyl) mefbiloghthy 13 oxazo 47 i ne] ni ckel

di brori e, et el Sl Pl ROt Dbl I AR50 8 ) REEHGA S Blup

met hyl enebias[Qpi?,r_Q{i(nb@-ZII L % a ﬁkg_n woub - &Y clopenta 5 ne}]nickel

di br omi de, mnft Hyl enebi s %pﬁ?o %‘ %ﬁ 3 t(lgi]yl oxXazol i ne-5, 1' - cycl ohexan
a}] ni ckel qizbof @ thylphenyl)methyl group, a _

met hyl enebi s(spi ro{ (4R) - 4- net hyl oxazol i ne-5, 1' - cycl ohept a ne}] ni ckel

di brom de, (2Q 52 d2meataiyipplesrepl dhédRy14 gromp,o@y| - 5, 5- di net hyl oxazol i ne]

ni ckel dibrom de, 2,2'-nethyl enebis[(4R)-4-isopropyl-5,5-diethyloxazoline]n
i ckel di br d@i-@edimethydphgnvhiBeshy4RETAUDS o opyl - 5, 5- di - n- pr opyl oxazol i
1s ne]ni cke(\I di br.om de,

10 3.4-dimethyiphenyl)methyl group, a
(3.5-dimethylphenyl)methyl group. a
(2,3,4-timethylphenyl)methyl group, a
(2,3,5-timethylphenyl)methyl group, a
(2,3,6-timethylphenyl)methyl group, a

15 (3.4,5-timethylphenyl)methyl group, a
(2,4,6-timethylphenyl)methyl group, a
(2,3,4,5-tetramethylphenyl)methyl group, a
{(2,3,4,6~-tetramethylphenyl)methyl group, a
(2,3,5,6-tetramethylphenyl)methyl group, a

20 (pentaméthylphenyl)methyl group, an {ethylphenyl)methyl
group, a (n-propylphenyl)methyl group, an
(iéopropylphenyl)methylgroup,a(n-butylphenyl)methylgroup,
a (sec-butylphenyl)methyl group, a (tert-butylphenyl)methyl
group, a (n-pentylphenyl)methyl group, a

25 (neopentylphenyl)methyl group, a (n-hexylphenyl)methyl group,
a (n-octylphenyl)methyl group, a (n-decylphenyl)methyl group,
a (tetradecylphenyl)methyl group, anaphthylmethyl group and

an anthracenylmethyl group.

These aralkyl groups may be substituted with a halogen



met hyl enebi s[ (4R) - 4-i sopropyl -5, 5-di i sopropyl oxazol i ne] ni ckel dibrom de,
2,2' -nmet hyl enebi s[ (4R) - 4-i sopropyl -5, 5-di cycl ohexyl oxazol i ne]ni ckel

di brom de, 20 2, 2'-net hyl enebi s[ (4R)-4-i sopropyl -5, 5-di phenyl oxazol i ne]

ni ckel di brom de) 2,2'-nethyl enebi s[(4R)-4-isopropyl -5, 5-di-(2-methyl phenyl
) oxazol i ne] ni ckel di brom de, 34

2, 2" -net hyl enebi s[ (4R) - 4-i sopropyl -5, 5-di - (3- net hyl phenyl 25

) oxazol i ne] ni ckel di brom de, '

2, 2' - et hyl ehebi sj¢HR)s 4 E3apiapgl abo, da-dHorihyl phemyla bocarioie mdom ckel
di brom de, 2, 2'-nethyl enebi s[(4R)-4-isopropyl -5, 5-di-(2-nmet hoxypheny

1) oxazol i nedni @kelodiheomitom, amq@lkoxy group such as a methoxy group
2,2' -nmet hyl enebi s[ (4R) - 4-i sopropyl -5, 5-di - (3- met hoxypheny

1) oxazol i ne?ﬁi%k@lt X gFoY® . an aryloxy group such’as a phenoxy group,

2,2 -nmet hyl enebi s[ (4R) - 4-i sopropyl -5, 5-di - (4-pet ho hen
1)oxaonruﬁﬁi%ﬂe%gai%yiﬁﬁaégqgaﬁ Such “s (4" BE2PRRY Broup.

2,2'-ne§2y|enebi§k§nggﬁ )‘4&&&%??2%?[%5?@9&%@%&?1 'aﬁra%kﬁgﬂ?ﬁgg%k&JCke

di brom de, 2, 2'-nethyl enebi s[’spi opr opyl'oxazol I ne-

cl opent ane}law £kgl7 €6 R0084EEdn atoms, and more preferably a benzyl group.
2,2' -net hyl enebi s[spiro{(4R) -4-i sopropyl oxazoline-5,1"-cy 1lo

cl ohexane}] ni ckehsdiths axiydegroup as X, examples thereof include a phenyl
2,2 -nmet hyl enebi s[ spiro{(4R) - 4-i sopr opyl oxazol i ne-5, 1" -cy

cl ohept ane}9y¥oeRel ad? bkohydeyroup, a 3-tolyl group, a 4-tolyl group, a
2,2'-nethylenebisL(4R)-4-isobut I-5,5-dinethy|oxazo|ing&p i.ckel di brom de,
i 5 2,2 - nethy? ehEbYL[ BERPL4- Ps oA VY B E-GF ¥Ry | Bxdz oI MY FRRpP- 2

0 br omuge), 2. & <PRbIVL208R SEl PVaky PP U rbas, Bath R YABh! e

a] ni cke m

2, 2" - et hyl grgby s&ﬂﬁétﬁyil@a@ﬁ}% gFoRpll hoPps 08VkexALehi Rl N kekelp,

di brom de, 2,2"-nethyl enebi s ( “4-i Sobuty , 5-di cycl ohéxyl oxazol
ne] ni ckel dibreyéderimethylphenyl group, a2,4,6-trimethylphenyl group,
2,2' -met hyl enebi s[ (4R) - 4-i sobut yl -5, 5-di phenyl oxazol i ne] n ickel dibrom de,
a 3,4,5-trimethylphenyl group, a 2,3,4,5-tetramethylphenyl
group, a 2,3,4.6-tetramethylphenyl group, a
15 2,3.5,6-tetramethylphenyl group, a pentamethylphenyl group,
an ethylphenyl group, a n-propylphenyl group, an
isoprepylphenyl group, a n-butylphenyl group, a
sec-butylphenyl group, a tert-butylphenyl group, an
isobutylphenyl group, a n-pentylphenyl group, a
20 neopentylphenyl group, a n-hexylphenyl group, a n-octylphenyl
group, a n-decylphenyl group, a n-dodecylphenyl group, a
n-tetradecylphenyl group ,' a naphthyl group and an anthracenyl
group.
These aryl groups may be substituted with a halogen atom
25 such as a fluorine atom, a chlorine atom, a bromine atom or
an iodine atom, an alkoxy group such as a methoxy group or
an ethoxy group, an aryloxy group such as a phenoxy group,

or an aralkyloxy group such as a benzyloxy group.

The aryl group is preferably an aryl group having 6 to




z5 2,2 -net hyl enebi s[ (4R) -4-i sobutyl -5, 5-di - (2- net hyl phenyl)

oxazol i ne] ni ckel di brom de,

2, 2" -nmet hyl enebi s[ (4R) - 4-i sobutyl -5, 5-di - (3- nmet hyl phenyl ) oxazol i ne] ni ckel
di brom de, 2, 2'-nethyl enebi s[(4R)-4-isobutyl -5, 5-di-(4-nethyl phenyl) 49
oxazol i ne] ni ckel di brom de, 35

2,2' -met hyl enebi s[ (4R) - 4-i sobutyl -5, 5-di - (2- met hoxyphenyl )oxazol i ne] ni ckel
di brom de, 2,2'-nethyl enebi s[(4R)-4-isobutyl -5, 5-di-(3-methoxyphenyl 5

) oxazol i ne] Abckelrbdnbadminde,, and more preferably a phenyl group.

2, 2" -met hyl enebi s[ (4R) - 4-i sobutyl -5, 5-di - (4- net hoxyphenyl )oxazol i ne] ni ckel
di broni de, 2, 2' -Th& MY ErRGLEPSRPKY{ ger)lpmsSé:buuytlcdxmm rﬁJIS gxamppte,

| obut ane} ] ni E di brom de, 10
2, 2" - net hyl gﬁ BE¥[ IPPLPOE(-4RFYAIEOHEEYPPR 2 2B A& kY LA Qlffﬁéﬁ’ﬁ ane}] ni ckel

di brom de, ﬁ é ?gggg¥(o fggﬁ[gﬁ%&gé( B)iﬁlg Ilsgbuiéllcar Zc?rll Ia om5§ 1I %xy

| ohexane} ] ntc

2, 2" -neshyl gpg bé[l'gcﬂlgirrrﬁ)é %4@ 2% éé%&ﬁﬂ%%hr@ré&ylfi% dfoups having

I ohept ane}] ni ckel

2, 2" - met hyl gnebi Sb(éB):%nt %rttonmﬂ yéfécﬁfﬂc NBkAMmbaedZ thdied i hkelude
di brom de, 2,2'-nethyl enebi s[ (4R tert-butyl -5, 5-di ethyl oxazoline] nickel

di brom de, h_mdﬁpearbenhykgngabdmbé4;R)1dhtaré it tyl ode & - abh o vie pa © HH oo 2
i ne] ni ckel dj bromi de,
2,2" - met hyI%nvetﬂ sq%mtnyﬂ@h@mmeshgxm gropopyd oxazol i ne] ni ckel

?h?gﬁg}dg?bf%- HEH¥Hfmé4ﬁ%xy B%Qﬁg?“!l(4 me%“@%% éé%f%ggkﬂ%x%g

él ﬁr oni ghyl g&b%{aﬁ& eflsef)‘lﬂr%?g#édh J‘d’l %’f}{l&g?xg& § Orrlelt R;% B'hgﬁ;'l
1)0X320|'neﬂﬁ!Ekahm@&ﬁylﬂﬂghyl)methoxy group. a
(2,5-dimethylphenyl)methoxy group, a
(2.6-dimethylphenyl)methoxy group, a
(3,4-dimethylphenyl )methoxy group, a
15 (3,5-dimethylphenyl )methoxy group, a
(2,3,4-trimethylphenyl)methoxy group, a
(2.3,5-trimethylphenyl)methoxy group and benzyloxy group,
more preferably a methoxy group, an ethoxy group, an
isopropoxy group, a tert-butyl group, an isobutoxy group,
20 phenoxy group, 2,6-di(tert-butyl)phenoxy group and
benzyloxygroup,furtherpreferablywamethoxygroup,phenoxy
group,2,6-di(tert—butyl)phenoxygroupandbenzYloxygroup,
particularly preferably a methoxy group and phenoxy group.
As X®, a chlorine atom, a methyl group, an ethyl group,
25 a n-propyl group, an isopropyl group, a n-butyl group, a
benzyl group, an allyl group,a methallyl group, a methoxy
group, an ethoxy group and a phenoxy group are preferable,
and a chlorine atom, a methyl group, a methoxy group and

phenoxy group are more preferable.




50 2,2 -nethyl enebis[(4R)-4-tert-butyl -5, 5-di-(3-nethyl pheny
1) oxazol i ne] ni ckel di brom de,
2,2 -nmet hyl enebi s[ (4R)-4-tert-butyl -5, 5-di - (4- et hyl pheny
1) oxazol i ne] ni ckel di brom de, 5 '
2,2"' -met hyl enebi s[ (4R)-4-tert-butyl -5, 5-86-(2-nmet hoxyphen
yl ) oxazol i ne] ni ckel di brom de,
2,2 -nmet hyl enebi s[ (4R)-4-tert-butyl -5, 5-di - (3-nmet hoxyphen
yl ) oxazol i ne] ni cKal tthebformdda [7], "a” represents a numeral satisfying
2,2 -nmet hyl enebi s[ (4R)-4-tert-butyl -5, 5-di - (4-met hoxyphen io
yl)oxazolinépneékgﬂsaﬁppoqfd@gaéés, "b" represents a numeral satisfying
2,2' -met hyl enebi s[ spiro{ (4R) -4-tert-butyl oxazoline-5,1"-c
ycl obut ane} flﬁi%lf( eaﬁbpgrﬁ%@ﬁb_s, and "a” and "b" are properly selected
2,2 -nmet hyl enebi sl.spi ro{ (4R) -4-1ert-buty] gxazoline-5, 1" -c¢c

?Fﬁ?é‘é‘éﬂ‘%i%’r %%e‘{a#%“ci’ SEVe:

ycl opent ane

2, 2" - metshyl enebih%[cﬁ.g% e ﬂl?et_a{lf E%Fntpbtﬁlﬁ[&g %?ﬁ:%lsj..er}mefe!sd :By_ %®he formula[7]

ycl ohexane}] ni ckel brom
2, 2" - met hyl gBebis (st d 8 { SBkahph @slo DHh ¥ L@l d e ¥hd chM® is a titanium
ycl ohept ane}] ni ckel di brom de,
2, 2' - net hyl @heini, sfLoéRxde- phenyl - 5, 5- di net hyl oxazol i ne] nic 20 kel dibrom de,
2, 2" -nmet hyl enebi s[ (4R) - 4- phenyl -5, 5-di et hyl oxazol i ne] ni ck el dibrom de,
2, 2" - net hy| @hEpitBy LERLYL epiedid (G Slepent pdbeniydl dddlandaim niidkielodideon de,
z5 2,2'-netgxlenebis%ﬁ4R)-4-phen I-5,5-diisoprop¥loxazoline] ni ckel
, SES #@C 8

di brormi de, 2*BethgiR e ~me Uhehgy ckopentagdieswdyy | okiespithe

] ni ckel, ,di by pgj . _ .

b2 Py T RORE S LAy BRI bRk sRes B RRoP e R dhery L)

di brom de, #i2aniBhhyienakirSldAR) - 4- phenyl -5, 5-di - (2- met hyl phenyl ) ox

azol i ne] ni ckel dibrom de, _ _ _

2, 2" - et hyl @hebtBi (4R v4epny (-5, b-slit ¢ Bepel bybalkaaylend )5 ©z@dh Dehni ckel
di brom de, 2,2'-nethyl enebi s[ (4R)-4-phenyl -5, 5-di - (4-nethyl phenyl ) ox

azol i ne] ni cke¢thlobidei dimethylsilylenebis(3-n-butylcyclopentadienyl)
2,2' -met hyl enebi s[ (4R) - 4- phenyl - 5, 5-di - (2- met hoxyphenyl ) o xazol i ne] ni ckel
di br omi de, titanium dichloride,

15 dimethylsilylenebis(2,3-dimethylcyclopentadienyl) titanium
dichloride,
dimethylsilylenebis(2,4-dimethylcyclopentadienyl) titanium
dichloride,
dimethylsilylenebis(2,5-dimethylcyclopentadienyl) titanium

20 dichloride,
dimethylsilylenebis(3,4-dimethylcyclopentadienyl) titanium
dichloride,
dimethylsilylenebis(2,3-ethylmethylcyclopentadienyl)titan
ium dichloride,

25 dimethylsilylenebis(2,4-ethylmethylcyclopentadienyl)titan
ium dichloride,
dimethylsilylenebis(2,5-ethylmethylcyclopentadienyl)titan
jum dichloride,

dimethylsilylenebis(3,5-ethylmethylcyclopentadienyl)titan




o 2,2 -met hyl enebi s[ (4R) - 4- phenyl -5, 5-di - (3- met hoxyphenyl ) o
xazol i ne] ni ckel di brom de,

2, 2" -nmet hyl enebi s[ (4R) - 4- phenyl -5, 5-di - (4- net hoxyphenyl ) o xazol i ne] ni ckel
di brom de, net hyl enebi s[ spiro{(4R)-4-phenyl oxazoline-5, 1" -cycl obutan 15

a}] ni ckel dibrom de, 37

2, 2" - et hyl enebi s[ spi ro{ (4R) - 4- phenyl oxazol i ne-5, 1' -cycl o pent ane}] ni ckel
di brom de, 2,2'-nethyl enebi s[spiro{(4R)-4-phenyl oxazoline-5,1"-cyclo
hexane}] ni ckeh dibhdépirdde,zo

2,2' -nmet hyl enebi s[ spi ro{ (4R) - 4- phenyl oxazol i ne-5, 1' -cycl o hept ane}] ni ckel
di br oni de, 21pethglg}ly 'egn[i(sq&r%bemymeshslqwépmrm@zmnm]mtaue|

di brom de, §&2'-ﬂgﬁh | enebi s[ (4R) - 4- benzyl - 5, 5- di et hyl oxazol i ne] ni ck zs el
di brom de, ,?'g ﬁéFéﬁ@bis[(4R)-4-benzyl-5,5-di-n-propy|oxazo|ine] ni ckel
di brom de, L hyl enebi s[.(4R) -.4-benzyl - 5. 5-di i sopropyl.oxazol j ne] nickel
di br oni de, &’E“éﬂgﬁsﬁggﬁ’yé’h«%ﬁyﬁzt%t-ﬁ{%%ﬁ%ﬂ-%%ﬁ%%%?&% 553t ne

] ni ckel 5di bj g1 @€ch1o ide, S _ _ _ _

2,2' -nmet hyl enebi s| (4R§- -benzyl -5, 5- di phenyl ] oxazol i ne] ni ckel dibrom de, s
2,2 - met hyl ﬁm@m{rig&yieheml(t%t&aﬁeéﬁYmeybgeﬁ@&&%ﬁZ)oIﬂin@flﬁ&kel

di brom de, 2,2'-nethyl enebi s[(4R)-4-benzyl -5, 5-di -(3-net hyl phenyl ) ox

azol i ne] ni ckigthtipbidel ddimethylsilylenebis(indenyl)titanium

2,2' -met hyl enebi s[ (4R) - 4- benzyl -5, 5-di - (4- met hyl phenyl ) ox i 0 azol i ne] ni ckel
di brom de, ohlepi@e) chiom Wiy us) lylenabyis(3 5 & (- Xtetrauxgphéngbnyl)
xazol i ne] ni

ckel dibromde, |
2,2'-nethyf%ﬁ%&ﬁ%TT4§&gg;8§ﬁ?fh-5,5-di-(3-nethoxypheny|)o xazol i ne] ni ckel
di brom gle, ol rfy 1 SBL PYLRAT R R GHRIE LA j P1Radhy f 1 TRLAQpheny!) 0

dichloride, dimethylsilylene(methylcyclopentadienyl)

(indenyl)titanium dichloride,

dimethylsilylene(n-butylcyclopentadienyl)(indenyl).

titanium dichloride, '

15 dimethylsilylene(tetramethylcyclopentadienyl)
(indenyl)titanium dichloride,
dimethylsilylene{cyclopentadienyl) (fluorenyl) titanium
dichloride,
dimethylsilylene(methylecyclopentadienyl) (£fluorenyl)titani

20 um dichloride,
dimethylsilylene(n-butylcyclopentadienyl) (fluorenyl)titan
ium dichloride,
dimethylsilylene(tetramethflcyclopentadienyl) {(fluorenyl)
titanium dichloride,

25 dimethylsilylene(indenyl) (fluorenyl)titanium dichloride
and compounds in which dimethylsilylene is replaced with
diethylsilylene, diphenylsilylene or dimethoxysilylene in the
above-described compounds.

Further, specific examples of the compound in which M®




xazol i ne] ni ckel di brom de,

2,2' -nmet hyl enebi s[ spi ro{ (4R) - 4- benzyl oxazol i ne-5, 1' - cycl o but ane}] ni ckel

di brom de, 2,2'-nethyl enebi s[spiro{(4R)-4-benzyl oxazoline-5,1" -cyclo 20
pent ane}] ni ckel di brom de)

2, 2' -met hyl enebi s[ spi ro{(4R) - 4- benzyl oxax®l i ne-5, 1' -cycl o hexane}] ni ckel

di brom de, 2, 2'-nethyl enebi s[spiro{(4R)-4-benzyl oxazoline-5,1"-cyclo

hept ane}] ni ckel di brom de, antipodes and di astreoners of zs conpounds
descri bed absve. tEtamhiem st fincbxdepbés (efycillopen tddiemphpbihdaiimc| ude
[ hydrotris(3,5-di net hyl pyrazol yl ) borate] ni ckel brom de,

[ hydr ot ri s(8ishdpadifd .ppisdsetbylsrvnlqoerkadionyki) §d tasdum dichloride,

hydrotris(3,5-di-tert-butyl |yl )borate] nickel . 53 bromi de.
Lot 1 (8, gl sherty Bt pr el UL bR el ekl o o8 MOm 92 ove
011 sonr opyl LB R TR 6071 ) Pk SRR, A R4 pr oponi e
o 1 0P porb i oShynth . e AL SO DAL A5 dlith] MU o phe

exanpl es Ofbﬂ"sleh.mfé(tlﬁﬁqldiyiﬂ.dﬂ&{tb@&iélg(lb"@&@ah&l&ﬁrﬁ%r&lﬂ%ﬂ%/dé he cheni cal
formula [10] described below R~-s Rya R°"-N\ /NR 2 [10] Ni ~ \ X~0 (wherein

each of R lbas{tRtZamethyldcylbpeaopadbyhphenyitagimmp)dichlaonidd®, X, R 3

and R' are any one of the conbination of the
bis(pentamethylcyclopentadienyl)}titanium dichloride,
bis(indenyl)titanium dichloride,

10 bis(4,5,6,7-tetrahydroindenyl)titanium dichloride,
bis{(fluorenyl)titanium dichloride,
bis(2-phenylindenyl}titanium dichloride,
bis[2—(bis—3,5-trifluoromethylphenyl)indenyl] titanium
dichloride, bis[2-(4-tert-butylphenyl)indenyl]titanium

15 dichloride,
bis[2-(4—trifluoromethylphenyl}indenyl]titanium(iichloride,
bis[2-(4-methylphenyl)indenyl]titanium dichloride,
bis[2-(3,5-dimethylphenyl)indenyl]titanium dichloride,
bis[2-(pentafluorophenyl)indenyl]titanium dichloride,

20 cyclopentadienyl(pentamethylcyclopentadienyl) titanium
dichloride, cyclopentadienyl{indenyl) titaniumdichloride,
cyclopentadienyl(fluorenyl] titanium dichloride,
indenyl(fluorenyl)titanium dichloride,
pentamethylcyclopentadienyl (indenyl)}titanium dichloride,

25 pentamethylcyclopentadienyl(fluorenyl)titanium dichloride,
cyclopentadienyl(2-phenylindenyl)titanium dichloride,
pentamethylcyclopentadienyl(2-phenylindenyl)titanium
dichloride, ethylenebis(cyclopentadienyl)titanium

dichloride, ethylenebis(2-methylcyclopentadienyl)titanium



substituents represented in Table 1 described bel ow.) 54 Table 1
R'=R'=HR 3=R'=net hyl Acenaphthyl by R 3 &

R' Xs=X10=FXs=Xl 0=FXs=Xl a=FR'=R"'=HR 3=R =n®et hyl Acenapht hyl by R 3 &

R' Xs=X10=C Xs=X10=C Xs=X10=ClR 3=R =HR 3=R =net hyl Acenaphthyl by R 1 &

R X9=X10=I X9=X10=1X9=X10==R'=R'=HR' =R'=r&% hyl| Acenapht hyl by R 3 &

R Xs=X1=Met hyl Xs=X1=net hyl Xs=X1=net hyl R' =R'=HR' =R' =net hyl Acenapht hyl by R’
& R Xs=X1=Et hyl Xs=X1=et hyl Xs=X1=et hyl R 3=R =HR 3=R =net hyl Acenapht hyl by
R3 & dichloride, ethylenebis{3-methylcyclopentadienyl)titanium

R Xs=Xl a=Xs=X1o=Xs=X1o0=n- pr opyl n- pr opyl n- propyl R'=R " =HR 3=R'=net hyl Acenaph
thyl by R' @ichloride, ethylenebis(2-n-butylcyclopentadienyl)titanium
R'XS:XIo:Xs:XIo:Xs;XIo:isopropyILsogrop%lisopro%¥IR':R':HR':R':nethyIAcenap
ht hyl by R'dichloride, ethylenebis(3-n-butylcyclopentadienyl)titanium
R'stXlsz;%%:ﬁ-butélXs:XI:n-butyIn-butylR':R':HR':R':nethylAcenaphthyl by
R' & R'Xs= :% %R§F th1:phenyIXs:X1:phenyIR':R':HR 3=R " =net hyl Acenapht hyl

by R &R 4Xsrfdzhenzyl $s3X -W&L FLSDERT k1 BULH Rt £RBPUNDS i n whi ch
a ni ckel atonlgéerepﬁaéedaﬁﬁFh a Jﬁ%ﬁ#?ﬁ?a?%éﬁ aQEQbélt atom a rhodi um
atomor a raisenbymgatomcan be simlarly exenplified in the

above- nenti oned ni ckel s conpounds. Anong the netal conpounds represented

by the fornmathjléntbis (253 sjiesd fhyl exabppestaldiiangdipditrechium whi ch a
transition netal atomis an iron atominclude
2, 6-bi s-[ 1-42cBlar&denyl phenyl i ni no) et hyl ] pyri di nei ron dichl ori de,

2,6-bis-(1-(2,6-diisc | ph |.i m t hyl i.di.nei ron dichloride,

2 6. bi o[ 1.0 22 LereBaBy By ke RImSRHRA ST Ey e R RO S ot o,
hyd [ - €] I |yl ) borate]i hlorid

[ nyar 0Pl o(SEREPERRSY L0V 00Ty boratel i ron chl ori de. i 0

[ hydrotri s(geRyfbnbBik{BULLIRAR ﬁ@?é&%ﬁéﬁ{h&@@n?ﬁthﬂ#hidHE*CQ”DOUHdS
in which dichloride is replaced wi'th 'di brom de, difluoride, diiodide,

di net hyl , ddethybridei sopropyl)

di phenyl , di benzyl , di met hoxi de, di et hoxi de, di - n- pr opoxi de, dii sopropoxi de,

di - n- but oxi efehy H¢nebbal 8xidde thyd mi thpkecyoLopsn e diginylarichd atel wn

di (2,6-di-tert-butyl phenoxide) in the above-nentined iron conpounds.
Further, cohpouheELIfaR - which an iron atomis replaced with a cobalt atom or

2 ni ckal, o) DehDg: 309" G- TR 1ho { e 75p SRWRAYAG LGV A ST | 271 Y
dichloride,
ethylenebis(2,5-ethylmethylcyclopentadienyl)titanium
dichloride,
ethylenebis(3,5-ethylmethylcyclopentadienyl)titanium

20 dichloride,
ethylenebis(2,3,4-trimethylcyclopentadienyl)titanium
dichloride, '
ethylenebis(2,3,5-trimethylcyclopentadienyl)titanium
dichloride, ethylenebis(tetramethylcyclopentadienyl)

25 titanium dichloride, ethylenebis(indenyl)titanium
dichloride, ethylenebis(4,5,6,7-tetrahydroindenyl)titanium
dichloride, ethylenebis(2-phenylindenyl)titanium
dichloride, ethylenebis(fluorenyl}titanium dichloride,

ethylene(cyclopentadienyl)




Specific exanples of a Ee-oxo type conmpound represented by the formula [7]
i ncl ude ~L-oxobi s[isopropylidene (cycl opentadienyl) (2-phenoxy)titani um
chloride], |~ -oxobis[isopropylidene(cyclopentadienyl)(2-phenoxy) 25
titani um nmet hoxide], It

- oxobi s[i sopropyl i dene(cycl opent adi enyl ){@-tert-butyl-5-m

et hyl - 2- phenoxy) titanium chloride], |~.

- oxobi s[i sopropyl i dene(cycl opent adi enyl ) (3-tert-butyl-5-m

et hyl - 2- phenpeytamcamhylbyEldmen €@lieh¢l ) t38anium dichloride,

- oxobi s[i sopropyl i dene( net hyl cycl opent adi enyl ) (2- phenoxy) titani um
chloride], athylebied[cysdmmenytadicanyp( hnflenyll)pdrtsadienyd )¢l phtdoxy)
titani um nmet hoxide]) ~ 5

- oxobi s(i sopFBEyERgdAettis clerepbad hanghy| X dadeanl Huktanium

yl -5-met hyl - 2- phengxy) titani um chloride], a
-oxobis[isoB?SB@PF&éﬁe(nethylcyclopentadienyl)(3-tart-but

yl - 5- methyl ; ) b i i . .

Y oxobi STt 2o BRT AL e T Ok ST R RGP A A Wy ¢ ¢ ani um
chloride], aicRXeRidikl SQRIRAMDIENSEEhE BHTLBYLGVLARGE AN FTY! ) (2- phe
noxy) titani um net hoxi de], - oxobi s[1 sopropyl T dene

(tetranet hyl tyaknpentadiagyiyin (Grdierdérbagyl - 5- met hyl - 2- phe noxy)titani um

chl oride], u-oxobis[isopropylidene i5

(t etranet hy¢thglepefcydilempent@itenyl bUf yheoBengldhhi-tZ2rphen nbkghlotadeum
nmet hoxi de] , u- oxobi s [di net hyl silyl ene cyclggentadienyl)(2-phenpxy)titanium

chloride], ttBX46RS{(pethylieycsianstrdt§rybpehfadosepy)( It mba)) titani um

zo nethoxid - oxobi s(di met hyl silyl ene(cycl opent adi enyl ) (3-tert-butyl-S
- et hy:182- p‘ﬁ%ﬁ%g?/f%?anre&gﬂi’fm“c%i de], -~

- oxobi s[ di j | i - . A

BN e e

- oxobi s[ di n@i &yl sk ikenetiBilad Lol Pepi age eoyLhtdaRleyax ) ti tani um
chloride], a -oxobis[dine?ﬁ?lsiIyIene(ne?ﬂylc%clopentagﬁgnyl)(z-phenox
y)titani um fethoredg]l) tdtanium dichloride, ethylene

- oxobi s[ di net hyl si |yl ene(net hyl cycl opent adi enyl ) (3-tert-b 57

ut yl - 5- net hifebranebyypentadiienyth cflwetgngl) titanium dichloride,

s G RTENMIE S ISV RN AR
Lxont oL A neL gk 5hYYh BRREDIVRFRIDYSHEAGPERY 25 €R¥RRGRP L SIETRYAL ] ANt um
isopropylidenebis(2-methylcyclopentadienyl)titanium

dichloride,
isopropylidenebis(3-methylcyclopentadienyl)}titanium

20 di.chloride,
isopropylidenebis(2-n-butylcyclopentadienyl)titanium
dichloride,
isopropylidenebis(3-n-butylcyclopentadienyl)titanium
dichloride,

25 isopropylidenebis(2,3-dimethylcyclopentadienyl) titanium
dichloride,
isopropylidenebis(2,4-dimethylcyclopentadienyl) titanium
dichloride,

isopropylidenebis(2,5-dimethylcyclopentadienyl) titanium



- oxobi s[ di net hyl si | yl ene(tetramet hyl cycl opent adi enyl ) (2-p henoxy)titani um
nmet hoxi de], |~ -oxobi s[di nmethyl silylene(tetranethyl cycl opentadi enyl) (3-t
ert-butyl -5-net hyl - 2- phenoxy)titaniumchloride], !.c io
- oxobi s[ di net hyl silyl ene(tetranethyl cycl opent adi enyl ) (3-t
ert - butyl - 5- et hyl - 2- phenoxy) ti t ani um et hoxi de], di-~c
- oxobi s[i sopropyl i dene(cycl opent adi enyl ) (2-phenoxy)titaniun], di-1-t.
- oxobi s[ i sopropyl i dene(cycl opent adi enyl) (3-tert-butyl-5-m 15
et hyl - 2- phedbep) brtidei,un], di- -~i
-oxobls[lsopropyl|dene(nethylcyclopentadienyl)(z-phenoxy) titanium, di-!-c
- oxobi s[ i sopsopybpardddemetthiyd (304 -opime Bloy oyb )L opendaidilenty12o titanium
yl - 5- et hyl - 2- phenoxy) ti taniunj, di-Ec-oxobis[isopropylidene
(tetranethy@%?gieﬁéﬁﬁadlenyl)(2 phenoxy)titani uni,

- JC- oxobi |so
(t et r anet hyf%%r Eﬁ&&ﬂ&%%&%’ 1A tnAgHEBl REehoPentad enyl)

noxy)tlgan|€ﬂ} anfl mfh

[ di et hyl si ene cycﬁopenta?‘enyl)(Z phenoxy)titanium, di- u.
'OXOb'S[m'H%$W£§ %1hﬁ@ﬁ@ﬁMﬁk@pqmé¥h§imé%ﬁ?l&?EEOBQHWadienyl)

- met hyl - 2- phenoxy) titani u
-oxobls[mlﬁﬁf@hﬁuhybe&hamﬁﬂ@dcyclopentadlenyl)(z phenox y)titaniuni,
di - ~c - oxobi s[di net hyl silyl ene( et hyl cycl opent adi enyl)(3-tert-b

utyl -5- net@ﬁOEIQPEhéﬂyﬁehmmﬁauﬁ etthylmetkyleyclopentadienyl)
-OXObIS[dIﬂEth | silyl ene(tetranethyl cycl opentadienyl)(2-p henoxy)titanium
and di-1[~. %Tdﬁﬁﬁp ?Fﬁqeylene(tetranethylcyclopentadlenyl)(S t

t-b | - 57 h h t f f k
ggnpoﬂ% S(ﬁégﬁ % % aﬁgggééﬁg ﬁﬁgﬁﬂﬁﬁhﬁi?ég}gégﬁgé %&%ﬁ chgrnula [ 7
] as the|ﬂ%fﬂaﬁ§@mo&§ghi§}%5%plude ni ckel chloride, nickel brom de, nicke

i odi de, nickel sulfate, nic nitrate, nickel perchlorate, nickel acetate)

ni ckel trifiswsoseel abenebickel, 3C)ﬂai’ﬁ1dﬁaeﬂ'1§i<@i(c@6Pbﬁtthl@ nKe)
acetyl acetonate, bis(allyl) ni ckel, 15 bi s(1, 5-cycl ooct adi ene) ni ckel ,

di chl oro( 1,5ty wocdadhéne)idei,ckel , dichl orobi s(acetonitrile)nickel,
di chl orobi s(benzonitril e)ni ckel, carbonyl trls(trlphenylphosphlne)nlckel
20 d|chIonﬂﬁ%ﬂ%??ﬁ%h?#pﬁbéﬁﬁﬁné)ﬁ1ﬂ§ﬂ®eth¥%mﬁ@bgpgntadlenyl)

15 titanium dichloride,
isopropylidenebis(tetramethylcyclopentadienyl) titanium
dichloride, isopropylidenebis(indenyl) titanium dichloride,
isopropylidenebis(4,5,6,7-tetrahydroindenyl)titanium
dichloride, isopropylidenebis(2-phenylindenyl)titanium

20 dichloride, isopropylidenebis(fluorenyl)titanium
dichloride, isopropylidene(cyclopentadienyl)
(tetramethylcyclopentadienyl)titanium dichloride,
isopropylidene(cyclopentadienyl)(indenyl)titanium
dichloride, isopropylidene(methylcyclopentadienyl)

25 (indenyl)titanium dichloride,
isopropylidene(n-butylcyclopentadienyl)(indenyl) titanium
dichloride, isopropylidene(tetramethylcyclopentadienyl)
(indenyl)titanium dichloride, isopropylidene

(cyclopentadienyl) (fluorenyl)titanium dichloride,



(triphenyl phosphi ne)ni ckel) tetrakis(triphenyl phosphi ne)ni ckel,

di chloro[ 1, 2- bis (di phenyl phosphi no) et hane] ni ckel,

bi s[ 1, 2- bi s(di phenyl phosphi no) et hane] ni ckel , zs

di chl oro[ 1, 3- bi s(di phenyl phosphi no) propane] ni ckel )

bi s[ 1, 3- bi s(di phenyl phosphi no) pr opane] ni¢kel , tetraam ne nickel nitrate)
tetraki s(acetonitrile)nickel 59 tetrafl uoroborate and nickel

pht hal ocyani ne. And, specific exanples of a conmpound in which a transition
met al at om isoproppdddemedirerhhyict yicibo pantddtiiengdot(\flavateanal e 1 tamadinlim
tetrachl oride and vanadi umoxy trichloride. 5 Further, specific ,

exanpl esof a@beRbakdRAWhi chatransition metal atomis a samarium atom i ncl ude

bi s( pent ane h&%cgclo_entadienyl)sanariun1nethyltetrah drof uran and the
li ke. FurthefHBF PY%SQEF‘Pi(@'@%%GJ@?P%D%%SGH&)i( Ianen®l) o transition

g?g?l aton1%%t$ﬂi %tgéﬁbgnkat qlinclude

I s(pentamethyrcyclo tadrenyl) ytterbi um methyl tetrahydrofuran and the
s ER PRSP Al PR SO BRI oTPotncs
(fluorenyl)titanium dichloride, isopropylidene

(indenyl) (fluorenyl)titanium dichloride,
cyclopentadienyl(dimethylamido)titanium dichloride,
cyclopentadienyl{phenoxy)titanium dichloride,
cyclopentadienyl(2,6-dimethylphenyl)titanium dichloride,
cyclopentadienyl(2,6-diisopropylphenyl)titanium dichloride,
cyclopentadienyl(2,6-di-tert-butylphenyl}titanium
dichloride,

pentamethylcyclopentadienyl(2, 6-dimethylphenyl)titanium
dichloride, |
pentamethylcyclopentadienyl(2,6-diisopropylphenyl)titaniu
m dichloride,
pentamethylcyclopentadienyl(2,6-di-tert-butylphenyl)titan
ium dichloride, indenyl(2,6-diisopropylphenyl)titanium
dichloride, fluorenyl (2,6-diisopropylphenyl)}titanium
dichloride,
(tert-butylamido)tetramethylcyclopentadienyl-1, 2-
ethanediyltitanium dichloride,
(methylamido)tetramethylcyclopentadienyl-1,2-
ethanediyltitanium dichloride,
{ethylamido)tetramethylcyclopentadienyl-1,2-
ethanediyltitanium dichloride,
(tert-butylamido)tetramethylcyclopentadienyl

dimethylsilanetitanium




(wherein respective R81 to R83 independently represent a hydrogen atom a

hal ogen at om or a hydrocarbon group,

and two or
Xl Z i ndepe
hydr ocar bo

mutually and may forma ring.)

they 20 nmay be the sane or different,

nore of them nay be bonded nmutually and may forma ring. X11 and

ndently represent a hydrogen atom a hal ogen atomor a

n group, they may be the sane ©3 different) and nay be bonded
60 These conpounds nmay be used al one or

i n conmbination of two or nore. Anong the above-nentioned conpounds (B],

conpounds
conpounds

| east one
are prefer

répcblemtide ,dpentey fauindid ht ¢ THame thpil efrelaipen t attismy 1 hem

t he

of the nmetal of Goup 3 to Goup 11 of 5 the periodic table of
t he el enent dimeshyleidaned idmnipum tdtehberidenetal conpounds in which at

LZ's_in the fornul a has a_c

ok ROy
r eRheagdppgsanido JE &I F AN a Y LCRPLPREPC A4SV n” t he 1o

I ' | . | i ! | f th d
The.chom cof e fitss TR ol ip 18- 88L 215 R 122 T R e

A LAT Bya rleMR0pbfylamido)indenyl-1,2-ethanediyltitanium dichloride,

1¢

15

20

25

(tert-butylamido)tetrahydroindenyl-1, 2-ethanediyl titanium
dichloride,
(tert-butylamido)fluorenyl-1l,2-ethanediyltitanium
dichloride, (tert-butylamido)indenyldimethylsilanetitanium
dichloride,
(tert-butylamido)tetrahydroindenyldimethylsilane titanium
dichloride,
(tert-butylamido)fluorenyldimethylsilanetitanium
dichloride, |
(dimethylaminomethyl)tetramethylcyclopentadienyl
titanium(III) dichloride,
(dimethylaminoethyl)tetramethylcyciopentadienyl
titanium(III) dichloride,
(dimethylaminopropyl)tetramethylcyclopentadienyl-titanium
(ITI) dichloride,
(N~pyrrolidinylethyl)tetramethylcyclopentadienyl—titanium
dichloride,
(B-dimethylaminoborabeﬁzene)cyclopentadienylzirconium
dichloride, |
cyclopentadienyl(9-mesitylboraanthracenyl)}zirconium
dichloride,
2,2'-thiobis(4-methyl-6-tert-butylphenoxy)titanium
dichloride,

2,2'-thiobis[4-methyl-6-(l-methylethyl)phenoxy] titanium

| opent adi_enyl type anion,

by
1 4 —~



26 C2 34 (', 336 R~, P~2,XX~3i P~3 RRS5 MX5/ ~\R35 R4 _A2 A3 R34
&7 Rz~ 22 61 46 C4 6 (', 556 R-J4~ P~ 4~x~ 51 P~ 5,R RAs M X~/ M ~~RsS
A4 As Rsa RA3 ~ R41 R51 ~ R53 R42 R52 wherein respective ML to MS represent
i ndependently an atom of Goup 4 of the periodic table of the el enents;
respective s Al to AS represent independe#atly an atomof Goup 16 of the
periodic table of the elenents; respective J1 to J5 represent an at om of
Goup 16 of the periodic table of the elenents; respective Cpl to Cp5
represent adirblpride, n@ .2 'cydiiopehs bdi ériimanihgd phlercetiolt 1 taspent i ve X1
to X5, R11 to 1o R16, R21 to RZ6, R31 to R36, Rl to R6 and R51 to R56

repr esent |ﬁ€§BéﬁH@ﬂ@hy a hydrogen atom a hal ogen atom a hydrocarbon

group, subs uted Lyl a h drocarbon oxt group substituted
ani no group? é ﬁ?&F %ﬂ&é% %ﬁ% 1op- §eﬁ§dPHE§a@&?Qﬂﬁ¥JuFtﬁ%%bumthey
may |ink togf Eb% ﬁlngle ring |s or a plurarity of rings which may be
aromatic rlngs§ H61i- ar omat i ¢ ring(s); and respective XS to X' r epr esent

an at omsof ﬁgupe%ﬁyqfentemﬂwnpéﬂe@iab' Eopt-bEyILHIERLY) | ddifdipr Ul ae

[ 4] to[ 6] , thé nmetal represented b represents a metal atom
of Goup 4 eichherReei,ogjz" Tgbhelﬁg}lbllld%cnﬂe‘%ﬁﬁ)l @ﬂﬂei@tbﬁwm@h@no&y)

titaniumatom a zirconium
titanium dichloride,
2,2'-(4,4',6,6"'-tetra-tert-butyl-1,1"'-biphenoxy)
titanium dichloride,

10 (di-tert-butyl-1,3-propanediamido)titanium dichloride,
(dicyclohexyl-1, 3-propanediamido)titanium dichloride,
[bis(trimethylsilyl)-1,3-propanediamido]titanium
dichloride,
[bis{tert-butyldimethylsilyl)-1,3-propanediamido]

15 titanium dichloride,
[bis(2,6-dimethylphenyl)-1,3-propanediamidoltitanium
dichloride,
(bis(2,6-diisopropylphenyl)-1,3-propanediamido] titanium
dichloride,

20 [bis(2,6-di-tert-butylphenyl)-1,3-propanediamido]
titanium dichloride,
[bis(triisopropylsilyl)naphthalenediamidoc]titanium
dichloride,
[bis(trimethylsilyl)naphthalenediamido]titanium dichloride,

25 [bis(tert-butyldimethylsilyl)naphthalenediamido]
titanium dichloride,
[bis(tert-butyldimethylsilyl)naphthalenediamido]titanium
dibromide, cyclopentadienytitanium trichloride,

pentamethylcyclopentadienyltitanium trichloride,




ato and a hafniumatom are exenplified. A titaniumatomand a zirconium
atom are preferred. A group having a cycl opentadi enyl type anion skel eton
62 as Cpl to Cps includes an ~5-(substituted)cycl opentadi enyl group, an

ns- (substituted)indenyl group, an ~ 5-(substituted)fluorenyl group andthe

| i ke. Speci fic exanpl es thereof include as ns-cycl opentadi enyl group, an n s
5- net hyl cycl opent adi enyl group) an 5-di net hyl cycl opent adi enyl group, an n
5-trinet hyl cycl opent adi enyl group, an ~ 5-tetranethyl cycl opent adi enyl

group) an n[byatrbylrdwqi3qmerdiat ttiylpgr&#zplyafborate ] titanium |
5-n- propyl cycl opent adi enyl group, an 5-isopropyl cycl opentadi enyl group, an
~ 5-n-butyl tyttbpentidei.enyl group, an 5-sec-butyl cycl opent adi enyl group, an
~ 5-tert-butyl cycl opent adi enyl grou an_~_is 5-phenyl cycl opent adi enyl

ot oup. . an_ BUNYARGE RISy Ro e R a0} Y 5) Bapaced L tan tun

5-tert-buty%g nﬁih¥ allylcyclopentadlenyl group, an n 5-indenyl group, an
~5-nmet hylin 346 an ~ 5 di met hyl i ndenyl group, an ~5-n-propylindenyl

| igd 2 0 | -
g o 4 BaEe e gk By N ] B
5- et hyl pheﬂﬂieﬁ%ﬂhegrqt{&hs‘?{% @Mwiiﬁi?gﬁ%'lg@)mhﬂmtltanlum

ns-trinmethylsilylindenyl group, an ns-tetrahydroi ndenyl group) an

~5-f | uor enytrichlpride ,~3-trals\d f9 Ui tlyy 187 DHPo 13D ) fe thyy Idi Hiet Ayl dh uor eny
group, an ~5-tert-butylfluorenyl group,an ~5-di-tert-butylfluorenyl

group, an ~ Srpblehgrifeomendyl group, an ~5-di phenyl fl uorenyl group,an n
S—trlnethy3|lylfluorenyl group and an 5-bistrinethysilylfluorenyl group)
preferably BHE1s63. 8- 9}0F8§$mﬂ%ﬁﬁiﬂﬂr%ﬁ%%blbﬂeﬁgyiéﬁﬁﬁﬁ€96Wbpentadleny

group) 7 utyl cycl opent adi enyl group, an t7
5- tertIButyﬁéﬁgwg%gnﬁédienyl group, an ~7 s-tetramethl cycl opent adi enyl

group, an ~5-indpR¥n@rdte ABpecific examples of the compound in which
M® is a titanium atom, include compounds in which dichloride
of these compounds is replaced with difluoride, dibromide,
diiodide, dimethyl, diethyl, diisopropyl, diphenyl, dibenzyl,
15 dimethoxide, diethoxide, di-n-propoxide, diisopropoxide,
di-n-butoxide, diisobutoxide, di-tert-butoxide, diphenoxide
or di(2,6-di-tert-butylphenoxide, and compounds in which
trichloride of these compounds is replaced with trifluoride,
tribromide, triiodide, trimethyl, triethyl, triisopropyl,
20 triiphenyl, tribenzyl, trimethoxide, triethoxide,
tri-n-propoxide, triisopropoxide, tri-n-butoxide,
triisobutoxide, tri-tert-butoxide, triphenoxide or
tri(2,6-di-tert-butylphenoxide.
Moreover, among the metal compounds represented by the
25 formula [7], specific examples of compounds in whidh M® in
the formula [7] is zirconium or hafnium, include those in which
g titanium atom is repleced with a zirconium atom or a hafnium
atom in titanium compounds above-described.

Furthermore, among the metal compounds represented by



S t75-tetrahydroi ndenyl group and an ns-fluorenyl group. In X1 to X, R11 to
Ris, RR1 to RZS, R31 to R3s, RL to Rs and R51 to Rss of the fornula [4] to
[6], as a halogen atom a fluorine atom a chlorine atom a brom ne atom
and an iodine atomare exenplified, a chlorine atom a bromne atomare io
preferable, and a chlorine atomis noregweferable. In X1 to X, gl1l to Ri's
RZ1 to R2s, R31 to R's, RlL to gas and R51 to Rss of the formula [ 4] to |
6 ] ( as a hydrocarbon group , an al kyl group, an aral kyl group and aryl

group are exeaptoineta A9 1t hepaldiyHicgledidmp e SedhHydodpolpdsannewhylchgaoup,

a 15 n-propyl group, an isopropyl group, an-butyl group) asec-butyl group, a

tert-butyl mebab, atomi $ebat yliaredumtam nipelbdgeé group a neopentyl group, a

tert-pentyl group) a n-hexyl group, a n- octylgroup, an- decyl gr oup)

an- dodecylg?o%p,mﬁtbﬁhﬁaéb@ﬂ[Qﬁﬁinﬁzghﬁ%wh'5e5cosyl group are exenplified.
be substituted with a hal ogen atom such as a

20 These al k r
fl uorine aI%ﬁT gh EFFH 1&FdﬁiQ¥Q*(ﬂﬁ?EP@&Qﬁwor an iodine atom Al ky

groups subs uted mn en, aton1| C ¢, for exanple, a
fluoronéthy# %rou th% gﬁﬁg thylp f é a chl oronet hyl group, a

tr'Ch'Or0”Eﬁf@%hﬁiBHoni1Bbq%w¥%éb”d%ﬁfﬁm&dé pent af | uoroet hyl group, a

per fl uoropropyl group, a perfl uorobut group, a perfluorohexyl group, a
perfl uorooct y1 ' ghetRy1LAEGAISN(N Oy prEEp-5 asper chl orobutyl group and

per br onopr opyl group.
di-n-propyloxazoline]lnickel dibromide,
2,2'-methylenebis[ (4R)-4-phenyl-5,5"~-

10 diisopropyleoxazoline Jnickel dibromide,
2,2'-methylenebis[(4R)-4-phenyl-5.5'—dicycloheXyloxazolin
e]lnickel dibromide,
2,2'-methylenebis[ (4R)-4-phenyl-5,5"'-dimethoxyoxazoline]n
ickel dibromide,

15 2,2'-methylenebis[{(4R)-4-phenyl-5,5"'-diethoxyoxazoline]ni
ckel dibromide,
2,2'-methylenebis[ (4R)-4-phenyl-5,5'-diphenyloxazoline]ni
ckel dibromide,
methylenebis[{(4R)-4-methyl-5,5"'-di-(2-methylphenyl)oxazol

20 ine]nickel dibromide,
methylenebis[ (4R)-4-methyl-5,5"-di-{3-methylphenyl)oxazol
ine]lnickel dibromide,
methylenebis[ (4R)-4-methyl-5,5"'-di-(4-methylphenyl)oxazol
inelnickel dibromide,

25 methylenebis{ (4R)-4-methyl-5,5"'-di-(2-methoxyphenyl)oxazo
line]lnickel dibromide,
methylenebis[ (4R)-4-methyl-5,5"-di-(3-methoxyphenyl)oxazo
line]lnickel dibromide,

methylenebis[(4R)-4-methyl-5,5"'-di-(4-methoxyphenyl)oxazo



64 The al kyl group is preferably an al kyl group having 1 to 20 carbon
atons) nore preferably a nethyl group) an ethyl group, an isopropyl group,
a tert-butyl group, an isobutyl group and a tert-pentyl group. 5 The

aral kyl group includes, for exanple, a benzyl group, a

(2- net hyl phenyl ) net hyl group, a (3-nethydphenyl)nmethyl group, a

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

(2, 4-di met hyl phenyl ) net hyl group) a to (2,5-dinethyl phenyl)nmethyl group) a
(2, 6-di met hylipeénjlckest ddlbmmoige, a (3, 4- di et hyl phenyl ) met hyl group, a
(3, 5-di net hyl phenyl ) net hyl group a (2,3, 4- tlnethylphenyl)nethyl group, a
i5 (2,3, 5 tmﬁﬁhﬁr}ﬁpﬁ@rﬂrﬂ[ﬁmm @Rbu@ matbzlgxazpllrmemﬂ pheny¥ g hebhayan.
group, (3,4,5- tlnethylphenyl met hyl group, a (2,4, 6-tinmethyl phenyl) et hyl
group, a (ZGé]ﬂlg enyl ) net hyl group, a zo

(2,3,4,6-te I enyl).net hy rou . .

(2305 6.1 coEERELAY FS’ AETAR R RAR B Sife cBv 1 paneeddn b P S FAORGRERr oup,
an (et hyl phgayh hﬁ@kgﬁ a9h i (n-propylphenyl)nethyl group, an

(1 sopropyl phenyl) yl" group, a('n- but yl phenyl ) net hyl group, 25 a

(sec- butyl phiedhy )L eRkbY ks [SpalHs @ﬁ;ﬂimaﬂhyhaha%m@i@tml 1 'H&PPloRexan
(n-pentyl phenyl ) net hyl group, a (neopentyl phenyl) net hyl

group, a( n- hekyhpbkaylﬁibmbwiQHDup, a(n-octyl phenyl ) met hy

group, a( n-decyl phenyl ) met hyl group, a (tetradecyl phenyl)nethyl group, a
napht hyl rretrn9¥h§#999ba#id spig® i Bht ireethylagaspl igeodp. 1 Hreyakehentagr oup
S preferabl al k % oup, having 7 to 20 carbon atons, and nore
preferably % ﬂi?# g {propdd&ye aryl group, exanples t hereof include a

2h§?yllgrouQ 2% ﬁegh§9e¥qugq%QRfi£;Iébgfogygug 5a dé%ﬂ&léké%%&lge]
nickel dibromide,
2,2'-methylenebis[(4R)—4—isopropyl-5,5—diethy16xazoline]n
ickel dibromide,
2,2'-methylenebis([(4R)-4-isopropyl-5,5-di-n-propyloxazoli

15 nelnickel dibromide, A
methylenebis[(4R)-~4-isopropyl-5,5-diisopropyloxazoline]ni
ckel dibromide,
2,2'-methyleﬁebis[(4R)—4risopropjl-5,5—dicyclohexyloxazol
ine]nickel dibromide,

20 2,2'-methylenebis|[ (4R)-4-isopropyl-5,5-diphenyloxazoline]
ﬁickel dibromide,
2,2'¥methylenebis[(4R)-4—isopropyl—5,5-di—(Z-methylphenyl
Joxazoline]lnickel dibromide,
2,2'-methylenebis([(4R)-4-isopropyl-5,5-di-(3-methylphenyl

25 Joxazoline]lnickel dibromide,
2,2"'-methylenebis[ (4R)-4-isopropyl-5,5-di-(4-methylphenyl
Joxazoline]nickel dibromide,
2,2'—methylenebis{(4R)—4—isbpropyl~5,5—di~(2—methoxypheny

l)oxazoline]nickel dibromide,




group, a 2) 4-xylyl group, a 2, 5-xylyl group, a 2) 6-xylyl group) a
3,4-xylyl group, a 3,5-xylyl group, a 2,3, 4-trinethyl phenyl group,

az, 3, 5-trinet hyl phenyl group, a2, 3, 6-trinethyl phenyl group,

a2, 4, 6-trinet hyl phenyl group, a3, 4, 5-trinethyl phenyl 1o group, a
2,3,4,5-tetranet hyl phenyl group, a 2,3, 4®-tetranet hyl phenyl group, a
2,3,5,6-tetranet hyl phenyl group, a pentanethyl phenyl group, an ethyl phenyl
group, a n-propyl phenyl group, an isopropyl phenyl group, a n-butyl phenyl
group, a ls?s@c-pmethydieareiig i) - 4-isoprbpy}l-phérdi grbups tlasxypheny

i sobutyl phenyl group) a n-pentyl phenyl group, a neopentyl phenyl group) a
n-hexylphen§¥°§ﬁéeé}n§]N¥ﬁﬁﬁﬂ[ﬂﬂ#@¢m§¢©up, a n-decyl phenyl group, a

n- dodecyl phenyl aqr . a n-tetradecyl phenyl group, a naphthyl group and an
anthracenylgz% 588%§§l?ﬂ? I{%ﬁbU%‘£§°B¥%PgFéEP§‘Qﬁﬁéﬂﬂm%ﬁQRﬁyﬂ ¢P¥g 6
to 20 carbo ; pref |l y a phenyl group. These al kyl,

ar al kyl andféﬁ§?gg%%§%§“g%%%€:&gﬂféﬁﬁé fas X to X, RI11 to Rs, R21 to R26,
R31 to B36)2 R4i-hetRES era® RG2S d O fRP-2L1L8 ' 10 1161
may be respectively g%bstitE?e&;mjtﬁ(a Ea?og%nsg%gﬁgghcAﬁ%?%?f?h%riﬁ%
atom a chlerohetahen] nddedridibesmia®) an iodine atom an al koxy group
such as a nethoxy group or an ethoxy group, an aryloxy group such as a
phenoxy grolip? ' emefhydeaebjilsdspigrolipiRleh- isoprbegldypkano lid- 3 bUpcy
Further) as X1 to X, Rl11 to R's, Rzl to Rzs, R31 to R3s Rl to Rs and R51 to
Rss of the $HrRErhapes Ipickel glibroni@esubstituted silyl group is a silyl
group substjtuted wth a hydrocarbo roup, and the hydrocarbon group may
e sbbeti Tt e e hhy TR Et SEH o B L Lo p PR AG RS TE i br T P8
atom 3obr o e 2hATHHiBR 1O NG Hi4d an al koxy group such as a nmethoxy

group or an ethoxy group; an aryloxy group such as a phenoxy group; or an

ar al kyl oxy ZrpupmetER1anebers¥paxi ﬁ(r@,up-419535§05y%%%m%69!53,up' -cy
preferably includes a al kyl groups having 1 to 20 carbon atons such as a

met hyl grouplolepbahgl Jgickel dibrwmojld, group) an isopropyl group) a

n- butyl group, a sec-butyl group, a tart-butyl group, an isobutyl group, a
n-pentyl group, ~BeRbHERPELASIUPR Ja 4oyl dhekyl - 5 BugimethyHeoxbzdiies 1and
aryl group%ing¥ingigrggiag'carbon atons such as a phenyl group, etc.

15 2,2'-methylenebis[(4R)-4-isobutyl-5,5-diethyloxazoline]ni
ckel dibromide,
2,2'-methylenebis[(4R)-4-isobutyl-5,5-di-n-propyloxazolin
elnickel dibromide,
2,2"'-methylenebis[ (4R)-4-isobutyl-5,5-diisopropyloxazolin

20 e]jnickel dibromide,
2,2'-methylenebis[ (4R)-4-isobutyl-5,5-dicyclohexyloxazoli
nelnickel dibromide,
2,2'-methylenebis[ (4R)-4-isobutyl-5,5-diphenyloxazolineln
ickel dibromide,

25 2,2'-methylenebis[(4R)-4-isobutyl-5,5-di-(2-methylphenyl)
oxazoline]nickel dibromide,
2,2'-methylenebis[(4R)}-4-isobutyl-5,5-di-{3-methylphenyl)

oxazoline]lnickel dibromide,

2,2'-methylenebis[(4R)-4-isobutyl-5,5-di-(4-methylphenyl)




Exanpl es of such substituted silyl group include nono-substituted silyl
groups having 1 to 20 carbon atons such as a nethylsilyl group, an
ethylsilyl group and a phenylsilyl 20 group; di-substituted silyl groups
having 2 to 20 carbon atons such as a dinethylsilyl group, a diethylsilyl
group and a di phenylsilyl group; and tri4ssubstituted silyl groups having 3
to 20 carbon atons such as a trinethylsilyl group, a triethylsilyl group, a
tri-n-propylsilyl group, a zs triisopropylsilyl group, a tri-n-butylsilyl
group, a troxazeclbneéyhickel dgibommisddrsi-tert-biltylsilyl group, a
tri-isobutylsilyl group, a tert-butyl-dinmethylsilyl group, a
tri-n-penty}st!yreghvlpnebisdi(4AR)heboyilsstbytyhr dub - da -1 Ri-opdhotrsphienyy|
group and a]tri henglsilyl groqp, and. a 67 trimethylsilyl group, a
tert-butylcl?ﬁﬂ#b%% eyP15KEEp PreM Y48 menyl silyl group is preferable. The

Lo /6 and Fea ThotBuLBpepiat (ARt (il ¢ 6 (PR lRe P Rbnhy

group, aralyosoxy1 SEQYR: cREY! @i% AWy and the like. Exanples of the al koxy
group include a nmethoxy group, an ethoXygroup, an-propoxygroup,

ani sopr opoxy.,0r GLig t 1@yt BHEBXY [ JURYP.4 A RSBl 05 Y5 JHQURP 4 - ekt BloheyBHeny1
group, a n-pentoxy to group, a neopentoxy group, a n-hexoxy group, a

n- oct oxy griouazalimepoibcke) dibxpmizlen- pent adecoxy group and a n-ei COSoOXy
group. These qlkoxg groups may be partially substituted with a hal ogen atom
such as a f4forimethybenehishspdned (#Fdm4 alseutndoxesmldneard il0HF®S at om

an al koxy grqup such. as a pethoxy is group, an ethoxy group or the like, an
aryl oxy grgﬁg“@ﬁ?ﬁag&“%@bﬁéngiyrépﬁgﬁ'or the.like or an aral kyl-oxy group

such ag, a vl lickgoetc.. T % Jign X1 X)
R11 1 otkie e Torpk by BBEss (AR {2 b R B B TR S e

formul ae [ #bhdedtade P1hickbNChydesmi@elr ef erably an al koxy group having 1
to 20 carbon atons, nore preferably a methoxy group, an ethoxy group, an

i sopropoxy graumetity Peh€bisDebilcod (AR). - gl ety Dbxa k6 lahal-lsy,| 1aeEE oup
i ncl ude a benzyl oxy group, a (2-nethyl phenyl)nethoxy group, a

( 3- met hyl pH@haxana hbxicRel gdbobpomd ded- net hyl phenyl ) met hoxy group, a

(2, 3-di met hyl phenyl ) net hoxy group, a (2,4-dinethyl phenyl)methoxy group) a
(2, 5-di net r%ﬂBh-wr)sﬁmmsSsaaﬁp{a 2,-@&%@%@@%%9 FBEHSN: ‘D, a

15 loheptane}Inickel dibromide,
2,2'-methylenebis[(4R)-4-tert-butyl-5,5-dimethyloxazoline
jnickel dibromide,
2,2'-methylenebis{ (4R)-4-tert-butyl-5,5-diethyloxazoline]
nickel dibromide,

20 2,2"'-methylenebis[ (4R)-4-tert-butyl-5,5-di-n-propyloxazol
ine]nickel dibromide,
2,2'-methylenebis[ (4R)-4-tert-butyl-5,5-diisopropyloxazol
inelnickel dibromide,
2,2'—methylenebis[(4R)-4—tert—butyl-5,5—diphenyloxazoline

25 Inickel dibromide,
2,2'-methylenebis[(4R)-4-tert-butyl-5,5-dicyclohexyloxazo
line]lnickel dibromide,
2,2'-methylenebis[(4R)-4-tert-butyl-5,5-4i-(2-methylpheny

l)oxazoline]lnickel dibromide,




68 (3, 4-di net hyl phenyl ) met hoxy group, a (3, 5-dinethyl phenyl ) net hoxy group,
a (2,3,4-trinethyl phenyl) nmet hoxy group, a (2,3a5-trinethyl phenyl) net hoxy
group, a s (2,3,6-trinethyl phenyl)nethoxy group, a

(2,4,5-trinethyl phenyl)nmethoxy group, a (2,4, 6- trlnethylphenyl)nethoxy
group) a (3,4,5- tr|nethylphenyl)nethoxysgroup, a

(2, 3,4,5- tetranethylphenyl)nethoxy group, a 10

(2, 3,4, 6-tetranet hyl phenyl ) net hoxy group, a

(2, 3,5, 6-t of ranmidwhphenybl B RRYY- 40t - vu PENS peed iy ( phatnymitengy
group) an (ethyl phenyl)nethoxy group, a (n-propyl phenyl)nethoxy group, an
(isopropyldﬁmﬂﬁ@m&ihekylgkempdi@mdmﬂ@dphenyl)nethoxy 15 group, a
(sec-butyl phenyl ) met hoxy group, a (tent-butyl phenyl)nmethoxy group, a

(n- hexylpWﬁnﬂ% ﬁ@i&egﬁbmpl(éROn@ﬂﬁ%HRﬁh#ﬁN}n%tﬁoﬁy §hole, hylpheny

(n- decylph met hox [ ou a .napht hyl net hoxy group, an
anthracenyl %L% ngﬂé?ép %yl oxy groups may be substituted

with a pal 0 or ne at chl or kne gt
at om or anq?§%|n eéﬁ%ﬁ% ﬁlg?& v groudﬁéu té%-? 9‘?2‘&3'8&%6%?8§h é?hoxy
group or theg jd*gaoffngaﬂigﬁglgﬁqggdmgabew a phenoxy group or the like or

an aral kyl oxy group suc benzyl oxy 25 group or the like, etc. The

ar al kyl oxy xgroumé thXleh8bXs [ Rik )t-a -&Je.ﬁst Ralt¢D- 578- £81 (BomBthoxyphdm R6
and R51 to R56 of the fornulae [ 4] to[ 6] , include preferably an
aralkyIoxyxﬁknxnimmmmg]ﬁ1thelOdabmbm1¢ﬁan) nore preferably a benzyl oxy
group. 69 Exanples of the aryl oxy group include a Egenoxyﬁgroup a

2- et hyl phe?n&yr@?mqbleaetalﬁét(ﬁwpwe PpL - B A= Adt K- PREFSHYERIVUp, a
2, 3- dlneth henox ro i | phenox rou a

2,5-di h &P@ﬁ@ﬁﬁ?%lg? ﬂgicg i é g plphengxg grgtp, a

3,44Mneth e It t s) ine- '
2-tert- butig % Q&%(%@)Pp @%8%3%?25%) a@yter - yb’]g‘['g??r)ettaﬁgﬁ'pﬁeengx'yl grcoup, a

2-tert - but Wiyt dwd peeky1069vRbm o t ert - but yl - 6- net hyl phenoxy group, a
10 2, 3,4-trinethyl phenoxy group, a2, 3,5-trinethyl phenoxy group, a

2,3, 6 tr|rnﬂIﬁﬂﬁmmxmyyegebma[spizp4(5H1y4aﬁﬂéw%ph@hpiyxgzoapne&5,1'—c
2,4,6-trinethy|phenoxy group, a 2-tert-butyl -3, 4-di met hyl phenoxy group) a
2-tert-but mclsamardltmhi/mpﬂbﬂéxsii@mmd% 15

2-tert-butyl - 3 6-di nmet h X heno % OUE@X 6-di-tert-butyl - qylphenoxy
group, 13 2:%& Wﬁﬁ@ﬁl% HPH§PH§ SH ¢w$§ﬁﬁﬂb%ﬁyl°xaz°llne

2, 6- d'_terbrﬁyﬁf L Xcﬁgfnﬁé%r %ﬂ? a 3,4,5-trinmethyl phenoxy group, a
2,3,4,5-te

2,2' -methylenebis[spiro{(4R}-4—tert-butyloxazoline—5,1'-c
vycloheptane} jnickel dibromide,
2,2'-methylenebis[ (4R)-4-phenyl-5,5-dimethyloxazoline]nic
20 kel dibromide,
2,2'-methylenebis[{(4R)}-4-phenyl-5,5-diethyloxazoline]lnick
el dibromide,
2,2'-methylenebis[{4R)-4-phenyl-5,5-di-n-propyloxazoline]
nickel dibromide,
25 2,2'-methylenebis[(4R)-4-phenyl-5,5-diisopropyloxazcline]
nickel dibromide,
2,2"-methylenebis[ (4R)-4-phenyl-5,5-dicyclohexyloxazoline
Inickel dibromide,

2,2'-methylenebis[ (4R)-4-phenyl-5,5-diphenyl]oxazoline]ni



20 group, a 2-tert-butyl-3,4,5-trinethyl phenoxy group, a
2,3,4,6-tetranet hyl phenoxy group, a 2-tert-butyl-3, 4, 6-trinethyl phenoxy
group) a 2,6-di-tert-butyl -3, 4-di net hyl phenoxy group, a
2,3,5,6-tetramet hyl phenoxy group, a 2 25 tert-butyl-3,5, 6-trinmethyl phenoxy
group, a 2,6-di-tert-butyl -3, 5-di met hyl psdnoxy group, pentanet hyl phenoxy
group) an et hyl phenoxy group) a n-propyl phenoxy group, an isopropyl phenoxy
group, a n-butyl phenoxy group, a sec-butyl phenoxy group) a 70

tert-butyl pherakydiboopide, n- hexyl phenoxy group, a n-octyl phenoxy group) a
n- decyl phenoxy group, a n-tetradecyl phenoxy group, a naphthoxy group and an
ant hr acenox\2 ¢ oupetBy Fanebial 4y 4gmheny bad . beddub2t medbad phiany ) ox

hal ogen atom such as a fluorine atom a chlorine atom a brom ne atom or an
i odi ne at om@zhlir&bxickebupibrenide a met hoxy group) an ethoxy group or

2 ol kyl oxy. g oLy SHER? LEnBO R8T R T bl of - he (T RS ORISR %1 oxy
group ingX1 é%fgf“eﬁ%%ﬁf‘?l??[’rgﬂidt&- Rzb R31 to R36, Ral to R 6 and R51 to

R56 of t%e formul ae i nclude preferably an aryl oxy group
having 6 to 2G candemy bEREB: s TRARTI-4S\Hdr¢y 11 £d5 281 DQ 49 R YIHPERY V) a8 R11
to R16) Rzl 15 to Rzb R31 to R36, Rl to and R51 to R56 of the fornula [
4] to [6], da=lkmambekglodpbsobdide,uted Wi th two hydrocarbon groups or
silyl groups, and the hydrocarbon group and the silyl group nay be

subst i t ut ed 2n2 e tay bgeabis dfiBlcH -aheny ) vor § nélaf dnredheivmhieny bhiom a
brom ne atom or an iodine atom an _zo al koxy group such as a net hoxy group,
an et hoxy gﬁﬂﬁ?%ﬁn?h%iFFﬁ%,dghrgﬂwQ%Q/group such as a phenoxy group or

the |ike, or aral kvl oxy_ gro ch a nZyl oxy gno r | ] etc.
Exanpl ego of %a'hnze h@%@o’ég?%gﬁlargﬁ%lii %clpzjc?g}qgf%ﬁg%%ugé g‘%tﬁg\fﬁtﬁ%%{ﬁ)%o
carbon at ongSUCh s /1. 8RL DY hiBH-BmAaeAn ethyl group, a n-propyl group, an
i sopropyl group, a n-butyl group, a sec-butyl group, a tert-butyl group, an

i sobutyl greum ' -anetpEnébbPsOYAR )& 4npHeay 1 05 O5ipd aA(4amettloadietidn el paIp;
aryl groups having 6 to 10 carbon atons such as a phenyl group; m ar al kyl
groups havi mpzolimdDnigkébndaboomidsiech as a benzyl group, etc. The sily
group include) for exanple, a trinmethylsilyl group, tert-butyldinmethylsilyl
group and t feth¥denexhabspiref (48dh 4irhambste¥at@yingi Ao 1dr'§|¥|6"3i‘ﬂ&‘{éfé a5

dinethy{gni@%fgf%ﬁgladggggg quino group, a di-n-propylam no
2,2'-methylenebis[spiro{{4R)-4-phenyloxazoline-5,1"'-cyclo
pentane}lnickel dibromide, |
2,2'-methylenebis[spiro{(4R)~-4-phenyloxazoline-5,1"'~cyclo
hexane}]lnickel dibromide,

20 2,2‘-methylenebis[spiro{(4R)—4—phenquxazoline-5,l'-cyclo
heptane}lnickel dibromide,
2,2'-methylenebis[(4R)-4-benzyl-5,5-dimethyloxazoline]nic
kel dibromide,
2,2'-methylenebis[ (4R)-4-benzyl-5,5-diethyloxazoline]nick

25 el dibromide,
2,2'-methylenebis[ (4R)-4-benzyl-5,5-di-n-propyloxazcline]
nickel dibromide,
2.2"'-methylenebis[(4R)-4-benzyl-5,5-diisopropyloxazoline]

nickel dibromide,



group, a diisopropylam no group) a di-n-butylam no group) a

di -sec-butylam no group, a di-tert-butylam no group) a di-isobutylam no
group, a tert-butylisopropylam no group, a di-n-hexylam no group, a

di -n-octylam no group) a io diphenylam no group, a bistrinethylsilylamno
group, a bis-tert-butyldinethylsilylamM®group and the |ike, and a

di met hyl am no group, an diethylam no group, a diisopropylamno group, a
di-tert-butylam no group, a bis-trinmethylsilylam no group are preferred. 15
The hydr ocaz bdh-mbithydeasgbis{ 04R t 04 XenRF1-505R86 cyRAlohex R &BA1 1 DeR36,
R 1 to R6 and R51 to R56 of the fornmula ( 4] to [6], includes an alkylthio
group, an almiefednhidbgosdsie.arylthio group. Exanples of the alkylthio
group include_anet hyl thio_grou 20 an et hyl thio _group, n- propyl t hi o
group, an i%o%?bﬁ?F%Wﬁ& )ﬁgf}ﬁiﬁ99¢?ﬁ¥659FGGSP@EQ%ii?ﬁé%Wf%?%?ﬁFoup
atert-butylfhio oup, n-pentylthi o group, a neopentylthio group, a
n-hexylthioc%?%ugggggﬁ}g%rylthio group, a n-dodecylthio group, a

n- pent adecy} { hi On@EAYR 3% AOURY 4 COSALLTLE, GLRUR( 2ThR G JIBH L1 gERUP TS
preferably an alﬁylt 10 group having 1 to 20 carbon atons, "and nore
preferably azseihhhhckedr @ibraiid@d hyl thi o group, an isopropylthio group
or a tert-butylthio group. 72 Exanples of the aral kylthio group include a
benzyl t hi 0 r»2lpmeah{2 emebid [P+ 4 ieehyy1hbo5gddud,3 -methylphenyl)ox

(3- net hyl phenyl ) net hyl t hi o group, a (4-nethyl phenyl)nethylthio group, a 5
(2, 3- di et WEphengl pickiel QditeraRisin, a (2, 4-di met hyl phenyl ) net hyl t hi o
group, a (2,5-¢ine

(2, 6- di et rz%/f %hé’ﬁ?fﬂgﬁt@rﬁ%%[g(e‘éﬁ -L%—%%n?é?ﬁgaF%ﬂ%ﬁ;ﬁgﬂaﬁmﬂmm hPE

group, lo - di l,p ylthio group, a

(2.3 43, m?%‘g’%%%%lg'ﬁ%%lh%%%“‘%%p, a (2,3, 5-timethyl phenyl ) met hyl t hi o
group, a (23 3z6:-hbeBRiH¥N l)4ref Iwld&h £y 9L QUB- 4 - ( 2-methoxyphenyl)o
(2,4,5-tinethylphegg?)#e?ﬁ?%ﬁéf?iﬂ(nufh§¥1s ( P yi)

(2,4, 6-ti netdydphrayhliekehyldibvmgidap) a (3,4, 5-ti met hyl phenyl ) met hyl t hio
group) a (2,3,4,5-tetranet hyl phenyl)nethylthio group, a

(2,3, 4, 6-t €2 r 2ahemayhyhengbyisdt (MR k14 cdeepavib; 5a5-di- (3-methoxyphenyl)o
(2,3,5,6-tetranet hyl phenyl.)) net hyl t hi o group) a zo

( pent amet hyfpFehine hedrethidd R an (et hyl phenyl ) met hyl thi o group, a

(n_progglphfp¥|2£g£9¥&%%g%is[(4R}-4—benzyl—5,5—di—(4—methoxyphenyl)o
xazoline]lnickel dibromide,
2,2'-methylenebis[spiro{(4R)-4-benzyloxazoline-5,1"'-cyclo
butane} ]nickel dibromide,
2,2'-methylenebis([spiro{(4R)-4~benzyloxazoline-5,1"'-cyclo

20 pentane}]nickel dibromide,
2,2'-methylenebis[spiro{(4R)-4-benzyloxazoline-5,1'-cyclo
hexane}]nickel dibromide,.
2,2'-methylenebis[spiro{(4R)-4-benzyloxazoline-5,1'-cyclo
heptane}]nickel dibromide, antipodes and diastreomers of

25 compounds described above. Further, specific examples of the
nickel cempounds include
[hydrotris(3,5-dimethylpyrazolyl)boratelnickel bromide,
[hydrotris(B,5—diethylpyrazolyl)borate]hickel bromide and

[hydrotris(3,5-di-tert-butylpyrazolyl}boratelnickel




group) an (isopropyl phenyl)nethylthio group, a (n-butyl phenyl)nmethylthio
group, a (sec-butyl phenyl)nethylthio .group, a 2s

(tart-butyl phenyl)nethylthio group, a (n-hexyl phenyl)nethylthio group, a
(n-octyl phenyl ) met hyl t hi o group, a (n-decyl.phenyl)nethylthio group, a

napht hyl met hyl t hi o group) an ant hracenylggethylthio group and the |iKke. 73
The aral kylthio group is preferably an aral kylthio group having 7 to 20
carbon atons, and nore preferably a benzylthio group, and a benzylthio
group i s muweopigéer abl e. Exanples of the arylthio group include a

phenyl thio group, 5 a 2-nmethyphenylthio group, a 3-nethyl phenylthio group)
a 4- et hyl pheny|Rinr thgroope , acempostindst hiyri priebhgh t @ibrgméde, of these

2, 4- di met hyl phenyl t hi o group, a2, 5-di met hyl phenyl thio gro

2, 6- di met hyl pReRpouRds 81- d saove (i geFRPLEFESY Wit %#ghlhorade

3,5-d hyl ph h . 0 2- | -.3- h | h [ th ,

AT R b s kB A R
, 2-ternt h 4 Ith

010U 8 Sl ST OO e A2 ad A o

group, a 2,4, 51&%&:?;% epkeny ! 01 - SﬁEHRmé 2 44.1%dud #Bkdwe phenyl thio
group, a 2-tert butyl =3, 4-di met hyl phenyl t hi 0 group, a zo

2-tert-butyl - d15tdirtetbttldiiany] tdipheheupiedor

2-tert-butyl -3, 6-di net hyl phenyl thio group, a

2,6-di-tert- bdﬂym B—mabmﬂqﬁnhqmyhpbegoumpp)aare also listed.
2-tert-butyl -4, 5-di met hyl phenyl thio group

2,6-di-tert- butl\ﬂﬁPr@PY@?hy$Bﬁ§h§F-FhP€§aBPéﬁ|§ °§ pickel SompPRRAREBRIMAS hi o

, 2,3,4 t et t | t
gr Oup éat ot ra@?ﬁ??ﬁégﬁlﬁ%ﬁ% Tllea cq{emapéaf formula [10] described

2 tert but yl @-trinethyl phenyl thio group, a
2,6-di-tert- butyP 3, 4- di met hyl phenyl thi o group) a

R73 Fl74
—N N—R"2 [10]

(wherein each of R’* and R’* is a 2, 6-diisopropylphenyl group,
15 and X°, X*°, R”® and R’* are any one of the combination of the

substituents represented in Table 1 described below.)



74 2, 3,5, 6-tetranet hyl phenyl t hi o group,

a

2-tert-butyl-3,5,6-trinethyl phenylthio group, a

2,6-di-tert-butyl -3, 5-di met hyl phenul t hi o group,
an et hyl phenyl t hi o group,

group,
i sopropyl phen

neopent yl phen
group,

yl thi o group,
yl thi o group,

a n-dercgbphenyl t hi o group,

a s n-propyl phenylthio group,

an

a pent anet hyl phenyl t hi o

a n-butyl phenydthi o group) a sec-butyl phenylthio
group, a tert-butyl phenylthio group, a n-pentyl phenylthio group, a

a n-hexyl phenyl t hi o group,
a io n-tetradecyl phenylthio grou

a n-octyl phenylthio
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group, a

| sel eno

(2, 6- di met hyl

péI?%Q%ITI:T;EI nyT

b

el eno group, a
R’*=R’*=methyl

Acenaphthyl by R’ & R™*

X?=x'"= xX%=x10= x°=x'°=isopropyl
isopropyl isopropyl

R73=R74=H R7>=R7*=methyl | Acenaphthyl by R’® & R"™
X%=x1%= xX?=x%=n-butyl | X°=X'’=n-butyl

n-butyl

R7*=R7*=H R7*=R7*=methyl | Acenaphthyl by R’ & R’

x°=x'%=phenyl

x?=X'=phenyl

X?=x'’=phenyl

R73=R74=H

x°=X%-benzyl

R73=R"*=methyl

X9=X1°=benzyl

Acenaphthyl by R & R

X°=X'%=benzyl

Further, compounds in which a nickel atom is replaced with

a palladium atom, a cobalt atom, a rhodium atom or a ruthenium

atomcanbe similarlyexemplified in the above-mentionednickel

compounds.

Among the metal compounds represented by the formula[71},



- di nmet hyl phenyl ) net hyl sel eno group, a (3, 5-di net hyl phenyl ) net hyl sel eno
(2,3, 4-timethyl phenyl ) net hyl sel eno group, a

i met hyl phenyl ) et hyl sel eno group, a 20 '

i met hyl phenyl ) met hyl sel eno group, a

I met hyl phenyl ) net hyl sel eno groupj5a

I met hyl phenyl ) net hyl sel eno group, a

i met hyl phenyl ) met hyl sel eno group, a

, 5- t espendifiyd phamg Dawetdiy las elompouwgrdup whizh a transition metal

, 3,4, 6-tetranet hyl phenyl ) met hyl sel eno group) a (2, 3;

5, 6-t et r aneBRPMoHENAD iy | aepBndnglyde, a (pent anet hyl phenyl ) et hyl sel eno
group, an (ethyl phenyl)nethyl sel eno_grou a . (n-praqpyl phenyl ) net hyl sel eno
oroup. an S B-ORSSIGIA e RRYADRSEY G RS TPy Lol HEL Fon
(n-butyl phegyl hyd sel 3 u (seg-hutyl ph l,) e | sel up, a
(Tert-butyl DheRIOr Ay 1 Za dnee of bup2 B 8L d e haR R RIS RLp RGP T8 aa
group, & (npgggwﬂgyﬂ?gg Iéﬁiéfi&QQ group, a (n-decyl phenyl) et hyl sel eno
group, a napht hyl net hyl sel eno group, an ant hracenyl net hyl sel eno group and
the |ike. Theeabalskyliselrne st opptySpRLakaialinG ity el pytseiasorda group
having 7 to 20 carbon atons, and nore preferably a benzyl sel eno group.
Exanpl es of dibblamyldeel ditgydrotpis (8| Gddimetharlydyssdmnly Yy bopatealiron

2- met hyl phenyl sel eno group, a 3-nethyl phenyl sel eno group, a .

4- et hyl phefpLoziero 3Mﬁé%o%ri%(Q;@réiﬁﬁbN}MMﬁﬁﬂﬂkﬁﬂkwkpﬁﬁﬁﬁb}ran

2, 4- di met hyl Een_lseleno group, a 2,5-di net hyl phenyl sel eno group, a
2,6-dinethyFB 8h3€al eno group) a 3, 4-di net hyl phenyl sel eno group, a

3, 5-di ngt hy I r 2 < | ~3; up,
o i kﬁg‘a%%}ﬁﬁg{lﬁyﬁcﬁf&?& b&@&ﬁgpgg%oéL%l’SP&J}YAPQF{‘%ﬁ%ﬁQPrﬁQ,

0 2-tert tyl- enyl'sel eno

2-tert-but yhng-d@hpyhRASMA %8liRM0d9ERURride is replaced with dibromide,
2-tert-butyl -6-nmnmethyl phenyl sel eno group) a 2, 3, 4-trinmet hyl phenyl sel eno
group, a 2, 3ibiubirdeehy|dqihieyydde] etbmgthyp, dizthyl, diisopropyl,.
2,3,6-trinethyl phenyl sel eno group, a

diphenyl, dibenzyl, dimethoxide, diethoxide, di-n-propoxide,

3, 4-d

rou a
2,3,5-t
2,3, 6-t
2,4,5-t
2,4,6-t
3,4,5-t
2,3,4,5
2,3

/-\AAA/-\AAD ~

diisopropoxide, di-n-butoxide, diisobutoxide,

15 di-tert-butoxide, diphenoxide or
di(2,6-di-tert-butylphenoxide) in the above-mentined iron
compounds .

Further, compounds in which an iron atom is replaced with
a cobalt atom or a nickel atom in the above-mentioned iron

20 compounds can be similarly exemplified.

Specific examples of a i -oxo type compound represented
by the formula [7] include U -oxobis[isopropylidene
(cyclopentadienyl) (2-phenoxy)titanium chloride]., U«
-~oxobis[isopropylidene{cyclopentadienyl) (2-phenoxy)

25 titanium methoxide], 4
-oxobis[isopropylidene(cyclopentadienyl)(3—tert-butyl-5-m
ethyl-2-phenoxy)titanium chloride], «
-oxobis[isopropylidene(cyclopentadienyl) (3-tert-butyl-5-m

ethyl-2-phenoxy)titanium methoxide], U



2,4,5-trinmethyl phenyl sel eno group, a 2,4,6-trinethyl phenyl sel eno group, a
2-tert-butyl -3, 4-di net hyl phenyl sel eno group, a
2-tert-butyl -3, 5-di met hyl phenyl sel eno group, a 77
2-tert-butyl -3, 6-di net hyl phenyl sel eno group) a
2,6-di-tart-butyl - 3-net hyl phenyl sel eno gséup, a
2-tert-butyl -4, 5-di net hyl phenyl sel eno group) a

, 6-di -tert-butyl - 4-net hyl phenyl sel eno group, a 5

4, 5-t ri mettoptqiiiesll sebrapygidepnk (medhy MG velapeated heghphd fl-pdiearoocsgy oup
2,3,4,6-tetranmet hyl phenyl sel eno group) a

tert- buty¢¥¥a9¥Pmr¢h%@ﬁ?ﬂpﬂeny4seleno group, a

6- di

3

i -tert-butyl -3, 4-di net hyl phenyl sel. eno grou 10
. 3,5,6-tetr: bh%ﬂgpggy ﬁge&pﬁwﬁthylcé%loégntadlenyl)(2 -phenoxy)

tert-butyl 6- nyl sel eno group, a
2, 6- d|-tertﬁéﬁyﬂiﬁﬁ n?ﬂ%%ﬁ@?ghe ul sel eno group, a pentanethyl phenyl sel eno
group) et RQUR
9T oUP) 28 SNV 56h 06,95 AUl (AR BT ERAEBRYEN P4 U but
sec- but yl pheiy sse4e&0y Ut DLiphe Ab&KY thtayl ik eH 56 £8€1 9r pup, a
n- pent yl phenyl sel eno group, a neopentyl phenyl sel eno group, a
n- hexylphenyhxﬂhﬂui;ﬁ@@ﬁ@pglmdenbyhph@chydknpnqﬂm@ﬁ¢ngl)(3 -tert-but
n- decyl phenyl sel eno grou a n-tetradecyl phenyl sel eno group,
naphthylseléﬁaimﬂﬁﬁﬁYbn zbhaﬂﬂﬁﬁd@éﬁfﬂiﬂmﬂﬂﬁ%ﬁQ%*ﬂ%hd the Ilke The

aryl sel eno gro referab

| sel h b
o These SR Sfeeroay i epnelieels Shet i S LeFangrbatagerl Ta-FHee"
above- ngptlg% f?@@gﬁi ﬁSBEEELX§ ﬁ] zpstltyted with a hal ogen z5 atom such
0

as a fluorine dt'om a chlorine a brom ne atom or an iodine atom an
al koxy group. cx¥HY AL éoﬁ@éagﬁdeheleFeet%nétﬁwlycﬁépapeﬂfaahenvmq 2 3he

aryl oxy group such as a phenoxy group or the’liKe or an aral kyl oxy group
such as a bevaxy)exitaioup wethbrilele. 1 -oRo¥is{as¥priapylhisidmenul a [4] to
[6] are preferably | ndependently a hal ogen atom an al kyl group, an aral kyl
group an al Keetrapmaid)y bevalgberyadienylor 3o thrisupetyl ubetedydo 2gmd,

and nore preferably a hal ogen atom. an al kyl  group,
noxy)tltanlum chloride], X -oxobis[isopropylidene

2
3
a
2.
2
2
2-

15 (tetramethylcyclopentadienyl)(3-tert—butyl-5-methyl—2—phe
noxy)titanium methoxide], X -oxobis
[dimethylsilylene(cyclopentadienyl) (2-phenoxy)titanium
chloride], [ -oxobis
[dimethylsilylene(cyclopentadienyl){2-phenoxy)titanium

20 methoxidel, i
-oxobis[dimethylsilylene(cyclopentadienyl)(3-tert-butyl-5
-methyl-2-phenoxy)titanium chloride], 7
-oxobis[dimethylsilylene(cyclopentadienyl) (3-tert-butyl-5
-methyl-2-phenoxy)titanium methoxide], X«

25 -oxobis[dimethylsilylene{(methylcyclopentadienyl)(2-phenox
vititanium chloride], U4
-oxobis[dimethylsilylene(methylcyclopentadienyl) (2-phenox
yvititanium methoxide]., U

-oxobis[dimethylsilylene{methylcyclopentadienyl)(3-tert-b



s an al koxy group or an aryloxy group. Further, R11 to Rl, Rzl to Rz4, R31
to R3, R1to R and Rsl to Rs' in the formula [4] to [6], are preferably
i ndependently a hydrogen atom a hal ogen atom an al kyl group, an aral kyl
group, an aryl group, a substituted silyl group) an al koxy 1o group ( an
aral kyl oxy group or an aryloxy group ( ald particularly, R11, Ru R31 Ral
and Rsl are preferably independently an al kyl group, an aral kyl group, an
aryl group or a substituted silyl group. Furthernore, Ris R's Rzs Rzs, Rss
R3s, Ras RasitRsls- e Hspl ak ephbnpxgf)dridianiumdegpbodidely & hydrogen at om
an al kyl group, an aral kyl group, an aryl group, a substituted silyl group,
~an al koxy groxebiml dinekhybsilylens (methylayconentadpenydrlddvder to
X in the formula [5 andﬁ%G] represent an atomof Goup 16 of the
periodi ¢ t aBt¥ior5 1MRERY LrgnPheRgay 34 tanium BeHRXL88h # sul fur atom or

| eni f I - Lt
oot erably at g abErRY Eart fiphetdCaRb AL Sl e flpinteat T 0",
6] , regre%gyogy@fgfgggﬁngﬂggfigeqt the periodic table of the elenments

such zs as an oxygen atom a sulfur atomor a seleniumaton) and are

preferably amx@uerdah@thy Vs e9uene (4k tramkt Hyl épe1bpefivhdikend 1)) (t2o0d 6 ]
, represent an atomof Goup 14 of the periodic table of the el enents such
as a car bonhainamy et istantan méthoaida Jgerdgmani um at om and are 79
preferably a carbon atomor a silicon atom Exanples of the netal conpound
repr esent ed -I9FatHes bimethylal lyiened & ehaans eEctypepbadisaydiyd-t

(3, 5-di net hyl - 2- heno&y)titaniunld'chloride (hg{ein-aite[, ? "ns-" is
soneti mes Oﬁqﬁ7ﬁgtyl- ~methyl-2-phenoxy)titanium chloride]}, L

met hyl epe(cyc| j 3 - |- Z- i ' .di chliard de,
ot vl cho( oy P ity 410 81 bngl e antlHIOI A b B0k IR
dichloride, okq fRityl N6l ey, 2PO0LAENS g)t(ietem'hﬁmﬂm@tﬁbﬁﬂaéﬁ),t gliank um
di chl ori de, nethyl ene(cycl opentadienyl)(3-tert-butyldinethylsilyl-5-m
et hyl - 2- phen@rotid @ epropehi dend¢cyclopentadienyl)

met hyl ene(cycl opent adi enyl ) (3-trinethylsilyl-5-nmethyl-2-p 15

henoxy) ti t adi2mphéingsortteanivm], d4i-u

met hyl ene( cycl opent adi enyl ) (3-tert - but I-5-nethoxy-2-Ehen oxthitanium
di chl or | de) -REARAT BT BBLAISBPARYOICPARTRAY T 3 CheEts b siams ™

Xy)titaﬁlunh%%%ﬁfyjﬁﬁgnoxy}titanium],
di-u«
-oxobis[isopropylidene({methylcyclopentadienyl) (2-phenoxy)
titanium], 4di-u
-oxobis[isopropylidene{methylcyclopentadienyl)(3-tert-but
20 v1l-5-methyl-2-phenoxy)titanium],
di- U -oxobis[isopropylidene
(tetramethylcyclopentadienyl) (2-phenoxy)titanium],
di- U -oxobis[isopropylidene
{tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-phe
25 noxy)titanium], di- {L -oxobis
[dimethylsilylene(cyclopentadienyl)(2-phenoxy)titanium],
di-p .
-oxobis[dimethylsilylene(cyclopentadienyl) (3-tert-butyl-5

-methyl-2-phenoxy)titanium], d4di-u




20 net hyl ene(tetranet hyl cycl opent adi enyl ) (3, 5-di met hyl - 2- phe noxy)titani um
di chl oride, nethyl ene(tetranethylcycl opentadi enyl)(3-tert-butyl-2-phe
noxy)titani um di chl ori de,

met hyl ene(tetranet hyl cycl opent adi enyl ) (3-tert-butyl-5-nmet zs

hyl - 2- phenoxy) ti tani um di chl ori de, 58

nmet hyl ene(t et ranet hyl cycl opent adi enyl ) ( 3- phenyl - 2- phenoxy )titani um

di chl ori de, nethyl ene(tetranethyl cycl opentadi enyl)(3-tert-butyldineth

yl si |yl - 5- metdydb s phhimekylsidgilemedimathyrlicieslopéftadienyl) ( 2-phenox

met hyl ene(t et ramet hyl cycl opent adi enyl) :
(3-trinet hylWititasiye] hy@i24phenoxy)titani um di chl ori de,

met hyl ene(t etranet hyl cycl opent adi enyl)
(3-tert - but yIoXRRR HbHYe SOBREAOX ) PRE( AR W R QRepbadienyl) (3-tert-b

T SR O R b
500 oPY, Senslavel conpt ol eorLL 3o Ll o BEPORIALCDAIAIYT) (2 n

i tani um di clhle®ids8f)titanium} and di- i _ _
I sopropyl i dene(cycl opent adi enyl ) (3-tart-butyl-5-nethyl -2phenoxy)titanium

di chl ori de, -icsmiricpld indetiey Lyt gphentddieemyumethyiheryl e@e phaddeyytlit{e8+ 4 um
di chl oride, 15 isopropylidene(cyclopentadienyl)(3-tert-butyldinethylsily
1- 5- met hyl - 253rdhxA) 13 teethyd d2chhenioge)) titanium] .

Y oy it SrSReRERL AL AN b U THIR P! dhp3aHBE Y ther than the

1- 2- phenoxy) tit ani I Chl orl

i sopr Opi/% i d%&%ﬁ&ﬁcggﬂﬁ%%dd;g%%'ﬁ&%éne{éd Y ¥ned e BFTY 19 1%8s the metal

- phenoxy) titani um di chlori

ijisgﬁlr 3piyljied%%%%&)re%ﬁt 2HLe0Yl) 4 BekEilaRPb¥hagd; ChL 8k81PPSAPEY) LA aRLYM

| sopropy! | dgpe(lel.r aaRhd %Yﬁl(f%@aen,t A bitrudd ,ﬁgﬁ@ﬂ% @gmy@%é&ém um

. I sopropylidene(tetranethyl’ cycl opentadi eny tert-butyfl
Sopr opy |1 dBRSTat FATECHYY by et isehe SERERIPFOE R e B ER RYPR S Senoxy)
| sopr opyl | AGREL R PRI oyt St 300 R AOBRS Ry PAsfpLivL) mickel,

15 bis(l,5-cyclooctadiene)nickel,
dichloro(l,5-cyclooctadiene) nickel,
dichlorobis{acetonitrile)nickel,
dichlorobis(benzonitrile)nickel, carbonyl
tris(triphenylphosphine)nickel,

20 dichlorobis(triethylphosphine)nickel, di-acetobis
(triphenylphosphine)nickel,
tetrakis(triphenylphosphine)nickel, dichloro[l,2- bis
(diphenylphosphino)ethane]nickel,
bis[1l,2-bis(diphenylphosphino}ethane]lnickel,

25 dichloro[l,3-bis(diphenylphosphino)propane]lnickel,
bis[1,3-bis(diphenylphosphino)propane]lnickel, tetraamine

nickel nitrate, tetrakis(acetonitrile)nickel



81 enoxy)titaniumdichloride,

i sopropylidene(tetranethyl cycl opentadi enyl)(3-tert-butyld

i met hyl silyl-5-met hyl - 2- phenoxy)titani um di chl ori de,

i sopropylidene(tetranethyl cycl opentadienyl) 5
(3-trinmethylsilyl-5-nethyl-2-phenoxy)titasi umdichloride,

i sopropylidene(tetranethyl cycl opentadi enyl) (3-tert-butyl 5-net hoxy-2- phenoxy
)titani um dichlori de,

i sopropyl i défd@afuerehgrayel spdnndgkedy Pithalkeeyauiyes- chl or o- z- phenoxy)
titaniumdichloride, io0

di phenyl net hy hede( spelcdffdnt asiampile)s( 3£5adcompbuhd2ipheiDehya ti s ivion
di chl ori de, di phenyl met hyl ene(cycl opent adi enyl ) (3-tart-butyl-2-phenox
y)titani um diedidloatom is avanadiumatominclude vanadiumacetylacetonate,
diphenylnetgylene(cyclqﬁgntadienél)(S-tert-bqtyl-5-nethy| s
-z-phenoxy)tﬁﬂ%ﬂ%ﬂﬁ(ﬁ% afhyeride and vanadium oxy trichloride.

di phenyl et hylLene(cycl opent adi enyl ) (.3- phenyl - 2- phengxy).tj tani um .

i ehtor i e, | A DR RS e ARG T LELE ERATRREA Oh PO SR SRt bE) A AR S F Lo
i lyl-5-methyl+2-p yylitapi i,ehlaride,

diphenylnetﬁﬁ%ﬁhxcyc d%%n%a%%g%§g¥m3?$ﬁﬁﬁgwgﬁgﬁ?yI-5-ne

t hyl - 2- pheney)(ipdrinkt Ky £y 81bHentadienyl ) samarium

di phenyl net hyl ene(cycl opent adi enyl ) (3-tart-butyl -5-net hox

y- 2- phenoxy jeithyiitat xhileyhdosfdean and the like.

di phenyl net hyl ene(cycl opent adi enyl ) (3-tert-butyl-5-chloro 25

- 2- phenoxy) t i Fartberaoate ordmiecific examples of a compound in which a

di pheny| net hyl ene(t.et ranet hyl cycl opent adi enyl ) (3, 5-di neth
y|-2:phEhOX§ enshhifh fetrbratem is an ytterbium atom include
di ph | met hyl [ 1), (3 t - but
Py o G AR €36, SRR st b0

di phenyl met mélta?q(tteectfaa_{g{alhaf&y&h opRA! akeA%hdL3- t art - but
yl - 5-met hyl - 2- phenoxy) ti e

ani um di chl ori de,

di phenyl net hyl erref t ethé asehpplhagel apeRibademie (MepaBniton 1gh@nami)dur Ani um
di chl ori de, s diphenyl nmet hyl ene(tetranethyl cycl opent adi enyl) (3-tart-but
yl di net hyl sebyppobngst Indp2e gpdmrbedybyi thai dwmldicohiny iflermula

di phenyl net hyl ene(t etranet hyl cycl opent adi enyl ) (3-tri nethy

| silyl -5 me@k§l 13558&hoxy) titani um dichl ori de, :

di phenyl net hyl ene(t et ranet hyl cycl opent adi enyl ) (3-tart-but 1lo

yl - 5- met hoxy- 2- phenoxy) titani um di chl ori de,

di phenyl net hyl ene( tgd¥ anet hyl cycl opent adi enyl ) (3-tart - but
yI-5-ch|oro-2-phenoxx)titaniun1dich|oride, and conpounds in which
(~JS-cycl opent adi enyl')y i nt hgyfabove-nenti oned conmpounds is replaced with

(~S- et hyl cycl opent a ieqyky, (77
RE— A [11]
s \302
N
/
Re!
(wherein respective R?' to R?? independently represent a
hydrogen atom, a halogen atom or a hydrocarbon group, they
20 may be the same or different, and two or more of them may
be bonded mutually and may form a ring. X't and x*? independently
represent a hydrogen atom, a halogen atom or a hydrocarbon

group, they may be the same or different, and may be bonded

nmutually and may form a ring.)



1s 5-di net hyl cycl opent adi enyl)) (27

5-trinmet hyl cycl opent adi enyl ), (t 75- n- but yl cycl opent adi enyl ),
(775-tart-butyl cycl opentadienyl)) (n 5-trinethylsilylcyclopentadienyl), (n
5-tart-butyl di met hyl silylcycl opentadi enyl), (ns-indenyl), zo

(~75- phenyl i ndenyl) or (~S-fluorenyl). F@Pther, conpounds in which
dichloride in the above-nentioned conpounds is replaced with dinethyl,

di benzyl, di net hoxi de, di phenoxide, bis(dimnmethylam no) or bis(diethylam no)
are al so exenpl Thieed. c2hpiunssy aray cxampsed alonheometial cipinaiion of
represented by the formula [4] include Dinethylsilylene (n

5- cycl opent &NE WA NZEHHeNBRYTt Ehenpbeve-@erddiered compounds (B), the

et ylsi |y ene(ti cyel opent gt eyl (S X L5 2PPS 5K phaRiTone.
5- I t adi I 5-di - 2- It and i chl ari
i et hy i1 S st BRI SO NSICRERAT B YRl B B8 ST brpatt ot

dichlorigde, {ideidyisdiy! €861 8f the elements are preferred and _
5-cycl opent adi enyl ) (3-tart-butyl-5-nmethyl -2-phenoxy)titan ium dichlori de,

di met hyl si | peene(dulaEMe] aperd RdeRybihds5idi whath- htt Yeadtpbaeow¥) LF t ani um
di chl oride, dinethylsilylena(~

5- cycl opent dai éalne )fcEmEkanyl 7 B, phesyéa - Cyphenerypdiaylutyire drhonr | gee

di met hyl si'l yl ene(~

5- cycl opent ®FEHRATEDB- t ar t - but yl di net hyl si | yl - 5- net hyl - 2phenoxy) titani um

di chl oride, dinethylsilylene . . .

5- cycl opent adi enypg/r(%-?%ﬁ‘u Ygg PPERECAPISS Y] ISR P ehbiy TEEFERR (Hhe

di chl orjde, _di | si ~ S

5 cycl onont ARRI B PO TTI “etatag, oamBenna AT (X ¥ & cHTSF P
di mrethyl si| He@¥®{sented by the chemical formulae [4] to [6] below:

5-cycl opent adi enyl ) (3-tart-butyl -5-chl oro-2-phenoxy)titan ium dichl ori de,

di met hyl si |l yl ene(n 5-cyc|op§nta penyl) (3, 5-di anyl - 2- phenoxy) titani um zo

di chl ori de, dinmethyR §I¥LGME(n -cycl opent adi enyl ) (1- napht oxy-2-yl)titani um
di chl oride) dimethyl sEUyl eneiml_ ,

5-tetranethy|cycIoPBn adienyV)(Z-%henoxy)titaniun1dich|oride,

di met hyl si | yl ene(®'*2s Al [4]

NE g
B2
R%® _Cp°  x3 x4 Cpl | R
~; ~p2” \Ma/ ~37
R25 / \‘\\XSff” \ \\Rgs
R4 A AS R3 [5]
R23 R R /3



m di chl ori de, dinethylsilylene(n

5-tetranet hyl cycl opent adi enyl ) (3, 5-di net hyl - 2- phenoxy)tit ani um di chl ori de)
di met hyl si |l yl ene(~

5-tetranmet hyl cycl opent adi enyl ) (3-tart- butyI 2- phenoxy) tit 84 ani um

di chl oride, dinethylsilylene(~

5-tetranet hyl cycl opent adi enyl ) (3-tert- butyl 5-net hyl - 2- ph enoxy)titani um

di chl ori de, dlnetyylﬁtlylene(~

5-t et ranet hyl cyR |QﬂyL»¢§h\Hd%r§3lngdﬂyl 2-phenox 5 y)titanium

di chl ori de, di syl sil yl
5-tetranet hyl nentadfenyl 5 net%gl 3- phé%yl5g phenox Hﬁrltanlum

dichloride, & Wsi LA ene(n
5-tetramet hyl cyd t adi enyl ) (3-tert-b
titani um di chl of]i de, di et hyl si |l yl ene(~ |
5-t et ranet hyl QpE ~grenyl)(5 netﬂyi-‘~ i
di chl oride, dinethylsilylene(~
5-tetranethy|cyclqn@htadlenyl)(3-tert-butyﬁ25-nethoxy-2-p henoxy) titani um
di chl oride, dinmethylsilylene(n

5-tetramet hyl cycl opent adi enyl ) (3-tert-butyl-5-c¢chloro-2-ph is enoxy)titanium
di chl oride, dinethylsilylene(n

5- t et r anet hYP&F@dhSNSRASHYS (1‘3 §°dﬁarrflepfeﬁl?éﬁb>&")dcqﬁ%fi?%ﬁlﬂl 2RI 3FPe,
dlnethyIS|Ierne(~ 5-cycl opent adi enyl ) ( 1- napht oxy- 2 yI)tltanlun1d|chIor|de
conpounds i REWAFERE( 45°€y'&*|‘%p9ﬁﬁ%‘a@£‘ﬁy¢§b}ﬂ IR, edisen intigTRective

conpounds is _peplaced with (~ met hyl cycl opent adi eny|

(~5-di nﬁhyIA&yEPoﬁénFSQF&%ﬂ“)t %ﬁ?ﬁ%%?@%l%ﬁ@ﬁt i GFgyp 16 of the

g '?r Iblrj.r;%llh;%/a |CJ):§.| ent.adi enﬁrleaalfe?m )etlet-zr:rtlerPéJstyere%Cple tefég(yle@%l 2!5 I(epresent

- Eeéheﬁﬁf%ﬁw G QS o g ShE CURBANAE RO S (RS IRAERSIERA t he
3111 mothy 3%%%*%”1&%@/€9r83'§§%§%a=§“ﬁ{e%“@ty&€%§?ﬁ@¥ mf’“i”ﬁﬁéaoxy and
Copl aced wi PREAORRRAE “réé' 'ﬁ%ﬂ%@ﬂ??@?iﬁ%%pg’ém' Bty EpIa H%S s

s ropiBeodut 1 i KBt Ayt T DERZ T o robRof; adpe B o RS reSEERaREes
Fur t hor nor - AR REBURI ) A VAR BoFLRE B A TALCHBB/ACHEN(T SNBHE CEMRETRas
e o WL E S S MHE

di-substituted amino group, a hydrocarbon thio group or a

nethyIS|IyI5 met hyl - 2- phenoxy)

xhﬁylsilyl 2- phenoxy) titani um

hydrocarbon seleno group, they may link to form a single ring
15 or a plurarity of rings which may be aromatic ring(s) or
non-aromatic ring(s); and respective X® to X’ represent an

atom of Group 16 of the periodic table of the elements.

In the formulae [4] to [6], the metal represented by M
to M°> represents a metal atom of Group 4 of the Periodic Table
20 (TUPAC 1985), and for example, a titanium atom, a zirconium
ato and a hafnium atom are exemplified. A titanium atom and
a zilrconium atom are preferred.

A group having a cyclopentadienyl type anion skeleton




formula [ 5] ( specific exanples of a -oxo type conpounds include

1t - oxobi s{i sopropyl i dene(cycl opent adi enyl ) (2-phenoxy)titanium chloride},
It -oxobis{isopropylidene(cyclopentadi enyl) (2-phenoxy)titani 1s um

met hoxi de}, !t-oxobi s{isopropylidene _

(cycl opent adi enyl ) (3-tart-butyl-5-nmethyle2-phenoxy)titani um chl ori de},
~C- oxobi s{i sopropyl i dene (cycl opent adi enyl)
(3-tart-butyl-5-net hyl -2-phenoxy) titani um et hoxide}, |t

- oxobi s{i sopsopyl'i Htenep2oifattdgbcynl apentsateny/t)ted pheodnpenittaiierny L
- chloride}) ~t -oxobis{isopropylidene (nethylcycl opentadienyl)

( 2- phenoxy) BEeEpi, uamel hokéwesFityted)indenyl group, an 7

- oxobi s{i sopropyl i dene( net h Icyclopentadienyl%IIl ) o
(3-tart-butyT (SURBERYR sdﬂﬁﬁwﬂ FRPUmMacH bhe ddke .| Spegific examples

ST P TSR e E N TS

- bi s{d i t adj | 2- ph titani
chiori gy T e e Bh Y21 pent adi oyl ) (2 phe
86 noxy)titandime fRYNeycdedenltadienyl group,

an 7
-oxobis{iSﬁgiopylidene t et ranet hyl cycl opent adi enyl ) (3-ter
t - but yl - 5- nettwim@thhtogxi pbendadiramchl ogreep, afil 7
-oxobis{isopropylidene(tetranethylcyclopentadienyl) 5

(3-tert-but yt tstremayhy2cyedomentadianvin geeubxi 48} and conpounds i n which
(t75-cyclop§ntadienyli in the above-nentioned conpouns is replaced with (~1
5- di met hyl cyc BpeheEal ergn-addrnys. (SRR hy#Ry 8l opent adi enyl ),

(~5-n-hutyl eycl n i I 10,.(7=5-tert-butyl cycl opentadi enyl), (7)

S er1 ety | SUTyRESRY SHERLRRERAY R ‘GEbas 4

5-tert-butysdj Pb’b?iE%Eﬁ%ﬁb&&%@iﬁéﬂﬁyﬁauﬁ~5ah”‘i'le”y')’ ( 77

5- et hyl i ndenyl of (77 5-fluorenyl”) = Furfher, ‘conpounds in

whi ch( 2- phehaxyph by beyabhepentraaiieniad eosmendsi § replaced 15 with with
(3-met hyl - 2- phenoxy), (3, 5-dinethyl-2-phenoxy),

(3, 5-di - t er t~$mt ybuRypbgndrpen teisrerly | gBeupt hgh- 72- phenoxy) or
(3-trimethylsilyl-5-nethyl-2-phenoxy)and conpounds in which chloride in the
above- nent i orieRF EoPPEUAEY CilePeatcddan Y t WP re®Ry M benzyl, phenoxi de,

di et hyl am no_.or diethylam no _are also exenplified. Furthernore, conpounds
n whi OF it HAY CHePERGAAT AN SRR or@Bullds i s repl aced with

n whi . Ak . 2 J
Cepr osent ed by (he oLot oY eur T pRe e ARGt oubE BRC T %) 1 Tovo Lype

conmpounds i hod dhehe- gt Ta9%eRhehisSaR 10 1 sisaet aaebapengadi@nylan n
(2- phenoxy)titanium, di-!d

- oxobi s[ i sopriopyeényEngtovpl, opantratineayhy{ Brdenylbgtrylurh- an 7
et hyl - 2- phepoxy)titaniunj, di-!c s ]
-dimethylindenyl group, an 7 °-n-propylindenyl group, an 7]
20 5—isopropylindenyl group, an n3-n-butylindenyl group, an 7
"_tert-butylindenyl group, an 7 °-phenylindenyl group, an 7
S_-methylphenylindenyl group, an 7 °-naphthylindenyl group, an
ﬂs-trimethylsilylindenyl group, an 7 3-tetrahydroindenyl
group, an 7°-fluorenyl group., an 7 *-methylfluorenyl group,
25 an 7°-dimethyifluorenyl group, an 7°-tert-butylfluorenyl
group,an 7°-di-tert-butylfluorenyl group,an 7
*-phenylfluorenyl group,an 7°-diphenylfluorenyl group,an 7
5-trimethysilylfluorenyl group and an 7

5—bistrimethysilylfluorenyl group, preferably an 7



87 -oxobi s[isopropylidene(nethyl cycl opent adi enyl ) (2-phenoxy) titaniun,

di -h -oxobi s[isopropylidene(nethyl cycl opentadi enyl) (3-tart-but

yl - 5-met hyl - 2- phenoxy)titanium ) di-It 5 -oxobis[isopropylidene

(tetranet hyl cycl opent adi enyl ) (2- phenoxy)titaniun],di-/G

- oxobi s[ i sopropyl i dene 63 ,

(tetramet hyl cycl opentadi enyl ) (3-t, ert-butyl -5-nethyl-2-phe noxy)titaniunm,
di-lt.-oxobis 10 [di met hyl silyl ene(cycl opent adi enyl ) (2-phenoxy)titanium,

di - ! L- oxobi S| diyeaicpentiddd el gyouppeid adi-eietiylcyclopentadienyl group,
(3-tart-butyl-5-nethyl-2-phenoxy)titaniun]) di-/t

- oxobi s[ di nerhy# 3+ hybehpl pgtippeydadientyldi engli) ( 2aphénox y)titani uni,
di-1c 15 -oxobi s[di met hyl si |yl ene(net hyl cycl opent adi enyl) (3-tart-b
utyl - 5- net hyrferghdwdndavelepemiadienyy group, an 7

- oxobi s[ di mgt hyl si | yl ene(t et ranet hy| cycl opent adi enyl x(2-g_h titani

< < oxob: SERE OISR LA AT PROD o At SRR Brope. an "
t-butyl - 5- et - 25 ' | ' |

(~5- cycl bper adf Shg R T ERSLRgen g, adtlp M RO A AL ey,

(775-di met hyl cyctgpgnt@agli gnylgi s' g*, ' to R*®, R to R, R*' to R*
5-trinmet hyl cycl opent adi enyl), (~5-n-butyl cycl opent adi enyl ))

(~5-tart - butatla Wl opemeEdoenyhe) £6rma3adb{uni ret s lag ey tlalpardmdieoml ) ,

(r! 5-tart-butyl di nethylsilylcyclopentadienyl), (ns-indenyl), ( n

5-met hyl i nden§Lljioging atdmf |lachdmrine afem. herbremhpe iyt amd an iodine

whi ch( 2- phenoxy)in the above-nentioned conpoundsi sreplaced with with

(3- met hyl - 23398h B38H ,exenBLEf hedny - shineise @tomgga bromine atom are

(3,5-di-tert-b | - 2- phenoxy) , ég- henyl - 5- met hyl - 2- phengx % r

(3t 1 il by PERAEASTE, roRd 8 iR TBRINe miimh et ere CORpeRrat L whi ch

titaniumin the fﬁo¥eaggn&éoqﬁd ggnamunqg15tbsteplﬁnegdmgph'zkﬂcqﬁiqﬁmor

haf ni um are exenplifi ed. " the organoal um num conpound (C) Wwhich is a

conmponent  and R®*! to R%® of the formula [4] to [6], as a hydrocarbon group,
an alkyl group, anaralkyl group and aryl group are exemplified.

As the alkyl group, a methyl group., an ethyl group, a

15 n-propyl group, an isopropylgroup, an-butyl group, asec-butyl
group, a tert-butyl group, an isobutyl group, an-pentyl group,
a neopentyl group, a tert-pentyl group. a n-hexyl group, a
n-octylgroup, an-decyl group, an-dodecyl group, n~-pentadecyl
group and a n- eicosyl group are exemplified.

20 These alkyl groups may be substituted with a halogen atom
such as a fluorine atom, a chlorine atom, a bromine atom or
an iodine atom.

Alkyl groups substituted with the halogen atom include,
for example, a fluoromethyl group, a trifluoromethyl group,

25 a chloromethyl group, a trichloromethyl group, a fluorcethyl
group, a pentafluoroethyl group, a perfluoropropyl group, a
perfluorcobutyl group, a perfluorohexyl group, a

perfluorococtyl group, perchloropropyl group, a per

chlorobutyl group and perbromopropyl group.



usedf ort hecat al ystforadditi onpol yneri zati onofthe present invention, known
or ganoal um num conpounds can be used. The organoal um num conpound i ndi cat ed
by the forrmula [12] 1o described belowis preferable. RIBaAlY3 d [ 12 ]
(wherein R18 represents a hydrocarbon group, and when R18 exists nore than
one,. Rle's may be the sane or different§é4Y represents a hydrogen atom a
hal ogen atom an hydrocar bonoxy group, and 15 Y exists nore than one) Y's
may be the sane or different; and "d" represents a nuneral satisfying 0 ~ d
S 3.) R18 in the Tos milley]l d2oypi $sppeéfeabb}yaahydilaydr hprouy dwyritayihg 1
to 24 carbon atons, and nore preferably an al kyl group having 1 to 24
carbon atonto 3peefarbencxbomsesmenerpotienabliea e thybtFEOURr Aib ety ket hyl

group) a n-propyl group, a n-butyl group, an isobutyl group, a _n-hexyl
group) a 2- HEPHPI'hQ{‘yI’-S@RiﬁP%OF%‘“FPocgyFeﬁF()BBFY%ngrgﬁpetI‘?;’i‘l ’g“‘lﬂgﬂ’pﬁ,yja
n- butyl grou a_n-hexyl group is nore preferable.

Further, Spggppgga@%fgé%gfégﬁggé PROWRich v is a halogen zs atom
oS . LaP e Sl SO D8RR ek QA O B0 S
preferably an(alk@th¥iiidhyl )methyl group, a (3-methylphenyl)methyl
group, a (4-methylphenyl)methyl group. a
(2,3-dimethylphenyl)methyl group, a
(2.4-dimethylphenyl)methyl group, a
10 (2,5~dimethylphenyl )methyl group, a
(2,6-dimethylphenyl)methyl group, a
{3.4-dimethylphenyl)methyl group, a
{3,5-dimethylphenyl)methyl group, a
(2,3,4-timethylphenyl)methyl group, a
15 (2,3,5-timethylphenyl)methyl group, a
(2,3,6-timethylphenyl)methyl group, a
(3,4,5-timethylphenyl)methyl group, a
(2.4,6-timethylphenyl)methyl group, a
(2.3,4,5-tetramethylphenyl)methyl group, a
20 (2.3.4.6-tetramethylphenyl)methyl group, a
(2.3.5,6-tetramethylphenyl)methyl group, a
(pentamethylphenyl)methyl group, an (ethylphenyl)methyl
group, a (n-propylphenyl)methyl group, an
(isopropylphenyl)methyl group, a {(n-butylphenyl)methyl group,
25 a (sec-butylphenyl)methyl group, a (tert-butylphenyl)methyl
group, a (n-pentylphenyl)}methyl group, é
(neopentylphenyl)methyl group, a (n-hexylphenyl)methyl group,
a(n-octylphenyl)methyl group, a (n-decylphenyl)methyl group,

a (tetradecylphenyl)methyl group, anaphthylmethyl group and



an aral kyl oxy group and an aryl oxy group. Specific exanples of the al koxy
group include a nethoxy 89 group, an ethoxy group, a n-propoxy group, an
| sopropoxy group, a n-butoxy group, a sec-butoxy group, a tert-butoxy
group, a n-pentoxy group, a neopentoxy group, a n-hexoxy group, a n-octoxy
group, a n-dodecoxy group, a n-pentadeco&ky group and s a n-ei cosoxy group.
Any one of these al koxy, aryloxy and aral kyl oxy groups above-nenti oned nmay
be substituted with a hal ogen atom such as a fluorine atom a chlorine
atom a broannendhamcesrylingekinel agooupe the | i ke, an al koxy group such as a
met hoxy group, an ethoxikgroup or the like, or an aryloxy group io such as

a phenoxy group BhetaBalkid: 9mpupal k RELEREADLY 2 @aiaiabl FEarRMaRArYr oup
having 1 to_24 carbon atonms and a mnet hox group, a et ho ropp and_a
Ler t - but oxy7gFBUR %o FRTRAML Faiber reRY BREE: PEE LSRRI GTOTREL A95PERY

roup in Y include |5 enox r 3 I
g- melto hyl phenoxy %’rsoﬁ%? e Q‘-%g?ﬁ??p%g#&@eéﬁ: gﬁ%@ézfp :gl?%?g%iﬁe%{%?%?qgr?o&oyup'

group, & 2, 4-£li{Bi Py IARANOXY L YRy 1 Rows JidBLRIRICHPEUPITHYR.3 Kylyl
2, 6- di met hyl phenoxy group,” a 3, 4- di met hyl phenoxy group, a

3, 5-di met hyhpbapQxy 2guosy.lyd grouf; ta 2 et hyh phenoxyp gaipd -291al group,
2,3,5-trimethyl phenoxy group, a 2, 3,6-trinethyl phenoxy group, a

2,4, 5-trimealdy) piwepbyry gyreup, al 23 4xplyligmivyl ph2ndxy-trimethylphenyl
OO, a3, 4, O D a2 3P et hy Tneny L group, a 2. 3. 6~ Crinathy Loty
group, a2,4,6-trimethylphenyl group, a3,4,5-trimethylphenyl
10 group, a 2,3,4,5-tetramethylphenyl group, a
2,3,4,6~-tetramethylphenyl group, a
2,3,5,6-tetramethylphenyl group, a pentamethylphenyl group,
an ethylphenyl group, a n-propylphenyl group, an
isopropylphenyl group, a n-butylphenyl group, a
15 sec-butylphenyl group, a tert-butylphenyl group, an
isobutylphenyl group, a n-pentylphenyl group, a
neopentylphenyl group, a n-hexylphenyl group, a n-octylphenyl
group, a n-decylphenyl group, a n-dodecylphenyl group, a
n-tetradecylphenyl group, a naphthyl group and an anthracenyl
20 group. _
The aryl group is preferably an aryl group having
6 to 20 carbon atoms, and more preferably a phenyl group.
These alkyl, aralkyl and aryl groups above-mentioned as
X' to X*, R to R'®, R* to R?®, R* to R*, R* to R and R*
25 toR%® of the formula[4] to[6], maybe respectively substituted
with a halogen atom such as a fluorine atom, a chlorine atom,

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

methoxy group or an ethoxy group, an aryloxy group such as

a phenoxy group, or an aralkyloxy group such as a benzyloxy




2,3,4,6-tetramet hyl phenoxy group, zs 2,3,5, 6-tetranet hyl phenoxy group, a
pent anmet hyl phenoxy group, an et hyl phenoxy group, a n-propyl phenoxy group,
an i sopropyl phenoxy group, a n-butyl phenoxy group, a sec-butyl phenoxy
group, a tert-butyl phenoxy group, a n-hexyl phenoxy group, a n-octyl phenoxy
group, a 90 n-decyl phenoxy group, a n-tetradecyl phenoxy group, a

napht hoxy group and an ant hrat henoxy group. The aryloxy group is preferably
an aryloxy group having 6 to 24 carbon atonms. s Exanpl es of the aral kyl oxy
group in Y igrduple a benzyl oxy group, a (2-nethyl phenyl)nethoxy group, a

( 3- net hyl phenyl ) net hoxy group) .a (4-nethyl phenyl ) net hoxy group, a
(2,3-dinethy|phenﬁP?ﬁb?ﬁ@x?@r@ﬁpFOaKé,4R§iﬁﬁtHVfphBﬁ?H%né%ﬁox?ébﬁﬁuﬁfsalo
(2, 5-di net hylphenyle) met hox r,eup, a(2,6-di met hyl phenyl ) nmet hoxy group,
a( 3, 4- di et By | FRchyIGHLROKY For ofs, i EOBMisLAck ) EEHEny| FReiHEAS L srBLRd

a( 2, 3,4-trinethyd phenyl ).ret hoxy. group, ai s (2,3, 5-1rLmefhyl Dfn | ) net hoxy
group, a( 2, 3r%lt5¥1|' rﬂﬁ(ﬂ%}f pﬁ?erﬂlls)lﬁéghc%?&"& Sa‘ijzaﬁ‘g%at‘ﬁﬂ%tﬁ %‘%5%19‘?’}'&@Phoxy
group, a(g, 4 drdug MW | DS Y A HBEBKXRO LA 1wk (BT IV POE WA LHBLNOXY
group,a zo , 3, 4, 5-tetranmethyl pheny ? t hoXy group, a

(2,3, 4, 6-t etiaardty BRI HBISN® X udrAWS aBom, a chlorine atom, a bromine
(2, 3,5, 6-tetranet hyl phenyl ) met hoxy group, a (pentanethyl phenyl) nmet hoxy
group) an (et pleany |iodkitrieay ogr; oap )alkdxy pramy shehyas rehbokpxyr gnpupan
2s (isopropylphenyl%nethoxy group, a (n-butyl phenyl)nethoxy group, a
(sec- but yl pl#En@R) #ERABYYIEPBRp, 2R JURkOXY HTAYN SWED @St BokyenesMpIroup ;

(n- hexyl phenyl ) nmet ho oup, a (n-octyl phenyl) et hoxy group, a

(n- decyl phe |)%ﬂn%ﬁég%iﬁ%ﬁg,95°“?9fﬂ€§4ﬁﬁr W+%%¥n9??ﬁﬁthoxy group, a
napht hy t hoxy t nyl Qr The kyl 0x

group i gggr efer aﬁ%%ﬂ;‘%’%%ﬁgé}[ cg'ﬁ%%ﬁy eh%ankbgofg Jt%c?%gp Ef:sarab%%1 gl[]_ o%lr]é(?uéﬁd S
a benzyl oxy n@RAWY 1S tBPE Bhebeh' §dom3 Q¥n0RS 8 mébR§E ﬁfg@%}/’aﬁré!f y and

ar al kyl oxy groups above-nenti oned nay be substituted Wt al ogen at om
such as a flguenuipeaat opropythgosoupe @i amopardpPlNigi®wal,08) n abut9di gveod@ph pm or

the like, an al koxy group such as a nethoxy group) an ethoxy group or the
li ke, or anaasgicointyrlowyrsih ad ex t-dytrehaayogp ouan okseiwet vl keroup, a
n-pentyl group, a n-hexyl group, a cyclohexyl group and the
15 like; and aryl greoups having 6 to 20 carbon atoms such as a
phenyl group, etc.

Examples of such substituted silyl group include
mono-substituted silyl groups having 1 to 20 carbon atoms such
as amethylsilyl group, an ethylsilyl group and a phenylsilyl

20 group: di-substituted silyl groups having 2 to 20 carbon atorﬁs
such as a dimethylsilyl group, é diethylsilyl group and a
diphenylsilyl group; and tri-substituted silyl groups having
3 to 20 carbon atoms such as a trimethylsilyl group, a
triethylsilyl group, a tri-n-propylsilyl group, a

25 triisopropylsilyl group, a tri-n-butylsilyl group, a
tri-sec-butylsilyl group, a tri-tert-butylsilyl group, a
tri-isobutylsilyl group, a tert-butyl-dimethylsilyl group,
a tri-n-pentylsilyl group, a tri-n-hexylsilyl group, a

tricyclohexylsilyl group and a triphenylsilyl group, and a



Speci fic exanpl es of the organoal um num conpound represented by the fornul a
[12] include trialkylalumnunms such as trinethylalumnum triethylalum num
tri-n-propylalumnun) tri-n-butylalum num 15 triisobutylal um num
tri-n-hexylalumnum tri-n-octylalumnumand the |ike; dialkylalumnum

chl orides such as di nethyl al um num chl or6de, diethylal um num chl ori de,

di - n-propyl al um num chl ori de, di - n-butyl al um num chl ori de,

di i sobut yl al umi num chl ori de, di-n-hexylal um num chloride 20 and the like;

al kyl al um numisiecitiyors degl sppodu@ps aetéytabubyhdimeithiylorildel gatdwyp adxina num
di chl ori de) n-propyl al um num di chl ori de, .n-butyl al um num di chl ori de)

i sobut yl al urdphedixlisokyHegrounei gl airefemaimldi.chl ori de and the |ike;

di al kyl al um num hydri des such as 25 di net hyl al,um num héq;_i de, ;¢ .1

di et hyl al um num PSRIrFaeroaprRopeFsy I9RMA Ay Fa der & - ntDRyl-aRuni Fim
hydri de, dii,sobuiyl al umdsnuguhydride) di-msmhexylal und num hydr i the
li ke, alkyl (dial oxg?a urfi E‘l‘mt%&gh %‘%‘!“n@tlhg?(%i ne‘%r%]%’?a ‘tﬁﬁ“ﬂﬁ%apgl to
met hyl (dj et y) ) di = : m A i ke;
di al kyl Egal k(@%)'a h?nﬂhggrs@%ggh%ﬁ glmr[r)rl'él Hyf‘%ﬁféﬁg?%%ran%m 8R4 dup
di et hyl (et hevgy radadlmiikam di met hyl (tert-but oxy)al um numand the like; 5
al kyl (di aryl oxy) al um nuns such as net hyl (di phenoxy) al um num

met hyl bi s( 2, 6- diExsamp by | g eohex wilkloxy guioup include a methoxy group, an
met hyl bi s( 2, 6-di phenyl phenoxy) al um num and the |ike;

di al kyl (ar yedhery 99e ¥R nd NsIRIPREXY 6T ouPetdyl $ PREADLKYIEONPumn -butoxy
di met hyl (2, 6-di i sopro ﬁl r;.}?henox ) al um num

di met hyl (2, €F8i“|8heﬁylsg ERGFE FHOWR Endefite PYLAXY dROVRndhd THREL*H

R A e e e R AT A
:o;el;) fregglr gbﬁgadabaewﬁ G, 14 Il SOOMEYASLURYNYFbRD Biia A Re R dgipum
grbup. These alkoxy groups may be partially substituted with
a halogen atom such as a fluorine atom, a chlorine atom, a
bromine atomor an iodine atom, an alkoxy group such as amethoxy
15 group, an ethoxy group or the like, an aryloxy group such as
a phenoxy group or the like or an aralkyloxy group such as
a benzyloxy group or the like, etc.
The alkoxy group in X' to X*, R'! to R'®, R?*! to R*®, R
to R*®, R*' to R*®* and R®! to R%® of the formulae [4] to [6], includes
20 preferably an alkoxy group having 1 to 20 carbon atoms, more
preferably a methoxy group, an ethoxy group., an isopropoxy
group and a tert-butyl group.
Examples of thearalkyloxygroup include abenzyloxydgroup,
a (2-méthylphenyl)methoxy group, a {3-methylphenyl)methoxy
25 group, a (4-methylphenyl)methoxy group, a
{2,3-dimethylphenyl)methoxy group, a
(2,4-dimethylphenyl)methoxy group, a
(2,5-dimethylphenyl)methoxy group, a

(2,6-dimethylphenyl)methoxy group, a



These organoal um num conpounds may be used al one, or in conbination of two
or nore. zo The ratio (nolar ratio ) of. the anount used of the respective
catal yst conmponents in the present invention is not particularly |limted,
and the nolar ratio of the conponent (A) to the conponent (B) is usually a
nolar ratio of a range of (A : (B) =frésm1 : 1 to 10000 : 1) preferably
froml 25 1 to 5000 : 1, and nore preferably a nolar ratio of a range of
from1l : 1 to 1000 : 1. The anmount used in case of using the conponent ( C
) is usuall Y3 4rddtmethaviphehya )matdexyf rdhp, (£ = from0.1 : 1 to 1 :
10000, and preferably a nmolar ratio of a range of from1 : 1 to 1 : 1000.
93 As the cdtddSsdimgthuiphenya )petpoxy anduth, o the present invention, a
reaction product obtajined b relimnarily contacting the conmponent (A)
and t he com&%n§ﬂ4(t¥9W3Fh8¥9geﬁﬁﬂﬂ?9qhﬂ%ﬂmﬁrqm%'c%nponent (C) may be al so
used, and t

b
usedbybei ng 2%323&55%@%?%23?%888%9Wﬁﬁﬂﬂﬁﬁ<ﬁﬁﬁ%%9|? The arbitrary two
conponeng s grong, é hmﬂ%y%?ggﬁkgg?ggn%\él&%ii )@ﬁgﬁ; 'acg ed, and further,

anot her conponent may nononers whi ch can be used, any

one of ol efi(s, N theh By 1 phdRQ 10 acht®idb:at Qfougl) chefins, cyclic ol efins,
al kenyl aromatic hydrocarbons and pol ar nononers can be used, and two or

mor e nononmer$ thefcofimathpl phehglymedhosiyngrtarneous!| y. Speci fic exanpl es
t hereof include ol efins such as ethyl ene, propyl ene, 1-butene, 1-pentene)
4- et hyl - 1- déntderfe-tr inst gy hphapylimedhoxy, drditxen®, 1-heptene, 1-octene,
1- nonene) 1-chene and viqﬁ%cxclohexaa a‘diolefins such as 1, 5- hexadi ene,

1, 4- hexadi et 3h@#§iﬁﬁEEﬁ Ehy{phepy %ﬁﬁﬂxﬁ”QFQHRad?ene, 1, 9- decadi ene,
1 ety 14 ey e  SELRVEEA A NGNS JLIRIVL-T 6ot adi ene, 20

5- et hyl 1 dené-"2-Hor‘bor nene, crope Iene, 2-'nor bor nene,
5-nEthy|-2-QQr@Q@Fﬁ“%eEEEQ@EH?Qbﬁ@ﬁylﬁm@%ﬂﬁﬂf”&?éhﬁ0r§0rnene,

1, 5- cycl ooct adi ene, 5, 8- endonet hyl enehexahydr onapht hal ene, 1, 3- but adi ene,

i soprene, 1/(deneahanelpiedydiinadhery, gkodycy drooid titly epeenglaméthoxy

1, 3-cycl ohexadi ene; cyclic ol efins such as norbornene, 5-nethyl norbornene,
5- et hyl nor b@meaare) &-{ut Bt opy bphasyé ) methiestyy |gratr neme,

5-benzyl norhgrnene) tetracycl ododecene, tricycl odecene, tricycl oundecene,

pent acycl opdrSaRRIME PR iy FBAEY 29608 Re, @mmw%w&%%&eﬁrcene,

15 group, a (sec-butylphenyl)methoxy group, a
(tert-butylphenyl)methoxy group, a (n-hexylphenyl)methoxy
group, a [(n-octylphenyl)methoxy group, a
fn-decylphenyl)methoxy group, a naphthylmethoxy group, an
anthracenylmethoxy group.

20 These aralkyloxy groups may be substituted with a halogen atom
such as a fluorine atom, a chlorine atom, a bromine atom or
an iocdine atom, an alkoxy group such as a methoxy group, an
ethoxy group or the like, an aryloxy group such as a phenoxy
group or the like or an aralkyloxy group such as a benzyloxy

25 group or the like, etc.

The aralkyloxy group in X' to X*, R' to R'®, R?! to R*®, R*
to R*®, R* to R*® and R®! to R%® of the formulae [4] to [6], include

preferably an aralkyloxy group having 7 to 20 carbon atoms,

more preferably a benzyloxy group.



94 8-ethyltetracycl ododecene, 5-acetyl norbornene) 5-acetyl oxynorbornene,

5- met hoxycar bonyl nor bor nene) 5-et hoxycar bonyl nor bor nene,

5- et hyl - 5- met hoxycar bonyl nor bor nene, 5-cyanonor bornene) 5

8- met hoxycar bonyl t et racycl ododecene) 8-nethyl -8-tetracycl ododecene and
8-cyanot etracycl ododecene; al kenyl aroned®c hydrocarbons such as

al kenyl benzenes (e. g. styrene, 2-phenyl propyl ene, 2-phenyl butene,

3- phenyl propyl ene), al kyl styrenes (e. g. io0 p-nethylstyrene,

m et hyl st yr enExampiédydSt yhenarypoiyhyrdug eirecludet aAyphenogye group,
o-et hyl styrene, 2, 4-di nethyl styrene, 2,5-dinethyl styrene)

3, 4- di net hyas2ymehbylph@ndixetdndup yrand;métheilbhendxat lgHelyr ede,
p-tert-butyl styrene and i5 p-sec-butyl styrene). bis(al kenyl)benzenes (e. g.
d|V|nylbenz%n@?tBHGPBPP@ﬁMrﬁﬁﬂﬁﬂmﬂ%n%s3(Glm@thIlPPﬁﬂQﬁﬁﬂﬂﬁﬁﬂ%nea) . pol ar

nonomers su nsat ur at ed carbo

aci d, nethac???galﬁe HYFQ qyeuﬁ??“%al%f aﬁﬁ?&Fg pﬁ%@?%% %r%%Pd

i taconi ¢ anhygdr 53 hgpye i d ) and
meal sgl (ot hebanptRY PRk, Sutodd o8 8t %O?Sgﬂéruaﬁpﬁfﬁ%éﬁ?ﬁfé ;
magnesi um amds caki b ¢ Ryl phend Spisip! €8 satBexybutyaciyl rest1ef Ephénosy
nmet hyl acrylate, ethyl acryl at'e, n-propyl acrylate) isopropyl acrylate,

tert-butyl geoypate, 2zzetoblutiyiexyimachyl phenorgt lylourst hkacryl at e, et hyl
met hacryl at e, n-propyl nethacryl ate, i sopropyl nethacryl ate, n-butyl
met hacryl at 2 tes@bbuywlw§PM§ﬁhﬂknh9QOﬂMSgrQHELeé di carboxylic acids (e.qg.
mal efic acid, it aconic acid ) Vi nyl estersé .8.vinyl acet at e, vi nyl

|

propi onat e, %lF?F CHBFXHaPemetnﬂéﬂnﬁﬂﬂxﬁaﬁFap inyl laurate, vinyl

Ce o by ack R pRSRIARESS b R, A 2 Saar Begipby dfedo fr MEch ™ ©
aci d nvnoglaCﬁdxlatgklmgwﬂyrbﬁadyﬂf(ﬁa&upetthea655ﬂ@mm&%h§1¢§uh8ﬁ

oxi de) 1-hexene OXi cycl'ohexene "ox1 de, styrene oxide, tetrahydrofuran),
and the |ikerodbe aauahysLt&mmgxh#lpm&ng@fygr&upataon of the present

I nvention can be applied to honopol ynerzati on or copol ynerzation of these
nmononers. Ekxabgresbuotyad-Gorbidias thy lmhehorpngmepp.canstituting the
copol ymer InPngE gLQ%&eneSaQimethylphenoxy group, a
15 2-tert-butyl-3,6-dimethylphenoxy group, a
2,6-di-tert-butyl-3-methylphenoxy group, a
2-tert-butyl-4,5-dimethylphenoxy group, a
2,6-di-tert-butyl-4-methylphenoxy group, a
3,4,5-trimethylphenoxy group, a 2,3,4,5-tetramethylphenoxy
20 group, a 2-tert-butyl-3,4,5-trimethylphenoxy group, a
2,3,4,6-tetramethylphenoxy group, a
2-tert-butyl-3,4,6-trimethylphenoxy group, 4a
2,6-di-tert-butyl-3,4-dimethylphenoxy group, a
2,3,5,6-tetramethylphenoxy group, a 2-
25 tert-butyl-3,5,6-trimethylphenoxy group, a
2,6-di-tert-butyl-3,5-dimethylphenoxy group,
pentamethylphenoxy group, an ethylphenoxy group, a

n-propylphenoxy group, an isopropylphenoxy group, a

n-butylphencxy group, a sec-butylphenoxy group, a



propyl ene, ethyl ene and 1-butene, ethylene and 1-hexene and propyl ene and
1- butene, but the present invention should not be limted thereto. The
catal yst can be suitably applied to a process for producing 15 an olefin
pol ymer as a catalyst for olefin polymnerization. The olefin polyner is
preferably copolyners of ethylene with anoa -olefin) nore preferably a
-olefin having 3 to 20 carbon atons obtai ned by copol ynerising a m xture of
ethylene with the a -olefin, and anong these, linear |ow density

pol yet hyl enetemot {tbBpPphenonyr grpugl,era ed-hd3oyCphenagyt heonpl.y@eri zati on
met hod, it should not be specifically limted. For exanple, there are

ment i oned a sOISENLPhehgrEr gravpon aom -desivikplye hokyngreudti &1 i n whi ch an
al i phatic hydrocarbon (e. g. butane, pentane, hexane) z5 heptane, octane),
an aromat i ¢ Tyl eerl PRENGXYh §FPdie) & AlaRiEIoBY drARPogeNatdY

hydr ocar bonag_ﬁc. 1%1 rret{‘yl ene dichloride) is used as a solvent, a bulk

pol yner i zat iBH RS RY p8FFHBri zation is carried out in a |iquid monomer,
a gas phase poly LZati i j ri [ QN J rt | in a
gaseous ?mnoner,ggéhlég%%g?'g? uye}lop ssﬁe i Zat izs(;ﬂnd%e}t%%%g?n&%ﬁﬁc% ﬁQlBBEn

pol yneri zat iffbm Sued Bkl Piliorind SthR! d chi1@¥idd Atidh CanBibingneahtamhi gh
tenperature under a high pressure, etc. As polynerization form either of a
bat ch-w se tosperardcdi.rfe Goivm N0l salkpey agropessidh eas Thaneehbrg g9ftotipedi ng
the respective conponents in a reactor is not particularly limted. A

met hod of f @ddehbhoryegrespert ithe tbkporamesyloxy gobuy senlias enphepoxy

nmet hod of feeding themin a condition of a solution in which they are 1o

di ssol ved | FEOYR @otRendikeoPFel 2FRARFAPEN G5RPBNEHEYR 28ch RRIAHIOKY e,
oxygen d the |ike deactiyating,catalyst conmponents are renoved, of a
suspens?éc:n c?rroopaoglﬁ??y#xﬁg'ngﬁf’i‘oned. When the respective conponents are
used as a solutipRe AP iggb,cgg}g%@,t 3t kN gf x# hegwopoRent §A) gng2¢ hegst
conponent (C) are usua?ly .000I"to 100 nmol/L converted to netal atom and
preferably Go &Y ,tr*Y £3SF Akl REsPeRET ¥€lthe EbemQzre N nato 06 ]Qf iibRude
conponent (B) is usually 0.0001 to 100 mml/L converted to netal atom and
preferably @red@enablonaml| AtylesyTgeopp yrearinaaté onot 2dpepzbone aitagnsusual |y
from-100 to 350 , preferably from-20~ to 300 ( and norg preferahly fyom
160C to 300C. ThErpolimenbshitvhepraBinpedraupsidyterdm ® 1 § R350NP;,

preferably from.9. 1 40, 300Ma, ,and ke efarabl ysfro .1 1o 200MPa. .In
general 1> t hé:opg:zywéailz‘é?i n -z tir}rfér%ana‘gé pp B’p}Qi5 at%fny %t%‘?ﬁ‘f‘ﬂ a fa]
according tq ¢t Ki ir I r j d a
range of fOS:I% tlt%r%i’mr}tdseqtno %u§€°€ ngﬁééggg‘ﬁ %&1 %ﬁ.ﬁttﬂor e?%%%ﬁ%fgﬁﬂt he
nol ecul ar “@Mp@%g%m:ﬁ/ Rbupd ,CHRA R HY BPakead®IH gbHap &%a indr ogep1o0r

the Ii ke may be
group may be substituted with a halogen atom such as a fluorine
atom, a chlorine atom, a bromine atom or an iodine atom, an
20 alkoxy group such as a methoxy group, an ethoxy group or the
like, an aryloxy group such as a phenoxy group or the like
or an aralkyloxy groﬁp such as a benzyloxy group or the like,
etc.
Examples of the hydrocarbon group include alkyl groups
25 having 1 to 20 carbon atoms such as a methyl group, an ethyl
group, & n-propyl group, an isopropyl group, a n-butyl group,
a sec-butyl group, a tert-butyl group, an isobutyl group, a
n-pentyl group, a n-hexyl group and a cyclohexyl group: aryl

groups having 6 to 10 carbon atoms such as a phenyl group;



added. EXAMPLE The present invention is further illustrated a.n detail 5
according to Exanpl es and Conparative Exanpl es bel ow) but the present
invention is not limted thereto. The neasurenent val ues of respective
items in Exanpl es were neasured according to nmethods described below ( 1)
Content of a -olefin unit in copolymer (78hort chain branch 1o degree ) The
content of a -olefin units ( Short chain branch degree ) in a copol yner was
determ ned from IR absorption spectrum In addition, the nmeasurenent and
cal cul at i on arerlkylargrnmth o taving st ngp chiaraatssn s4 temsbsochtasns Wenzykd
fromthe a -olefin 15 according to anmethod described in "Die

Makr onol eculdicdGheatie., Tie stiubyl ogspunt Raelumie Afonvigmampley & ". and
the IR absorpt;ion sgectrun1mas obt ai ned by a_neasurerent usin% an i.nfrared

trdgpy LY bR AR dreddt M W BBERe BBKkS LN gropReand the

spectroneter

h -chain.h d d h - chai
unber por 200G CAPBIIEbAE. SO Par e e SRt FO5E Thefide( 3

nmeasur ed, at ' 1 b0 SOlsut | e d -'fﬁﬁ¥T% (3)
Measur errsent d%ﬁ%?%%@hb&Eégg@(ﬁ@% ﬁmg a%gcu,%b'(&rrgﬁu a?t ured r)ﬁ;i%%a_
LTD. ) was ysemip O ARaASprdpvidHmMMR growieltL @t -afl ot YeahiA6Sgrotipyd &n
Exanpl e was used and the neasurenent was carried out at roomtenperature.
(4) Mol ecul @i ~weigtutgnibmibhecgranpyeaghi -dexttritut ybamino9g§rdhpy were

det erm ned undert he under-nmentioned conditions according to a gel

per neat i on @AY AN GREIOUald Feqmti-dn ko nEePplepanedIteiRy &

st andard pol ystyrene. M) ecul ar wei ght distribution was eval uated by a
ratio (NM/Nﬁ%?ﬁgﬂeﬁﬁﬁiﬂ&n%v%FaﬁB' | 8dalaP U PRI MY TP BP nuftber aver age

nDleCUlﬂf “%Hyﬁéé mino group, a bistrimethylsilylamino group, a

bis-tert-butyldimethylsilylamino group and the like, and a
dimethylamino group, an diethylamino group, a
diisopropylamino group, a di-tert-butylamine group, a
bis-trimethylsilylamino group are preferred.

15 The hydrocarbon thio group in X' to X', R!! to R'®, R?*! to
R*®*, R’ to R*, R*! to R*® and R®! to R®® of the formula {4] to
[6]. includes an alkylthio group, an aralkylthio grouo,
arylthio group.

Examples of the alkylthiogroup include amethylthiogroup.

20 an ethylthio group, a n-propylthio group, an isopropylthio
group, a n-butylthio group, a.sec-butylthio group, a
tert-butylthio group, a n-pentylthio group, a neopentylthio
group, a n-hexylthio group, a n-octylthio group, a
n-dodecylthio group, a n-pentadecylthio group and a

25 n-eicosylthio group.

Thealkylthioc groupispreferablyanalkylthiogrouphaving
1 to 20 carbon atoms, and more preferably a methylthio group,
an ethylthio group, an isopropylthio group or a tert-butylthio

group.



Equi prent: 150C type, manufactured by MIipore Waters Co., Ltd. Col um:
TSK-GEL GWMH-HT; 7.5 X 600 X 2 columms 1o Measurenent tenperature: 140 C

Sol vent :

o-di chl or obenzene Measurenent concentrati on:

5 m/5 mM (5 Mlting

point It was neasured under the follow ng conditions by using is Seiko
Heating: heating from40 to 1508 (10~/mn.) and nmaintaining for 5

SSC- 5200.

m nut es Cool i ng:
m nutes zo Measurenent

cooling from150 to 10~ (5 ~/mn.) and maintaining for 10
nmeasured at the tenperature within the range from

10 to 160C (5C/ MExamplé&saopl hé {talkyepadiat groupl inaiudend( Herylthio a
500l four-necked flask in which the atnosphere was replaced wth argon,
29. 69 ( 67. 39w, af(3meHeniphengiinethyd thd® @raipi ckuene were charged.
75.3 m (209 qgg%ipgf ent af | uorophenol (2.77M tol uene sol ution)

Ther et o,

was added dfdpfieddykeh

10

15

20

25

(4-methylphenyl)methylthio group, a

(2,3-dimethylphenyl)methylthio group, a
(2,4-dimethylphenyl)methylthio group, a
{2,5-dimethylphenyl)methylthio group, a
{2,6-dimethylphenyl)methylthio group, a
(3;4—dimethylphenyl)methylthio group, a
(3,5-dimethylphenyl)methylthio group, a
(2.,3,4-timethylphenyl)methylthio group,
(2,3,5-timethylphenyl)methylthio group,
(2,3,6-timethylphenyl)methylthio group,
(2,4,5-timethylphenyl)methylthio group,
(2,4,6-timethylphenyl)methylthio group,

(3.4,5-timethylphenyl}methylthio group,

a

a

LERie. 9%PU® Gonpl etion of dropwise 99

(2,3,4,5-tetramethylphenyl)methylthic group, a

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

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

(pentamethylphenyl)methylthio group, an

(ethylphenyl)methylthio group, a (n-propylphenyl)methylthio

group, an (isopropylphenyl)methylthio group, a

(n-butylphenyl)methylthio group, a
(sec-butylphenyl)methylthio group, a
(tert-butylphenyl)}methylthio group, a
{n-hexylphenyl)methylthio group, a

(n-octylphenyl)methylthio group, a

(n-decylphenyl)methylthio group, a naphthylmethylthio group,

an anthracenylmethylthio group and the like.



addition, 150 ml of toluene was.added thereto. Stirring was carried out for
12 hours under a refluxing condition. A yellow crystal fornmed by allow ng
to stand at roomtenperature was collected by filteration, then dried under
reduced pressure 5 to obtain 46.1 g of the yellow crystal. As a result of
an elenentary analysis, B1=1.2 mmol /g, F7% 17 mmol/g and C = 25 mol / g.
Into a 100mL four-necked flask in which the atnosphere was replaced with
argon, 0. 992 g ( 1. 19 mol-Bi ) of the yellow 1o crystal and 20 m of

t ol uene wer Bhelaragiddy 1 fiinko groupdi. 2 pire femab(ly. £3 amad k) 1dfh ildP@romp haddewy at
roomtenperature, then the resultant was stirred for 1 hour  at 80C to
obtain a sl &r¥y Athepabenaptems . apdrpege (RF ekerabhycubenayl g Groubrhe
concentration_of conpound(Al) in the slurry was determned 15 as 58 . 3 ~C

mol - Bi /i b§PEaPcAPREYIF R HTNP oD RO TET PERESTIANYS,. (2) Preparation of

Lo, U S BEs he0h Ssiem pel s o

Schl enk 4t ubg, zOmé%ggﬁgxfeﬂmo Ogrﬁ,bya 3L mRRAlY 192 ) 15501 o/ 88 b ip 108 Of

anhydr ous di et hyl and a diet ether soldtiron (3.9nmL, 4.l nmmol) of
net hyl | i t hi wAmBaKyIehanGARGEN lgtdunofl 2 OSrakmiewdsagddadoy DE 6 epto 8L a

thereto. The resulting m xture was heated to 20~, the formation of 2s

l'i t hi um et Bo%i démedidh ydgrife nmynietth by ggrasipgem @r, &t-iddme thyl phieny belui o igmpup .
reaction solution was again cooled to -78C. into the reaction solution,
20mL of an @&nRy6réamedhatiphenst driaugpenBi o Biduiddmsrthylphepyttbioompl
) of dinethylsilylene( ?7 ,

5- t et r amet hYF8YBY ofert STCHRASELRRIRYLERP- SERBPIY @ 2-ph 100

enoxy) tyi.t anh u el jade, whi | OIS epared i n another Schl enk
t ube wa%s? tr%ms g?rgg‘f&?&né ?@eﬁ&m@ﬁgﬁ*ﬂinééépggét i%lon m xture was

gradual | y hga{;ggttgurtgqmql_@,[gqg{ﬁaipﬁ@ng,ptbeabﬂogpr,ea_lcti on solution. After
concentrating the reaction s solution, 20nl of toluene was added and an

i nsol ubl e pzetect-hasydepanmaitadyIphdnylthlioogrotipe fa l trate was
concentrated to obtain dinethylsilylene(~7

5-t et r anet hyt+ E§Ttoputvdditemd YiiyElpkerybth b - gTauphyla 2- ph enoxy) titani um
di met hoxi de_represented by the structural to formula described bel ow of

yel | ow cryst af s47 5T 86§ hagRReny] WMpFe (970WRz, 2C6D6) ; 67.26 (m) 2H), 4.13(s,
6H), 21§3 (§23,5-trimethylphenylthio group, a

2,3,6~-trimethylphenylthio group, a
2,4,5-trimethylphenylthioc group, a
2,4,6-trimethylphenylthio group, a
2-tert-butyl-3,4~dimethylphenylthio group, a
20 2-tert—butyl—3,5—dimethylphénylthio group, a
2-tert-butyl-3.,6-dimethylphenylthio group, a
2,6~di-tert-butyl-3-methylphenylthio group, a
2-tert-butyl-4,5-dimethylphenylthio group, a
2,6-di-tert-butyl-4-methylphenylthio group, a
25 3,4,5-trimethylphenylthio group, a
2,3,4,5-tetramethylphenylthio group, a
7 2,3.4,6-tetramethylphenylthio group, a
2-tert-butyl-3,4,6-trimethylphenylthio group, a

2,6-di-tert-butyl-3,4-dimethylphenylthioc group, a



3H), 1.97(s, 6H), 1.89(s, 6H), 1.59(s) 9H), 0.55(s, 6H) Me Mew 1 \ ~OWe Si
_ Met ~ /T~ OV Me~~~ tBu 15 (3) Production of addition polynmer After
dryi ng under vacuum an autocl ave reactor having an inner volunme of 400ml
equi pped with a stirrer and replacing the atnosphere thereof w th argon)
185mL of cycl ohexane as 20 a sol vent and745mL of 1-hexene as a conononer
were charged and the reactor was heated to 180C. After the raise of
tenperature, ethylene was fed while adjusting at an ethyl ene 101 pressure
of 2 . SMPaz2 Af tsgre tthet :aisd €y YpRedalihiozgdoup, 8 m ( 300 /cm of
triisobutylalumnum (1 mmol/m, toluene solution) was charged,

successi vel @) tempttarty l503 U8 | ont i hmatihyh phieayddipicn rgic G1p and
triisobutylal um numwere m xed (concentration of Bl; 5 |l Col,

concent r at i 8n SofitriaZothu T bt dnd n@Amesbyilpbie n ko r@¥ P8P of 2A1 atom to Ti
o TR A S SSAMAS SRS
N T R g e T L
R LR AL
tert-butylphenylthio group, a n-pentylphenylthio group, a
neopentylphenylthio group, a n-hexylphenylthio group, a
n-octylphenylthio group, a n-decylphenylthio group, a

10 n-tetradecylphenylthio group, a naphthylthio group, an
anthracenylthio group and the like.

The arylthio group is preferably an arylthio group having
6 to 20 carbon atoms.
Further,thesealkylthio,qralkylthioandarylthiogroups

15 above-mentionedmay be respectively substitutedwith a halogen
atom such as a fluorine atom, a chlorine atom, a bromine atom
or an iodine atom, an alkexy group such as a methoxy group,
an ethoxy group or the like, an aryloxy group such as a phenoxy
group or the like or an aralkyloxy group such as a benzyloxy

20 group or the 1like.

The hydrocarbon seleno group in X' to X*, R'! to R'®, R*
to R?*®, R3! to R%*, R* to R* and R® to R’® of the formula [4]
to [6], includes an alkylseleno group, an aralkylseleno grouo,
arylseleno group.

25 Examples of the alkylseleno group include a methylseleno
group, an ethylseleno group, a n-propylseleno group, an
isopropylseleno group, a n-butylseleno group, a
sec-butylseleno group, a tert-butylseleno group, a

n-pentylseleno group, a neopentylseleno group, a



(1) Preparation of conpound(A) Synthesis of the conpound (A) of Exanple 1
was repeated except that 0.983 g(1l.18 mol-Bi) of the yellow crystal and zo
10. 41-t.2(0.577 mmol ) of HzO were used, to obtain a slurry (herein after)
referred to as "Conpound A2 slurry” ) . The concentration of conpound(Al )
inthe slurry was determined as 57 . 81 -%3 nol-Bi/nml by calculation from
the anobunt of the slurry. (2) Production of addition polynmer zs Production
of addition polyner i.n Exanple 1 was repeated except that 4. 3 m ( 250
mol - Bi ) of nCheryilme leng guenp , was -gsdd liseskerse gobuBond oudg dBCKlsfkgno As
polymerization results, 0.30 g of an ethyl ene-1-hxene copol ymer was

obt ai ned. FEFON®, % NgBePHAdoar} IMLaRP| FFOYP. 20D-RASOSYESRIRNP FTRIR Ti / 2
m nut es) NM/W%B %?0(%% [ n] was 1.94 dl/g, MM Mh was 1.7, and SCB was
29. 5. Exanp f) ‘%paration of conpound(A) Synthesis of t he conpound

(A) of Exanple Ip %58 . i Eﬁﬁ!

yel | ow cryst al and %&H¥¥§§§%b& 36E%ﬁ%f%fg?ag§% El;?éi('tagj)o tm

slurry (der gl iald £ito 36 RIFHRM hRoRS , ARARRLY ﬁéfékﬁbﬂ.‘z{r a}nethwaseleno

concentration io of compound(Al ) in'the slurry was determ ned as 61 .

71 ~mol - Bi / mgrbyipGalatilethylis o tqeo@ppuah Déophepgllselend HFsuplust i an of

addi tion pol ynmer Production of addition polyner in Exanple 1 was repeated
tert-butylseleno group.

The examples of the aralkylseleno group include a benzylseleno
group, a (2-methylphenyl)methylseleno group, a

10 (3-methylphenyl)methylseleno group, a
(4-methylphenyl)methylseleno group, a
(2,3-dimethylphenyl)methylseleno group, a
(2,4-dimethylphenyl)methylseleno group, a
(2,5~dimethylphenyl }methylseleno group, &

15 (2,6-diﬁethylphenyl)methylseleno group, a
{3,4-dimethylphenyl}methylseleno group, a
(3,5-dimethylphenyl)methylseleno group, a
(2.3,4-timethylphenyl)methylseleno greup, a
(2,3.5-timethylphenyl )methylseleno group, a

20 (2,3.6-timethylphenyl)methylseleno group, a
(2,4,5-timethylphenyl)methylseleno group, a
(2,4,6-timethylphenyl)methyléeleno group, a
(3,4,5-timethylphenyl)methylseleno group, a
(2,3,4,5-tetramethylphenyl)methylseleno group, a

25 (2,3,4,6-tetramethylphenyl)methylseleno group, a
{2,3,5,6-tetramethylphenyl)methylseleno group, a
(pentamethylphenyl)methylseleno group, an

(ethylphenyl)methylseleno group, a

(n-propylphenyl)methylselenc group, an




except that 4.1 nml(250 nmol -Bi) of Conpound A3 slurry was used 1s instead
of Conpound Al slurry. As polynerization results) 0.64 g of an '
et hyl ene- 1- hxene copol yner was obtai ned. Further, a polynerization activity
was 1.3 X 10" g/nol-Ti/2 mnutes, Mv was 120,000) [ n | was 1.93 dl/g)

MV Mn was 1.8, SCB was 30.2) and M was B6.5C zo Exanple 4 (1)Preparation
of conpound(A) Synthesis of the conpound (A) of Exanple 1 was repeated
except that 1.03 g(1.24 mol -Bi) of the yellow crystal and 25 21.8.ul(1.21
mol ) of HzQOmeberwepsd phenyibinte thylsélieny gmeupi,nafter, referred to as
"Conpound A4 slurry" ) . The concentration of conpound(Al ) in the slurry
was det er nm fBdbagyd@phenwie 81y hsebgneabroMlat.i & from the anount of the
slurry. (2)Production of addition polyner 103 Production of addition

pol ymer in ER&RpPYTY WRALTIEDIR oy £%2LBROt RECUR-1 % ( 250 mmol - Bi) of
ol yror i zat f REFE RGP RR 08! (R Th gl Bt R Podeotiixdhe s copol ymer vas
obtained, FyRtRGLA 13N VIFid &)1 981865 Yhb¥p, a
(n~octylphenyl)methylseleno group, &
(n-decylphenyl)methylseleno group, a naphthylmethylseleno
group, an anthracenylmethylseleno group and the like.
The aralkylseleno group is preferably an aralkylseleno
10 group having 7 to 20 carbon atoms, and more preferably a
benzylseleno group.
Examples of the arylseleno group include a phenylseleno
group, a 2-methylphenylseleno group, a 3-methylphenylseleno
group, a 4-methylphenylselenc group, a
15 2,3-dimethylphenylseleno group, a 2,4-dimethylphenylseleno
group, a 2,5-dimethylphenylseleno group, a
2,6-dimethylphenylselenc group, a 3,4-dimethylphenylseleno
group, a 3,5-dimethylphenylseleno group, &
2-tert—bufyl-3—methylphenylseleno group, a
20 2-tert-butyl-4-methylphenylseleno group, a
2-tert-butyl-5-methylphenylseleno group, a
2-tert-butyl-6-methylphenylseleno group. a
2,3,4-trimethylphenylseleno group, a
2,3,5-trimethylphenylseleno group, 4a
25 2,3,6-trimethylphenylseleho group, a
2,4,5-trimethylphenylseleno group, 2
2,4,6-trimethylphenylseleno group, &
2-tert-butyl-3,4-dimethylphenylselenc group, a

2-tert-butyl-3,5-dimethylphenylseleno group, a



was 4.1 X 106 g/nol-Ti/2 mnutes, Mv was 120,000) [ 17 1 was 1.81 dl/g,

Mv Mh was 1.7, SCB was 29.5, and Mp was 89.3 C. Exanple 5 10 (1) Preparation
of conpound(A) Synthesis of the conpound (A) of Exanple 1 was repeated
except that 0.913 g(1.10 nmol -Bi) of the yellow crystal and 23 . 2 Lc 1 ( 1
.29 mmol ) of HzO were used, to obtain &7slurry (herein after, referred to
as "Conmpound A5 slurry" ) . The concentration 15 of conmpound(Al ) in the
slurry was determned as 53 . 7 ~t nol-Bi/m by calculation fromthe anount

of the sl urry-terd)-Mnogyrt 3 p6-aimadiytlphenydlsaimndrgceap j om of addition
polymer in Exanple 1 was repeated except that 4.7 nml(250 mol - Bi ) of

Conpound A5 2s|6irddy- tigast tisetly ko3 F-metbyd pben@drgsaland Areumrrg. As
pol ymeri zation results, 1.98 g_of an_et hyl ene- 1- hxene copol yner was
obt ai ned. Fdrtif&t -2 56} yhe? r dAPPSRY ARPEPVLP AN U FFRB 062 g/ nol - Ti / 2

Compound (A7 87 e HuHED - eBERRE] PBRAIAE I ST 1221 mrol B of
the yell?“’%nﬁﬁ%akfﬂMLthylphenylseleno group, a

2,3,4,5-tetramethylphenylseleno group, a
2,3,4,6-tetramethylphenylseleno group, a
2-tert-butyl-3,4,6-trimethylphenylseleno group, a
2,6-di-tert-butyl-3,4-dimethylphenylseleno group, a

10 2,3,5,6-tetramethylphenylseleno group, a
2-tert-butyl-3,5,6-trimethylphenylseleno group, a
2,6-di-tert-butyl-3,5-dimethylphenulseleno group, a
pentamethylphenylseleno group, an ethylphenylseleno group,
an-propylphenylselenc group, an isopropylphenylselenogroup,

15 a n—butylphenylseleno group, a sec-butylphenylseleno group,
atert-butylphenylselenogroup,an-pentylpheny;selenogroup,
a neopentylphenylseleno group. a n-hexylphenylseleno group,
a n—octYlphenylseleno group, & n-decylphenylseleno group, a
n-tetradecylphenylseleno group, a naphthylseleno group, an

20 anthracenylseleno group.and the 1like.

The arylseleno group is preferably an alkylseleno group
having 6 to 20 carben atoms.
These alkylseleno, aralkylseleno and arylseieno groups

above-mentionedmay be respectively substitutedwithahalogen

25 atom such as a fluorine atom, a chlorine atom, a bromine atom
or an licdine atom, an alkoxy group such as a methoxy group,
an ethoxy group or the like, an aryloxy group such as a phenoxy
group or the like or an aralkyloxy group such és 4 benzyloxy

group or the like.



32. 6 a 1( 1.81 mmol) of HZO were used, to obtain a slurry (herein 104
after, referred to as "Conpound A6 slurry" ) . The concentration of
conmpound(Al ) in the slurry was determ ned as 60.31cnol-Bi/m by

cal culation fromthe amunt of the slurry. (2) Production of addition

pol ymer s Production of addition polynmer78n Exanple 1 was repeated except
that 4.1 nl(250 mol -Bi ) of Conpound A6 slurry was used instead of Conpound
Al slurry. As polynerization results, 1.33 g of an ethyl ene-1-hxene

copol ymer was obtx¥li ned X*Fuint hdve foymmlyaef 4 Yatbopsdchire tpreffenwsly. 7 X 106
g/nmol-Ti/2 mnutes. Exanple 7 (1)Preparation of -conmpound(A) Into a 2L

f our - necked ihdgplendsyitleed ha dgen goom , 1918 adkyIsgrsupmmsin 8ralbyligroym) | ow
crystal prepared in Exanple 1(1) and 1.0 L of toluene were charged. After
the resul ti A§ AHLKPHYe IRRYPst Ay SFYAOXY LAUROES 2aaigFubsid Prgd @nipo

di I th | | tal i I , 4,2 m(233 I f Hz dded
oS0l Ve { M rhR Okt Y200 ARASLIETE: o B TBERSALIE! eyl o0,
stirred §or aﬁnﬁllik%‘iry t roa_% ;él%t%%pénggigkgagg 51vvh| te powder. After cool ed

to roomtenperature, ere t tur lowed to stand to

preci pi tat eparedlerd ®OF nggl.raNdRitheosiper mat and ¥ QURE wWasrtBlgeim @it to The
solid was washed with 500 mM of toluene, then twice with each 500 m of
hexane zs aRd dimethenflermutdufe] ptessale apeoprafpra®ly dndlepzrctEmdmd A
(referred to as "Conpound A7"). (2) Production of addition polyner

Pol yrer i zat Rohydaggear piteth ,oat hiad ogien adom mamad ksl igrdamnmsne agabkwk cept
that 5.0 mM of a slurry of the Conpound 105 A7(100& nmol/m tol uene
slurry, S500FERBP-BRP REYIuSFPYRr S P BELIRUEeR S VithGTEHRyo iy 3aFoXY

o180 B4 800,405 o S HOLFAPIFo Ml SR b ety
R*, R*!, R*, R*! and R®*! are preferably independently an alkyl
group, an aralkyl group, an aryl group or a substituted silyl
group.

Furthermore, R'%, R'®, R?5, R?%, R3S R, R*'®, R*®, R®® and R*® are
15 preferably independently a hydrogen atom, an alkyl group, an
aralkyl group, an aryl group, a substituted silyl group, an
alkoxy group, an aralkyloxy group or an aryloxy group.
Moreover, X® to X’ in the formula [5] and [6], represent
an atom of Group 16 of the periodic table of the elements such
20 as an oxygen atom, a sulfur atom or a selenium atom, and are
preferably an oxygen atom or a sulfur atom, more preferably
an oxygen atom.
Furthermore, A®' to A% in the formula [4] to [6], represent
an atom of Group 16 of the periodic table of the elements such
25 as an oxygen atom, a sulfur atom or a selenium atom, and are
preferably an oxygen atom.
Moreover, J! to J° in the formula [4] to (6], represent an atom
of Group 14 of the periodic table of the elements such as a

carbon atom, a silicon atom or a germanium atom, and are




5 copol yner was obtai ned. Further, a polynerization activity was 1.7 X 106
g/mol -Ti/2 mnutes, [~7] was 2.08 dl/g) Mv was 160 , 000 , MM M1 was 1 . 8
, SCB was 25 and nelting point was 92 . 7~ . Conparative Exanple 1 10

(1) Production of addition polyner Production of addition polymer in Exanple
1 was repeated except that 50 mmol - Bi of 72he yel |l ow crystal obtained in
Preparati on of conmpound A WAs used instead of Conpound Al slurry. 1s As

pol ynmeri zation results, only a trace anount of an ethyl ene-1-hxene

copol yner cauekdmmamby aa nearbonpavat owe absdriplan? £89#r epar ati on of Zinc
conpound Into a 5-liter four-necked flask in which the atnDsEhere 20 was
repl aced with niExagehesiof thiemetadrcorerouny megrnaented®yiths foxmekaof g
hexane sol utiaonof ZnEtz(concentration: 2.0 nol| anounh: 2.75 nol) were

charged) and ‘odiut e FetRYAaned A¥CIPaRFAEFBRYIA which 2033 g (1.1
) ehe a1 RGP - %43 8h339) T A IPH0 ol By d iblrPl b a0 20

was added dr'épgw se ion rroppi ng, e resultant was

stirred at 5 sforyd DL+ 11Rer eafiliegV@s heated to 45~ and stirred
additional ly hoqu'. A?t er cool gﬁhto 320) ‘C, 45.2 g (2.51 nol) of H20 was

added dr opwimeHydl dd¥e( $RSUbpent adCenient(s -afe tthadt Risk2 gpheibayq )i tAlier
conpl etion of the 106 dropw se, the contents was stirred for additional 1
hour, then mhgatddhlozAEd«, and stirred for 1 hour. After allowed to stand at
roomtenperature over night, tetrahydrofuran was distilled off under

reduced predefhylanficygopentaddsnyd)d dtieat -RutyhoHaneshyd -Fophenthder

reduced pressyreto obtaipn 430.0 of yell ow powder. As an el enentary
anal ysi s, c5?55ﬁﬁ§“5?”?d£%ﬁﬁfﬁrﬁg?e respectively 6.42 mol/g and |13.7

mol / g.,{2) Br Qgtgo ggg' ' I _ e 1 : d
except Jtcﬁat ﬁ'fg:q’ nn%{% %éjc%gliglggxg? 3t Ezlaez@nlc %oé%%&% %?érﬁg?lggﬁ?n (1)
above was ugGHiIstgad of the Conpound Al slurry. As polynerization
results, only a trace anmount of an ethyl ene-1- hxene copol yner coul d be

obt ai ned. 1meGtwyarad { oec Bxpent adBefyanilse thxd)- maisyXdpeatbgleidgdt- S-mat 3
1-t. mol of N, N-dinethylaniliniuntetrakis(pentafluorophenyl)borate was used
i nstead of ekdydorahenoyystiutapiunsdiehleadideati on results, As

pol yneri zation results, 2.18 g of an 20 ethyl ene-1-hxene copo%%ner was

obt ai ned. FethgLene (fyGHRpen baddanydd (vi-thF iRethy s 3dy b grRoPYHi /22 P

m nutes)_[ 7! 297 dl s 57, 000, MVM Mh was 2.0, and SCB was
33. 6. cco%&?&§%ﬁ?#ﬁﬁ?%ﬁ%ség?h%%%gﬁ?ron, a catal yst conponent zs for
addi tion po o ' j - 4P _ £ ohi

ol coul ar v Ry B R O S Reny 2 len
usi ng the cakgl)tsitaowneidnlendaa, process for produci ng an addition

pol ymer using the catal ystfor addition polynerization can be
provi ded. Fumeltérylene (cyclopentadienyl) (3-tert-butyl-5-chloro-2-pheno
xyltitanium dichloride,

20 methylene{tetramethylcyclopentadienyl)(3,5-dimethyl-2-phe
noxy)titanium dichloride,
methylene(tetramethylcyclopentadienyl) (3-tert-butyl-2-phe
noxy)titanium dichloride,
methylene(tetramethylcyclopentadienyl) (3-tert-butyl-5-met

25 hyl-2-phenoxy)titanium dichloride,
methylene (tetramethylcyclopentadienyl) (3-phenyl-2-phenoxy
}titanium dichloride,

methylene(tetramethylcyclopentadienyl)(3-tert-butyldimeth

yvlsilyl-5-methyl-2-phenoxy)titanium dichloride,



107 the catalyst for addition polynerization of the present invention
exhits a high polynerization activity, therefore, is fovorable for
production of addition polyners. 108 CLAIMS: 1. A catlyst conponent
obtained by a process conprising contacting (a), (b) and (c) described
below. s (a) a conpound represented by t8@ chemcal formula [1]) BiLlr [ 1
] . (b) a conmpound represented by the chemcal fornula [2], R s-1T1IH [ 2 ]
, and (c) a conpound represented by the chemcal fornmula [3], 10 Rzt_zTZHz
| 3] , whemeithyledne gt eumamathydoyedppeditmgiitenyal val ence of Bi; L1 is a
hydrogen atom a hal ogen atom a hydrocarbon group or a hydrocarbon oxy
group, and WRerkrddethnkbsi bikb- Btmekhyd - 2rphenary Yol tarivindichlaritsr ent
from one anoth%%g respective Tl is and Tz independently represents an atom

of Group 15”8? egve (iRt rare by iy ghrrent addsiskeht s a numeral _
correspondi 19 g A NALEPEEs Ofe Tond - LEBEERENLA @ MIFLF! 2 £8h1 578R%1 0 (0
Z; t hid n

val ence of I S amn ‘el ectron- aw ng-droup or a

eIectron;mﬁhgqhyyéﬂbégé&gﬁﬁ@@ﬁﬁi?%egogggding&ﬂmen nmore 2o than one Rl

exi st, they nay be the sane or ditfferent from ornie another; Rz represents a
hydr ocar bon (graeat -tk yihes- 81 6rbhanphes o ) tdn iumedidhYobedehe sanme or

different from one anot her. ,
isopropylidene(cyclopentadienyl)(3,5-dimethyl-2-phenoxy)t
itanium dichloride,
isopropylidene(cyclopentadienyl)(3-tert-butyl-2-phenoxy)t

10 itanium dichloride,
isopropylidene(cyclopentadienyl)(3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride,
isopropylidene(cyglopentadienyl)(3-phenyl—2-phenoxy)titan
ium dichloride,

15 isopropylidene(cyclopentadienyl)(3-tert-butyldimethylsiliy
1-5-methyl-2-phenoxy}titanium dichloride,
isopropylidene(cyclopentadienyl) (3-trimethylsilyl-5-methy
1-2-phenoxy)titanium dichloride,
isopropylidene(cyclopentadienyl)(3-tert-butyl-5-methoxy-2

20 -phenoxy)titanium dichloride,
isopropylidene(cyclopentadienyl){3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl)(3,5-dimethyl-
2-phenoxy)titanium dichloride,

25 isopropylidene{tetramethylcyclopentadienyl) (3-tert-butyl-
2-phenoxy)titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl) (3-tert-butyl-
5-methyl-2-phenoxy)titanium dichloride,

isopropylidene(tetramethylcyclopentadienyl) (3-phenyl-2-ph




2. The catal yst conponent according to claim1, wherein Tl and Tz are

i ndependently a nitrogen atom or an oxygen atom 2s respectively. 3. The
catal yst conmponent according to claiml1l or 2, wherein Rl is a hal ogenat ed
hydr ocarbon group. 4. The catal yst conponent according to any one of clains
1 to 3, wherein the conpound (b) is a flabrinated phenol. 109 5. The
cat al yst conponent according to claim4) wherein the fluorinated phenol is
pent af | uor ophenol . 6. The catal yst component according to any one of claim
1 to 5, wheeaoxy)tdtmliancadbdéhBoride3. 5 7. The catal yst conponent
according to any one of claim1l to 6) wherein the conpound (b) in an anount
of 0.7 X r #@&0oprpylidese pketnamethylcyirdopen taskianint) 6ddt et -butkwddnd
(c) inarmount of Q.1 to 2 nol per 1 nol of the (a) conpound are used in

cont act i ng. 1M§t8Y1&idatla 3dte byl adaphenr=ydittaniug  Sehlepafed by a
i Si ti th t al t (A), of f clai
e 7 and BoeBroNId e (ot Ao R Tk B pBR AT TR Br oup consi ot i ng of
metal s of Gr(@%%.iﬁlett%&-]i%ﬁ lﬁ‘ﬂlﬁgé‘ﬂg%z%@hbﬁ%x % idadi SRt @& ¥hLokhe ,
addi tion polynerizati dn prepared by process conprising contacting the

cat al yst C0%B@&b@@li@erﬁi‘b’té’@@aﬁétﬁ?@bﬂfél%p@ﬁthiaarP}QﬂppyﬂﬂefB)bQi:yi—m‘«‘t al

sel ected fromthe group consisting of netals of Goups 3 to 13 and

| ant hani de Seme¢hoxan® -arheaigenped tanhum deeshdwrd del) . zo 10. The catal yst
according to claim8 or 9) wherein the conpound (B) is a netall ocene
conmpound. 1isopmepydiidlens ( teltvamée hhyloyelapent@digny k] (3t kerkebaktydcene
conpound is_a nnnocyclopentadienﬁéanetal I c._conmpound. zs 12. The catal yst -

|
accor di ng t 8~ EPAPHOTE -RA BN § HﬁHBc?éPB&QHﬁﬂﬁwwwl metal | i ¢ conmpound
is any gne gf LHARSS et Y B Yo p 8K £ SR TLGR)) (LM Afe triy1 L9-bRENRY OW

v)titanium dichloride,
diphenylmethylene(cyclopentadienyl)(3-tert-butyl-2-phenox
yv)titanium dichloride,
diphenylmethylene(cyclopentadienyl)(3—tert-butyl—5—methyl
1s -2-phenoxy)titanium dichloride,
diphenylmethylene(cyclopentadienyl) (3-phenyl-2-phenoxy)ti
tanium dichloride,
diphenylmethylene{cyclopentadienyl) (3-tert-butyldimethyls
ilyl-5-methyl-2-phenoxy)titanium dichloride,

20 diphenylmethylene(cyclopentadienyl) (3-trimethylsilyl-5-me
thyl-2-phenoxy)titanium dichloride,
diphenylmethylene(cyclopentadienyl) (3-tert-butyl-5-methox
¥-2-phenoxy)titanium dichloride,
diphenylmethylene{cyclopentadienyl)(3-tert-butyl-5-chloro

25 -2-phenoxy)titanium dichloride,
diphenylmethylene{tetramethylcyclopentadienyl}(3,5-dimeth
yl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl}(3-tert-but

yl-2-phenoxy)titanium dichloride,



110 ~s Ci X~ R~~~ P~ ~ Rs J MXz R4~ ARs 1l ~-R ~~z226(, 2314
R~/ P~ z~-X X~ s RRs J MXs/ R4 ~ Az AR R 46 4 R-J4i CP~M4i X Rds ~X R44
~ A4 [4] [5] [6] s wherein respective ML to MS represent independently an
atomof Goup 4 of the periodic table of the elenents; respective AL to AS
represent independently an atom of G oup826 of the periodic table of the
el ements; respective J1 to JS represent an atomof G oup 14 of the periodic
table of the elenments; 1o respective Cpl to Cp5 represent a group having a
cycl opent adiddphle ngrlinetiskides Ohe trempehyilegcibpgem Péalidtiyl ) 03 RE6rtRBhtt O
Rz6) R31 to R36, Rl to R6 and R51 to R56 represent independently a hydrogen
atom a hal ¥de® -medhylx Inpherexybdhifaodpm ddiedhlianidal silyl group, a
hydr ocar bon _oxt group, .
diphenylmethylene(tetramethylcyclopentadienyl) (3-phenyl-2
-phenoxy)titanium dichloride,

5 diphenylmethylene(tetramethylcyclopentadienyl){3-tert-but
yvldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl} (3-trimethy
lsilyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl) (3-tert-but

10 y1l1-5-methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl) (3-tert-but
yl-5-chloro-2-phenoxy)}titanium dichloride, and compounds in
which(7ftcyclopentadienyl)intheabove—mentionedcompounds
is replaced with (7°-methylcyclopentadienyl), (7

15 °-dimethylcyclopentadienyl). (7
5-trimethylcyclopentadienyl), ( n°-n-butylcyclopentadienyl},
(n°-tert-butylcyclopentadienyl), (7
‘-trimethylsilylcyclopentadienyl), (7
*-tert-butyldimethylsilylcyclopentadienyl), (7°-indenyl),

20 ( n°-phenylindenyl) or (7N °*-fluorenyl).

Further, compounds in which dichloride in the
above-mentioned compounds is replaced with dimethyl, dibenzyl,
dimethoxide, diphenoxide, bis(dimethylamino) or
bis{diethylamino) are also exemplified.

25 Moreover, examples of the metal compound represented by
the formula [4] include Dimethylsilylene (7
5-cyclopentadienyl)(2--phenoxy)titanium dichloride,
dimethylsilylene(ns-cyclopentadienyl)(3-methyl—2-

phenoxy)titanium dichloride, dimethylsilylene( 7




111 di-substituted am no group, a hydrocarbon thio group or a hydrocarbon
sel eno group, Rl11 to R16, Rzl to Rzb) R31 to R36, R1 to R6 and R51 to R56
may link to forma single ring or a plurarity of rings which may be
aromatic ring ( s ) or non-aromatic ring ( s ) ; 5 and respective XSto X
represent an atom of Goup 16 of the per8adic table of the elenents 13. A
process for producing an addition polynmer which conprises polynerizing an
addi ti on polynerizable nononer with the catal yst of any one of clains 8 to
12. io0 14. Yheypilopess agddemydi )N 1% dcime th{d - 2whbbeeioxy)d Mrexiwat i on is
carried out at a tenperature of . from 160 to 300' C . 15. The process
accordi ng t diehdionin®. ety ipbluddpei(dh pol ymerizabl e nmonomer is an
olefin. 15 16. The process according to claim13, wherein the olefinis a
mxture of el AYPLARCREARLLRYA (A -HaTt HRUFRY -3 - PBeBeXTA i Wi

I NE/N, £/ N ONE/LNEM / NE/NFANG SN E/NLOF/ANE T /NO, =/ NfO, =/ N, f/N, M

/NI, =/ NI, =/ ﬁfLFWPﬁM‘%'NA\HLﬂ%Wé?\#rZrWF(%\u / N Ol

; vind }\'fN/éj'} Ny lﬂ;%%{é‘beﬁ/t%%nw)f(/d\ﬂtéﬁ 15006 - 5Nk bt 7 MM £ i tan

/ NOf / Nf Ol =/ Ml @1NBleNdd NG/ mb AP s £ NOhBAMN AN, =/ N, =/ NI/ NI/N, /N w N /NI
IN, =N, =/NI=/N=/N=/N /N /N=/N=/N=N /NzZIN /N /N /N,=/NO,=/NOlI
I:/NjI:/hf—¢Y¢lbpghtbﬁgmeﬂ)Ujﬁy¢d14ﬁtﬁt#bhtymﬂQ—bNhHﬂxy}titanium

, =/ NF,=/NEL/NIE /N, /NEL /NF/ANE /N /NFL /NFO, /NM B/N,

, M/ NfOl / fiifikoride, dimethylsilylene(7

~~
2Z2Z

*_cyclopentadienyl) (5-methyl-3-phenyl-2-phenoxy)titanium

10 dichloride, dimethylsilylene( 7D
s-cyclopentadienyl)(3—tert—butyldimethylsilyl-5-methy1-2-
phenoxy)titanium dichloride, dimethylsilylene( 7
_cyclopentadienyl) {5-methyl-3-trimethylsilyl-2-phenoxy)t
itanium dichloride, dimethjlsilylene(n

15 5—cyclopentadienyl)(3—tert-butyl-5—methoxy-2-phenoxy)tita
nium dichloride, dimethylsilylene(7
5—cyclopentadienyl)(3-tert—butyl-5-chloro-2—phenoxy]titan
ium dichloride, dimethylsilylene(n
5—cyclopentadienyl)(3,5—diamyl—-2—phenoxy)titanium

20 dichloride, dimethylsilylene( 7
5-cyclopentadienyl)(l—naphtoxy—z-yl)titanium dichloride,
dimethylsilylene( 7
5-tetramethylcyclopent_adienyl)(2--phenoxy)titanium
dichloride, dimethylsilylene(7n

25 ‘~tetramethylcyclopentadienyl) (3-methyl-2-phenoxy)titaniu
m dichloride, dimethylsilylene{ 7
*-tetramethylcyclopentadienyl) (3,5-dimethyl-2-phenoxy)tit
anium dichloride, dimethylsilylene( 7

‘-tetramethylcyclopentadienyl) (3-tert-butyl-2-phenoxy)tit
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5-tetramethylcyclopentadienyl)(3-tert—butyl-s—methoxy—z-p
henoxy)titanium dichloride, dimethylsilylene( 7
‘-tetramethylcyclopentadienyl) (3-tert-butyl-5-chloro-2-ph

15 enoxy)titanium dichloride, dimethylsilylene(7
*-tetramethylcyclopentadienyl)(3,5-diamyl-2-phenoxy)titan
ium dichloride, dimethylsilylene( 7
5-cyclopentadienyl)(1-naphtoxy-2-yl)titanium dichloride,
compounds in which (7 °-cyclopentadienyl) in the

20 above-mentioned compounds is peplaced with (7
*-methylcyclopentadienyl), (7n°-dimethylcyclopentadienyl),
( n°-trimethylcyclopentadienyl)}, (7
*.n-butyleyclopentadienyl), (7
_tert-butylcyclopentadienyl), (7

25 °-trimethylsilylcyclopentadienyl), (7
S.tert-butyldimethylsilylcyclopentadienyl), (7°-indenyl),
(ns—phenylindenyl) or ( n’-fluorenyl), compounds in which
(2-phenoxy) in the above-mentioned compounds is replaced with

with 3-phenyl-2-phenoxy, 3-trimethylsilyl-2-phenoxy or
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-oxobis[isopropylidene(methylcyclopentadienyl) (2-phenoxy)
titanium]}, di-u
-oxobis{isopropylidene{methylcyclopentadienyl)(3-tert-but
yl-5-methyl-2-phenoxy)titanium], 4di-u
-oxobis[isopropylidene
(tetramethylcyclopentadienyl)(2-phenoxy)titanium],di-u&
-oxobis[isopropylidene
(tetramethylcyclopentadienyl)(3-tért-butyl—5—methyl-2—phe
noxy)titanium], di- /( -oxobis '
[dimethylsilylene{cyclopentadienyl)(2-phenoxy)titanium],
di- { -oxobis[dimethylsilylene{cyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium], di-u
-oxobis[dimethylsilylene{methylcyclopentadienyl) {2-phenox
yititanium], di-u
~oxobis[dimethylsilylene(methylcyclopentadienyl)(3-tert-b
utyl-5-methyl-2-phenoxy}titanium], di- 4
-~oxobis[dimethylsilylene(tetramethylcyclopentadienyl)(2-p
henoxy)}titanium], di- 4
-oxobis[dimethylsilylene{tetramethylcyclopentadienyl)(3-t
ert—butyl-S-methyl—z—phenoxy)titanium] and compounds in
which (ns-cyclopentadienyl) in the above-~mentioned compouns
is replaced with (77°-dimethylcyclopentadienyl), (7
*-trimethylcyclopentadienyl), { 7 °-n-butylcyclopentadienyl),
(ﬂS-tert-butylcyclopentadienyl),‘(U
*-trimethylsilylcyclopentadienyl), (7
_tert-butyldimethylsilylcyclopentadienyl), (n°3-indenyl},
(n°-methylindenyl) or { 7 °-fluorenyl). Further, compounds in
which (2-phenoxy) in the above-mentioned compounds is replaced

with with {3-methyl-2-phenoxy), (3.5-dimethyl-2-phenoxy).
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(3,5-di-tert-butyl-2-phenoxy),
{3-phenyl-5-methyl-2-phenoxy) or
(3-trimethylsilyl-5-methyl-2-phenoxy). Furthermore,
compounds in which titanium in the above-mentioned compounds
is replaced with zirconium or hafnium are exemplified.

As the organocaluminum compound (C) which is a component
used forthecatalyst foradditionpelymerization of the present
invention, known organcaluminum compounds can be used. The
organcaluminum compound indicated by the formula {12]
described below is preferable.

RY%4A1Y, ¢ (12]
(wherein R'® represents a hydrocarbon group, and when R*® exists
more than one, R'®'s may be the same or different; ¥ represents
a hydrogen atom, a halogen atom, an hydrocarbonoxy group, and
Y exists more than one, Y's may be the same or different; and
"d" represents a numeral satisfying 0< d;S 3.)

R'® in the formula [12] is preferably a hydrocarbon group
having 1 to 24 carbon atoms, and more preferably an alkyl group
having 1 to 24 carbon atoms. Specific examples thereof include
a methyl group, an ethyl group, a n-propyl group, a n-butyl
group, an isobutyl group, a n-hexyl group, a 2-methylhexyl
group and a n-odtyl group, and an ethyl group, a n-butyl group,
an isobutyl group or a n-hexyl group is more preferable.

Further, specific example of a case inwhich ¥ is a halogen
atom includes a flucrine atom, a chlorine atom, a bromine
atom and an iodine atom, and a chlorine atom is preferable.

The hydrocarbonoxy group inY¥is preferably an alkoxy group,
an aralkyloxy group and an aryloxy group.

Specific examples of the alkoxy group include a methoxy
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a n-pentoxy group,

$109&

61 S$1097 72! ()

a neopentoxy group,

S$10988& ()-!,
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S$10988& ()- !,

S$10%88
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a n-hexoxy group, a

n-octoxy group, a n-dodecoxy group, a n-pentadecoxy group and

a n-eicosoxy group. Any one of these alkoxy,

aryloxy and

aralkyloxy groups above-mentioned may be substituted with a

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

atom, an iodine atom or the like,

an alkoxy group such as a

methoxy group, an ethoxy group or the like, or an aryloxy group

such as a phenoxy group or the like,

The alkoxy group is preferably an alkoxy group having 1

to 24 carbon atoms and a methoxy group, an ethoxy group and

a tert-butoxy group are more preferred.

Specific examples of the aryloxy group in Y include a

phenoxy group, a 2-methylphenoxy group,

a 3-methylphenoxy

group, a 4-methylphenoxy group, a 2,3-dimethylphenoxy group,

a 2,4~-dimethylphenoxy group, a 2,5-dimethylphenoxy group, a

2,6-dimethylphenoxy group,

a 3,4-dimethylphenoxy group. a

3,5-dimethylphenoxy group, a 2,3,4-trimethylphenoxy group,

a 2,3,5-trimethylphenoxy group,

group, a

2,4,5-trimethylphenoxy

group,

a 2,3,6-trimethylphenoxy

a

2,4,6—trimethylphenoxygroup,a3,4,5—€rimethylphenoxygroup,

a 2,3.4,5-tetramethylphenoxy

2,3.4,6-tetramethylphenoxy

group,

a

group,

2,3,5,6-tetramethylphenoxy group, a pentamethylphenoxy group,

an ethylphenoxy group,

isopropylphenoxy
sec-butylphenoxy

n-hexylphenoxy

group,

group,

group,

a

a

a

a

n-propylphenoxy

n-butylphenoxy

tert-butyiphenoxy group,

n-octylphenoxy

group,

group,

group,

an
a
a

a
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10%& () % 9<s<V=gh TS eE e a]r%\J}kyloxy group in Y include a benzyloxy
group, a {2-methylphenyl)methoxy group, a
(3-methylphenyl)}methoxy group, a (4-methylphenyl)methoxy
group, a {(2,3-dimethylphenyl)methoxy group, a
(2,4-dimethylphenyl)methoxy group, a
10 (2,5-dimethylphenyl)methoxy group, a
(2,6-dimethylphenyl)methoxy group, a
{3.4-dimethylphenyl)methoxy group, a
(3.5-dimethylphenyl)methoxy group, a
(2,3.4-trimethylphenyl)}methoxy group, a
15 (2,3,5-trimethylphenyl)methoxy group, a
{2,3.6-trimethylphenyl)methoxy group, a
(2,4,5-trimethylphenyl)methoxy group, a
(2,4,6-trimethylphenyl)}methoxy group, a
(3.4,.5-trimethylphenyl)methoxy group, a
20 (2,3,4,5—tetramethylphenyl)methoxy group, a
(2,3,4,6-tetramethylphenyl)methoxy group, a
(2,3,5,6-tetramethylphenyl)methoxy group, a
(pentamethylphenyl )methoxy group, an (ethylphenyl)methoxy
group, a (n-propylphenyl)methoxy group, an
25 (isopropylphenyl)methoxy group, a (n-butylphenyl)methoxy
group, a (sec-butylphenyl)methoxy group, a
(tert-butylphenyl)methoxy group, a (n-hexylphenyl)methoxy
group, a (n-octylphenyl)methoxy group, a

(n-decylphenyl)methoxy group, a
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as a fluorine atom, a chlorine atom, a bromine atom, an iodine
atom or the like, an alkoxy group such as a methoxy group,

an ethoxy group or the like, or an aryloxy group such as a

phenoxy group or the like.

Specific examples of the organoaluminum compound
represented by the formula [12] include trialkylaluminums
such as trimethylaluminum, triethylaluminum,
tri-n-propylaluminum, tri-n-butylaluminum,
triisobutylaluminum, tri-n-hexylaluminum,

tri-n-octylaluminum and the like; dialkylaluminum chlorides

()-!

PQ
6$10

such as dimethylaluminum chloride, diethylaluminum chloride,

di-n-propylaluminumchloride, di-n-butylaluminumchloride,
diisobutylaluminum chloride, di-n-hexylaluminum chloride
and the like; alkylaluminum dichlorides such as
methylaluminum dichloride, ethylaluminum dichloride,
n-propylaluminum dichloride, n-butylaluminum dichloride,
isobutylaluminum dichloride, n-hexylaluminum dichloride
and the like; dialkylaluminum hydrides such as
dimethylaluminum hydride, diethylaluminum hydride,
di-n-propylaluminum hydride, di-n-butylaluminum hydride,
diisobutylaluminum hydride, di-n-hexylaluminum hydride and
the like, alkyl{dialkoxy)aluminums such as

methyl(dimethoxy)aluminum, methyl(diethoxy)aluminum,
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methylbis(2,6-diphenylphenoxy)aluminum and the like;
dialkyl{aryloxy)aluminums such as

10 dimethyl (phenoxy)aluminum,
dimethyl(2,6-diisopropylphenoxy)aluminum,
dimethyl(2,6-diphenylphenoxy)aluminum and the like, etc.

Among these, a trialkylaluminum is preferable, and
trimethylaluminum, triethylaluminum, tri-n-butylaluminum,

15 triisﬁbutylaluminum or tri-n-hexylaluminum is more
preferable, and in particular, triisobutylaluminum or
tri-n-hexylaluminum is preferable.

These organocaluminum compounds may be used alone, or
in combination of two or more.

20 Theratio (molarratio) of the amount usedof the respective
catalyst components in the present invention is not
particularly limited, and the molar ratio of the component
{A) to the component (B) is usually a molar ratio of a range
of (A) : (BY = from 1 : 1 to 10000 : 1, preferably from 1 :

25 1 to 5000 : 1, and more preferably a molar ratio of a range
of from 1 : 1 to 1000 : 1, The amount used in case of using
the component(C) is usually a molar ratio of a range of (B) :

(C) = from 0.1 : 1 to 1 : 10000, and preferably a molar ratio

of a range of from 1 : 1 to 1 : 1000.
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The arbitrary two components among them may be also previously
contacted, and further, another component may be also
contacted.

As monomers which can be used, any one of olefins having

10 2 to 100 carbon atoms, diolefins, cyclic olefins, alkenyl
aromatic hydrocarbons and polar monomers can be used, and two
or more monomers thereof can also be used, simultaneocusly.
Specific examples thereof include olefins such as ethylene,
propylene, l-butene, l-pentene, 4-methyl-l-pentene-1,

15 5-methyl-1l-hexene, 1l-hexene, 1l-heptene, l-octene, l-nonene,
l-decene and vinylcyclohexane; diolefins such as
l,5-hexadiene, 1,4-hexadiene, 1,4-pentadiene, 1,7-octadiene,
1,8-nonadiene, 1,9-decadiene, 4-methyl-1,4-hexadiene,
5-methyl-1,4-hexadiene, 7-methyl-1,6-octadiene,

20 5-ethylidene-2-norbornene, dicyclopentadiene,
5-vinyl-2-norbornene, 5-methyl-2-norbornene, norbornadiene,
5—methylene42~norbornené, 1,5-cyclooctadiene,
5,8-endomethylenehexahydronaphthalene, 1,3-butadiene,
isoprene, 1l,3-hexadiene, 1,3-octadiene, 1,3-cyclooctadiene

25 and 1,3-cyclohexadiene; cyclic olefins such as norbornene,
S5-methylnorbornene, 5—ethylnorbornéne, 5-butylnorbornene,
5-phenylnorbornene, 5-benzylnorbornene, tetracyclododecene,
tricyclodecene, tricycloundecene, pentacyclopentadecene,

pentacyclohexadecene, B8-methyltetracyclododecene,
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§-cyanotetracyclododecene; alkenyl aromatic hydrocarbons
such as alkenylbenzenes (e.g. styrene, 2-phenylpropylene,
2-phenylbutene, 3-phenylpropylene)}, alkylstyrenes (e.qg.

10 p-methylstyrene, m-methylstyrene, o-methylstyrene,
p-ethylstyrene, m-ethylstyrene, o-ethylstyrene,
2,4-dimethylstyrene, 2,5-dimethylstyrene,
3.4-dimethylstyrene, 3,5-dimethylstyrene,
3-methyl-5-ethylstyrene, p-tert-butylstyrene and

15 p-sec-butylstyrene), bis(alkenyl)benzenes (e.g.
divinylbenzene) and alkenylnaphthalenes {e.qg.
l1-vinylnaphthalene); polar monomers such as ¢, 3 -unsaturated
carboxylic acids (e.g. acrylic acid, methacrylicacid, fumaric
acid, maleic anhydride, itaconic acid, itaconic anhydride,

20 bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid } and metal
salts thereof (e.g. salts of sodium, potassium, lithium, zinc,
magnesium and calcium), &, 3 -unsaturated carbbxylic acid
esters (e.g. methyl acrylate, ethyl acrylate, n-propyl
acrylate, isopropyl acrylate, tert-butyl acrylate,

25 2-ethylhexyl acrylate, methyl methacrylate, ethyl
methacrylate, n-propylmethacrylate, isopropylmethacrylate,
n-butyl methacrylate, isobutyl methacrylate), unsaturated
dicarboxylic acids (e.g. maleic acid, itaconic acid ), vinyl

esters (e.g. vinyl acetate, vinyl propionate, vinyl capronate,
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10% & () - 14e-.9. acry ic'acid glycidylate, methacrylic acid glycidylate,
itaconic acid monoglycidylate), cyclic ethers(e.g. ethylene
5 oxide, propylene oxide, l-hexene oxide, cyclohexene oxide,
styrene oxide, tetrahydrofuran), and the like.

The catalyst for addition polymerization of the present
invention can be applied to homopolymerzation or
copolymerzation of these monomers. Examples of a combination

10 of monomers constituting the copolymer include ethylene and
propylene, ethylene and 1-butene, ethylene and l-hexene and
propylene and l-butene, but the present invention should not
be limited thereto.

The catalyst can be suitably applied to a process for producing

15 an olefin polymer as a catalyst for olefin polymerization.
The olefin polymer is preferably copolymers of ethylene with
an ¢ -olefin. more preferably @ -olefin having 3 to 20 carbon
atoms obtained by copolymerising a mixture of ethylene with
the ¢ -olefin, and among these, linear lowdensity polyethylene

20 (LLDPE) is more preferred.

Concerning the peclymerization method, it should not be
specifically limited. For example, there are mentioned a
solvent polymerization or a slurry polymerization in which
an aliphatic hydrocarbon (e.g. butane, pentane, hexane,

25 heptane, octane), an aromatic hydrocarbon (e.g. benzene,
toluene) or a halogenated hydrocarbon (e.g. methylene
dichloride) is used as a solvent, a bulk polymerization in

which polymerization is carried out in a ligquid monomer, a

gas phase polymerization in which polymerization is carried
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reactor is not particularly limited. A method of feeding the
respective components in a solid condition, or a method of
feeding them in a condition of a solution in which they are

10 disscolved in a hydrocarbon solvent from which components such
as moisture, oxygen and the like deactivating catalyst
components are removed, of a suspension or of a slurry, is
mentioned.

When the respective components are used as a solution,

15 the concentration of the component {(A) and the component (C)
are usually 0.0001 to 100 mmol/L converted to metal atom, and
preferably 0. 01 to 10mmol/L, respectively. The concentration
of the component (B) is usually 0.0001 to 100 mmol/L converted
to metal atom, and preferably 0. 01 to 10mmol/L.

20 The polymerization temperature is usually from -100TC to
350C, preferably from -20C to 300C, and more preferably from
160C to 300C. The polymerization pressure is usually from
0.1 to 350MPa, preferably from 0.1 to 300MPa, and more
preferably from 0.1 to 200MPa. In general, the polymerization

25 time can be appropriately determined according to the kind
of a desired polymer and a reaction apparatus, and a range
of form 1 minute to 20 hours can be adopted.

In order to control the molecular weight of a polymer,

a chain transfer agent such as hydrogen or the like may be
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The measurement values of respective items in Examples
were measured according to methods described below.
{1) Content of ¢ -olefinunit in copolymer (Short chain branch
10 degree)
The content of ¢ -olefin units (Short chain branch degree)
in a copolymer was determined from IR absorption spectrum.
In addition, the measurement and calculation were carried out
byusing characteristic absorptions derived from the @ -olefin
15 according toamethod described in "Die Makromoleculare Chemie,
177, 449(1976) McRae, M. A., Madams, W. F.". and the IR
absorption spectrum was obtained by a measurerent using an
infrared spectrometer (FT-IR7300, manufactured by NIPPON
BUNKO Inc.). The short-chain branch degree was represented
20 as a short-chain branch (SCB) number per 1000 carbon atoms.
{2) Intrinsic viscosity ([71])}:
It was measured at 135C in a tetralin solution using
an Ubbelohde wviscometer.
(3) Measurement of *C-NMR |
25 JNM-EX270 (67.5MHz, **C} (manufactured by JEOL LTD.) was
used for measuring '°C-NMR. A deuterated sclvent described
in Example was used and the measurement was carried out at

room temperature.

(4) Molecular weight and molecular weight distribution:
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0% ()-t K Molecular weight distribution was evaluated by a ratio {Mw/Mn)
5 of weight average molecular weight (Mw) to number average
molecular weight (Mn).
Equipment: 150C type, manufactured by Milipore Waters Co.,
Ltd.
Column: TSK-GEL GMH-HT; 7.5 X 600 X 2 columns
10 Measurement temperature: 140T
Solvent: o-dichlorobenzene
Measurement concentration: 5 mg/5 ml
(5) Melting point
It was measured under the following conditions by using
15 Seiko SSC-5200.
Heating: heating from 40 to 150C (10C/min.) and
maintaining for 5 minutes.
Cooling: cooling from 150 to 10T (5C/min.) and
maintaining for 10 minutes
20 Measurement: measured at the temperature within the range

from 10 to 160C (5C/min.)

Example 1
(1) Preparation of compound{A)

25 Into a 500ml four-necked flask in which the atmosphere
was replacedwith argon, 29.6g {(67.3mmol} of triphenyl bismuth
and 100 m1 of toluene were charged. Thereto, 75.3 ml (209 mmol)
of pentafluorophenol (2.77M, toluene solution) was added

dropwise at room temperature. After completion of dropwise
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‘ elementary analysis, Bi=1.2 mmol/g, F = 17 mmol/g and C =
25 mmol/g.
Into a 100ml four-necked flask in which the atmosphere
was replaced with argon,0.991 g (1.19 mmol-Bi) of the yellow

10 crystal and 20 ml of toluene were charged. Thereto, 4.2 &
ml (0.23 mmol) of H,O was added at room temperature, then the
resultant was stirred for 1 hour at 80T to obtain a slurry
(herein-after, referred to as "Compound{Al) slurry”. The
concentration of compound{(Al) in the slurry was determined

15 as58.3umol-Bi/mlbyCalculationfromtheamountoftheslurry.
(2) Preparation of transition metal compound:
dimethylsilylene( N *-tetramethylcyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium
dimethoxide) (Compound Bl)

20 In a Schlenk tube, 0.131lg (4.1lmmol) of methyl alcohol
was dissolved in 10ml of anhydrous diethyl ether and a diethyl
ether solution (3.9ml, 4.lmmol) of methyllithium having a
concentrationof1.05mol/Lwasaddeddropwiseat-78T3thereto.
The resulting mixture was heated to 20C, the formation of

25 lithium methoxide was confirmed by gas generation, and the
resulting reaction solution was again cooled to -78C. Into
the reaction solution, 20ml of an anhydrous diethyl ether
suspension liquid of 0.919g (2.0mmol) of dimethylsilylene( 7

5—-te;tramethylcyclopentadienyl)(3—te~.rt—buty:l.—5—methyl-2-ph
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(3) Production of addition polymer
After drying under vacuum an autoclave reactor having an
inner volume of 400ml equipped with a stirrer and replacing
the atmosphere thereof with argon, 185ml of cyclohexane as
20 a solvent and 15ml of l-hexene as a comonomer were charged
and the reactor was heated to 180C. After the raise of

temperature, ethylene was fed while adjusting at an ethylene
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- As polymerization results, 0.30 g of an ethylene-1l-hxene

copolymer was obtained. Further, a polymerization activity
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23.2 1£1(1.29 mmol} of H;0 were used, to obtain a slurry {herein
after, referred to as "Compound A5 slurry” ). The concentration
15 of compound(Al} in the slurrywas determinedas 53.7 fmol-Bi/ml
by calculation from the amount of the slurry.
(2)Production of addition polymer
Production of addition polymer in Example 1 was repeated
excépt that 4.7 ml(250 mmol-Bi) of Compcund A5 slurry was used
20 instead of Compound Al slurry.
As polymerization results, 1.98 g of an ethylene-1-hxene

copolymer was obtained. Further, a polymerization activity

was 4.0 X 10° g/mol-Ti/2 minutes.

25 Example &
(1)Preparation of compound(A)
Synthesis of the compound (A) of Example 1 was repeated
except that 1.02 g(1.21 mmol-Bi) of the yellow crystal and

32.6 14 1(1.81 mmol) of H,0 were used, to obtain a slurry (herein
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(1l)Preparation of compound(a)
Into a 2L four-necked flask replaced with argon, 178 g(235
15 mmol-Bi) of the yellow crystal prepared in Example 1(1l) and
1.0 L of toluene were charged. After the resulting mixture
was stirred for 25 minutes at 80 T to perfectly dissolve the
yvellow crystal in toluene, 4.2 ml{(233 mmol) of H,0 was added
dropwise thereto over 25 minutes. After the dropping, the
20 resultant was stirred for one hour at 80 C to precipitate a
white powder. After cooled to room temperature, the resulted
mixture was allowed to stand to precipitate a solid formed,
and the supernatant liquid was taken out. The so0lid was washed
with 500 ml of toluene, then twice with each 500 ml of hexane
25 and dried under reduce pressure to obtain 99.0 g of a compound
A (referred to as "Compound A7").
(2) Production of addition polymer

Polymerization was carried out in the same manner as in

Example 1(3) except that 5.0 ml of a slurry of the Compound
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(1)Preparation of Zinc compound

S) 1098& ()
()

Into a 5-1liter four-necked flask in which the atmosphere
20 was replaced with nitrogen, 1.5 liters of tetrahydrofuran,
and 1.35 liters of a hexane solutionof ZnEt;(concentration:
2.0 mol/1l, amount: 2.75 mol) were charged, and cooled to 5C
in an ice bath. A solution in which 203.3 g (1.1 mol) of
pentafluorophenol was dissolvedwith 300 ml of tetrahydrofuran,
25 was added dropwise thereto. After completion of dropping, the
resultant was stirred at 5C for 1hour, thereafter, was heated
to 45C and stirred additionally 1 hour. After cooledto 20T,
45.2 g (2.51 mol) of H,O0 was added dropwise to the resultant.

Contents of the f£lask got cloudy. After completion of the
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(2)Production of addition polymer
Example 1(3) was repeated except that 58.5 mg (376 L mol
10 of the zinc compound prepared in (1) above was used instead
of the Compound Al slurry. As polymerization results, only

a trace amount of an ethylene-l-hxene copolymer could be

obtained.

15 Comparative Example 3
Example 1(3) was repeated except that 3 @ mel of
N.N-dimethylaniliniumtetrakis(pentafluorophenyl)}borate was
used instead of the Compound Al slurry. As polymerization
results, As polymerization results, 2.18 g of an
20 ethyvlene-l-hxene copolymer was obtained. Further, a
polymerization activitywas 4.4 X 108 g/mol-Ti/2 Iminutes, [7n]

was 0.97 dl/g, Mw was 57,000, Mw/Mn was 2.0, and SCBwas 33.6.

According to the present invention, a catalyst component

25 for addition polymerization which can produce an addition
polymer of high molecular weight, a catalyst for addition
polymerization which is made by using the catalyst component,

and a process for producing an addition polymer using the

catalyst for addition polymerization can be provided. Further,
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the catalyst for addition polymerization of the present
invention exhits a high polymerization activity, therefore,

is fovorable for production of addition polymers.
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CLAIMS:

1. A catlyst component obtained by a process comprising
contacting (a). (b) and (c) described below:
(a) a compound represented by the chemical formula (11},
BiL!, [11,
(b) a compound represented by the chemical formula [2],
R's.1T'H [2], and
(c) a compound represented by the chemical formula [3],
R%._,TH, [31.
wherein r is a numeral corresponding to a valence of Bi; L'
is a hydrogen atom, a halogen atom, a hydrocarbon group or
a hydrocarbon oxy group, and when more than one L' exist, they
may be the same or different from one another; respective Tt
and T? independently represents an atom of Group 15 or 16 of
the periodic table; s represents a numeral corresponding to
a valence of T!; t represents a numeral corresponding to a
valence of T?:; R' is an electron-withdrawing group or an
electron-withdrawing group-containing group, and when more
than one Rlexist, they may be the same or different from one
another; R’ represents a hydrocarbon group, and whenmore than
one R’ exist, theymay be the same or different fromone another.
2. The catalyst component according to claim 1, wherein
T! and T? are indipendently'a nitrogen atom or an oxygen atom,
respectively.
3. The catalyst component according to claim 1 or 2,
wherein R' is a halogenated hydrocarbon group.
4. The catalyst component according to any one of claims

1 to 3, wherein the compound (b) is a fluorinated phenol.
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5. The catalyst component acco:ding to c¢laim 4, wherein
the fluorinated phenol is pentafluorophenol.

6. The catalyst component according to any one of claim
1l to 5, wherein the valence of Bi is 3.

7. The catalyst component according to any one of claim
1 to 6, wherein the compound (b) in an amount of 0.7 X r to
1.3 X r mol per 1 mol of the (a) compound and the compound
(c) in amount of 0.1 to 2 mol per 1 mol of the {a) compound
are used in contacting.

8. A catalyst for addition polymerization prepared by
a process comprising contacting the_catalyst compnent (A} of
any one of claims 1 to 7 and a compound (B) of a metal selected
from the group consisting of metals of Groups 3 to 13 and
lanthanide series.

9. A catalyst for addition polymerization prepared by
a process comprising contacting the catalyst compnent(A) of
any one of claims 1 to 7, a compound (B) of a metal selected
from the group consisting of metals of Groups 3 to 13 and
lanthanide series, and an organocaluminum compound (C).

10. The catalyst according to claim 8 or 9, wherein the
compound (B) is a metallocene compound.

11. The catalyst according to claim 10, wherein the
metallocene compound is a monocyclopenfadienyl metallic
compound.

12. The catalyst according to claim 11, wherein the
monocyclopentadienyl metallic compound is any one of those

represented by the chemical formulae [4] to [6] below:
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X!
R16\ 1~ p1\ 1/
RIS /M ~x?
R4 Al [4]
R'S R
R!2
26 Cp? 3 4 3 36
RS [T SR®
R23 R2! R3! R33
R22 R32
46 6 5 56
R\’ 2 p\M4/x\M5/ p\JS/R
R4 Al AS RS [6]
R*3 R R R53
R4 R52

wherein respective M! to M’ represent independently an atom
of Group 4 of the pericdic table of the elements; respective
Al to A5 represent independently an atom of Group 16 of the
periodic table of the elements; respective J1 to J5 represent
an atom of Group 14 of the periodic table of the elements;
respectivé Cpl to Cp5 represent a group having a

cyclopentadienyl anion skeleton; respective X' to X°, R' to
R'®, R?' to R?*®, R’ to R*®, R*' to R*® and R*!' to R’*® represent
independently a hydrogen atom, a halogen atom, a hydrocarbon

group, substituted silyl group, a hydrocarbon oxt group,
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di-substituted amino group, a hydrocarbon thio group or a
hydrocarbon seleno group, R to R'®, R?! to R*®, R* to R*, R%
to R*® and R*' to R*® may 1ink to form a single ring or a plurarity
of rings which may be aromatic ring(s) or non-aromatic ring(s):
and respective X’ to X’ represent an atom of Group 16 of the
periodic table of the elements.

13. A process for producing an addition polymer which
comprises polymerizing an addition polymerizable monomer with
the catalyst of any one of claims 8 to 12.

14. The process according to claim 13, wherein
polymerization is carried out at a temperature of from 160
to 300C.

15. The process according to claim 13, wherein the
addition polymerizable monomer is an olefin.

16. The process according toclaim 13, wherein the olefin

is amixture of ethylene with an & -olefin having 3 to 20 carbon

atoms.




