Field of the Invention :

; 1e3e633""#D) +~262T3V1 METAL COMPOUND, AND CATALYST COVPONENT AND CATALYST
FOR ADDI TI ON POLWERLZATEEN. 1ANR RREESSe EOReEREBUG! hie tADI JarkPoEREYMER s
Field of the Invention The present invention relates to a netal conpound; a
cat al yst ceapahest donpatsht ifor pdiyrtonzas Lenecdzprtisimngonpe isding the
conpound; a catalyst for addition polynerization using lo the catalyst
conponent Metahdmmpemndgold wrtakys brfonidl hrer QL YRRT pZBELEPNYSARY
addi ti on pol ymer., Background of the Invention Sinﬁg ol efin polymers such as

pol yp? opy!l eabalEshorprpnaite T 2XLLFECRL PPAYMSHAR ?nprﬁﬁérﬁies
and chem cal_resistanc nd .excel l ent .i I ween those properties
and econoﬂ%%%?e%?f%gFe % %U§ﬁ5§3ﬁg@éa %%ﬁi§ﬁd§p§§3§§% in various fields
such as a packaging field. These ol efin polynmers have conventionally been
produced by pol ynerizing 20 an olefin using a conventional type solid
cat al yst (Bakkgreund oft &hestInvestiiodn conbi nes a solid catal yst conponent
obt ai ned by usooride or titaniumtetrachloride, wth a netal conpound of
the Goup 13 repsereat edefy mpolignaosl sathuasC plgpbpykerdwered ) as a
catal yst providing addition polyners having | ess stickiness and nore
excel$ ent paleeghplehanareosxqelidhrcedibymepbavdeadnmmarsricieal §8d, a
so-called single site catal yst prepared by conbining a catal yst conponent
such as a FheBi¢atcresishpher orNaPKCRdLA bddhP T ARTRXOGFYPSR those
co-catalyst 30 ¢ onent for_activati such as al unmi noxan 2
Cr1 (e but yROREERERM SB0 SRPEODATA POSSHRIGT) D e S PAoRes B Ld8 1 2ng
wth resp t I.ngl e si I L R : r LRIt LER an
ndust 11 ol esand RErioR 1By, E3ER 5 o phBRaBITIEEL® 100 HiBER T bt
US5153157)po Bythélk & hRAvel 868Rent i ch£01Pobeen Ppepauee dby P Bahéngzing

di et hyl zi nc and pent afl uorophenol has been devel oped as a co-catal yst
conpement dropladtinasing,a aothvercataiykitypeepaildéd dytabysbctnwtEasite
co-catal yst component with the netall ocene conpl ex has been proposed as a
hi gh actiGatakesh) yshich cpmbines@ssedsd)catphiEssconeeBrRrmPtainge

i nventor's studies, when an olefin is additign-pol rized with the
above- ment?B it RGt &) petal; F?“}Rﬂ%r‘?gﬁpﬁngﬁegpvi&t% 5'1'355}10?3 c%jr‘r{f)?'é?‘gwy
satisfacta | | r,t bgve: si | an
St St act oty oh P PUAILY Bl LB VEELAOR HAGRE | I F0RYRa EhL LabaRHna™
catal yst cOMPORNENEr8hpalsatdiptilsdife 808K t ARNoPGRVERIIRAIN BN HsHpHGnAQ an
excel l ent polynerization activity; a catalyst conponent for addition

pol yp®ri zati on cReReverrnGd eanrilats wpApeiddngaddd ol ¢s pollymeaddhaivdng
pol ynmeri zati on using the catal yst conponent for addition polynerization;
and a proclesss Bl ciriodss agdamoraidiktiedd epd] yhrengthrithamghoseapyeduces
addition zs polynerization. Nanely) the present invention is a net

|
conpound d4t &hgedonyentppoadsaatahiipitsi dF A1t ke sdn LI BaLe %t?ﬂamgst
fol | ow ‘ {o. inth t of th b
cont act o) HPRoR BYC TP bR RbEH S Het Re C SRR T SHETHS AP ORORCCLES
ContaCtedééﬁgié@1QrShEQfsdgyalﬂggeée complex with a co-catalyst

30 component for activation such as an aluminoxane, and




qieth lzinc and pentafluorophenol has been developed as a
3 nol of the conponent a)? respectively: ( a) a conpound represented by

the fol | WGt 1¥e 8 dombdnddld Fod adthvation]) asdce meciaicy s ie prepentead by
the following fornmula [2] R$_1TH[ 2] , and 10 ( ¢ ) a conpound

repr esent &y bynthetinld saidgcd ocatbrypticmpomentidd oh ithe metaldnganis M
is a metal atomof the Goups 12 to 15 in the periodic 15 table or a boron
atom r i €ompigkdws diean Prapesed a§dedutahatehivatiacsded Yatorke 8-

- hydrocarbgn group or a hydrocarbon oxy group, and when two or nore L1's

exi st® théﬂ?ﬁ%eﬁﬁ:g%s{he sane or different fromone another; T is a non-netal
atom of the & oupodeyOl 18cLBraIRqPER ebC1hBntor® d SehdRLNGIMEL &9 T
RL is an el ectron Wi ! hdf am ng groap or an electron-w thdraw ng

gr oup- CoNtAidY 1 4's0URaadRd oW1d 1Mk 1 z 4@ &rifth S t8 Shbolveeiryidieed he
same or different fromone another; n is the nunber of from2 to 4; Jis a
non- net al catEmydt | ha t@& opplidheit ziahd grer acdiwittabl s amit Reomgpregsply s a
zs hydrocarbon group, and when two or nore RZ's exist, they may be the sane
or differaatisfeeeyanot her. Al so, the present invention is a catal yst
conponent for addition polynerization conprising the above-nentioned netal
conpbund. 30 Further, the present invention is a catalyst for addition 4

pol ymer i zafjnh APt §4# Nele DY ndeREQ0ESS CONMPrising the step of contacting the
above-nment 1 oned “cat al yst conponent for addition polynerization with a

conpound (B) of tal_,selected ro I St f the
Goups 3 to 11 a?&%"—l atrﬂe‘naa g s;éirﬁ‘g%?ggﬂg’o%gi %%Q%c}t gr%gc}?{gea oa ue:‘nnﬁum
conpound §tiddn €464 heL . + & NSrHy £§8NE hEY¥EN! LeRpbund RMIsUE S eyt ng an
addi ti on polymer conprising the step of polynerizing an addition
pol yneri zaldnpoiuwEes£i & theapyeteror Hiditide pbhymemdntatdroed ety st
for addition polynerization. Detailed Description of the Invention Exanples
of Mo in tdre dxgellent polymesizatiion mativityaddi gatalyat sopparytat om
an alum num atom a galliumaton) an 15 indium ato a_thalliumatom a
ger mani umfeﬁlbrﬂd%i'ﬂ-‘ﬁnaP@WmQrFLééd:ié’tfbrﬁm‘é?F’a?&P%ﬂbeaf“&ﬁa]a AERRN 4t om
and a boron atpo I.s preferably a zinc_atao an 1N at I'1ium
atom an iano‘i’%ﬁnlﬁ’%/%n £ori r?éi‘f’r’ﬁﬁ?%t Bﬂiygﬁr&ﬁzﬁ@r%ooﬁly lg%%ﬁ? gﬁl& sérjréu% f%ggm or
a boron at pr ' ] m bj Atggror a
éﬁﬂgﬁ%éﬁgnggr 5ﬁf%f$%¥ ??l Tt JUUR BEQM 22@ 3 P%E%@%

boron atom e formula nteger of from2 fo 5, and

pref er abl yo 1% afeenP A5 aalditthe M pbagme rateingf thé cdcadybtupst naidi biona
chlorine atom a brom ne atom and an i odi ne atom The hydrocarbon group of
L1 iss prefrrlaherbpati&yl group, an aryl zs group or an aral kyl group. The
hydrocarbon oxy group of L1 is preferably an al koxy group or an aryl oxy
group. Exanples D@&mehzfabbﬁepﬁeﬁtﬁrﬁnédﬂéﬂlkﬂogréﬁpaaff@taﬂrréﬂmmg‘i‘%up, an
et hyl group, a n-propyl group, an isopropyl ,group, a n:-butyl group,

sec- but yl Cﬁ?ﬁﬂﬁﬂ}e‘g tfférff-%???sﬁr%ﬁlﬁg’rgﬁig%t e’Step of Tontadting tfle

following components {a) to (c), wherein the amount of the

component (b) contacted is from 0.1 to 8 mol, and the amount

30 of the component (¢) contacted is from 0.5 to 8 mol, per 1




_ (b) a compound represented by the followinﬁ formula [2]
| sobutyl group, a n-pentyl group, a neopentyl group, a n-hexyl group, a
n-octyl group, a n-decyl group, a n-dodecyl group, a n-pentadecyl group and
a n-eicosyl group. These al kyl groups nmay be substituted with a hal ogen s
atom such as a fluorRhe:Bfom a chlorine at b&).aapfoni ne atom and an i odi ne
atom Exanples of the al kyl group substituted with the hal ogen atomare a
fluoronmethyl group ) a difluoronethyl group, a trifluoronethyl group, a

chl oy omet hyl group,, a di chl oronet hyl gr.ou tri.chlor a
bronBiret hy! i o oreoh SO BB BRERAST LB S FOBSu FEFndia 1 2,

I odonet hyl group, a diiodonethyl group, atriiodonethyl group, a fluoroethyl
group, a difluoroethyl group, a trifluoroethyl group, a tetrafl uoroethyl
group, a pentafl uor @@t hyl(ognqup, a chl oroetfwy], group, a dichl oroet hyl
group) a trichloroethyl is group, a tetrachloroethyl group, a

pent achl or oet hyl group, a bronoethyl group , a dibronoethyl group , a

tribronmoethyl group , a tetrabronoethyl group) a _pentabronmpethyl group, a
per f | uor opteEAiHMo S ad“%‘éﬂlﬂkﬂ%@titgheg?ﬁﬂ}}ﬂs&_Zp‘é?f]i%&PoB'é‘ﬁt r’g%’dg, a

per fl uorohexyl group, a zo perfluorooctyl _group, erfkuprodad I oup,

Dbt | uoritin Sred ot gt an i ey JaEo of 85 ba FerEmieedhy)

group, a I r a _pey. y up.Pear SHEYd

oroup, B o SRigped] 2iBn 2 LH RLBHRERYor 00D B HYRIRYOn

per chl or oRaRt aflesyd, HREPwhél BwBebehiereeTtosykxds@UD thPaidy W@ Pty |

group, a perbronobutyl group, a perbronopentyl group, a perbronohexyl

S group, a panty @ ddffe ot £ ran perdranmdoeec YT 15 cumora-met bl cxnbpenefdecyl
group and a perbronoei cosyl group. The al kyl group as L1 is preferabI% an

al kyl grodfhen&Graup sk 1ox ol @0imathenpardad) caf@bdsre Hris & MAlenCaethyl

groug, an 6 ,ethyl group,. an isggropyl. roup, a n-butxl group, a

t ar t2out yIT igfoug-Sorrrarpteokeyrwitbgdya R OY h@%aryl group as L1 are
a phenyl gr.ou a 2-1 |._group, a 3-tolyl .qgr.oup, -tql rLQu

2, 5ot yi Ll 553 P o BuRsbopta M by Aol sl wotor,
group, a oty @AW, arky iy Ybe I REPsafe2od dilftdRINY | H@RYdngr OUP,
a2, 3, 5-trinmet hyl phenyl group, a2, 3, 6-tri nethyl phenyl group,

a2, 4, 6- triamithdPhenyls gheupumdaxrdos- £romez My ghedyisga aupn -metal atom
2,3,4,5-tetranet hyl phenyl group, a 1o 2,3,4,6-tetranethglphenyl

group, a2, 35, e dirempt hyl phetthle greouipdic peabieet ApdpREnyergesent ar

et hyl phenyl group, a n-propyl phenyl group, an isoprgpyl phenyl group) a

n- buty | phRATQFARRON FXEED b ARE FIREN ITHR SFpMox et eRt Pﬁu?§+§?¥=|en%‘e§r%%§, an

i sobut yl pheny| 15, n-pent yl | tyl phenyi ,
S hexyl phay e GEate 155 BLEsRamaty L RRTe cERetBESohony! broup) &
n- dodecyl phenyl gf oup.¢ %-;Ieeéérﬁ?i@de‘m%r% él%rg%atélgsﬂhé@ﬁfﬁoﬂéﬁfpféfd an

ant hracenyl group.” The ar groupis preferably an ar group having 6 to

20 20 car boya 3t pﬁ%éﬁﬁa@i@ﬁ%&%ﬂi@iﬁ@eﬁﬂé WS- én8idnedne t L
4-tolyl group. Exanpleés of the aral kyl group as L1 are a benzyl group, a
(2- et hyl PJweipdune@s hyl group) a (3-net hyl phenyl ) et hyl group, a

(4- et hyl phenyl ) net hyl group, a 2s (2, 3-di net hyl phenyl ) nmet hyl group, a

(2, 43adi et hyl phefyttimet hyhegpoepend {12véntiiantisya gadady sty adfbipona
(2, 6-di net hyl phenyl ) met hyl group, a (3, 4-dinethyl phenyl)nethyl group, a 30

(3, 5-di net hyl phenyl ) net hyl group, a (2,3,4-timethyl phenyl ) net hyl group,
a (2,3,5-timethyl phenyl)nethyl group, a (2,3, 6-tinethyl phenyl)nmethyl group,
a (3,4,5-tinmethyl phenyl)nethyl group, a 5 (2,4, 6-tinethyl phenyl) net hyl
group, a (2,3,4,5-tetranet hyl phenyl ) net hyl group, a

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




C).
a (sec-but&l%henyl)nethyl group, a (tert-butyl phenyl)nethyl group, a
(n- pentyl phenyl )$ethy| £grohp)y, atheeppesentpiemdnineithyils g qumecess for
a( n- hexyl phenyl ) net hyl group, 1s a(n-octyl phenyl)nethyl group)
a(n- decyl Erafuging gn adddpsion @ttﬁmmmmxywaettﬁﬂ sgregut a
napht hyl met hyl group and an_ant hracenyl net hyl _group. The aral kyl group as
L1 is prefRHaBrer ja’nf%g angidgtdap H%k%‘ﬁﬁr#z%/‘lilgd"%‘g%%ﬁ igtghg,ﬁ/rﬁ%e%eg)e
preferably nzyl...aroup.. .Z0 I e _al . a
et iy orbus Rk bR RS ARSI St A P i e R e &
n- but oxy group, a sec-butoxy group, a tert-butoxy group, an isobutoxy
group, a n-pentyl oxy group, a neopentyloxy group, a tert-pentyloxy group, a
n- hexyl oxegrasiilnd Dasheppyiiory odr dye Inventhiontyl oxy group, a n-decyl oxy
group, a n-dodecyl oxy group,. a n-pentadecyl oxy group and a n-ei cosyl oxy
group. The al koxxamrpluesaE M1inshe Eesnubhy hhazelozyngratipm hawdadniun o 20
carbon atons, and nore preferably a nmethoxy group, an ethoxy group, an
i sopropoxBtgbuE mexearybatory @nowdurBiiym atoBut axgagdddym atoopdht oxyl
group or a tert-pentyl oxy 8 group. Specific exanples of the aryloxy group
as L5 ar e indishedeonyr cupthal Pivg| gtony gr gepmaginm @hamxya grigupaten.
4-tol yl oxy group, a 2,3-xylyloxy group, a 2,4-xylyl phenoxy group, a 2,5 s
xyl yl oxy ¢ bapd atome-apnfimonyasen. a Bignukh| ghemang auporans gm.
xyl yl oxy géoup, a 2,3,4-trinethyl phenoxy group, a 2,3, 5-trinmethyl phenoxy
group, a MIspmegfiananlpiierdry gionp, amaluninun agerhyfFRhbiymA@iom, a
3,4, 5-trinethyl phenoxy group, a 2,3,4,5-tetranethyl phenoxy group) a 10
2,3, 4, 6- t &Y ARSHT gORox @ Fhadd ium 2tpm, an ANERANY | HHEhod RFBURIR a
pent amet hyl phenoxy group, an ethyl phenoxy group, a n-propyl phenoxy group,
an i sopr oHOTh &F0:8 Rpnrp, atem. b%ﬂ‘il‘b%@ﬂoR’ieGPSGﬁ‘}Yaaé‘eé‘lM’ﬂ%éﬁmf
group, a tert-butyl phenoxy group, an is isobutyl phenoxy group, a .
n- peth y| plfe®d8to it 0B ¢ opRRTPPhaRERY 5#10@%,6 §°|¥-“Wé>®l[ﬂh£no§<y1%r%‘hp, a
n- oct yl phenoxy group, a n-decyl phenoxy group, a_n-tetradecyl phenoxy group,
a napht hoy tfIsH '%t"gdfléﬂmaﬁt ﬁPaﬁheﬁé&% REehiprabb¥ The aryl oxy group is
preferably an aryl oxy group having 6 to 20 carbon atons,_ and nore
preferably a ph Iest theddlaasn atawof Ir A%k§12 GBI ety oxy
groups above-nentioned as L1 may be respectively substituted with a hal ogen
at om such 3asCRIPFiBR| Rt Monf PTOMIRS nétal“orﬁn% BRoMiAtELRR aL8M-anthn
i odi ne atonm_ an al koxy group sugh as a nethoxy grqéf and an et hoxy group;
an aryl ox Y YGFOFARRRN HOupP Hehoxhs PotberaPLinda rat kit ok5°YP o P as a
benzyl oxy group. 9 As L1 in the above fornmula [1], preferred is_a hal ogen
at org® an” &UQMP §Foap, 2BALEYH IgPERp, ThE BYRSey OFY SoMRy 1C8xy gtDup,
nore preferred is a halogen atom an al kyl grou % an aryl group, an al koxy
group or BFedeAaBdy FBuplkary §r&%HiQEn%ﬂI?r$£% ¥r dbP¥Pis an al kyl group
or an aryl group. Exanples of the conpound (a) represented by the fornula
[1], wherein M Bxampbesmf hhetamgvarmenthaonedeadkyll drraummare amethykuch
as bismuth ( Il ) fluoride, bismuth ( I Il ) chloride, bisnmuth (111)
broni de afF WPy hethml) Jredfde 2 B-PFCRYKY ITRRy SFuLF CRRIPES IFF¢R! hy|
bi snuth; a triaryl. bisnmuth such _as tri,phenyl bi smut h; ri.al koxy bismuth
such as ¢ A RECHBK: BTEHER . 3t FPECRILY DiaHm: 21 FPEbpPESY 15 AR f,oh
tri(tert-butoxy) bisnmuth, triisobutoxy bismuth, trineopentyloxy bismuth and
tri(tert-pentyloxy) bismuth; a 15 triaryl oxy bisnmuth such astri phenoxy
bi smuth, tri(2-tolyloxy) bisnmuth, tri(3-tolyloxy) bisnmuth, tri(4-tolyl oxy)
bi smuth, tri(2,3-xylyloxy) bismuth, tri(2,4-xylyloxy) bisnuth,
tri(2,5-xylyloxy) bismuth) tri(2,6-xylyloxy) bismuth, tri(3,4-xylyloxy)



) and an iodine atom. Examples of the alkyl group substituted
tri(tert-butyl phenoxy)bismuth,tri(1sobutyl phenoxyg(bl snut h,

t ri (n- pentwtihene )iy genih bord fea Euatino ey yrbiupd B fluorome thyl
tri (n-hexyl phenoxy) bisnmuth, tri(n-octyl phenoxy) bisnuth,

tri (n- decydyshnoxy ) tbifhuohomethynd- duuwaiyl phedlbkgyobpshitlh group, a
tri(n-tetradecyl et hyl phenoxy) bi smut h, tri naphtyl oxy bi snut h_and

tri ant hr adeérfht T Ehyit rﬁ,r%llﬂal%@ﬁé’tlﬂd’%'%‘?%?%%\gr%%h a bromomethyl

asbi siut h fluorid i smut h hl ori de, bi spuih br omi

b1 st h( VAR Rre. & EHBFS RS RV SRR s e Lo sERPRSERYY Boura on

pent aal koXo Rnd VP g2iddh 23 AAYATRLORYY JHGUPI B 10 AdoRERhe! .

bi smut h; and a pertaadryl 6xy bisnuths such™as pent aphenoxy bi snuth. anpl es
of the conpeundrcBtHEPERRIY G BY File rfoethyn droup Weeteiis IMbrice iy 1

al umi num atom are a trial kylalum num such as trinethyl al um num

tri et hyl algmiupma Isetraflopybelthyilngnoup . -a-penrvailugireeghyl group,
triisobutylalum num tri-n-hexyl alumnumand tri -n-oct&l al um num_ a

triaryl al ghichderaedties andyedy FACHHOROR tRY: SRSty PaltEHoRdAarthy L
L1 af T y1 AR S 208 T PE 0y OBEARACiSGiNg Bl S TORT A £ Sy SRR

| uri | t gy £ i f
i et hy! o P CRP T OB L Gt hyA Sl AR AU N GR 1 B B by BEoF AV 523
chlori de) aﬂitertﬁﬁf/&a&eawmrrg%h%ni &2 peti t AODSh Y6 BhY] |l of i de)

di - n- hexyl al um num chl ori de, zs di nethyl al um num brom de, diethyl al um num
brom de, giegurfipydmdpdpPin hrenpjea Qertlbudydih tiyil ngrolipgmade,

di i sobut yl al um num brom de, di-n-hexyl al um num brom de, di nethyl al unm num

i odi de, dipenfluerepenhylodiradp digp RaPAllene Xy Lodr@yP .did n- but yl al umi num
| odi de, so dijisobutyl al um num i odide and di-n- hex%/é’al um num i odi de: 11

Amongf t he RETHIRP BYihdITF QPP s B P& NP L ESFEL e AEPER bi%snuth (111), a
trialkyl bhismuth _a triacyl_bhisouth, a trj A , aryl oxy

bt smith oPSFRrierdtaF Aty SREMD R I SRR R S n(Y 1)
S 1] ar Yo RieiBlSprapltl gLbaty W Saildhadrdbheyy! gkl smith or a

trial kyl al'um num such as trinethylalum num triethylal um num

tripropyl gdtaHRoBopént Pl RiHolm pairetlo riohd:aabgiryhal, uaipetth liortooe teky|

al umi num and tri-n-octylalum num and particularly preferably a triaryl io
bi smut h sgutougs, arpehenybrbdsedecyl groapt ra pekyhdlariprmiadeayygroup,
trimethylalumnum triethylalumnum triisobutylal um num and

tri-%f oct @ AAHAMLFOE@ABY Es IFPUPhe ARTRE/MOBFBRY S IFOMP 4 e Group i s

it t h h t I f .th S5
Pon- et al BREHRGIORR T L (R o i PES BRI AT ETh ST S bman ke L ST B om T
! f , .
pr ef er abl W b CEFEaibpEe Y Yo I BPRpADHORIGTS oY, o
non-net al RLYPRloddet £88EP11 9oty Bnd @;ﬁ%mﬁamaeﬁ&o%y'lowﬁj at om of

the zo Goup 16, s 1s 2. In the fornmula | as an index of the

el ectron-wi t hdr awhtJabk9pedtyup laftel Syt é fenablonsi alkyd gFotihendtatmet ' s
rule is known, and a functional group, in which the substituent constant Q
of time Harimko' 20r ochebion pdeisi,vend more preferably a methyl group, an




a3,4-xylyl group, a 3,5 -xy_l%(l group, a 2,3, 4—trimethyl?henyl
25 can be nentioned as an el ectron-w t hdrawi ng group. Exanples of the

el ectron- wytbdpavd QgL 6URrame tiiy Iitid el giromp ,aa @hi3grd er ety Aphenyilne
atom an iodine atom a cyano group, a nitro group, a carbonyl group, a
sul fonyl ggoapp.and. 4. phtmimedhpinhdebphgireovpofa 3 .dgr.Supt ciore tiitvipnhearl 12
electron-mdthdramdng roup are a hal ogenat ed_hydrocarbon group such as a
hal ogenat e8F8PRy| 8grLedp 4arft & HeaegehwtrBeay ) 9FORR: & cyanat ed

hydr gcar bo rou uch as nat ed aryl grqup; .a nitr.ated d n
o oupdaucnZad- & Rr EpEFaieayriotet stetie i & . 27 it Sls DT BRERET
such as an Xyga a | oxvcardRiin i L1 PgARdpan
aryloxycar%gégg'g%ogggQghgggﬁHQ%@?%£§ g?éﬁgf a%%les of t%e %alogengted
al kyl group-gsob¥1pheng1f Igryup ety | i 96pH8pydphleingongtdyp, gaoup, a
brononet hyl group, 1o an iodonethyl group, a difluoronethyl group, a
di chl oronethyhtygiphpnyd didearmired hydc gbotplphediyilodomeitylagroup) a
trifluoronethyl group) a trichloronethyl groug) a tribrononethyl group, a
triiodonet hi§Ftgbutiglrhenyl TRQUR | LBR obEAPRLYLBIENYL HLOYR ¢ r&chl or oet hyl
grou a 15 2,2, 2-tri brqonmoet hyl grou , 2, 2-triiodoethyl gro a

B 5% BeheatFBheBE SR Ot oaheoben By SpBes v SRRT ot by LPheBY. a

, 2,3, 3, 3- br pr r , 3,3, 32 | 0 royp, a zo

5 i1 DERREY 1T RRPRES A e n in TS TP pbugl O

, 2-1ri chl gp@edytphelbar QFSEPB!le?hh)Eletg:reﬂi&yfphenyl group. a naphthyl
, ,2-tr|bronD-1-¥r|bronDnethy et hyl group, a
, 2,2-tri i gteup- bhidi adoamithdaaidnyl ogooap.a bi s(trifl uoronet hyl ) net hy
group, a zs bis(trichloronethyl)nethyl group, a bis(tribrononethyl)nethyl
group, a bis(trifbdoaeyhyd¥rouphys preferably an aryl group having 6 to

group, al,l-bis(trifluoronmethyl)-2,2,2-trifluoroethyl group, a

1, 1-BPs(t r%rﬁ%m%tamwsz,@r}é-rﬂ?FEhPB%S@FﬁWYgPoaﬁ,en 1 group or a 2-,
1,1-bis(tr$bron0 thg#%—Z,Z 2-tribronoet hyl group, and a 30

1, 1-bi s(tri7 odBhefRYP)¥2 STP2UR4 | odoet hyl group. 13 Exanpl es of the

hal ogenat ed aryl AP re.ar r i i h n of an
aromatic ring in the gf%iﬁﬁ%g%ghggFﬁk teg%&?PhHg“ﬁaﬁgsig.gg%ﬁ?&sggbﬁﬁ‘

2-f1 uor ophgnyt - g6 8HR1pAedyl JHAQABNENYFoGHQUR, (3 -frefHiarsindepy ) mgehyp, a 5
2- chl orophenyl group, a3-chl orophenyl group, a4-chl orophenyl group, a

2- br omophegwbupt oap ( 4ame-tiuydpimreny ) megtbwud) gaodphr emophenyl

gr oup, a2-i odophenyl group, a3-i odophenyl group, a 4-iodophenyl group, a

2, 6- @b f | uot dphedjmeghydpheayd ety LogBPRRAYR group, a
3,4,5-trif|uoroahen | group, % 10 2, 6-di chl orophenyl group, a

3, 5- di chl ot ®phe }WeéPXgBP?QY,(ﬂ?ﬁ%ﬁ%n%ﬁﬂ%ﬂylagroup, a 3, 5-di bronopheny
group, a 2,6-di Lodophe L. QUR 5-dj j.odophenyl group) a
2,4,6-trif$€b€6% %%3 Y%%éﬁ&¢¥i@f§héétggéhﬁbrgphenyl group, a

2,4,6-tri by onppEeRYt nGH QKRN A Yindeifri T 4LoAgPhENY! group, 15 a

pent af | uor ophenyl” grotp) a pentachlorophenyl group, a pentabronophenyl
group, and(z, peainkbeHoppeenly1gmdthy Fugtbep, aexanpl es of the (hal ogenated
al kyl)aryl group as Rl are aryl groups substituted with a hal ogenat ed al kyl
gr oupo such( &s5 ad 2méthyilphengisinyt)phegybugr oap, a zo
3-(trifluoronethyl)phenyl group,a4-(trifluoronethyl)phenyl group, a
2,6-bis(trifluoronethyl)phenyl group, a 3,5-bis(trifluoronethyl)phenyl
group, and a 2,4,6-tris(trifluoromethyl)phenyl group. Exanples of the
cyanated aryl group as Rl are a 25 2-cyanophenyl group, a3-cyanophenyl
group and a 4-cyanophenyl group. Exanples of the nitrated aryl group as Rl
are a 2-nitrophenyl group, a3-nitrophenyl group and a4-nitrophenyl group.

NNDNDN

2
2
2,
2
2
2




(2,3,4,5-tetramethylphenyl)methyl group, a
30 Exanpl es of t he al koxycar bonyl group as" Rl are a 14 et hoxycar bonyl

group, an (J®xycerbetyametoylphedy PymetkyLagboopl, @ oup, an

i sopropoxycar bonyl group and a trifl uoronmet hoxycarbonyl group. An exanple

of the aral%ky3 oxyéatbbmpmeghylphenyll)mathyd drauplodycar bonyl group.

Exanpl es of the aryl oxycarbony roup as Rl are a phenoxycarbonyl group and
{ (?ﬁg HP%%;W?

I
a pent af | URIPFHRRSLHEAPBERYIL) 'L ESERPP es2Bf YRR group
as Rl are a_nethycarbonyl ox roup and_an. et hyl carbonyl oxy group. 10 Rl is
pr ef i? abl YRR oBe at'gﬁ'%’%Pg‘ce&rl@O)ﬁ“ﬁ%b; gﬁé\"@'p?@f erably a hal ogenat ed
alky! 9f o Muo oA BHBAGL STheting GEBUR, 4 LRI PIAEL IR HoRnb1oF OB LY !
group, a fluoroary roup, a chloroal kyl" group or a chloroaryl “group;
furthernore (Wéﬁ-&i@@ﬂpﬁeﬁ*ﬂ@h@@hﬂ' geoQpl ar (fettubueylphediy¥lipietlyl
particularly preferably afluoronethyl group,a difluoronethyl group, a
trifl uoronetdyp, gaolp;-pentyldphemry ) )nmtloel hgtogpoup, a
2,2,3,3,3-pent af | uoropropyl group, a 2,2,2-trifluoro-21-trifluoronethylethyl
group, a bingIReRtYvidbPbREYRY MRy BTgheup? (2 -Fexylphenyl)methyl group,
1, 1-bis(trifluor thyl)-2,2 2-trifluoroethyl.  grou a 4-fluorqgphenyl
ot oub "o 2 bhaPERT AR It ) Sret 8 (nashsoitisgy Lips Ry IS
2,4,6-triflu rQHP§ﬂ¥ U] or.0 r
pent af | uor%p etny gr‘%ﬁ%j;iggﬁéy%g? %Bg'e]’fé#égpy aaﬂgﬁﬁ#‘gg'r"%ln{g}%rtﬁgru u?)l,lda Zs
2,2, 2-trifdddpeHrdEbhluneemRunydpy! group, a bis(trifluoronethyl)nethyl
group, a 1,1-bis(trifluoronmethyl)-2,2,2-trifluoroethyl group, a
3,4,5-trifluoropheayarglkyd, gpoup aentafid erefeargblyranpratienl tdeoup
conmpound (b) represented by the above formula 30 [2] is an am ne, exanples
t her eof ar@awing 7uoe @fecaybparmtems, amsl wore Hnafematbdy gaheReyl group.
di (brononet hyl ) am ne, _di (i odonet hyl ) am ne, bi s(di,fl uoromet hyl)am ne,
bi s(# chl or omet K§XFERLRE, OB TR Yi DIHENEHATRND A ﬁe,aﬁ?s?d‘?’?'ﬁ%%%r%tﬁﬁ?‘)‘%m ne,
bis(trifluoromsthyl)amne, s bis(trichloronethyl)apm
bi (11 br SbrATAGES AGFREE b Py BRI FoT h . LpPgropoxy group, a
(2,2, 2-triflyipy FoufTl BEseBL 612 0%y2 yrituint N0 k@i ek .
bis(2,2,2-tri br%ﬁ%ghyﬁl am ngé? bi 3(8, fg_rt r |bi ogoet hyl ) am ne}?esl’léouP a0
bi s(2, 2, 3,iFchpesk @l gHeappr apy! pefiteoxy group, a neopentyloxy group,

bi s(2, 2,3, 3, 3-pent achl oropr opyl ) am ne,

bi s( 2, 2, 3,88t 8rpepeattydimxy opglipard nehebydpXy2g3o@p 3 apenhab b§dprypyt 9 ari ne,
bis(2,2,2-trifluoro-1-trifluoronethylethyl)amne, 15

bi s(25 2, 2-& P @RILYLEXY GOt 0ROl APV EOKY] JEARe @ n-dodecyloxy group.
bis(2,2,2-tribronp-1-tr|brononet hyl et hyl )am'feb 1

bi s(2, 2, 2-% M TRYLEACPY L BHE BTN AR )anf petcosyl oxy group.
bis(1,1-bis(trif I - et FLT ] .
bis(L 1-bis(tri c*#%ragﬁ%%é% 9‘3?%,5%’5 (15 #geg‘g%% %gﬁlﬁ&éﬁx’égmup having
b!S(l,1-bus@6125<EE¥§&HYB¥a%s%1%ﬂd@ﬁﬁéﬁ“ﬁ%@ﬂéi&ﬂl§eh methoxy group,
bis(1,1-bis(triiodonethyl)-2,2,2-triiodoethyl)am ne,

bi s( 2- f | uemPRIERYXy adt6ap , bian( 3-sidptampbenytdapi ne) tert-butoxy group,

bi s(4-fl uorophenyl)am ne, bis(2-chl orophenyl)amn ne)

bi s(3 chl @modlsarbu @y nerobp s (& -wabpeopbayyll paeupe orze tert-pentyloxy

bi s(2- br onophenyl ) am ne) bi s(3-bronophenyl)am ne, bi s(4-bronophenyl)am ne,
bi s(2-i odophenyl )am ne, bi s(3-iodophenyl)am ne, bis(4-iodophenyl)am ne,

bi s(2, 6-di fl uorophenyl)am ne, bis(3,5-difluorophenyl)am ne,

bi s(2, 6-di chl orophenyl )am ne, bis(3,5-dichlorophenyl)am ne, 30

bi s( 2, 6-di br omophenyl ) am ne, bi s(3, 5-di bronophenyl ) am ne, 16

bi s(2, 6-di i odophenyl )am ne, bis(3,5-diiodophenyl)am ne,



& AYLYLUAY YLUOUUP, d4 4,0 Aylyluay YLUUY, d 4,587 AyLYLUVAY YJLUUY,
bi s( pent achl.prophenyl ).am ne, bi s(pentabgogophen “?a I.he
bi s( pent aia‘od!(;'pﬁjge)nfﬂ’?i r?1°ﬁ‘é’, %’F%‘(‘E:(ﬁi?f éo?oﬁgf' | #@Eﬁﬁrﬁoaxrﬁ ng’roup, a
bi s(3-(trifluq aoneth enyl)amne, io
bi s(4-(tr i2m3u§-o%{fh%+%§ﬂeﬁép§§m% up, a2,3,6-trimethylphenoxy group,

bis(2,6-di(triflyoronethyl)phenyl)am ne, .

bisg3,5-dia§t?rﬂ' 6F6&E‘F|’F§Wg1%ﬁb‘ﬂ{ﬁ’%%m9ﬁé’,up' a 3.4,5-trimethylphenoxy
bis(2,4,6-tri(trifluoronethyl)phenyl)am ne) bis(2-c¥anophen¥I&anine,

bi s( 3- cyafgéhy| ) anfne) 13" Bi 4¢ 2-ERIFATIRT IR e ReXY group. a

bi s(2-ni trophenyl)am ne) bis(3-nitrophenyl)am ne and

bi s(¥- ni t Pophdm ) etk Fame TREAPREBOXFnpound (b) i s EPHdsphi ne, exanpls

t her eof are phosphi ne conpounds in which a nitrogen atomis replaced with a
phosphor u# «@t:mf 1t e eare bl BRAPPFYedr aHP R @@@%@mﬁyl%ﬁw&n GIRUP -
conmpound (b) represented by the above fornmula [2] is an al cohol, exanples
t hereof ad®@ f|ebhvheRRRABY, OWAEDAEt Fanoh;PHPRIAPRERQYY , PEAURet hadbl

di f1 uor onet hanol , di chl or omet hanol , di brononet hanol, dii odonet hanol ,

trifl uor osopaeEylphéndkyr ongrdapol , 2s tnrbrtydmiEenary , tgHIwRlonetdanol
2,2,2-trifluoroethanol, 2,2,2-trichloroethanol, 2,2,2-tribronoethanol,

2,2, 2-tri isegodntarkpheroky 1, §réud- hexwaf [heorto-tapybpheobxy group, an
1,1,1, 3,3, 3-hexachl oro- 2-propanol, 1,1,1, 3,3, 3-hexabrono- 2-propanol, 30
1, 1,16 3, 3 i3cihentailquite Yoy opagwdup, 1l7a n-pentylphenoxy group, a
1,1,1,3,3,3-hexafluoro-2-(trifluoronethyl)-2-propanol,

1,1, 1, 3, 3ndopeactimiendseyt ri groaponet Ayl ) a2Zhpkeiphenoxy  group, a
1,1,1, 3,3, 3-hexabrono-2-(trifluoromnethyl)-2-propanol,

1,1, 1, 3, 3n3caxaipitknéxyt ri frvapgmet hyl ) - A-peegdplendxy group, a

| H, i H, 3H perfl uoropropanol, |H,iH 3H perchl oropropanol,

1H, 1H, 3H perkitaayy nonyl lgrdugier i §dopappamdxy group and an
1H, 1H per fl uor opropanol, 1H, 1H perchl oropropanol, 1H, 1H perbronopropanol ,

1H,1H—perhg@w@gaﬁaugxyl$ggﬁb4k+perfIuorobutanol
1H, 1H, 4H per chl orobut anol, 1o 1H, 1H, 4H per br onobut anol ,

1H, 1fd, 4H peri odobykagped i oil 31:‘15 lifd HRESRHaMQ} hnl &y TbRET Rl B
| H, i H per br onobut anol 1$L¥| pé@?éﬂogutanol, H,TH,S pe?#ﬁﬂ%@%penfﬂﬂ%l,

1H, 1H, SH gerghlQy QREY AN+ onts!, 15n ARG PN 1 gno! b oun.
1H, 1H, SH peri odopent anol , 15 1H,1H—perf|u5?§%§%?ano & phenoxy group

1H, 1H- per chl or gpentangly. ifﬁ%{#ﬁfg%f%g?gﬁptgﬂﬁbx HFﬁﬁ-QQngnyay5ﬁgg,

1H, 1H, 6H per f | uorohexanadl I oro exlno I
1H, 1H, 6H | H.l1H ' , .
BRI ALa Ay B LOdGEKOy et asrdagiaeano)

1H, 1H per fchl or ohexanol &xanol, exanol ,
1H, 1H, 8H per.fl uoropct anol., _1H, 1H. 8H.per chl orooct anal. .
TH 11 s BELBESTLAConANCH 28 & HTSETRE BB 14 S ouine AR # BEWASno!

1H, 1H- per chl or ooct anol ,, &g&lk+gerpronno anol and 1H, 1H peri odoogtanol . 2s
Wert®t he E5FFodd @) $LA¢ A EP™e oRBo Mt OBK AMTER THEPeSF & SSWHBHY
conpounds in which an oxygen atomis replaced with a suléur atomin the

above- menBFONEd2BLACBAC? EROXBOIRARP ; IMAT Y HRXEFPBERASEEY 3% & ¥

exanpl es thereof are 2-fluorophenol) 3-fluorophenol, 4-fluorophenol, 30

2- chl or opHERYP DIt Kb raphbRBLOXY- GEOSRo KD 3S 2 1BeDZELEMIp ISP -

3- bronophenol , 4-bronophenol, 2-iodophenol, 3-iodophenol, 4-iodophenol,

2, 6-di fl uorophenol, 3,5-difluorophenol, 2,6-dichlorophenol,

3, 5-di chl orophenol , 2, 6-di bronophenol , 3, 5-di bronophenol, 2, 6-dii odophenol)
5 3, 5-dii odophenol, 2,4,6-trifluorophenol, 3,4,5-trifluorophenol,
'2,4,6-trichlorophenol, 2,4,6-tribronophenol) 2,4,6-triiodophenol,




Examples of the compound (a) represented by the formula
3-cyanophenol , 4-cyanophenol, 2-nitrophenol) 3-nitrophenol and
4-ni trophehdl ; wheittn Mhel s ambdsmbutib)aticsn a drd @phaialgaroaped o seuahpl es
t her eof are thiophenol conpounds in which an ox%gen atomis replaced with a

sul fur at ofdTh) tsichpey bigmmtiohEdIPphEhepré8apobhanuthehIT hehbopbdnads (b)
is a carboxylic acid Iixggples 20 thereof are 2-fluqrobenzoic acid

3-f1 uor obe Speth (4f QIS FAS PLRPgtho 31Dt AQGistsen Abi b Lt byl
,4-diflu [ [ - dj nzQi.c ' - dj r ZQLcC
b SERRER. £adh A) Pfadl ALY OBRAER, 2t farty So bbby abeRal

, 3, 6-tri {4 HOERERPIObE sAkithh; 20 tihPrdkyfbuBMARANZRCh ¥H krimethoxy

,4,6-trifluorobenzoic acid, 2,3,4,5-tetrafl uorobenzoic acid,

, 3, 4, 6-t evisfhtia) obenaehoxACid, smietH Af t HDI SbphpoOky ddisthuth yor oacetic

cid) difluoroacetic acid, trifluoroacetic acid, pentafluoropropanoic acid,

hept af | uoriobut beot cbutpatyandidmuth, triisobutoxy bismuth,

1,1-bis(trifluoromethyl)-2 2, 2-trifluoroehtanoic acid. 19 When the

conpounds {Hin¢eprenty P&Ni@%ﬁﬂqih(9&ﬂwﬂ%%(§eFﬁeP§8FYéﬂ§Y) bismuth; a

fl uoromet han | £ oni ¢ .aci di_ f |l uoronet hanesul.fonic

ncl ahEr i1 I orehet R B kn SuabiY CRERRARR R L hERR s A by Hoxy)

hept af | uor RRanes I | ng, 4 s A
1,1-bis(tr?%%uoroheFt%??-%ﬁ?ﬂ%ﬁﬁ#%fﬁkﬁ%% ?anéréﬁffgﬁﬁ¥¥§ﬁ¥ﬂ 3&??% %Fable
am ne of tei CONPORPIy( Bikyl)S biGm 20 51 Pb $4t ki hruokenebldn@eh e,
bis(2,2,2-trifluoronethyl)am ne, bis(2,2,3,3,3-pentafluoropropyl)an ne,

bi s( 2, 2, 2-txri {2 uDr By lylpikfl)ubriemetthy, etid/( ) aéi-rglyloxy) bismuth,
bis(l,l-bis(trifluoromethyl)-2,2,2-trifluoroethyl)am ne or

bi s( pent affRibt dphery LY aaKie; bdmatuditab| ter bl 2 ohok¥ lyRexyds birsmuth,
trifluoronethanol, 2,2, 2-trifluoroethanol, 2, 2,3, 3, 3-pentafl uoropropanol,
1,1,i93,3[%5%@&3#1ﬁbFB}?g%Lgﬂ§%ﬁ903§BbH§¥TT??§uoro-1-trifIuoronethylethano
or 1,1-bi rif |40k 0 - e L Lo | anol ; a preferabl e phenol

t her eof i g%ﬁu%r%pﬁg%@%l& . t?(q)"roé{}}h)en%ﬁ(f)é,rggﬁgruorophenol :

2, 6-di f | uaropten! 6 - 8remdithLdPheRRERA bLsubnt ri f1 uor ophenol

3,4,5-trifluorophenol) pentafluorophenol, 3-(trifluoronethyl)phenol,

2- (trifl uorminiet hy) § phenmk thé-lphreinfdxyor dmestyth phenol
2,6-bis(trifluoronethyl)phenol, 3,5-bis(trifluoronethyl)phenol or

2,4,6-tri {u¥i3]40? oheingthyRebeinoxy prisksmathe carboxylic acid thereof is
pent af | uorobenzoic acid or trifluoroacetic acid; and a preferable sulfonic
aci d?% her ddi1 (% 3 r4 1 P ubpEFarRIRILRRA%Y hPHS™Ather e preferabl e conpound
(b) is

2
a
2
2
2
a

tri(2,3,4,6-tetramethylphenoxy) bismuth,
tri(2,3,5,6-tetramethylphenoxy) bismuth,
tri(pentamethylphenoxy) bismuth, tri({ethylphenoxy) bismuth,

tri{n-propylphenoxy) bismuth, tri(isopropylphenoxy) bismuth,

30 tri{n-butylphenoxy) bismuth, tri(sec-butyiphenoxy) bismuth,




and trianthracenyloxy bismuth; a halogenated bismuth(V) such
zo 5 10 15 bis(trifluoronethyl)am ne, bis(pentafluorophenyl) am ne,

trifl uor onaes basah,thi(;Vl), £fI1 183131 @e h&daidutdr (O Rslptephde| bismuth(V}bromide
1,1,1,3,3,3-hexaf l uoro-2-(trifluoromethyl)-2-propanol, 4-fluorophenol,
2, 6- di f | urwpRdsauth( ) pdide; W@Bﬁéﬁgk}fl@%ﬁ@thiﬂ%ﬁémﬁhﬁmeth}ﬂ
pent af | uorophenol , 4-(trifluoronetl

2.5 b1 {1 POERERY ik i Al <Br0 SAMEERE 30k 09 REAHRRIPFBRABN Bnd o
o 371 DS uR EagOBRY B ks 2t 8 S0 LL4RLPRRG Bhamutns sucn as

1,1,1, 3, 3,3’&@@%@%1485:?' ik uoronet hyl ) - 2- propanol . Exanples of J in the
above-nentioned formula [3] are a carbon atomand a silicon atom Anong
them a silicon Bkamplespseftdieompdund Ha)abeptesenitane®yd thenfdenbBh, n
is the nunber of from2 to 4, preferably 2 or 3, and nore preferably 2.
Exanpl es ofl} hewihgnebdnaMboks gawuplasiREmaatohy deseashdriad kylabsnirun]
and hal ogenat ed hydrocarbon groups as R nentioned above, respectively. RZ
i s pref er SR RS aFKyMe Pyt aminpmn, i rHe BBl aAEPe MY f er abl y an aryi

f h f bl . ph I . EX I f._ 1.h
et Beent cif b7 vhe PEPRERAR, Lt FiPREpb eyl aRediato vl V1 LEGRENGR, ()
repr eSent i BY* RE'T: a7 are drRey) N
Gi (- butyl Sy T anaere o) SARRERN M@ N P oG RGRRL BOP D) tnedi ol

di (n- hexyl9:5i A ByE41 @hindin( BueH W9 St ftesh plaldinfhudqdecyl ) sil anedi ol ,

di (sec-butyl)silanediol, diisobutylsilanediol, dineopentylsilanediol,

di (n- hept yigisnapimedy daludi fomd end )tsri Grent af 1udiropheantladeioyhl seh anadi ol
21 10 1s 20 di(n-eicosyl)silanediol, di(2-tol Kl ?I.Si | anedi ol ,

di(4-t ol yIy&iaHeery b lunipgny saghy|as tehablylalymipuguxy| yl ) si | anedi ol ,
d1(3,5-xylyl)silanediol, .di phenylsil anediol, .d1(3-tolyl)silanedio

(5295 193 CoyEhene ol spT IR ARG | cmai B BadSebrlrtad A SR HaRB G of
di (2,3, 4-tg,inqethyl ph il il ' -t yl | ) si | anedi ol ,
di (2,3, 6- t%‘%‘%t%l %h@%’%’%i’lf‘gﬁ%@g|d§la“§ﬁ%l§mgnﬁ"ﬁ‘u E%’%wépg%ei‘%%'si | anedi ol .
di (3,4, 5- tgim@thyl 2deayhhsi cANediidld, diethylaluminum chloride,

di (2, 3, 4,5-tetranet hyl phenyl ) si |l anedi ol ,

di (2, 3, 4, @impto@yeds byhphamy chidrarkd] ali-n-butylaluminum chloride,

di (2, 3,5, 6-tetranet hyl phenyl ) sil anedi ol ) di (pentanet hyl phenyl) si | anedi ol ,
di (et hyl prygoxitvhativoinumn Chlyoopid phdhyh ysekahediupiinum chloride,

di (i sopropyl phenyl)sil anedi ol , di(n-butyl phenyl)silanediol,
di ( s#t- butGAmHERA 3 5PmiREw; BFP“H&d(et-erC‘tL%th#‘élﬁyP)@i PHeEHid5 -,

di (i sobuty].phenyl)sil anedi di.(n- pent yl ph il anediol.,
i (neopen RIS LeREREn’ bromil, A RSNV I S ThndRGH Hromide.
4en | ) . L | ) ol _
o Uh Sousiehopmlyes Lapad gl Sebidee) GRS BBR0RI brogae.
di napht hylsiiredae £ um2eufli 28GRI SthPletiRinum iodide,

dipropylaluminum iodide, di-n-butylaluminum iodide,

30 diisobutylaluminum iodide and di-n-hexylaluminum iocdide.




_ or a trialkylaluminum such as trimethylaluminum, _
di (pent af | uor ophenyl ) sil anedi ol , . net hyl sil anetriol) ethylsilanetriol,

n- propyl sitmiethiybalumiapmgpytirdigraoretla Dhiminulyt Ylirdi-hamettyld Luminum,
sec-butyl silanetriol, 22 5 10 15 zo z5 tert-butylsilanetriol,

n- pent yl sitzihktsobutyladumingmsi [tatetrrilutxyheapunipumi aadet ri ol

n- hexyl si | anetri ol n-heptylsilanetriol,_n-octxlsilanetriol, ‘
n-decyl si I'@ret? 1oF tyapupinymey and Aastionlarlyopseferabdyetd j Hriaryl

n-ei fé)sy! %jl.sar{.}%ﬂisoddﬁ t%%legrx.l%g}ml %g’t(iﬁ I{)%g%nui 2 %ﬂy?l/l Lr.%ﬁaag.ﬁée{f}é)%lfu?inum such

3-tolylsilanetrrol,

2, 6-xylyl §id angifddly1 S @] St 4 POERY L AN umd oY k¥iSilbdMRiy i £ uminum

2,5-xylylsilanetriol, 3,4-xylyfsiTanettiol,

, 3, 4-tri rmtdyt phenybstiraaeumishum.2, 3, 5-tri net hyl phenyl sil anetri ol ,

, 3,6-trinethyl phenyl silanetriol, 2,4,6-trinmethyl phenylsilanetriol,

, 4, 5-tri met hyl pREaPPiPEaREt FheInon-mekal_aker LktThPrpEBRYEEPPRNEP 368,
, 3,4, 6-tetranet hyl phenyl silanetriol, 2,3,5,6-tetranethyl phenylsilanetriol,
pent amet hyt PHERALST HEPRi 3rd 2t PYPPRBATPYS| 84 @nd examples of the
n- propyl phenyl si | anetriol, n-butyl phenyl silanetriol,

tertlﬁutyl Tﬂﬁ%ﬂ*aﬂE?WiBF,TnpﬁgﬁPﬁ|§%ﬂﬁ95}?aﬂﬁ?rﬁﬂlPngen atom and
n- hexyl phenyl si | anetri ol , n-decyl phenyl sil anetri ol)

i sopr opy| FhéWAT He? P i of , 1S REGHRTAPHENG| BLIFEAGER gtom or an oxygen
I sobut yl phenyl sil anetriol, neopentyl phenylsilanetriol,

n-octyl ph i | 2@t PRBE}CRLASdEC P R1Y ARt Pr¥Pen atom.

n-tetradecyl phenyl sil anetri ol ht hyl sil anetriol, anthracenylsilanetriol,

na
pent af | uor ophenyt 3 {2 &394 fm'f leyd "ReFs 1 &fie? P9RBoRPOAECRSE i s

r ef er abl
P X:he Group 15, s is 3, and when T is a non-metal atom of the

NWNDN

20 Group 16, s is 2.

In the formula‘[2], as an index of the
electron-withdrawing property, the substituent constant ¢ of
the Hammet ‘s rule is known, and a functional group, in which
the substituent constant ¢ of the Hammet's rule is positive,

25 can be mentioned as an electron-withdrawing group.

Examples of theelectron-withdrawinggrouparea fluorine

atom, a chlorine atom, a bromine atom, an iodine étom, a ¢cyano

group, a nitro group, a carbonyl group, a sulfonyl group, and

a phenyl group. Examples of a group containing an




) an aralk _loxycarbon?rl_ ?roup_and an aryloxycarbonyl group: and
23 di met hyl si |l anedi ol ,” di et hyTsiTanediol, diisopropylsilanediol,

di (tert-buaylasyieredigtlonpdi phenyl sil anedi ol , di (2-tolyl)silanediol,

di (3-tolyl)silanediol, di(4-tolyl)silanediol, s L

di (2, 4, 6-trinet hyBxarepyesspfatbei dlalaganatesdrakkyl| greup as R™ are a
pent af | uor ophenyl si | anetriol or di(pentafl uorophenyl%si | anedi ol_; and nost

pr ef er abl yEHFPFRAGEBY LGreRiiRt 2 ehherang thyl ForERed hgorABetddodmedr¢ a )
t [ t. 1 i cul arl | pited. Ex I th . foll A
ot il bt SoABaeER by Stk FLbPFRmS YL ARo By < Ateiipbay fhyE"e

. ¢ - . s h :
contacti ngg,_((pg a éeﬁl%%?:kgﬁfae't?%ﬂ. a#(gl?g (g)dl&gdonétvgﬁ;l]\lacg%eﬁ?‘c? tacting

(a) after cont%btlng rred 1s ~ or ~. e netal
conpound ae€Df ThbfomethRe Rl 4 NvenéhDorbimeRhgfieigayup old ai ned by
contacting (c) with a contact product obtained by contacting 20 ( a) and (b
) , or by toitbtmehomgthyld Jgrwiug aa conthedopebdydt gaotum.ned by contacting
(a) and (c%). Further, there may be carried out either a nethod conprising

t he steps df2.318réfhnacsoerdylagrand (1§ 2.Ca)2-dirigh)grepthy]l @arEuPe) 3t o
obtain a contact. product, .and zs (2) contacting the contact product wth
Che- Honmi 1A iy EOHBLORAROB Y T OMB o it 1 21 AG CEHAOGPEREH - SXSYB Cor act i ng
(a) and (b),, (&),and r. C obtain a contact product, 24
(2) purib%yzlh%‘%hg B%ﬁ%ggﬁ'uﬁr@&%% %’E—){’grrjh é purified contact product,
and (3) contaciifgstpenRUChiiRbHUPRELgPERFUCE Wi th the remaining
conpound. 5 The contact treatnent of the above-nentioned conpounds (a ) to
(c) is medes bl y-pantiadadonidpnoldel qoupera gas atnosphere . The
treatment tenperature is usually from-100 to 300°C, preferably from-80 to
200' C, and f2ur3 her 3 ppenspdoidppmony ) 9x0ouB0 & The treatnment tinme is

usually from1 mnute to 200 10 hours, and ﬁreferably from10 mnutes to
100 Bdurs.2 At herifhuegpydnit il yprerethyhethElt #88UFent2 or t hese

conpounds e directl ont act.-treat ed usi o _solvent. There can be
oed any e tobrBEbE] ArdRE R r I el oERA A% an ol phati c
hydr ocar b V. an _ar | | vgnt, and a pol ar
sol vent sggﬂfgi-EP%%?gggngtgé%?%%ﬁgﬂagﬁgFgﬁﬂg?hé?gﬁﬁgoﬁgent, which is
inert to the compeinddota) tird ilc@omdappé €8y 0f gkbBapsolavent are but ane,
hexane, heptane, octane, 2,2,4-trinethyl pentane, cycl ohexane, benzene,

t ol uene, >odsnerifileblometrbyidmetidiX |goswpet daane, 20 chl orof orm

1, 2-di chl oroet hane, 1, 2-di bronoet hane,

1,1, 25 tri dhiobtericloremethydr)owtiane)gxeep acl or oet hyl ene, chl or obenzene

br onobenzene,, o-di chl orobenzene, dinethyl ether,  diethyl ether,. dijsopropyl
ot hor et i b EmenS BREE T e et Sithn e ks (Pxiiflome Rt 1 ERD! °BY

1, 2-di net hane,, hkis(2- t her [

t et rahydr % gge'glasdd]r élétfﬁéﬂgﬁ%ﬁh"? )sélhéfl G\)t %’ 2r'e% p%%??%gggé%g%r} R4 in
the preparaly on wfs{ Bes BREBLTRBIRNL2 14199 {REcHRbR0GEY 0 dodfle amounts
of the respective conpounds used I's defined 30 as a nolar ratio of

(a):(b): (@ 2-biy(trZbromomethrvamnG 2 D trZbrémoptakar alougd s cad 40 6)
nore preferably from2 to 4, and further preferably from2.5 to 3.5. The
abovao z i sl fIr-dm € Bribo8pmprtaiydr)aid \2 f2-obwr DiédoetBylngmeum.ef erably from
0.7 to 4, and further preferably from0.8 to 1.2.




group, a 2-bromophenyl group, a 3-bromophenyl group, a
5 As aresult of the contact treatnent, at |east one of cohpounds (a) to

(c), whi ch4aneomaphealyargedep , &R/~ 1cddpengl Yt ol caGt-dddtiHeiyl groag,
met al compound according to the present invention. Wen the conpounds (a)
to (c) areattirphdaphebydmaroup o pedt af Aiflopreopdieranld gfgpbpnyasi | anedi ol
respectively, an _exanple of a process for. producing the netal conpound
accordi ng $0°7AefbHETORDENKle HEUMP coRp? i §e8 - thd EdUQRORRENY] ) 9RAHPNgE
dropwise a,tpol yene,sol uti on .containin ept af .uqrophenol_Jjn_anount _of three
1 medOby bt 8- HEOR? PERERTINS et r 5 A ASFHGRE RSN broBrupri Bhenyl

bi smut h, ( Shk {4 r m pug es_ t egper at ur e,
(3) stirri%éeugggébgapggﬁg%:%?%ﬁ%ai€i%hgfg?b%§§§§ﬁ§h'rué%ﬁﬁ%b gﬁ hour s

20 (4) congeptaaibBephlaydolgidgy) 453, 6LhLebaophRoyFecgibip) ed solid
conponent, (6) drying the solid conponent, (7) adding tol uene and

di phenyl si 2 afefi brifdubhrephisrey Ingrt eyl | @ 2odpGraticlsoX@phenyilr gngupnder a
refluxing condition for from 10 mnutes to 24 hours) (9) concentrating the

sol ution, #19)4+PrteibPrgmephanli IEReR. sd| £d4cmpaiidndonhirny ! | §TEEPI ng
the solid conpope 30 The tal conpound (hereinafter eferred to as
%6+ Sorpounc DR a5 LUOEEPIERY & & RHE pr B EARDEALORAAL [FEPGP abfy Do
used as a n C lys I &

pol ynmeri za ?%ﬁ%ﬁ;éﬁgpgggﬁﬁtkg9ﬁl hlys@f%rﬁgég%ggg%E%%ﬁgﬁ%r?E%??bn usi ng
said catal yst copReRgBE,atRamplek afoaaélmfélig&baaéaeahb%waewcgﬁgu '
conprising the step of contacting the conmpound (A) with the conpound ?B) (
and (2) a asaRAlatst apPllajrmhHyudsTicasssd eathra hialg ddim s @plkfylcgnbapt i ng
t he conpound (A) with the conpound (B) and the conmpound (C). In order to

obtain a cetelryas AalihGrdfliugrqrs thpl )phenpd growvrn.tya the i o above

| atter catalyst is preferable. Preferable exanples of the conpound SB% are
a Mot CoNpULRAE L eRTEBEEPId IRPHEL BEPFBIT § SFAFLEEAme HHAL LPhenyby o

type nEtanf@@EPUQdZEE§E§%Qirifluoromethyl)phenyl group, a

3,5-bis(trifluoromethyl)phenyl group, and a
2,4,G-tris(trifluorémethyl)phenyl group.
Examples of the cyanated aryl group as R' are a
25 2-cyanophenyl group, a 3-cyanophenyl group and a 4-cyanophenyl
group.
Examples of the nitrated aryl group as R' are a
2-nitrophenyl group, a 3-nitrophenyl group and a 4-nitrophenyl

group.

30 Examples of the alkoxycarbonyl group as R' are a




Examples of the aryloxycarbonyl group as R* are a
15 LZaMXl b [4]) wherein a is a nunber satisfying O <a S 8; b is a nunber
sati sfyi ngpRexbx$clrbbiiyilsgpoupiaald atpeniedf Iverdphensx@caabbhydrgtaup hani de
Series of the Periodic Table of the Elenments; 20 L 2 is a group havi ng a
cycl opent adi eny| Exgpples @of dihe caenloxycarheroyd Smeud dshoRa dRke & 0- at om
a pl uralit%?of LZ groups may be the sane or_ different each other, and a

plurality BetRYCcarBOpy iRy VR i34 2Y erRKEGrROGYIARY FrO¥Rrough a
group,. cont ai ni ng,a .carhon..at ilicon ato ' .z

oxygg% atom a sﬁl fur pa{:teor]f T'E)‘=“(r)':;13,'ay %%saﬁooqeuns a %]nlﬁlﬁgé'ﬁt’égggﬁa%‘ggh'a %’?ﬁg a .
hydrocar boprg¢orBb§X 6! WG & AP PRVEREuR BYCaORNIAsRivAa t yPg1 ani on
skel eton) ‘or a hydrocarbonoXy group) and a plurality of XI groups may be
the sane ogréupf ef@ntheachrefeeablyo abrampren Iy Mymiep A &Eltbbdasydm an
yttriumatom a 27 titaniumatom a zirconiumatom a hafniumatom a
vanadi um agoegp a anichlicumailtkyn graumal achlaneany & hgoempm torhersmoreon
atom a rutheniumatom a cobalt atom a rhodiumatom a nickel atom a

pal | adi umR¥®EeTrabiindr fdmenoshkint SFOYP t 8F bruflHORORRY WBTQUB} ef erabl y a

met al . at om of oups.3 to 11 d particul a preferably a titani wumatom
o Feont BRE SR REAY e TR AT S A e pn Sy Yy 8 B St R Y £
cycl opent g4l I ' m%h:%{ t L ¢ ANy 15

ns- ( subst ?%f?lg%) %g?gﬁg‘rﬁ" g%l eny 1'ﬁllg%jr g’dp% Zane ~§r~i%h%%??f8?ggylln%lé%§?
group) andaan, z7353( supshitk¥hebddpesepy| g8bagp. apeci fic exanpl est her eof
are an t75-cycl opentadi enyl group, an ns-nethyl cycl opent adi enyl group, an
ns-tert-buy2 cyetopéhtiatioenytgridup rame tiy be thgidigmetdyy,! @/cl opent adi enyl

group, an 7! 15 5-1, 3-di net hyl cycl opent adi enyl group, an

5-1-t ert - RA§( tpifduaypeeshoddmetdiehydre@bupd an 27
5-1-tert-butyl-3-nethyl cycl opent adi enyl grou an r-~

21 4ot hy L o TRDRI BB pbropBtl L £ oF EpLEAROEpethyl group, a
5-1-met hyl ; 3¢ cl t adj epyl _

512 5t kTS FERREhE L bRaR T P B ELRe-8BrEnY group, a
5-1,2,4-tri met hyF e6-0pERNHYA! @PHurdl WPz, #N6=¥riflucrophenyl grmcljp , a
5-tetranet hyl cycl opent adi enyl “group, an n 5- pent anet hyl cycl opent adi enyl
group, an $pt ] ndepyElgoevpheayINgréud, dr &-pentabydoaiontenitl growp,; and
~5-2-net hyl i ndenyl 25 group, an ~5-3-nethylindenyl group, an

a75- 4- net e shdengfegabdy, aaknisliigmemgtiintegybugr.o@p, an
CﬁS-G-netBﬁlindeny[ Eroup, an ns-?-nethylindenﬁl group, an

5- 2-t%rt - ity F nbeRyLugrsup - tad EIsick s thple Fhy Ad@RPRyr Glip) an

~5-4-tert-butylindenyl - an ~JS-5-tert-butylindenyl 30 oup, an
Goo tor DHL SRR EPREEEYS R AT Saidhn D Y Tet i demyt by onp. an
275- 2, 3- diqret hyl i , 5. 4 7 dj i -
5-2,4,7-t Ir]imrarletriwﬁ%/% Pﬁggﬁ%gggi’)ﬁ%&h@}n’ ?'gzn%t gf%%?ggig‘yﬁ % enyl agroup, an
~5- 4, 5- bengj ndenyt i B1G628Phedy 1~ Yraup Bl | a 4pénLaR1uBEIBHe I DUPro@p. ~7

When the compound (b) represented by the above formula

30 [2] is an amine, examples thereof are di(fluoromethyl)amine,




bis(triiodomethyl)}amine, bis (2,2,2-trifluorocethyl) amine,
5- 4- phenyl i ndenyl group, an QL5- 2-net hyl - 5- phenyli ndenyl group, an
Q75- 2- net byls{4-,pheny| ¢ MUemydrgé eHpl )ami@ed- 2- met hyl - 4- napht hyl i ndenyl
group, an Q75-fluorenyl group, an Q75-2, 7-di met hyl fl uorenyl group and an ~7
10 5-2, 7- tilst(@. 12 sttt Fdoomeayhydd emineand substitution groups thereof.
Exanpl es of the hetero-atomin the group containing a hetero-atomas Lz are
an oxygenPa€dmd- Za fixtiodeerhvd)Aminggen atom and a phosphorus atom

Ex I f t t ' 15 h -.at | k ;

ar v By POl 2 bl WSS BF bUBF ORTERIII A D" group. an al Kyl amine.

group; anbggquglyz§y§ﬁgép?gcﬁig¥kpgg§&mvgmﬁHémp; an aryl phosphi no group;
er C 0

an aromati c or "aliphati e ocyc up containing inits ring at |east
one at om sgkeet,ed ¥ rpm {fen H4PHEME PRESIPFL )AGhidfe 20 an oxygen atom a sul fur
aton) a nitrogen atom and a phosphorus atom and a chel ating |i gand.
Exanpl es bfist{Re 2graqup, T pemt aiodoprbeydnemdinen are a net hoxy group, an

et hoxy group, a n- or iSO-propoxy group, a n-, sec-, iso- or tart-butoxy
group, a Bﬁéﬁ@x@4ﬁﬁiﬂif¥PQ%921nﬁFgﬁﬂHmaﬂmQFQﬁkﬁkDYh)QWQDGLnethyIphenoxy
group, a

GrOUp: 2 Bkt LIELILENEIONY GOl e 2 S BlehoL gLguP- @

2,6-diiso | ghent , 1 45 - | a

4ltart - DUy SheRon B LT BESHOHCEHON (it Be 7 o

4-tart - bubyk{4- #e LW DNENAXY1 Of PR oaBme tBF 12181l ydRihe DUt yl phenoxy group,
a 4-nmet hoxyphenoxy group, a 2, 6-di net hoxyphenoxy group) a

3, 5- di net baxyphanrwsys (mifl uerdme bheloplerga- tgrifpuofodthyil) asdmpeenoxy
group, a 4-nitrophenoxy group, a2-anm nophenoxy group, a 3-am nophenoxy 5
group) a hiakilndt-MisgHarictyleronegthyll -2,.&-.t7itoH ch bpheathyldrmdpe .a
2,4,6-trif|uorophen%§y group, a thionmethoxy group, a dinethylamno group, a
di et¥y| anPh8 (§rdapisd tgiihronenethyh) ody a1 iftrmpee shYl pREAP ani no
group, ang.isopropyl.am.no. grou tertobutyl gm.no gro rrolyl group, la
2 di et hy PRROSpRT a S GO Sah So¥E) - 27 e G it R e FERIL AR ket cchol &t o
group, a2- By deROY RGN 0L En PhES 0bE LRS! ZatididPiben £1 2Ry HET OXyphenoxy
group, a 4-isopropyl-catechol ato group, a 2-hydorioxy-4l sopropyl - phenoxy
group, a Bipekh@ayeaicmhl vl Paii QED, bad s 2P BdiopPopieniel haxypBenoxy is
group, al, 8-di hydroxynahpt hyl group, al, 2-di hydroxynahpthyl group, a

2, 2" - bi pheagk i-chlgraghersy 1) ahibe; 2bhgdt-kdllograptpenyl ) amine,

2,2' -di hydroxy-6, 6' -di meth Ibiphenyl_groug, a

4, 4'256, 6' big{ gabremephenyl parminget hisédcbrpmarhgnyt bapingnd a

4,4' 6,6 -tetrapet hyl -2, 2' -i soputyl i denedi phenoxy 2 roup. A further
exanpl e oP+f é'ﬁgﬂga?@ﬁQﬁﬁkﬁW&%?nihﬁiﬁfgﬁgosgpgﬁﬁiiﬁ%Wtﬁkesented by the
fol | ow ng U , P- [ 5. S . r el | s, a hydrogen atom a
hal ogen aP%%ﬁgrhgdH§¥%§zﬂ %ﬁg%ﬁbugfgéﬁréggagaﬁwiﬁléﬁ%ﬁebe t he sane or

different pigpd 6UR 19 JBHBUASF EPAnIRY DB13RAIET AR UL Ypnehy I hniiiel &

ring. Exanples of R3 in the fornula [s] are a hydrogen atom 30 a fluorine

atom a cbig(i2ne-ALeNlcxJPHERYE) ahok , abisqdi, 56 dicilétopheAyIyahyinegr oup,
an ethyl group, a n-propyl group) an isopropyl group, a n-butyl group, a

t ar 3obut ybigf 2up - dd beywrlogihesayy 1 paolpe , abplsd By |5 gridupomepiengpheylingr.oup and
a benzyl group. s Astill further exanple of the hetero atom contai ning
group is a group represented by the following fornula [6]: [6] Raz




bis{pentachloro heRgl)amine bis(pentabromophenyl)amine,
1o wherein respective Rl groups are independently a hydrogen aton) a

hal ogen atfians ( reriyait e@aphenygnamines hydrocarbon oxy group, a silyl group
or an am no group, they may be the sanme or different, and two or nore

t her eof nipisde Hiokmibfilnoromethylophenylamizering. is Exanples of RL to R6
in the above fornula i 6 ] are a _hydro en aton1 a fluorine aton) a chlorine
atom a bidd i Gk %ﬂrPBEFﬁglaﬁéﬁ JARRA - group, a 1-naphtyl group, a
2-n htyI t - but nmet hyl phenyl group, a

2- f?lt[joreny sg(rou(pt %ﬁé %?ﬂétf}%&ﬁfﬁ‘e&y&éﬁ‘ g“"ib 4-trifl uoronet hyl phenyl
group, & ITRIAGYPNEEN] ¢ 9681 BmetnY szﬁqéiéppé Hpeacycl ohexyl

group, a2-i sopr opyl phenyl group, a oup) a methyl group, a

triethyl SIHM(EQIM(@J:ﬂf}DHSB}zSh\@QhM )PHetly Uy&Pned 1- net hy- 1- phenyl et hyl
group) a Ras 31 1, 1-di methyl propyl group, a 2-chlorophenyl group and a
pent af | uortds{eny . @Htmp(tfhﬁlabmmmathﬂlkphﬁhzhbaminag ligand as LZ neans a
| i gand having plural coordinating positions. Exanples thereof are s
acetylaceﬁﬂﬁ&%{cYﬂﬁ?@@@nYéiaﬁéPﬁnePﬂﬁQﬁnﬁﬁﬁﬂ¢h%enfeﬁBV@P&lne

acyl dra Qne di et hyl enetriam.ne, triethylenetetra rphyrin, crown
et%ér and &ﬁhﬁeﬁ%? ﬁﬁfi apingye ﬁEV%??Bhﬁ?ghgagé Ezpa¥e a pyridy

| Y dazol yl

oroup. aniistdr i capiiea ) SRATKE! SR JOLL AR BHRAR) MR | IRE0 Y

group, through Whed ﬂié”cﬂmdcﬁxthoq-tpﬁ iy e thE@@Din%r € eXani 104 AL rHOrIP
yle

such as a nethyl ene group, an e e group and a propylene group; a
substi t ut esreabkylsehd roy @dmppaidd S1sim whiet ky nitirodenatpmous rerlaced

i sopropyl i dene group) and a di phenyl et hyl ene group; a silylene group; a
subst i t ut &d-t& & pharphpowp aherhiasthe dbostenyen tiveed afing compounds.

d|ethyI5|Iern roup, a d|ph |SI| | ene gro a tetraneth Id|$|| ene
grody and a di rréﬁ}ﬁﬁ dUP 5@(!’%9(?&%’8?% ba‘fd‘rﬂ%@@r? lilJr“'t‘)gen

If d h h h
parti cul a?’ifxysﬁfeaQr?t%”%hgéSﬁsf%{y“ it °S$h§isﬁe%"%§&€?@“gt o

di et hy| MRk CAG L aﬂrbﬁBHEQB&h‘oq.e”%.cﬂi&h@'&ﬁaﬁoi“ pheny! met hyl ene -

group, a dinethylsilylene group, a diethylsilylene group, a

di phenyl sidiyliere @ietiamsl 3 dscHLBRbhOHEHDY £NEi g orpmekratelles of the

hal ogen atomas X1 are a fluorine atom a chlorine atom a brom ne atom and
an i odi neddtodonredhmiiel, ot riitubydmedddnmil griovpchioXematbamelal kyl group,
an aral kyl group, an aryl group and an al kenyl group. 30 Exanpl es of_ the

al kya5 groGEl&§qm®W§¥P%P®%th?FlQPéeﬂethaﬁP¥ﬂ1%ﬁ%y? HEdEpUCKORTHARRA .

I , b , but yl
o oup. - an 2 Soputb i e Shanglnd 7 Jo 2] Scﬁé%%ﬁ%%gw?rg?gﬁp, aatne;%w B
group, a g-Bexyl rcfﬁ’oe&gn(?ityh 9% ffhde%?é(h %tr%gse 'kyI

group,a s n-pgent foup and n-"ei‘¢dsyl™ group
groups may , Qelsgpegljiﬁéﬁgahigrg aabgg%@n%hpnlsuch as a quorlne atom a
chlorine atom ‘a ‘broni ne atom and an i odi ne ‘atom Exanples of such an al kyl
group are13if,lye,@Eind x4 fofo - 3 -biroblan@1onmet hyl group, a chloronethyl 1o
group, a trichloromethyl group, a fluoroethyl group, a pentafluoroethyl
growe, a pedf ludr.cardihexgtoede;2appephkinedr.obut yl group, a perfl uorohexyl -
group, aperfl uorooctyl group, a perchloropropyl group, a perchlorobutyl
group and a perbronopropyl group. 15 Further, these al kyl groups may be
substituted with an al koxy group such as a net hoxy group and an et hoxy
group; an aryloxy group such as a phenoxy group; or an aral kyl oxy group
such as a benzyl oxy group. The al kyl group as X1 is preferably an al kyl
group having 20 1 to 20 carbon atons, and nore preferably a nethyl group,




1H,1H,6 3H- b 1l, 1H,1H,63H- iod 1,
33 (3,5-dinethylpheﬁsf)ﬁgpﬁﬁr%EERﬂx a.?2,3,4-t?ﬁ§%ﬁyﬂﬁﬁ§%ﬁg%ethyl group,

a (2,3, 5- tineptypehenubrepidyan@0UMLH 21K 2pdrEnlbFebpaiaily) ) met hyl group,
a5 (3,4,5-tinmethyl phenyl)nmethyl group, a (2,4, 6-tinethyl phenyl) net hyl
group, a (¥ 31H;perbrompprioplanvdny|)HEel fiybeglodpprapanol,
(2,3,4,6-tetranet hyl phenyl ) net hyl group, a

(2, 3,5, 6- t ¥ r et RyPRREAVLFORMRAN QG o U - BH 16H ¢ peRchdemaRWRARA ) et hyl
grou an thyl phenyl ) net hyl group, (h-propyl pheny t hyl group, an

01 2obt opyi et FRePEs PraRGRAneh, ol o TR hAREEs REEAA s - o

(sec- but yl phenyl (tartsbL group, a
(n-pentylp eﬁ??)%%?ﬁgﬁbﬁgégggmgﬁVS]%%é%£3%¥£?%E§%5F¥%%?%?V group, a
(n-hexyl phanyl g 75é At oflbBURANIAN- OG Yiheayi o @BHRY¥RnSIOUP,

a( n-decyl phenyl ) net hyl group, a (tetradecyl phenyl)nethyl group, a

napht hyl metihylH gsBbupe afiluatropeintanseny | 1w} by | 5HF pepchfactopan tarese, ar al kyl
groups nmay be substituted with 20 a hal ogen atom such as a fluorine atom a

chl ori ne attbrdH aSHrparhronppendsncln | Ui hé. SHoperindgpendangbup such as a
met hoxy gr.oup, and an_et hoxy group; an af%loxy group such as a phenoxy

grouf? " or Hﬁ%?*a?%%%rgpsagag&éh A1 AL RS GEBX YT EPEHT 2! The ar al ky!
group as IS P Ly an_aral kyl up_ having 7.to 20 carbon atons, and
nor e prefgﬁgb y é&%@%gngﬁPgaﬁpquéﬁﬁﬁgﬁ é#rf%8°§?9FaaP§Up as X1 are a
pheny! grOH-P,’lIr@,gﬂlgéi‘flgBQBBex%n%f,OlMJl,ﬂip R-parénh Qohel M, a
2,3-xylyl group, a 2,4-xylyl group) a 2,5-xylyl group, a 2,6-xylyl group,
so a 3, 4- X yiH g5 I0UPe rBrdmbheyayo 101 QUp, 11, @H 3pdri bubkieRdrienyl 34
group, a2, 3,5-trinmethyl phenyl group, a2,3,6-trinethylphenyl group,

a2, 4, 6-t r it iHApeehihogobepanad, 4,151 tYH rpehficpbhenpheganed,, a

2,3,4,5-tetranet hyl phenyl group, a 2, 3,4, 6-tetranet hyl phenyl

grouff a2, 3% BlireFarerpherremy. dHyridipperiodahanaPRy-phenyl group, an

et hyl phenyl.. gr a n-propyl phenyl. grqup,. an. isopr | phenyl group, a

n- but y| phenyl %ﬁ%ﬁm?eﬁf£888§8£§ﬁﬁ% |f%}%%p$“ap?§FgR§6%ﬂ ‘ group) an
| sobut y1 phanivly B5ieupe - BrBnBEREMRIIC Ay 1Py 3BE0BABLUIANGIY]  Oroup, a

n- hexyl phenyl 1o group, a n-octyl phenyl® group,”a n-decyl phenyl group) a

n- dodecyl phem - g8 PEPuoRoBctahbadeay Pheydr&h D¥BoodtRaRLNYl group and an
ant hracenyl group. Each of these aryl groups nay be substitutedwith a

hal ogen atldhnldiglessrambbobanond aindm1H, HH perhedabotraenalar onine atomi s
and an iodine atom an al koxy group such as a nmethoxy group and an et hoxy

groud®, an aryl oxyWhgnupheuebmasuadpHénoxds @ ouplobr campauaidey laBsgmmkeRip
such as a henzyl oxy group. The aryl group.is preferably an aryl grou

havi ng 6 ttg‘eﬁ‘bfaﬁ snt%gmow% anEF—EPa%‘??”X%ﬁ%P’“g%&&PglﬁF&
Exanpl es of. .th | kenvl _grou XL.are an all o] t hal | roup, a
crotyl or S SytE0E 2 BhR LR The ary A del dndh SheoBo Figboads &

preferably an mﬁﬁgwl dyﬁﬂ A n

preferably an ally gﬁgﬁiggﬁla né?ggﬁl%ggggﬂggﬁgg'é%%%%?%%ggghgﬁégf are

hydr ocar bon@ayu i sptie 861 X13 aF e uditophehal Ir oLP1udfophkhedy, group and an
aral kyl oxy group. Preferred is an al koxy group having 1 to 20 carbon atons,
an asyl ox\2-ghduigrdphemngl 6 8ecBRotapbamnct Ons-chboraphanallkyl oxy group
having 7 to 20 carbon atonms . Exanples thereof are hydrocarbonoxy groups 30
as above-exenplified as L1) a (2-nethyl phenyl) nmet hoxy group,




5-trifluorophencl, 2,4,6-trichloropheno

35 a (3-n€%h§lphenyl)nethoxy group,” a (4-nethy|pheny|)g§thoxy group, a

(2, 3-di nethyd phepyliprembpren@loue , £, 4 2tA: dbaephehphenyl ) met hoxy group, a
(2, 5-di net hyl phenyl ) net hoxy group, a s (2, 6-di nmet hyl phenyl ) met hoxy group, a
(3, 4- di netpynphthybyopheooyl ,gpentachldrépbienelhy pphdapomigtoeayo fr oup, a
(2,3,4-trinethyl phenyl ) met hoxy group, a (2,3, 5-trinmethyl phenyl)net hoxy

group amjEPQ%%%?ﬂBRéeapéup?'1@qﬂﬁ¥P?FQW%¢PEH)P§G&°4ethoxy group, an

et hoxy graoup

o phihosy S otpleLisRpRRRRvad o) LFLhERbE e tpRarny Das bk oy oLp:
further;wf%§¥gf 5Eﬁiﬁlﬂﬁkgﬁﬁiﬂ¥f¥ﬂheﬁbghenoxy group) a

2,6-di(tert-buty enoxy group-or ta 1s benzyl oxygroup; and

particul ard yprigf &( t s aBRLADEG I0Ph &Ko B, PREBPEMophedL X1 is nore
preferably a chlorine atom a nethyl group, an ethyl group , a n-propyl

group, an 3sopnpyhegodup4-cyandpiiedolyy c2ynitrbpherblgr Gumitarophéydl
group,a nethal lyl group, a 20 nethoxy group, an ethoxy group or a phenoxy
group, andfdirdteitpeehengdl.y a chlorine atom) a nethyl group) a nethoxy

group_or a phenox rup. In the fornmula [ 4 , _respective _nunbers_of a
900 B depent apoiteRahbrembyun (B) Lascinipbaenbl CHo Mgy CHpOLAT

r epr esent e r i i t. | U

b esent sthedbeslor il Bplhor ERBLNNG ) Brledi U BAGN Fu s

di met hyl sitad eebi s{ 2t Ahh A ¥u-ORRMA £Nvhe LbbeBLHENigHY | Sifenol

di met hyl si | yl enebi s(3-net hyl cycl opentadi enyl) 30 titaniumdichloride, 36
di met hyl sidommdeds ( 2- n- but yl cycl opent adi enyl ) titanium dichloride

di met hyl si | yl enebi s(3-n-butyl cycl opentadi enyl) titaniumdichloride,

di et hyl si | yl eneiire 2tBe dcomphyhdgcl bpenssadi eaybpxyiltianiamhd, dxampiesde,

di met hyl si |l yl enebi s(2, 4-di meth IcycLopentadienyI# titani um di chl ori de,
di methyl sithawsrbi a2, 3-lrerRPes\rishaft i edyf}uPreRsnAfis 3Fbii de, 10

e o ARS8 B RS S ahg b BR U 21157 o
G Orl oY1 G2 A RERL302o0eRbBAETRERY, O B G X G dndoat! B33l

di chl ori de,” di net silylenebis et hyl nmet cycl opent adi enyl’) titanium

di chl ori de,, aliaet hybsbbrhaseki sci.d- &f ) aethyFryeopentzadicenydid]itani um
di chloride, zo dinethylsilylenebis(2,3,4-trimethylcyclopentadienyl)

titani um & ,chloriddifldomebbnksiley lagniaeb) 1 23 3¢ Sttrifebirpbepddpenatdenyl )
titani umdichl oride, dinethyls[lyleqebis(tetranethilcyclopentadien | )
tita# um Zs 4 Thioif Haorabaperyicsiacidbnehi 4(§ nEehflporehenafin ¢ 6d' de,
di met hyl si| yl enebi s(4,5 6,7-tetrahydroindeq¥I% titani%n1dichloride, .

di met hyl sid 43 ehe} THRFEpERRSTPERMZPAGRERTI )2 i T ahi Bt BECREIMORAPeNZ01ic

di met hy! sig ol enefaiet Dyt GYELBRANLIY Y, ¥ (4 PYSRYELE Lagigim di chl ori de,
ai ! , .

difluorocacetic acid, trifluorocacetic acid,

pentafluoropropanoic acid, heptafluorobutanoic acid and

30 1,1-bis(trifluoromethyl)-2,2,2-trifluoroehtanoic acid.




_ _sulfonic acid. _ _ _ _ : :
di met hyl si |l yl ene(n-butyl cycl opent adi enyl ) (i ndenyl) titaniumdichloride,
di net hyl si | yl ene@t et passemabdyec| opednadi eafl ) thedemdnpaurdi urbidi chisri de,
5 di met hyl sil yl ene(cycl opent adi enyl ) (fl uorenyl) titaniumdichloride,
di met hyl si b}k étisifdaordaneatpbhamiine nyb) 6f Ruér.@mtinifiuerenetyihbeoings,
di met hyl si | yl ene(n-butyl cycl opentadi enyl ) (fluorenyl) 10 titani um
di chl ori debldi Be2hyl.Si.[31pentativanephppy\dleadare adi enyl ) (fl uorenyl)
titani umdichloride, and di nethyl silyl ene(indenyl)(fluorenyl)titanium :
di chl®ri debighd . derpdmidsl uirar hetr b luhangetd yld thy hamingl ene” in the 15
above conpounds to "diethylsilylene", "diphenylsilylene" or
"di met hoxyBip{LeAebisgimifekueremptbElof 2t Re 2mdicdlf lovmperiblly t pmésenesd by
the formula [4], wherein M is a titaniumatom are
bi s( cycl opths dBRBAREUaraRhenYl tambppdoreferable alcohols thereof are
bi s( et hyl cycl opent adi enyl ) titani um di chl ori de, ]
bi s(n- but yFEVELBpERMERPARAD L i t ani um dichl ori d&.2.2-trifluorcethanol,
bi s(di met hyl cycl opent adi enyl )titani um di chl ori de,
bis(ethyln%tﬁyp@§@ﬁoﬁﬁﬂ lr9pFeRanaM di chl ori de,
bi s(trinethyl cycl opentadi enyl )titaniumdichloride, 25
bis(ﬂétranﬁthyie?e @QGH%%E%&H@ﬁ?T%aRFBB@EPéhIoride,
bi s(pent anet hyl cycl opent adi enyl )titani um di chl oride, bis(indenyl)titanium
di chl ori de?- B} %ci:—'&,fé}lm%tlr-a baoaengthviledhia®aldi chl ori de, or
bi s(fluorenyl)titani um.di chloride, 30 bis(2-phenylindenyl)titanium
di chi ori del - 1-BgshtsfiElugtomethy}) ¢ 2 udr dnsrifiloioniaathanehyi | titani 8m
dichloride, bis[2-(4-tert-butyl phenyl)indenyl]titani umdichloride,
bi s[ 2- (4- tPTFEERABAEL PYPRRENYRSTRBENS RriftlaiAnRRRERP] o fetuorophenol,
bi s[ 2- (4- net hyl phenyl )i ndenyl ] titanium di chl orj de)
bi s[ 2- ( 3, 5%?%@81-1995&&991 i ndefyBifieraniendh or iy -difluorophenol,
bi s[ 2- (pent af | uor ophenyl )i ndenyl Jtitani um di chl gri de,
cycl6%entaﬁi%n9rfﬁgﬁﬁg PRRA opent adi enyl ) t PrdnitrhidiTHiorPRRenol,
cycl opentadi enylL(indenyl) titaniumdichloride, 1q
cyclopentéﬂ?%ﬁ%ﬁé??ﬁBP OL.titani um di chl ofr d&TLiflFaRARE t Rt LAY PP e ani um
di chl ori de, pentanethyl cycl opentadi enyl (indenyl)titanium dichloride,
pentanethy$CEE¥§5§HP§QN@&%KHHRhﬁ%ﬁ@l)titanﬁu&taﬁ@muﬂﬂQMchYl)Phen01-
cycl opent adi enyl (2- phenyl i ndenyl )titaniumdichloride, is
pentanethy?c@égﬁ%gﬁgégﬁﬁﬁﬁqﬁﬁ Jhehlpherehyl ) tit ani um di chl ori de,

et hyl enebi.g( ' | ) 0.t an Lchlari de,
ethylenebi%(gyﬁ%%Eg?%%gHagéﬁ%ﬁﬂiimég%gégn%gnldichloride,

et hYE§n3b!§§§:W€P¥§?¥E&Qﬁ%@ﬂﬂﬁ&%}igfgﬁé‘ﬂb!’dm 4l pHlePdrdble carboxylic
et hyl enebi s(2-n-butyl cycl opent adi enyl )titanium zo di chloride,

et hyl enebi&d8d ntRetgbey 6ls0 PRyt BiYtdbéh 20iMaeiahloyr itdeifluoroacetic
et hyl enebi s( 2, 3-di net hyl cycl opent adi enyl ) ti tani um di chl ori de,

et hyl enebia¢i] A- @ndeahplrefelraieds sshiefighl¢i aehidurmh2sedifchiori de,

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

et hyl enebi 5{ 3t Yuereme ippapsudfanieliaedd) ti t ani um di chl ori de, 3o

et hyl enebi s( 2, 3-et hyl net hyl cycl opent adi enyl )titanium 39 dichloride,
et hyl enebi s( 2, 4-%t'ﬂ§FﬁePﬁ§|f&Fa%%rﬁ%P%H§F) {PPari®um di chl ori de,




_4-(trifluoromethyl)phenol, 2,6-bis(trifluoromethyl)phenol
et hyl enebi s(2, 5- et hyl net hyl'cycl opent adi enyl )titanium s dichloride,

et hyl enebi e£3254¢6hthmmt (i icyblapens iy &iphphiolianiaid di chhothee,

et hyl enebi s(2, 3, 4-tri net hyl cycl opent adi enyl )titani um di chl oride, 1o
et hyl enebi BFefersbile mompaund| Opkntaddedyp)tirdddiuanapkeneti de,

et hyl enebi sét et ranmet hyl cycl opent adi enyl ) _titani um

di chl ori dePERRFEEHEBORNEN® Iy (Y £1 ¢ hind vy A BEKEE RO TO-2-propanol or

et hyl.enebi $(4, 5, 6, Z- t,et r ahydr oi nde titaniumdichl.arigde

ot by Enebi £ 2+ Bhahg SRS RAE LT 2t b LFRBPE R Y Y 1 £ propanor.

et hyl enebi s( f | uoEsaypldst &F UM Th cther AHeveehbylitami(ery of nrEl &df 8Nyhye
(pent anet hyl cycl opent adi enyl ) titani um di chl ori de,

et hyl ene( cgctapeohadtenyandi adeiyl ¢bht &0dm M Ahehyothdm, a silicon atom

et hyl ene( et hyl cycl opent adi enyl ) (indenyl)titaniumzo dichloride,

et hyl ene( nibupyéegehbpent adi ehgl rbiovdemdntidmed ufotmahbolB8de, n is the

et hyl ene(tetranet hyl cycl opent adi enyl ) (indenyl)titaniumdichloride,

et hyl ene( cyahbpend 8 di sy | D (tfd 4qr pirplfetriatdny 2nodi Bhl anddeoreaspreferably

et hyl ene( et hyl cycl opent adi enyl ) (fluoranyl)titaniumdichloride, ethylene
(pentanet h#l cycl opent adi enyl ) (fl uorenyl ) titani um di chl ori de,

et hyl ene(n-butyl cycl opentadi enyl) (fluorenyl)titaniumdichloride, ethylene
30 (tetranet hyl pErtagilesyb¥(fhededydarbani gmodp s ®% dee hydfocarbon

et hyl ene(i ndenyl ) (fluorenyl)titani umdichlori de,

i sopropyl i seoebs s(scht] apdiiakh geyhietitywhreradbohlgrdutes as R' mentioned
sopropyl i denebi s(2- net hyl cycl opent adi enyl )titanium di chloride, s

sopr opy! i dlevrebi s{eEpettivelyl Riehs goietytably s adkgilcgrorpder an aryl
sopropyl i denebi s(2-n-butyl cycl opent adi enyl )titani um di chl ori de,

sopr opy! i gemebi siGrea-pue ¢ xablyppantaxy brgt9up ¢ camdnfdotidecpoefesably
sopropyl i denebi s( 2, 3-di net hyl cycl opent adi enyl ) titanium dichloride,
sopeopyl i deprénygl2gdodpnet hyl cycl opent adi enyl ) titaniumdichloride, 1s
sopropyl i denebi s( 2, 5-di net hyl cycl opent adi enyl ) titaniumdichloride,

sopr opyl i denebi E¢ampléisnef ihhe yompemadicenyepreisentiadnbdi theof egeula
sopropyl i denebi s(2, 3- et hyl net hyl cycl opent adi enyl ) zo titaniumdichloride,
sopr opyl i d&hebi s(ara- et hy ddmeiyhal bpeedddienyl ) ditegivisdianediole,
sopropyl i denebi s( 2, 5- et hyl et hyl cycl opent adi enyl ) titaniumdichloride) 2s
sopr opyl i GetebpseBYS) edApnestiod cycl opent adi engilisopranyksilanediole,
sopropyl i denebi s(2, 3, 4-trinmet hyl cycl opent adi enyl) titaniumdichloride)
sopr opy! i Getebbet?l3sslaneddiddy.l cycl opent adi 8ayEpcabutivagidaniedhodri de,
41 i sopropylidenebi s(tetranethyl cycl opentadienyl) titaniumdichloride)

i sopRBpyl i Heher ¢ butrdy k)i Leinegiialm di chl ori de, diisobutylsilanediol,

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

i sopropy! iHehehpet2yphemianedddd ) titani um dineopentylsilanediol,

di(n-hexyl)silanediol, di(n-heptyl)silanediol,

di(n-octyl)silanediol, di{n-decyl)silanediol,

di{n-dodecyl)silanediol, di(n-pentadecyl)silanediol,
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s dichl oriate{ 3] 5eryopil)isdaaeiaidl yorenyl ) titani um dichloride,

| sopropyl i dene(cycl opent adi enyl ) (tetranethyl cycl opentadi enyl)titani um

di chl ori dedi(3pp| apyriferdyaptieapent &0l aayaioindenyl ) titani um di chl ori de,

i sopropyl i dene(net hyl cycl opentadi enyl) io (indenyl)titanium dichloride)
sopropyl idienz( ®; butyh mpehenenean eywi )l4hedesyl,) titani um dichl oride,
sopropyl i dene(tetranet hyl cycl opent adi enyl) (indenyl)titani umdichloride,
sopropyl idieqz, § cyctepmetagileomednyl) storemyd)blt ani um dichloride, i5
sopropyl i dene( net hyl cycl opent adi enyl ) (fluorenyl) titaniumdichloride,
soptopyl idiehz( 4; butylinpthepehcanyyildiéaooenyl ) titani umdichloride,
sopropyl i dene(tetranet hyl cycl opentadi enyl) zo (fluorenyl)titani um

di chl ori deii { 3ppr Dpyrinennyliphdaiyl ){ilawe@nyl)tit ani um dichl ori de,

cycl opent adi enyl (di met hyl am do) titani um di chl ori de,

cycl opent athi €y3 (phBROEY Franeahydpithl psi lénediol,

cycl opent adi enyl (2, 6-di net hyl phenyl )titani umdichloride, z5

cycl opent ath €hy3 (2, 6- et sapedpiyldresmat) ¢ 1 Banedidi.chl ori de,

cycl opent adi enyl (2, 6-di -tert-butyl phenyl)titani umdichloride,

pent anmet hydicyZ) Dpené atie emame2 hf-1giraathly) sshrayédd oflani um di chl ori de, so
pent anet hyl cycl opent adi enyl (2, 6-di i sopropyl phenyl) 42 titanium

di chi®ori dedi (pam tamee byt pbeaydntsddiarad (&1 6-dil ¢ £ ahyylphepylhenylgnédiahj um
di chl ori de, indenyl (2, 6-diisopropyl phenyl)titaniumdichloride, fluorenyl
(2, 6-dii sapriopypptenibhenyanisihanedliohil or i de,

(tart-butyl am do)tetranet hyl cycl opent adi enyl - 1, 2et hanedi yl ti t ani um

di chl ori deli{(irsepmdpyidbengin) sddtand dial opkit mebehyLpheRgtiNanichnyediohni um
di chloride, 10 (ethyl am do)tetranethyl cycl opentadi enyl -1, 2

et hanedi yIddi (tse¢ tbn tivthhentrde s ilearedimit y| ani do) t et r amet hyl cycl opent adi enyl
di met hyl si | anetitani um di chl ori de, (benzyl am do)t etranet hyl cycl opent adi enyl
1s di net h@iditiearfethetniphedydneddiadediol,

(phenyl phosphi do) t et ranet hyl cycl opent adi enyl di met hyl sil anetitani um

di chd%r i déi{dsphutyiphenidosidaaediol 2-d&t tmrpenvylphenyvdnhsdildnetiek,
(tart-butyl am do)tetrahydroi ndenyl -1, 2- et hanedi yl titani um 20 dichl ori de,
(tart - but gidmianpgn tpntphgnyl ) 2idamedddily) tdi tmiexvlpheoyildsilanediol,
(tart-butyl am do)i ndenyl di met hyl si |l anetitani um di chl ori de,

(tart - but dm-wOtelpaenyl dehdengiddiodst hydksin adecylphanymh)sd dingdinl de,
(tart-butyl am do)fl uorenyl di net hyl sil anetitanium dichloride,

(di met hy| &4 (mofadseyiekennd) Bjlepeddsdnt adi enyl titaniunm(l111) dichloride,
30 (dinethyl am noet hyl ) tetranet hyl cycl opent adi enyl 43 titaniun(LII)

di chl ori d&1 (mitrmitm@%/whbbanwl)ﬁié@n@rﬂémw cycl dbeaphtihgdplilanediamm (111)
dichloride, (N-pyrrolidinylethyl)tetranethylcyclopentadienyl-titaniums

di cHiSor i déjapghfiaranyl shianpdiadaenzene) cycl opent adi enyl zi r coni um

di chl ori de, cycl opentadi enyl (9-nesityl boraant hracenyl ) zi rconi um di chl ori de,
10 2, 2' - t HidpeftafkusnorBenl) shdepediaioxyye thrnhs bkadetriod de,
2,2'-thiobis[4-nmethyl-6-(1-nmethylethyl)phenoxy] titaniumdichloride,

2, 2' -t hi oBit&¥4 se-ldineeknie bhendrsdpylahlanetriblorisieprppylsilanetriol,

2, 2" -nmet hyl enebi s(4-net hyl -6-tert-butyl phenoxy) titaniumdichloride,

2, 2" - et hyPeRaiyd(sa-anetriclt ert - but yl phenoxy) t$eanbutydisdflametgsol,
2,2"-sul finylbis(4-nmethyl-6-tert-butyl phenoxy) titaniumdichloride)




zo 2,2' - (ghenvlsilapetyivdrnt 2bdolylisillame phiadxy P -tolalisirhadiatt ol de,
(di-tert-butyl -1, 3-propanedi am do)titani um di chl oride,

(di cycl ohekyttoliy Bsprapatediodni do)titani um di chl oRidexylylsilanetriol,
[bis(trimethylsilyl)-1, 3-propanedi am do]titanium 2s dichloride,

[ bi s(tent -buAyynkshyapeltyipll, 3- propanedi am dof. brkxdydsidiagia orialk,

[ bi s(2, 6-di nmet hyl phenyl ) -1, 3- propanedi am do] ti tani um di chl ori de, 30

[ bi s(2, 6- B.isomrbpysbhangtyiv 13- propanedi am do] 8itamvdmlsidangtotiaeki de,
[ bis(2,6-di-tert-butyl phenyl)-1, 3-propanedi am do] titaniumdichloride,

[ bi sterii sogruvpgAdslsilanapiedl.enediZard db] trim@thyiphanyRisddianetriol,

[ bi s(trimethylsilyl)naphthal enedi am do]titanium dichloride,

[ bi s(tert -dut B divdnayhglphenydsitlagietiad bai do] titani um di chl ori de,

[ bi s(tert-butyldi methylsilyl)napht hal enedi am do]titani um 1o di brom de)
cycl opent &di rfirt ¥ Hre thy L phepydsiidangiantahet hyl cycl opent adi enyl titani um
trichloride, [hydrotris(3,5-dinethylpyrazolyl)borate]titaniumtrichloride,
[ hydrotri ?étﬁﬁmtbyiahépyﬂ-ﬁb@%#iqihm um 15 trichl oride,

[ hydrotris(3,5-di-tert-but yrazolyl)borate] titaniumtrichloride)
[tris(3, 53ﬁ4ﬁ§Tﬁ#%W?EﬂﬁlyﬁPﬁEﬂﬁWHQHQQﬁﬂQ#ntr|chlorlde
[tris(3,5-diethylp azolylgneth Jtitaniumtrichloride and zo

[tri3]3, 5-4idter-EREFRPOE ZéPPEﬂﬁéﬁ%ﬂﬁ%@?%&@hn1trlchlorlde Still further
exanpl es of the netal ound represented the formula [ 4] , wherein
VB TS & tid aamhrﬁa%mm"?menﬁwmwwiw 'di chl ori de* in the
abnove- nmenti oned conpounds is
changedto%m%quﬁTEﬁ¢raﬂPBPEﬁPB@nYLﬂﬁkﬁﬂQﬁ?lOHrnethyl "di et hyl ")
dllsoprop di benzyl " di met hoxj de”, " di et hoxi de”

_n- proftehtgaret hﬂ?é%%?éﬁé%ﬁ&@trl% n- but &tEiphepyleddantpkol .

d|-tert butOX|de fhenOX|de or 30 "di(2,6-di-tert-but IphenOX|de
and conpoﬁhG§QHY%Rﬂ%ﬁV Sﬁﬁam?FFéﬁﬂorlde %%PH?@P&%BQ%nHéﬁE ounds
|s changed to “trifluoride", "tribromde", "triiodide" trlnethxagg
"trigthyl ®" qqy%%ﬂﬁﬁ¥$§+laneFFﬁﬁﬂenyI %%QtE%E¥¥Phen¥ PreRes 1,
"triethoxide", "tri- gro oxi de" trllsopropOX|de butOX|de )
trllsobuF&Fqﬂ?uty%QW §1BBPB%F&Q "t r iKY Eh383151lanetri°l
"tri(2,6-di-tart- butgh$henOX|de Exanples of the nmetal conmpound represented

by the fow“mHea\1 tylph %\?ﬁé}%?ﬁtﬁwﬂ-s a zi MEAREMT Bt BREBY 15 1H30R At om
are those | J&g "titaniumatont in the above-nentiqned conpounds S

changed t& Yﬁﬁ%}ﬁﬂFtBF°& hafn|umQﬂ?ﬁﬁYlEQﬁﬁﬁﬂéé%ﬂn%QE§?&ﬂaI
conmpound re nt.e the fornmula [4 wherein Mz js a_nickel atom are
OO ot nt- e deny Yo DRRReF 815 | o i MAdRASSELRRERELAF LoD o b de,

2,2 neth | -5, 5" di et hyl oxazol i ne] nj ckel, _di br.om
2,2'%neth |3ﬁ§ ﬂéﬁqigﬂ%egﬁiﬁgﬁaﬁeﬁcéPln propylox%§5$FH¥ ﬁﬁ&@&leﬁﬁ%m1de
20 2,2 -nmeth enebls[é4ﬁg Bhenyl 5" diisopro onazollne nlcke
dlbronldeant racenylsilanetriocl pentafluoro eny151lane riol and

tetrahydroxysilane.

The compound {c) is preferably




- - B - o - _

2, 2" - met hypeantebt Bi¢ddPhénphendlan® ti'idlcycl ohexyl oxazol i ne] ni ckel di bsom de,
2,2' -net hyl enebi s[ (4R) - 4- phenyl -5,5" 25 di met hoxyoxazol i ne] ni ckel

di br om de,diX ¥ ntef hybeapheal(4Bi-1bmittivl » 5, Sandi et mosyoxapalefiestaimly kel
di brom de, 2, 2'-nethyl enebi s[(4R)-4-phenyl -5, 5" -di phenyl oxazol i ne] ni ckel
di br om de,dijzherey hyi Parbdipl4R) - 4- net hyl -5, 5' -di - (2- et hyl phenyl) 46
oxazol i ne] ni ckel di brom de,

net hyl enebi s[ (4R} n{’eﬂ%@»ﬂcﬁc%mt@cﬁfngg&wm nd®Xagokionetni £Ealot

di brom de, net hyl enebi s[ (4R) - 4- et hyl 5'-di - (4- met hyl phenyl ) oxazol 5

i ne] m ckelpaitthtcwl aiel y nkiiny kedebiEs{am)e sl - es hgod £ SaFe- dis- E2limmwxyphenyl )
oxazol i ne] ni ckel _di brom de,

met hyl enebi s[ (4R} 4Anmekpodsos: cqmtegtﬂrﬁshbszilp%ﬁ?r)cmh%ﬁﬂa] hi ti@nd

di brom de, ])o met hyl enebi s[ (4R) - 4- et hyl -5, 5' - di - (4- met hoxyphenyl )

oxazol i ne](rI:I ckel di brom de,

met hyl enebi s[ spi {34,& f}oaﬁgf)’é%{ Qkipﬁyfbiazoféﬁb&%ﬁgﬁélﬂh&k%) and

di brom de, nmethy eneb| S Spl ro I ne-

cycl opent ] nickel dibrom de,

met hyl enebi s[ spi r o{ (4R) - 4- net hyl oxazol i ne-5, 1' cycl ohexane} ] ni ckel

di brogm de, @ A method of contacting (a) after contacting (b) and

met hyl enebi s[ spi ro{ (4R) - 4- met hyl oxazol i ne-5, 1' cycl ohept ane}] ni ckel
di br oni de, (0. 2, 2' - net hyl enebi s[ (4R) - 4-i sopr opyl - 5, 5- di met hyl oxazol i ne]

ni ckel di brom de 2, 2" -nmet hyl eb| S R) 4-1 sopropyl -5, 5-di et hgll oxazol i ne]
ni ckel di bromi de‘?r?errPr@t Fi?l meLivgodithyme 5ak. gpmpognd

propyloxazollne nic

et byl eneBEITEATRE osﬁe%r%t VSIS A RFS TR H SRTAHASIRY e,
2,2 rrethm ) I e RS TRl et tin

di brom de)d 2,2 ?Tieéii engtisﬁf(az%nt%ﬁcggp?ggyl 5)&? di phenyﬂligfgzol | nte] %o

ni ckgy deM¥@ﬂ§4b)48rbycontact1ng(b)W1ﬂnacontactproductobtalned

2, 2' -met hyl enebi s[ (4R) - 4-i sopropyl -5, 5-di - (2net hyl phenyl ) oxazol i ne] ni ckel

di brom de by cntrest thiri e nleb) Sn(dR)c Y- ilsopitopy) -théraimdB-etdatpiedygut
)oxazol i ne] ni ckel dibromde, 5 2,2'-nethyl enebi s[§4R) -4-isopropyl-5,5-di-(4
met hyl pherﬁﬂt)hﬁééz%lm%‘éﬁlﬂﬂcﬁempa‘llﬁrl@rﬂ dde steps o

2,2 t hyl b 4- th yl I kel

i brom de, 2, 2 (bl i aer s %2%/ f?‘gdg“r)apj g‘@é%‘? Ygp tBF andd) ok
th h I d

gez O?(ngltohy erﬁeﬁ%’f’?ﬁ?? éﬂ#éégr %;9?”?}85' ? d(4met hoxyphenyl ) oxazol i ne] ni ckel

di brgym de, (2 contactlnﬁ the contact product with the remaining
2, 2' -met hyl enebi s[spiro{(4R) i sopropyl oxazol i ne-5, 1' cycl obut ane}] ni ckel

d| br om decobfpoird - met hyl enebi s[ spi ro{ (4R) - 4-i sopropyl oxazol i ne-5, 1

cycl opent ane}] ni ckel dibrom de,

2, 2" - et hylre e miestlspd roffa Rl s 4nigs GiveoBiep@zaf i ne- 5, 1' cycl ohexane} ] ni ckel
d| brom de) 2,2'-nethyl enebi s[spiro{(4R)-4-isopropyl oxazoline-5,1" zo

cycl ohept ane}] nl%kblc%ﬂﬁ%?ﬁ-’@@ (a) and ' (b), (&) and (c}, or (b) and (c)

2,2' -neth 4R) - 4 *: Cg: di met hyl oxazol i ne] ni ckel dibrom de,
2,2 -meth #‘I MR A" 186 u?él"ds’ ‘di et hyl oxazol i ne] ni ckel dibromi de,
25 2,2' - et hyI enebi s[ (4R) 4-isobutyl -5, 5-di -n propyl oxazol i ne] ni ckel

di brom de, 2,2'-nethyl enebi s[(4R)-4-isobutyl -5, 5diisopropyl oxazol i ne] ni ckel
di brom de, 2,2'-nethyl enebi s[(4R)-4-isobutyl-5,5 so

di cycl ohexyl oxazol i ne] ni ckel di brom de)




(a) to(c) ispreferablycarriedout under an inert gasatmosphere.
48 2, 2' - nmet hyl enebi s[ (4R) - 4-1 sobut yl -5, 5- di phenyl oxazol i r?e] ni cke

di br om de, TRe 2t reathghen aenldrdiude | $8bUEMA1 y5 fdonl 2-108 hiyd pheold )
oxazol i ne] ni ckel dibrom de, s

2, 2' - met hybeefbrspLlyRFrom sdifuttd 29,ECJI apd wexitHexh e fevabkyl fnehndckel
di brom de) 2, 2 -%g.t hyl enebi s[ (4R) - 4-i sobut yl -5, 5-di - (4- et hyl ghenyl %
oxazol i ne] #? ck@? Lo Eﬁ'{ﬁﬁfd@afzf,'?'l netmg | o absaalir) Eromsypnipnte £04240

(2- net hoxyphenyl ) oxazol i pe]l nj ckel di br om de,

o Bhoe nyreRES T LT Ryt oE SEORTY, Framel & hER i Aokg oHoR Y WES, TYHERF ckel
di brom de,

2,2" -net hy esn% Y%ff4ﬂ?¥4-biesc')lbsgﬁdylj:%,%l}%i Eﬁ?%?ﬁ{)l)%ypﬁgnyﬁ eosxefaz%?'}‘%% Irlﬁi%kel
di brom de,mdyp we di1F&@&PYye88RLaLERItEQE IR rimPhil HPredRt | "Bhérd’ can
cycl obut ane} | ni ckel di brom de,

2, 2' - met hybenebed [ apyr sbléRnt4-desicirtt oyd oRedm| anaoh-podyt cueinteme} $uchkel
di brom de, 2, 2'-nethyl enebi s[spiro{(4R)-4-isobutyl oxazoline-5,1" 2o

cycl ohexam®s priakiahait be biyidrocarbon solvent and an aromatic hydrocarbon

-2, 2" -mmet hyl enebi s sgi ro%(4R) -4-1sqobutyl oxazol i ne-5, 1' cycl ohept ane} ] ni ckel
di brbhi de, 5200 et Afefe BPIAFA RO LS S RER y RS 5asHetodRnabed of P HEPAF ckel
dibr omi de.o 29 £ % eMBERY! S020RRE(4Bhads 91 1A & Tkl UMIRARAS! taf)

2, 2" - met hydenedy SlEdRp s W -t Wok &€ atP AR AZRLL 416 Nkt ane,

di brom de, 2?2' - met hylpenebi s[ (4R) -é?—tert- l?ut yl-5,5 30 ane

di i sopropydexar®) | neknhckeli mdithvapaietane 49%cyclohexane, benzene,

2,2 -nmet hyl enebi s[ (4R)-4-tart-butyl -5, 5di phenyl oxazol i ne] ni ckel di brom de,
2, 2" - met htehtine ( (¥R} enet, adicinitoptonts Bulang c| b ELypbavardihare] ni ckel

di brom de, 5 2,2' -nethylenebis[(4R)-4-tart-butyl-5,5-di-(2

net hiA pherﬁﬂl)%&*’zﬁ'}‘ne?fn?cf@élc iBsfihpne, 1,2-dibromoethane,

2, 2' - met hyl enebi 4R) - 4-tart- hut yl -5 5-di - (3net hyl phenyl ).,oxazol.i ne] ni ckel
di br oni de,l'gl, ?‘ﬁé’%ﬁ@%ﬁ%?sF('%F?)t}/r&é'a‘}‘%?‘b%{'i}??%;51‘ tTE %methyf‘l“e'
et ! Pher)aasl 49U bl eholidiadle o -

2 ot g TR SRR . BESRoBHAUdS of asghlorobenzens) dimethyl) | o)
di brom de.ether, diethyl ether, diisopropyl ether, di-n-butyl ether,
2,2 -nmet hyl enebi s[ (4R)-4-tart-butyl -5, 5-di-(3net hoxyphenyl ) oxazol i ne] ni ckel
di br om de methy¥l 2ZenetbytghebitheRant-d@ld ; bli ¥ dhpSratie-,( 4

nmet hoxyphenyl ) oxazol i ne] ni ckel di brom de)
2, 2' 257et hyli Srebimg o x e thanes - bds(Zoumetthneyethmnd) setheysl obut ane} ] ni ckel

di bromi de,,_ 2, 2' - net hyl enebi s[.spiro{ (4R -4-tart-butyl oxazoline-5,1' zo
cycl opent d:r?é:}r]arﬂﬁre‘?gﬂ’r"?ﬁ‘oﬂP![r}el,%etra(hYC?ropYran-

(21i g'r;)mgy' enebig{sPLE PG4 il did ¢ DUl L @zl d Nes s Je G SNexa0aEd Dy ckel
2,2" - met h%%ﬁ@g&;ﬁéf&&éﬁ@ﬁﬁ ES 1 L% Ql'ﬂd"ey?iﬁé't enel RheR;-aned i §i ckel

di brom de, z5 2, et hyl ene -4-phenyl-5,5- hyl oxazol'i ne] ni ckel

di brom depf2 the raidiyn e9edE sSthdRrebpeitaiitte Tsonlbehi¥! a%aaoliig e i wke!

di brom de, 2,2'-nethyl enebi s[(4R)-4-phenyl -5, 5-di - n-propyl oxazol i ne] 3o

ni ckil dilasom melar F@atio of (a):(b):{c)=1:VyV .z, ¥V is from 0.1 to

2, 2" -nmet hyl enebi s[ (4R) - 4- phenyl -5, 5-di i sopr opyl oxazol i ne] ni ckel dibrom de,
2,2' - et hyl enebi s[ (4R) - 4- phenyl - 5, 5di cycl ohexyl oxazol i ne] ni ckel di brom de,
2, 2" -nmet hyl enebi s[ (4R) - 4- phenyl -5, 5- di phenyl ] oxazol i ne] s ni ckel dibrom de,
2, 2' - et hyl enebi s[ (4R) - 4- phenyl - 5, 5-di - (2- et hyl phenyl )




compounds (a) to (c}), which are raw materials, may remain as
oxazol i ne] ni ckel di brom de,

2, 2" - met hydrenebred ¢ el - aphery inb thedime(tia Xret dyppedy hcoxddmg nej ntlekel
di br oni de, is 2,2 -nethyl enebi s[(4R)-4-phenyl -5, 5-di - (4- net hyl phenyl)
oxazol i nepfes@rt ol pyentden.

2, 2" - et hyl eneb| S (4R) 4- phe gl -(2 t hoxyphen oxaz lin 4 ni ckel
di br omi de, dﬁ 9?”20 1‘¥g §r

oxazg] i ne] ni | ]

> Bt enﬁ'*% Lféﬁé% %eﬁw‘ S1RhEnYLA IR BhenbP ef&%aﬁe 1 kel
di br omi de.example of a Brocess for produging the metal compound according
nmet hyl enebi s| Spl ro((4R) - 4- phenyl 6xazol 1 ne-5, 1' cycl obut ane} ] ni ckel

di brom dejtozalia re®éhyl enebnsfop cohpiR)sds ptieays o¥peobifine- 5, 1'

cycl opent ane}] ni ckel di brom de,

2, 2" - met hyl enebi d(9piadf{nR)ddophbag @x:b;pdldeme‘r Fdlulyténhesateipiingkel

d| brom de, 2,2'-nethyl enebis[spirof Q:4R% phenxl oxazoline-5,1" 25
cycl ohept m q'ﬁldmogm%pg :ld'bamoun three times by mole to triphenyl

2,2 th 1&he S| -4-benz | oxazol i nej mck dlbromde

> > Het R EEE 14 - o BERGY) SRl 1RK ECERPREE. RESRAE R br on de,
2,2 nethylenebl (14 Y azql e

di br oni de, 2,2 r%n[:?t)h% eﬁ:egl sti (é4olf3§5-§}E eniz]?/pﬁgﬂﬁjtglél ggplrz%py oéli%io n n| ckel
di br om de,te&p%rgmjfyl enebi s[ (4R) - 4- benzyl -5, 5 di cycl ohexyl oxazol i ne] ni ckel
di brom de, 5 2, 2'-nethyl enebi s[ (4R) - 4- benzyl -5, 5-di phenyl ] oxazol i ne] ni ckel
di brom de, 2, 2' - (sSt)hydtednehirgf (Wdert-banzflubibgdceqditdtoy Ifigherfitom 10
oxazol i ne] ni ckel di br oni de)

2, 2" - met hHEMISIS (YA 4 4bpRFsy| - 5, 5-di - (3 met hyl phenyl) 10 oxazol i ne] ni ckel

di bromi de, 2, 2" thyl eneb| s| (AR enz .5-di - (4- et hyl phenyl)
oxaz® i ne] ni ckel qgl ’-[ét 1)19 “tRe ion,

& brom do. 15 2 3[5’()n§1h1“1 K %ﬁ?gipéenzw “%’%“*Qf e dtBaS henyl )

oxazol i ne] ni ckel (di brd?:@ idfy the solid componen
2, 2' - met hyl enebi s[ 4R) - 4- benzyl - 5, 5-di - (4- net hoxyphenyl ) oxazol i ne] ni ckel

di brom de, 2, 2' - fethyldneh; sfehi¢nd (4MRi- dibamygﬂlmﬂalzaﬂecmﬁes to rae

cycl obut ane}] ni ckel di brom de,

2, 2' - met hpbdadisiesd sﬁﬂlﬂeﬂ(qm)lpﬂneenzyl oxazol i ne-5,1" cycl opent ane}] ni ckel
d| brom de, 2,2'-net hyI enebi S[Spl ro{(4R) 4 benzyl oxazol i ne-5

cycl’o”hexane}] ni cl(él) &i B-Fé'ri"n“d?e unggfr B refluxing condition for from 10
2,2 -nmet hyl,enebi s[.s {(4 4 benzyl oxazol i ne-5,1" cycl ohept ane}] ni ckel
di bromi dexu'g S:efnttl%o%g ®t ast reorrers of the above-nentioned conpounds.

Furt her exanpl es er f o] I.net hyl pyrazol yl ) bor at e] ni ckel
mpl es (ph 5% teﬁ]e[t{%ﬁ H& ﬁt‘iog]‘f ny' py yl) ]

brom de, [hydrot r| S( azo orat ni ckel brom de) and 30

[hydrotris(3,5- d'(ibf)rtfitllﬂé/ﬂjﬁyd a@%yéo\:bgiah«eh@ Gealid SEmpsRELES. afla | |

further exanples of the netal conpound represented
(11} drying the solid component,

30 . The metal compound (hereinafter, referred to as




compound (A) with the compound (B), and (2) a catalyst obtained
by the fornulg [ 4 5 ? whereirn M- ?s a Aic el atgnl are cogbounds I n which

"di brom debyi 8 phecabaveonpiiisanffl tHy e of Scontacting the compound
changedt o"di fl uori de", "di chl ori de", "diiodida", "dinethyl", "diethyl",

“di i sopropyh), withphbeycompodinge(B) "and dinetduompaoetid {d) et Roxpdder to

“di - n-propoxi de", "diisopropoxide", "di-n-butoxide", "diisobutoxi de"g@

"di -tart-babPbitBea cafipprsfiorkavingor hbgh pelbymenizahienpacigRddoxitde . A
further ex | e of the netal_ conpound represented by the forrmula [4],

wher éfn I\/Zaaggvﬁ ﬂf“(‘fl?@lr SRyt agﬁo%Sggﬁa gﬁr'esent ed by the fol | owi ng

formila [7]: RsSpRigRupM “é,g%ﬁr@;ez gt ¥he Umadthd S¥febebnacaphtaa’ F51

and R52 is a 2,6-ditsopropylp gr oup; each and

i ndependengbipstin@ash plhi@in e AW Oged A OMHRIng EBLAMh a0TAUP. ia RB3uand

R56 are conmbined to forman 20 acenaphtene group; and each of Xz and X3 is

I ndependentbyootypacmeatdlercangoumwdi theato): a chl orine atom) a brom ne

atom an iodine atom a nethyl group, an ethyl group, a n-propyl group, an

i sopropyl group, a n-butyl group, a phenyl group) a benzyl group, a nethoxy

group, an ethoxy graoup) A n-propoxy zs group, an isSopropoxy group, a

n- butdxy group, anl’s Hﬁ@oxy or a phenoxy group. Furt her exanpl es of

the nmetal conpound represented by the fornula [ 4 ] are conmpounds in which

a "nickel atom in the above-nentioned nickel conpounds is changed to a

"pal | adi ungRLpgln, a?1'sCAHIMBE L a1 18eyiRGdioUra 3f GO gOT pa 1 gr W hHuvee at ont
s Exanples of the netal conpound représented by the fornula [4], wherein

M is an igQbisafgingae<b = 8; M> is a metal atom of the Groups 3 to

2, 6-bis-[1-(2, 6-di net hyl phenyl i m no) et hyl ] pyridi nei ron dichl ori de,

2, 6- bi s-[ 111 216 Lanitdepricly Sehdmd pifi tlog Rdwd ¢d pgrTab iwiofohhdi Ehéments; 10

2,6-bis-[1-g2:tart-butylphenylinino)ethylép ridineiron dichloride,

[ hyd@bt ri k3, 5SdR o8P i3 ukee @ axsikarsrkadienyér fyee anion skeleton,

[hydrotriSéS,S-diethyI razol yl)_ horateliron chloride d: 2

iy ot 11 <03, SR ARG IRT 2 STt SE O obip LS AHEEF 196 1 s g0 1P
conpounds | L, Coy, o ] oLi.dg’ £l %Mﬁﬂﬂé °3§19|di £l s
changed tdh$%¥€é0€$aeé§ﬁkdpklgé?%ggﬁ%yi'| I odi de th |nEt%§$%§Pg§?g h?l",
"di i sopropy? grougisihgye optdbhanayl 1inkddnBt BRHeRR', ordiet b@gh e group
"di - n-propoxi de", "dilsopropoxide", zo "di-n-butoxide", "diisobutoxide")
"di-tert- bothokatieing” di plaamod detordy Ads{2i6edi attent,- EUtnd {phemeni depih,
Further exanples of the nmetal conpound represented by the formulg (4] are

conpdénds ¥btexngenbgtomang sylfmr iatom anwm phosbborBsvatesvit ¥ond§ Aron
conpounds to_ a "cobalt atom' zs or a "nickel atqn' Exanples of the /G -oxo

type netalPZLAPBRRLIR hEYRCA2TRAMD GHANR & SHEIURIRE P& AEOPS MV ATP4]

are ~t_0xQ§“§Jéf§ éRBXE&%%@i type anion skeleton) or a hydrocarbonoxy
group, and a plurality of X' groups may be the same or different

each other.

30 Examples of M’ are a scandium atom, an yttrium atom, a




(cycl opentatf ST T P REGESTEPLE D A AR bom Afomy R 2irconium atom or

| t - oxobi s[d sQpropyhi &esg( cycl opentadi enyl) (3-tert- but yl - 54
net hyl - 2- phenoxy) titani um chl ori dej,

u- oxobi s[i sopr opﬂxaimbémﬂytngcgn@apthdvnangl 2 CZecpbepemtydiidreyili igpe
chloride], Ic- oxobls[lsopropyl|dene(neth | cycl opent adi enyl ) (3-tert s
butyl 5- rnﬁl'lrilyi?n skedeton s LimnemashlMor- (dujostituted)cyclopentadienyl

Chi 0¥ do] SE o A 9326%%"&?3 FRRLL 8EPEpel Gacha Enyr ) (A M
3-t t - but yl {

Edl rrg'[ hyl gl ?(y e%ner{?' éﬁ‘?ﬁ)é’?‘g“%mﬁx&ﬁ?%ﬁﬁ“ QL fg8Qlc?ia]{':)am“

[t - oxobi s[4 nﬁshéﬂrélbyéﬁ@ﬁﬁ%?l Pg‘i'tcfiﬂi ey ) -metl]lylcyclopentadlenyl

(3-tart-butyl-5-nethyl-2-phenoxy) ti tani'um chl orid

u- oxobi s[ djrarighy | s | ¥ eferie byt st cipspé mtla @Dhy 1i griotppheoxy) titani um
chl ori de], u-oxobis[dinethylsilylene(nethylcycl opentadienyl)

(3-tart- but-)ll 25 drimeiy I yphieopey Fadt anydmasiougr.i dgi , 7
I't- oxobls[dlnethyIS|Iylene(tetranethylc%clopentadlenﬁl) (2-phenoxy)titanium

chl ot de] , ~&né- Qémfﬂﬁ&ﬂﬁ¥ﬁ¥ﬁmﬁﬁh§ﬂéﬁp e@ECH& r At Ryl cycl opent adi enyl )
o S4B AR 5, ]
|nthesecompgqu%engu€yy|§kheF§§9$kegﬁ8 3%d¥%§¥i“§{?X|de

| sopropyl yl benz n propOX|de

ISODrOpoﬁhdemeth@rlmzt-%&ter dpylé?@ﬂbﬁéh@%daedy@!tgﬂﬁﬁmdﬁ n " phenoxi de”
or "2,6-di-tart-butyl phenoxi Further exanples of the !-~.-o0xo type netal

conpound OfF 1t he timwtlal3 cioymroply Lepekopeheddienivie doswm) aah4n are 30
d|-|-~.-o obi s[i sopropyl i dene(cycl opent adi enyl ) 55 (2 phenoxy)titani um,

~2°oxob:§sF-| goeprégyumedéneleyel epentadiienyll) group, an
3tert byt yl - 5- et h henoxy)titan
( - u- oxobﬁsg eofrd QEQ£§¢§?¥E+§$%9EF9bEHLédﬁ&ﬂﬂ% 5% 27phenoxy) ti t ani uni,

d bis qg[!%

(|3 ?e??obhts%k-ﬁg-g %{%‘fl— - ﬁ%&yégygkﬁge%%%%’e?ﬁé%xob| s[isopropyli dene

(tet ramet hyFeﬁ%ﬁ.e%wuﬁ%aé&tQéfaﬁfx)éfé@ﬂI WH .7 P Oindenyl group, an’
- u- oxobi s[ i sopropyl'i déne (tetramethyl cycl opentadi enyl)

( 3 tert-bu$d4ps et hykeRrphs@@oiddd mrl ugtoug - EnoXpbi 5-methylindenyl
[ di met hyl silyl ene(cycl opent adi enyl) (2-phenoxy)ti tanl uni,

di - ubeobggQMBnﬂaw1Bfkykmaé@whﬂnﬂﬁnnkunxmww) a6 7°-4-methylindenyl
(3-tert-butyl -5-nethyl-2-phenoxy)titaniun

d| u- oxob|9§'[°d’|Pﬁet%l |I‘§I’@ﬁ§bﬁ'ét1h’>ﬂ%'%1i SRR di B8Ry 1)’ (Bl EeR %A unj |

(3 'ltje(r)img:?l‘{ﬂdl rre':ﬁﬁ/ e Iengﬁg’i}fﬁe{%ﬁ[ diﬁﬁent adi enyln)

di - ~- OXObISS dk@?&“é%%ylén%}ftg&%%t hXLCWﬂ Qg‘ﬁgﬁd'bmyﬁfindenyl group,

(2- phenoxy) i taniu

di -u- OXOb'aﬂﬁmhﬂ’éﬁtlb’ﬁEﬁQﬁ.ha%r T Yy .C lagpent agll ea¥k) butylindenyl
(3-tert-butyl-5-nethyl enoxy)fitanium . O her exanples of the conpound

( B) )sowher girauiphe aret@P-6-tert-butylindenyl group, an 7




-1 ; . g ]
z5 atomii s'%_%l?%ﬂgﬂ'lgfign largérorﬁ%ke?ncﬁl orzi“ g,thmlckselprb?%h%?eﬁ?%kel
i odi de, ngekal S af .2 mekRY 10Ul bRty Ninddily Pegeohpr at e, nickel acetate,
ni ckel trifluodroacetate, nickel cyanidé, nickel oxalate, nickel
acet yl acehanats,2 sty 1yl ) naphkalyl ibidenl 5 -gyeippcand nerd)lniceaiyl 30
di chl oro(1, 5-cycl ooct adi ene) ni ckel, 56 dichl orobi s(acetonitrile)nickel,
di chl or obgsobenzam t7 f +2) ht dkeerhydfiaodenyl sgrouphang! prodbhi ne) ni ckel ,
di chl orobis(triethyl phosphi ne) ni ckel, di-acetobis 5 .
(trﬂﬁheny% o%pﬁ%né?ﬁﬁchﬂFY% YorRe Ry rg iRy | PHIsPRP B RRERER groups
di chl oro[% 2- his (di phenyl phosphi no) et hane] ni ckel
bis[1,2-b E‘F&Pﬁ’ enyl phosphi no) et hane] ni ckel
di chl oro[ 1, 3- bi sg i (@Yo} I GK ' ining a
bi s[ 1, 3- bi s(di phgﬁeyaflgﬁ%p%?ﬁg%r g%)é%eri&giqc'{ae“r,ﬁt the bloup containing a e,
t etraki s(peeked-attdnthBi LK aket £ Iy gt Gt @ SNLIE G Geedm plat hakeoyem ne.
Exanpl es of the conpound (B), wherein the netal atomis a vanadi um at om
ar e vanadatomaastlyhquled ophdbeusvanadi. uRkadpiesr aEhtbei deoup containing
andvanadi unoxytri chl ori de. Anexanpl et hereof, wherein the nmetal atomis a
sandbi um athehene- aten preamel KoKy GRnEBEEIHAFE dFaMPAR thioalkoxy
nmet hyl t et rahydr of uran. An_exanpl e t hereof erein the netal atomis an
Vet orbi unPaelRy P HrE SRR SRy 14 AT G SR T EPp PR a1

met hyl t et r.of_ur an. Q u :Hé@q ' 1z bt ai
t he cat al 9??}/1%1 gglc%ﬁd‘%ﬁiﬁéeb%g@ﬁ%ﬂ%&ﬁﬁﬁm a eiit] oggg?l ;irglsflgnt ed
by the fohkeihrdd YrmyBpiHtiéonbiBlocde11cd grovp Cont@iMrdg~ 1k~ itsR-s
MvXs Rya ~ AR 3 Y ~R~"~z 187 Rz\Jz~CP\ Ma~Xs X\ Ms~CP\ J3~Rss Rzs ~ \ Xa/ \
\Rss Rza rihgAatAteast Hhe 4t9mRE&lecBed Rebm\ tR83gRenpRepnSiatdmpof , a g
C5 76 R-Ja~ P~Ms~X~M/i P~Js~R Rss' \X~o0i ~R7s v \ Aa As / R7a f10] v ~ ~
Rsi 2R7i \ap ypgesatRpy, a sulfur atom, a nitrogen atom and a phosphorus

>

atom; and a chelating ligand.
Examples of the group containing a hetero-atom are

a methoxy group, an ethoxy group, & n- or is0-propoxy group,

a n-, sec-, iso- or tert-butoxy group, a phenoxy group, a
25 2-methylphenoxy group, a 2,6-dimethylphenoxy group., a

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

4-n-propylphenoxy group, a 2-isopropylphenoxy group, a

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

4-tert-butylphenoxy group, a 2,6-di-sec-butylphenoxy group,

30 a 4-tert-butyl-4-methylphenoxy group, a




group, a 2,4,6-trifluorophenoxy group, a thiomethoxy group,
10. wherein respective M to M are independently an atom of the Goup 4 of

the peri od ciimdtieyDamihe grewp)t ¥ dasfleglavendl ghreoupS & &i-ependent|y
an atom of the G oup 16 of the periodic table of the el enents; respective
J1 to JS drso-@repryhaninohgrGupup asligghenplanthodgeoughl @mf the el enents
respective 15 Cpl to Cps are a group having a cycl opentadi enyl. ani on

skel et on; 1SCRFOREPRBLNQITAIR oA Rer tRPUEHIFNEN0 groupy FPYITRIY L PrEBR - Rsi

to and R. 1 are .independent Ly hydr agen_at o hal ogen atom a
hyclr Bar boha e By RRe R AT FBH0: 1§ L Rty R Seh RORRAEY Greth: b

di -substit ) A Hp 2a ) $§i? | b e PN n

sel eno grcﬁ?ggﬁgbtﬂﬁgg may R ﬁ% ?{& gor m lglglhgfg g%lrog'gp'ogrgipl uraﬁ%{%f
rings whi gjragy, taeaarrﬁjmsﬁ&x%mﬁéxgrgﬁeﬁ @rénﬁ!ﬁiﬁpbtaﬁgﬁ)—ba&f%l{@ﬁmt ive
Xs to X1 are an atom of the oup 16 of the periodic table of the el enents.
In the forgnduge, [a 821hydofok§-Kkiscpmpyl gpherpresgrbag,bwio M to M are
a netal atomof the Goup 4 of the Periodic Table (1 UPAC 1985), and for
exanpl e, & Matdmxsateshodapr ga9wmm & o2 drnder a8y nBumedhonzphenoxy

exenplified. A titanjum.atom and zirconiumatom are preferred.. Exanpl es
of the gr 89 HRw Ry b Y eryaaheiby L 9EeuRs by orG4RYETORYRARRIIY Lo Cps

are an ~5- tityted I,e roQuR, 8N 2755 | I ut | adenyl
group, ané’(]:?l}r&bE'SI-a (%U%s%?%é%éﬁ?? Pﬁgrleﬁ%({mgr' oéjug.’épem ?zcirg@n%*gegtﬁgargf are
an CS'Cycbpgﬁﬂi@dﬁfﬁyﬁrgﬁ9uﬁu610&@&éﬁh%ﬁﬁibﬂ&ﬂfi0§§8h?Q'%ﬂy| group, an
~5-di net hyl cycl opent’adi enyl group, an r)5-trinethylcyclopentadi enyl group)
an ns-t et Manet ley) £y<t opest sdreRYlutIo)2 ‘Hinebh el bk ayphemdvadisnyd , gr oup,
zs an ~5-n-propyl cycl opent adi enyl group, an ns-isopropyl cycl opent adi enyl
group, ananps-an-bik Yl eyel opebravedimyl .clb;isebutylidenediphenoxy
~5-sec-bu%ék§%flopentadienyl group, an 275-tert-butyl cycl opent adi enyl

gr out? “775- phenyl cycl opent adi enyl group, an

775-trinmet hysilyl gycl.qpent adi enyl 0 an

{75-tert - but yl didtIRTATT yTESR PRt ath £ OF LGP BuBLONRCOBEARIRT FFUB, an
ns- met hyl ijRdegn - i I'ﬁwgww r .
775-n-pr06§l?hﬁgﬁgﬁygfg%g?Qgﬂz%§5g?g§%g%63 |ndeH3$ g?gﬁﬁ?%a%§£ﬁ
n5-tert-butylindenyl group, an an 7| 5-nethyl phenyli ndenyl group, an an

71 5-trimethyl silylindenyl group, 5-n-butylindanyl group, 775-phenylindenyl
group, ?75-napht hyl RAsRB=N4 group, an 7| 5- {8frahydroi ndenyl io group, an
7)s-fluorenyl group, an >75-nethyl fluorenyl group, an 7| 5-dinethylfl uorenyl
gro) an ~5-tert-butylfluorenyl group, an Tls-di-tert-butylfl uorenyl

roup, an_J75-phenyl fluoyrenyl group, an 775-di phenyl fl uorenyl group,
9 P wﬂere&n Ry is a hyd%og%n alta:om, a haloggn a1¥om or a h¥'dr ca:.pbon
group, three R® groups may be the same or different, and two
or more thereof may be bonded mutually, or may form a ring.

Examples of R® in the formula [5] are a hydrogen atom,

30 a fluorine atom, a chlorine atom, a bromine atom, an icdine




group is a Froup represented b% the following formula %6]:
an 775-trinmethysilylfluoréenyl "group and I5 an 775-bistrinethysilylfluorenyl

group; preferably an 77 5-cycl opent adi enyl group) an

775- met hyl cycl opent adi,gnyl group, an T)5-n-butyl cycl opent adi enyl group, an
7I5-tert-buty|cyclopgitadienyl group, an >75-tetranethl cycl opent adi enyl
group, 2a an 74é-inde yl group) an 7)5-tetrahydroi ndenyl group and an n
5-fl uorenyl group. NX to X, RI1 to Ri's, RR1 to RZS, R31 to R3s, Rsl to
Rss and R1 to Rg of the formulas [ 8] to ( 10 ] , as a halogen atom a
fluorine atom a ghlorine aftem a bromne atomand an iodine zs atomare
exenplifiegy and 4d chlortwépgton1or a bromne atomis preferable, and a
chlorine a j

O *Al‘ S
to R3s Rsl to K 3
hydr ocar bon gr|o n| al kyl group) an aral kyl group and aryl group are 30
exenplified. QQ-AsThe al kyl group, a nethyl group, an ethyl group, a
n-propyl ogr®up, aif isopr@®Hl group, a n-butyl group, a sec-butyl group, a
tert-butyl group, |an isobutyl group, a n-pentyl group, a neopentyl group, a
tert-pentyl groupgsa n-hexyl group, a s n-octyl group, a n-decyl group, a
n- dodecyl group, n-pentadecyl group and a n- eicosyl group are exenplified.
These al kyl groups nay be substituted with a hal ogen atom such as a
fluorine atom a chlorine atom a bromne atomand an iodine atom 10

Ex f h | kyl. hstituted with th I t

1 doPbmet MASH HRp S sPagh 1 81 Oha Rev p=gibR S, Baed oY g bH 4en
Lrichl oronRldiy Hidiibgdh A O Wa: Ut ibor? UG ! HREL WG r 60\ Py @
per f 1 uoropropyl group,” a perfluoroButyl group,’a perfluorohexyl group,a

perfl uoroagtailp 1% HOUPL PEEeH| ¥ G Ainddtiup 2 Hedy GRAPIHUEYE gHmelp and
per br onopr opyl group. The al kyl group is preferably an al kyl group having 1

to 20 car lwon ddtfdieserand anot éwpor okemabéytzenedfyhagrmuporate@muytiuvagklmp, an
i sopropyl group, a tert-butyl group) an isobutyl zo group or a tert-pentyl
group. Ex&hpIRayY ofo¥MeaaFaRWy| group are a benzyl group, a

2- met hyl phenyl ) et hyl " - et hyl phenyl ) met hyl ,
(418 hyl phony| | TECRBE e S 15 10t th PRy AATIR Gy SR dragen

2, 4- di et h . - . 5-di et h ) et ,
(56 di nechEnen s 1IEF TP HESHE: o Fa.ofuRe Ae0h o an BEHKE dtom L AHD 2
(3,5-di ”EtirijQ{l@rﬁfﬁarﬁ?tQYﬂahQﬁfﬂpgr@uﬁz,§,fﬁ%ija_ﬁ(ﬁ%@vyé.' hemy ) etiHagiepp, a

30 (2,3,5-tinethyl phenyl)nethyl group) a , 6-ti met hyl phenyl ) net hyl
group, a (gxdurb; ta neéhylphenyl ey, Qroupdiméh¢lhenyal dqienyd ) net hyl
group, a (2,3,4,5-tetranet hyl phenyl )nethyl group, a 5

(2, 3, 4, 6- tetflaraernyy phgnohpreehgl-mgtiypleenyl group, a
(2,3,5,6-tetrqnethy|phenglinethyl group, a éﬁentanethylphenyl)nethyl group,
an (& hyl ghdiiA S e rgre ghylpheaydn 55081B/ phehyng FeerypPhgngdp 9&pPp. 2

e AR 8 R b2

a benzyl group, a methyl group, a triethylsilyl group, a

pfeferable. In Xto&], RlI1 to R's, R1 to RZS, R31
R1toRs of the formulas [8] to [10], as a

diphenylmethylsilyl group, a l-methy-1l-phenylethyl group, a




t idine, lhyd , diethyl triami .
group, a (ﬁ?g£%€ylp%%ny??¥etﬁy a&f%ﬁb, a.?né%p%%?yrpﬁgﬁyF)nethyl group, a

(n- hexyl phﬁﬁ}dﬁm&%tétﬁuﬂinéﬁn}ﬁﬁ:@ﬂﬁﬁﬂwéf@kﬁﬂatﬁé@llﬂnd cryptate.
a( n-decyl phenyl ) net hyl group, a (tetradecyl phenyl)nmethyl group, a

napht hyl net hyl (Examppied 4F tine dne henoepglliet bybugr aspL?® Hse ar gkl dyit oup
Is preferably an aral kyl %(oup having 7 to 20 carbon atons, and nore

pr ef er abl HZPYRen 29 Ngpuhgtituted énidpzodylagypupgrang an V-subisddtiutgdup, a
2-tolyl gr.o 3-tolyl group) a 4-tolyl group, a, 2, 3-xylyl group, zo a

2, 4-3&1 yl Y 65'%1 2?’55‘}9I'yf"n ryaﬁ,feéﬁé,/‘%-%@%%ﬂg} %@,X‘P-'xyl yl group, a
3, 5-xylyl group, - LE h n a -t I

gr oup, a233,6¢rﬁﬁ% g?%hé%yggéré@%?%ﬁﬁﬁé§é§$?%e§ﬁ§P§he%??%%%%S&Eﬂﬁl

a3, 4, 5- trigwidyil pltegrbudsOdRe 2idkdd e lanPRRAKMI SHE Yol Wikh ad Sa
2,3,4,6-tetramet hyl phenyl group, a2, 3,5, 6-tetranethyl phenyl group, a

pent amet hpledamdne rargpup anaet dyhphenyl ggbauvpand a- propyleEen\yraipium an

| sopropyl phenyl group, a n-butyl phenyl group) a sac-butyl phenyl group, a

t ert - but yisgipshdl tyed @lkinlene mroup msh ag augime thy imeddndaphandup

group, a neopent yl phenyl _group, a n- hexyl phenyl 62_group, a n-octyl phenyl
grou%’, a ﬁ-a&‘eé}ﬂ?ﬂfé?ﬁﬂlb‘g%ﬁﬁ, 9£°HPdo@é'é{/)Iap eRy AP thy Lgnec LRy 1 Dheny |
group, a | group and an, anthracenyl. group. The aryl daroup is

pr ef er abl y%q'g'ﬁ}lta@rhyel g%lf%‘g%' h%vFHBsélg:ut%(?%(fJC]%]g%lﬁe aP OnEP éH&g‘nﬂﬁg %r ef erably
a phenyl gngitnyiesey phkY! qratpl kY andharids orosRs gheyg, manti oned as X
to X, RI1 10 RT6, Rféyl to RS, 1to RBng,yR%lﬂ*o R%6aan§$ﬁ'l to R 6 of the
fornmul as [@@phenyldlyI@ye heréeppest taekimethsiiaishad Midd grdigh agad £t om
such as a fluorine atom a 1o chlorine atom a brom ne atom and an i odi ne
atom an dilethagryaipl slehe graupetdokp hebapoand ocansetchoay andijrogen

aryl oxy group such as a phenoxy group; or an aral kyl oxy group such as a
benZfl oxy 3¢C8up ATFRXFELN koM RoSRLEuw Rt AL R2PhP§PROFUSRAL A R3s

15 R61 to, R66 a R1to R6 0of the fornmula 8 1 t 10 t he

substi t ut 0SSP0 RpHai e LY Tt SERERAR tpor PeEby Nieh SFIRRN @hr bon
group) angd,$3ai; rbgn %HRE | e | om
such as a f gjo%n%g'rgtgo% ! g%%ggﬁxgﬁétt%%l a ls;om' qu}tﬂo%gg 5g§kq'?'%rﬁée
atonm an ahleepy ,gaoalﬂpﬁaﬁﬁmat&yrﬁtdw&o% 0R0gPmaRHvaR ialyIXne Gy, an
aryl oxy group such as a phenoxy group; or an aral kyl oxy group such as
benzyl oxyagddejthyllsl Iwlkksne agboapgr audiphemyel i Bl gnangabkyl ogr aip havi ng
1 to 20 carbon atons such as a nethyl group, an ethyl group, a n-propyl
grol®3, andiaghepysigiiplene agnobntyl group, a 2s sec-butyl group, a

tert-butyl group, an isobutyl group, a n-pentyl group, a_n-hexyl group and
a cycl ohexyl gro@ﬁ‘,a“@rlea?longnglF%ngﬁ&v‘I‘ \eileat égzi‘)r%aﬂ Bdiodt ag@é’h as a

h I I f h_a.substi LIyl 3

ono. subst CREEH SR FFoBofpRaDLR 3Tl 200 APobRIANaE tollen L3RR 1R
t hyl si | ' 1 ' ;

i - substi Dbt SACORY GPOEEREn Brbhg B8 R 3% B AT bt W axiieyy

dinethylsbkﬁhpgrgmphjylﬂg¥5u¢sghalagrggmiﬁyizgégﬁpenylsiIyI group; and a
c

tri-substituted silyl group having 5 3 to arbon atonms such as a

trimethylsilyl grBuxpmpdels o€t hjtesalklylggeopp ast Xt -arepromeitdivily gronpup, a
triisopropylsilyl group, a tri-n-butylsilyl group) a tri-sec-butylsilyl
group, a tri-tart-butylsilyl group, a tri-isobutylsilyl group, a
tart-butyl-dinmethylsilyl group, 1o a tri-n-pentylsilyl group, a
tri-n-hexylsilyl group, a tricycl ohexylsilyl group and a triphenylsilyl
group; and a trinmethylsilyl group, a tart-butyldinmethylsilyl group or a
triphenylsilyl group is preferable. Exanples of the hydrocarbonoxy group in




Each of these alkyl #rou s may be substituted with a
et hoxy group ) a n-propoxy group ,” arm I SOpropoxy group, a n-butoxy 2o

group) a $R-dYEPAY o DUEh ad A FHluditi \ tOUR chA dr e @b ,04 Bfbmihe
neopent oxy group, a n-hexoxy group, a n-octoxy group, a n-dodecoxy group, a

n- pent ade@bom gmeli@anaddddne aitows.0Bxanmigps ofhesschaldroal krlo o um \a e
partially substituted with a hal ogen atom such as a fluorine atom a

chl ori ne & &kpozome thydndreunt ofn taidf HroTome kit dneuRn aackdey ooty Luch

as a net hox roup and an et hox roup; an aryl ox roup such as a phenoxy
grot® or %??‘Jg?-al y‘F’&%‘ﬁhb?BBBe%‘éfﬁ' Whhyerfy %‘%?xﬁgBHHR e R «Fky group

in Xto X t I , d R1t

Eps ofotm?ﬁd%%%ﬁéhﬁ%éghfgtgkﬁuﬁésf %§%£¥§éé§é§§?§%F?kghgéﬁéixsngroup °
havi 1 S t

oy g e g S g U8l By SR I e

ar al kyl oxyraupp argefchHeEoZyhospyldl eupurs, a (Penehbyrpbanyll) eetdwgxyamt oup,

a (3-net hyl phenyl) net hoxy group, a (4-nethyl phenyl) nmet hoxy group, a

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

(2, 5-di net hyl phenyl ) met hoxy group, a 10 (2, 6-di net hyl phenyl ) net hoxy group,
Dt Ty phRsd

a (35%4- di met hyl frigRtrsFet HRSS GrQuR s A vdteh AU Y fFdup, a
2,3, 4-tri_nmet hyl phenyl ) net.hox royp, .a (2,3,5-trinethylphenyl)nethox

r oup. o PARCR YR R A5 e P isefio o dnd A BeHbR an T A
2,4,5-tri ?%QXJ 0 r 4. 6:t1] ﬁSﬂN zﬁﬂﬁy

éroup, a F%}BSS!}? i rret%%:atp? eé\él ?r@‘{{ﬁ%?(%ég?%%%ﬁ a&: i QEERO0RY

(2,3, 4, 5 iidnangd hylvdwenyldRPt Gewwupdr oup, a zo

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

(2, 3,5, 6-t et r ameltey apikarly gy oephas X' gt o prre £2 rgely amed by b hasrot ) retvhioxy

group, an (ethyl phenyl)nethoxy group, a (n-propyl phenyl)nethoxy group, an
(isd@ropyﬂpﬁ@n?P)ﬁéFé@%yagpmﬁp,@ﬁﬁbmpyﬁpﬁ§ﬁfﬁ¥ﬁéﬂﬁb%y“ﬁﬂﬂmﬁ% GAOWp . an

(sec-butyl phenyl ) nmet hox roup, tert-bytyl phenyl)net hoxy_ gr.ou a
(e hexyl DAL OB At ST ORY L AXsEiRr Bkt HEr b 8F ot L oty
(n-decylpgﬁgxlﬁ Y. u napht hyl met hoxy group and an

ant hr acenyf nme gﬁiqg?St .PSQr?ﬁgée ar al kyl oxy groups may be substituted

with a hal ogen gl O8N StIGheardaiRHOgrR EATK! 8kl Dbz Al YBowd .,

brom ne atom and an i odine atom an al koxy group such as a methoxy group
and an et koxy -gretitpy 1 ptie®yY ) A& Y hgLO Wi okipch a8 S( B-méehpiphgngly) medrhiehn

ar al kyl oxy group such as a benzyl oxy group. s The aral kyloxy group in X to
XT, R11 tgrRup .RA (4o mechRrBpheoyR3metRyll tgrdup, add R1 to R's of the
formulas [ 8 to [ 10 ] is preferably an aral kyl oxy group having 7 to 20
car bon até@B,19%?%ﬁﬂ¥92#%@%£éBP?hXIb&ﬁﬂﬁquﬁgroup. Exanpl es of the

aryl oxy gr,Qu .8 [0)4 ou 10 2-met hyl phenoxy group, a
3-nethy|pﬁgngiﬁgﬂé%ﬁgEgbﬁgﬁgﬁﬂ??ﬁﬁgngﬁ?%ﬁbdb, a 2, 3-di net hyl phenoxy
group) a 2,4-+di a - di net hyl phenoxy group, a
2,6-dinetﬁ?rSh€§§§9¥§8§§3?é§?g@§?§¥%e hfﬁl'eE%xy group, a

3, 5-di met hyl ghenemet B P n ¢l Ymbahi1birdup3- et hyl phenoxy is group, a
2-tart-bu?y|-4-neth;?%henox€ group?iaﬁé-fgft-butyl-5-nethy|phenoxy group, a
2- 1 @t - but(Bl, 46-amddtH syl gmethyd2 gohd ,r iaret hyl phenoxy group, a
2,3,5-trinmethyl phenoxy group, a 2,3,6-trinethyl phenoxy group, a
2,4,5-trimethyl phenoxy group) 20 a 2,4, 6-trinmethyl phenoxy group, a
2-tart-butyl -3, 4-di met hyl phenoxy group, a 2-tart-butyl -3, 5-di met hyl phenoxy
group, a 2-tart-butyl -3, 6-di nmet hyl phenoxy group, a
2,6-di-tart-butyl - 3- net hyl phenoxy group) a 25
2-tart-butyl -4, 5-di net hyl phenoxy group, a




. (2,4,6-timethylphenyl)methyl group, a i
2,6-di-tart-butyl - 4-nethy pﬁeXoxy grgup, a 3[,)4, 5-trimet hyl phenoxy group, a
2,3, 4, 5-t qtF, 76 Iyl phergny t H528Bend 13nietiiy DU§ybup, 4a5- t ri met hyl phenoxy
group, a 2, 3,4, 6-tetranet hyl phenoxy group, a 30
2-tart - but{yd -3, 4, G- tetramayhghpheny lgmathylkh grégp, a
2,6-di-tert-butyl -3, 4-di met hyl phenoxy group, a 2, 3,5, 6-tetranet hyl phenoxy
group) a Zt%r%w%-tﬁwet%@?@thh’ilﬁéleﬁmlﬁﬁ@w FHePP - a2

2,6-di-tert-butyl-3,5-di net hyl phengx roup, 5 pepta hyl phen roup, an -
o BylﬂplheEdﬁ?%&?hﬁélﬁhﬁ%ﬂ%%ﬁiﬁﬁ&%ﬁﬁ,alanP ?E%ﬁi?bg%‘?ﬂ?ﬁf%}g@]?oupf) a
n- bu rou r atert-bu enox roup,
a n- hgxsl en X'g %r%bﬁrgsﬁiggkékgn%%%r up,pé ‘tﬁlﬁdecyl p%egoxy g?/ogp, g
1o n-tetrgdeayRPoFNe Ay 2YRe tBy1oPROBEX Ya ThOBR t3NDHh PIIHé BIELD GO OUp.

These aryl oxy groups nay be subStituted with a hal ogen atom such as a
fluorine a ¢8ecabultyliphenyl ime tAyhrgndvap, as oft entl- butiyagheaydt) o tignt

al koxy group such as a nethoxy group 15 and an ethoxy group; an aryl oxy
group suclgrenme ghelxpegytvpliphesylamedtatkydoxyp grdup such as a benzyl oxy

group. The aryl oxy froup in X to X, RI1to R's, Rzn to Rzs RBt to R3s ,
Rsl Yo Red n&fPeR Uy IRNeR%LINethy i gFoiP o (NghPXYJHReRY LI TRY LARUR y an
aryl oxy gropp hayi 6. tq,20 carbon atons. z | - | .00
oroup | n % oSGy PR nk e SR SPQRR) I (i Reby e TR EIEE S ALET |
R's of thef FEANSuS adTA PR AGHB thyAS§EbUpethay th

t wo hydro%ar ggﬁmgﬁ?ﬁﬁoﬂrhésﬁyﬁg?%gps an]'gl1 ggﬁ%ﬂhyd?ocar bc%1 &grou% and said
silyl groam mEtHacemeinéthed Wrbapa hal ogen atom such as zs a fluorine
atom a chlorine atom a brom ne atomand an iodine atom an al koxy group
such as a net hox\Eaplougf drite se @tabkyl gyoappsanayr peogpbgitddm taut twigth a

phenoxy group; or an aral kyl oxy group such as a benzyl oxy group. Exanples
of t¥e hydr SEdastan AP sHehaAsSapkFLUQIONS REPRYi AgCRLPgise ahon &t ons
such as a_nethyl group,_apg ethyl .. 67 group,_ a n-propyl group n i sopropyl
group, a -rl?ﬂ%e %f‘b‘dﬁ,a 33@8- gﬁ?ﬁ‘egla%ﬁ’ﬂ}' £ aﬂ%ﬁ?ﬁ%%’& uchh a%5cbut yi
group, a Q- gmg,l , - he o] d C Y g @ e AVl
group havilpﬂr‘lagé;mill tog%r(fq{tgrabrg%r%l?oén%ﬂosu hﬁggﬁg,p%gnéﬁ&g?g%;g sﬁ%uan ar al kyl
group havighghénlokyl reAIPOb Al e SALKy B6x§ §eBay stichUps BXdeRlz88 o¥y t he
silyl group are a trinethylsilyl group and a tart-butyl dinmethylsilyl group.
Exanpl es @rosiypch a di -substituted am no group are a di methyl am no group, a
di et hyl am no group, a di-n-propylam no group, a 1o dii sopropyl am no group,
a di2sn- but yl am Mheyrastdkel direre -autX/] 45 poefedaPla ad aralybutgHola no
group, a. _di-isobutylam no group, a tart-but él i sopropyl am no lgrou .. a
di - n- hexy P&TAG iR “RTROM ASAMA oA AT BF L8 T Hhe T et LSRRy, a
bi strimethylsil %xaa%p egrgyptﬁgdaxayl group as X! are a phenyl group, a
2-tolyl group, a 3-tolyl group, a 4-tolyl group, a 2,3-xylyl

group, a 2,4-xylyl group, a 2,5-xylyl group, a 2, 6-xylyl group,

30 a 3,4-xylyl group, a 3,5-xylyl group, a 2,3,4-trimethylphenyl




_ _ n- rop¥lphen 1l groHp,_an isopropylpheng; group, a

I's bis-tart-butyld nmethylSilyllam no group; and a di net hyl'am no group, an

di et hyl ammab gt pipheAydi ggoppop addc b @tplipheAyllii giratip bw yl ami no group or
a bis-trimethylsilylam no group is preferred. Eaxnples of the hydrocarbon
thi o grouptéemtXbutyXpheryl gooup.Ran IdbubyRFSenR3] grwuRBs,a Rsl to Rss
and R1 to Rs of the fornulas [8] to [10] are an al kylthio group, an _
ar al kyl t hi® RRHEHLRARREL A RHIRY QWGW%YBBW Ry e HLRRRBLare a

met hyl t hi o_group, _an et t hi 0_grou a n-propylthi rQup,_an

soptbpyl GBS 8 Bufc Y LRRsRedh EHay Gheh SoeXiPs: RS ob,
tart-butylghi g&e&% | thio Sﬁ%ﬁﬁ ' P 1

n- hexyl t hi o%‘?%%%?ﬂghﬁﬁggt t %/btag}rloﬁg?ggaﬁ- (%'ecy ?élglorgrpg'ug, a thy

n- pent adecysd iy Cad OMR aA¥h2alke®iyOSYtddp O group. 3o The al kylthio group is
preferably an al kylthi o group 8 having 1 to 20 carbon atons, and nore
preferably a nethythbiforhgoeprydrgsilgys mhydegsobptidm tieshpi tiprlhalagem oup

or atert-butylthio groug. Exanpl es of the aral kylthio group are a

benzyl t hi Ak Encts ag a2t kaeREnghakgmy net¢ljleRinegabop) @ bromine atom

(3- net hyl phenyl ) net hyl t hi o gr oup, 4- et hyl phenyl ) met hyl t hi o _grou a
(5. ST el ARG TR RFerr c3Br BREORK BEORBUA TG A o A SO, A oe
group, a 5- di h ny i ) ]

(o 6 i mect SroahBRY Yo PRRT o FpYOAY o fif Shciflas o phegoxy aroup,
group, a (g% %ﬁ'é@éfﬂ%ﬂbﬁgyl‘;ﬂ:%@ﬂ&éﬂ QI'OUWenfyloxy group.

(2, 3,4-tinmethyl phenyl)methyllthio group, a 15

(2,3,5-tinet hyl phry lgrEl idddp dsgpeeferat(d; anbakiyretipuphraylihees hydt hi o
group, a (2,4,5-tinethyl phenyl)nmethylthio group, a

(2, 4, 6-ti it napemyafoms hy endi oiogreogrefexah Uy S5at phennl @rowp ) net hyl t hi o

groug, a 20 (2,3,4,5-tetranet hyl phenyl érret hyl thi o_group, a

(2,3*Y% 6-tet rarre’*’l‘@t‘?‘@%%ﬁy??n’é’t‘ﬁyﬂhPBY rgGplpgas X~ are an ally group,
(2,3,5,6-tetr | phenyl ) met hyl thi o _grou _ Ca

(pent amet 1y PERBRITFEERUP ¢ 4 B =¥ ados Pafb A o Andi PREPIH G AL o
(n-propyl W}ﬂ h | QU | I I tHy oup,
a (n-butyl pheny% ;fhr;%t %%%tgh?%%gﬂg;&&ap?%g%%gﬁf %ﬁeﬁ?ﬁ?%%ﬁ?ﬁ#oﬁ%ﬁﬂ% a
(tert-butyd plhemd )e@tbyht Atemgr, 0dnd adde et SHEPYY) BBt Byliyhigroup or
group, a(n-octyl phenyl ) met hyl thi o 30 group, a (n-decyl phenyl)nmethylthio
group, a a G@etlephlhydnetpylthio group and an ant hracenyl nmet hyl t hi o group.
The aral kyl t hi on%Eoup Is preferably an aral kylthio group, having 7 to 20
carb¥n atoms, arkramplepad shephydyosarbpnomiyoIgosPpassX EREFpRR A HfoX e

arylthio group are a phenylthio group, a 2-nethyphenylthio grou a

3+ Tret hyl pREERIR i T FEUROXE STREEnARGh Ty (477 Y TGEE, 950up. Prdrerred

2, 3-di net e ' , - di et p. hi LOUR,

2. 5 di mot 1 o TAArD SESHB: nivang & 1R 124 BRERY b nBolisl n Bryioxy

3, 4- di et @wﬁyﬂxbihp% k@ 6 Ydbbch Acomdl, B AW QP&ED&’I«(&BE@ §toUfndving
2-tert-butyl-3-nmethylphenylthio group) a 2-tert-butyrl-4-nethyl phenylthio
group, a Z-t&ro-dudbdn atBRishyEpaePpYeE Nk dtiarehydrocarbonoxy groups
2-tert-butyl -6-methyl phenylthio group, a is 2,3,4-trinethyl phenylthio
grou, a2, dscaboiveeekempidfiddias Yt owp( 2am2 thyG-phé mpl hwediey ghicmr oup)
a 2,4,5-trinmethyl phenyl thio group, a2, 4, 6-trinethyl phenylthio group, a
2-tert-butyl -3, 4-di net hyl phenyl thi o group) a

2-tert-butyl -3, 5-di met hyl phenylthio group, a 20

2-tert-butyl -3, 6-di met hyl phenyl thi o group, a

2,6-di-tert-butyl - 3-nmet hyl phenyl thi o group, a

2-tert-butyl-4,5-di net hyl phenyl thio group, a



3,4-dimethylph 1 th ;
,3,4,6-te€raneth$?phIﬂﬁt?ﬁ% 6?8up?%§ group. &

2
2-tert-butys;S:difethiyRiHud phengk hbi X84, A a
2,6-di-tert-buty|-3,4-dinetﬁ@lphenyl?ﬁIgggroup, a
2,3,s, 6-tet2adpthyrphetntytipenyddpethcdy group, a
2-tert-butyl-3,5 6-trinmeth Iphenglthio group, a 70
2, 6-di -t art2 bdit §rizinedhicipiepyddnethox Y ssoyp anfehbemalPsnanAumi o
grou an et hyl phenyl t hi o group, a_n-propyl phenylthi roup, an
Psopthpyl PIRAS | PRAOSEEGh 15 BoBREPPHedAQUR o SRoRSROXREEBARy! BReny! t hi o
group, a - I th u n- I |
neopentylEH%%%%?Q?%¥Qg%ﬁgﬁLaq%ﬁﬂgéglgﬁgﬁglPﬁ?ﬁh%TEﬁﬁ?yééﬁbgggéfgﬁgﬁ thio
group, a ng gsiehERENYLLNLP, Qioﬂpﬁ—airi’tfe&tﬂ%&)‘ip?ﬁaﬁbw Yb@PPorda
napht hyl t hi o group and an ant hracenylthio group. 1o The arylthio group is
pr ef er abl yoarz @l gkyhgeowipoUFlevhag @ rie® el «dr bonaamethoxdyrghenp,t hese
al kylthio, aralkylthio and arylthi o groups above-nentioned may be
respect i vhienesgt groved w th, G- il sgat -uhwyklphenoxy fduanp neraom a
chlorine atom a is brom ne atom and an i.odine atom_ an al koxy group such
as a*heth P LRPY SFP YRy 8NN bisupardy RFGF6XY e&rbtif RaRhOXE T BHRnoxy
group; or r | oxy group such as a benzyl oxy group. Exanples of the
hydr ocar booﬁinsaglélr‘l%ng{guﬁ%io Ef(‘ to X, 20 R11 to R16, R21 to R26, R31 to
R36, R61 to R66 }@]ng.sgnérhoﬁgfﬁegfabtlt}eaf SR Y% d Sho iRk 1A %‘}our_&.

y I anpl es

al kyl sel eno group, an aral sel eno“grouo and an aryl sel eno group.

of the al lgl sehgngyEsepp aaﬁEpﬂowlrywaFeruh 960pRop¥1L §EBYpSEa aRBGLIP, a
n- propyl sel eno group, an 25 | sopropyl sel eno group, a n-butyl sel eno group, a
sec- but yl gteerm, gx gz ylt grouput pinsalldnd gmupp . a2 me pbaflilydelgsrmomr qup, a
neopent yl sel eno group, a n- hexyl sel eno group, a n-octyl sel eno group, a

n- dotfecy| $ G GGHAPP aa#%‘é%t)&ére@;/@%'@l%é RRSUPXAHF QUA - aArdFPrsdieho

orovr 30 TS AYLECL 0L IEPNE Lokl LoARPL oAl LI B Rl

et hyl sel eng. [ rapyl sel eno group or a tert-butyl sel eno group
Eexanpl es on{ﬁgB%?g?KyﬁggI no group are a benzyl seleno 5 group, a

(2- met hyl phenyl )1etdhd sek-fing a0t aqp,r@sééc YRYhesaxs ). tahyhach eupHOUP, a
(4- et hyl phenyl ) net hyl sel eno group, a (2, 3-di net hyl phenyl ) net hyl sel eno
group, a (Upoh dimetvylehepyb¥nmthyl sel eno group, a 10
(2, 5-di net hyl phenyl ) net hyl sel eno group, a (2, 6-di net hyl phenyl ) net hyl sel eno
growd a (3, 4- dikkanylesefithemetdlsedbmpougdoignresented by the formula
(3, 5-di et hyl phenyl ) net hyl sel eno group, a

-ti Iyl § it P Sl yhpatagmysare

: @%%%ﬁ:%%#%%{%%#gglflgﬁg.ogegﬁ%l’dgenyl)titanium dichloride,
| @wlmwg%%€§#§?Feﬁgtgl?gwclgopentadienyl) titanium

-t
-t
-t
-ti met hyl pheny
-t
5

WhDPhWWW

(2,3,4

(2 5

(2 6

(2 5

(2! !6 seleno g

(3,4, 5-ti eaidmlarheny) ) dBhéyheekeng1en@Hls B dhkethylcyclopentadienyl)
(2,3, 4,5-tetranet hyl phenyl ) net hyl sel eno group, a

(2, 304, 6- tdttaaiemh\d idtelyt) det hyl sel eno group, a

(2, 3,5, 6-tetranet hyl phenyl ) net hyl sel eno group) a

(pent anet hyl phenyl ) net hyl sel eno group, an (ethyl phenyl) net hyl sel eno group)
a 25 (n-propyl phenyl)net hyl sel eno group, an




ethy151lylen?bls(2, dimethylcyclopentadienﬁl) titanium
(|sopropylphenyl hyl sel eno group, a (n-butyl phenyl)nmethyl sel eno group, a

(sac- but yapanynimet hyl sel eno group, a (tert-butyl phenyl)nethyl sel eno
group, a 30 (n-hexyl phenyl) net hyl sel eno group, a 72

(n-oct yl pAdmelthiydtshiyi it restod g)¢ 2up) ddmerhgdopqilivpet { adiepidel sadcagdowp, a
napht hyl met h Iseleno group and an ant hracenyl net hyl sel eno group. The
aralkylseﬂéﬁ£ d@eis preferably an aral kyl seleno s group having 7 to 20

carbon at re prefer benzyl.sel eno ou npl of the
aryIiCel enﬁqﬁﬁaﬁﬁsﬁ& sSifshTalr o depaany ot hnd  afiagr il sig st
3-nethy|pEgP$E %ﬂp group, a 4-nmethyl phenyl sel eno group, a

2, 3-di net eny s€l eno i o group, a 2, 4-di nethyl phenyl sel eno group, a
2, 5- di met E)ﬂnléhlﬁ |ssialveinch &6 04102 , 8-8th da}‘lﬁm)/ﬁkéﬁfﬁaﬂeﬂ p, a

3, 4- dlnethylpheﬁg]seﬁgho groug, a 3, 5Y§|netﬁ¥ipheny sel eno g?ggp, a
2-tert-butyhkadinmmi Rilgrisnyide] eno group, a 1s

2-tert-butyl-4-nmethyl phenyl sel eno group

2-tert- buﬂyme$hmﬁﬂ%Mxﬂﬁngb3%(%né gtbﬁémaihylcyc1ODentadlenyl)
2-tert-but I-6 met Iphenylseleno group, a 2,3,4-trimethyl phenyl sel eno
grodp, a % §aeipm.§§ PhkHt sel eno group, a 20

2,3,6-tri en el eno up, 2.4 -tri L 0 group, a
2,4, 6- tr.ﬁg?géb%3e$%§152§¥i% %ug“ §h§1F3 lﬂgﬁi%gggggakgﬁgﬁghenylseleno
group, a glggﬁaugpgmdﬁﬁggfh@ethylphenylseleno group, a zs
2-tert-butyl-3,6-di net hyl phenyl sel eno group, a

2, 6-di -t edlimbtthyl1 s3I 1vEtdne ey | Seteng1aeetyldyclopentadienyl)
2-tert-butyl -4, 5-di net hyl phenyl sel eno group, a

2, 6- d|-tetﬂtbuuymuﬁmnhlqﬂxm@nylseleno group, a 3,4, 5 trimet hyl phenyl sel eno

group, a 30 2, 3,4,5- tetranethalphenylseleno roup, 73
2, 3,28 6.t 8imgibyAvidvadianaRiehd. 3r boprimethy cYclopentadienyl)

2-tart-bu -trinmeth henyl sel eno group, a
2, 6- di-ta&ﬁkﬁﬂgyp g4 Eﬂﬁﬁﬁﬁ¥#$1phgnylseleng grgup, a

2,3,5, 6- | r |
2 3,5 BRI GH £ 51 LB fetnpicropoventadsonyi)

2, 6-di -t agt thHbvhr Aizrdidetdy| phenul sel eno group, a pentanet hyl phenyl sel eno
group) an et hyl phenyl sel eno group, a n-propyl phenyl sel eno group, an
isopropylﬂhmeyhy&bamgkynnhisemmtbamytpyemwcmdpaut@ﬂbmmyla titanium

sec- butyl phenyl sel eno group, 1o atert-butyl phenyl sel eno group, a

n- p&ht yl pAéahlesiides @imathéSﬁédd@nqhimékM%@YéMl@ﬁ@u}pm dichloride,

n- hexyl phenyl sel eng _group). a n- oct hen | sel eno gr

- decy| pheﬁépgew&ﬁalé oL5 (i (5 § adeEoT SROTIRAARA T bupd tgnium

naphthyls Ieﬁ %yp and an anthracenylseleno group. is The aryl sel eno
group is pré era% f an al kyl sel eno group having 6 to 20 carbon atons. These

al kyl sel e Iy r ed may be
ARSIy i i S Tt i B e i g
chlorine @ieHLo#ikeQMdighed i £01 pénaneetivie vy ipembadl EA¥Y )gr oup such
as a nethoxy group and an ethoxy group; an aryloxy group such as a phenoxy
group; or{andangllkylicenigmoupi shitdradea benzyl oxy group. X to X in the
formulas [8] to [10] are preferably independently a hal ogen atom an al kyl
group, an aral kyl group, 2s an al koxy group) an aryloxy group or a

di -substituted am no group, and nore preferably a hal ogen atom an al kyl
group, an al koxy group or an aryloxy group. Further) R11 to Rl, Rzl to Rza
31 sasl sasRtoR( RtoRand R1to R inthe formula [ 8] to [ 10 ]
are preferably independently 30 a hydrogen atom a hal ogen atom an al kyl




dichloride,
74 group, an aryl group, a substituted silyl group, an al koxy group , an
ar al kyl oxdimedinylerilariene (mayhgloyplopand gabrdriyll) ef lyor&niylRzi Rai Rsi
and R 1 are preferably independently an al kyl group, an aral kyl group, an
aryl groufisandusuiskidhinretidei|yl s group. Furthernore, Rs Ri's Rzs Rzs R3s
R3s Rss Rss R~s and R s are preferably independent] hydr ogen atom an
al kyl grOGﬁWeéﬁzi%%%§ﬂeQﬁ%%b?uEﬁl§Y9ﬁ°§ﬁ&ﬁid¥P%X%gfE}ﬁgﬁﬂngﬁpyl group) an
al kqQxy gr n_aral kvl ox roup or an aryloxy group. 1o Moreover ) Xe to
X1 ﬁﬁ thegggPﬁgﬁﬁséi ﬁoryﬁg[ 10 ] are an atomof the Goup 16 of the
periodic Héﬂb%ﬁyiédrﬁr%ﬁgﬁ%%EréHEEh?ic9&18563¥hé&éﬁ91? ?Ehﬁﬁ&e%&qmland a
sel enium atom and are preferably an”oxygen atomor a sulfur atom and nore
pref er abl yigandangArdiXxgridd, Fanghernore) Al to As in the fornulas [8] to
[10] are an atom of the G oup 16 of the periodic table of the el enents such
as an oxydémeghmhsid whdrhef indenyihdfavogleayilum idteaomiumndighdopidiegr abl y an
oxygen atom_Mreover, J1 to Js in the fornulas [8] to [10] are an zo atom
of the G 80 22mBPUPAS phfpdaed PipFRapyipde" eLiBRERFLS efe 3 idhtbhén

ato a silicon_atom and ger Lu t.Q angd are. prefera a_carhaon atom
or a5 7 BRI cRRBENENG 2o AT e 0 i BPR T AT B Y
formula [8 %ﬁég%l ~Sa Cycl opent adi enyl ) 2s

(3,5-dineth§ﬁ?§pp no%%théniun1dichloriQe (herein-after, "~!s-" is

someti mes om tt edintHEY RSy CdONETE 3kt €4V | dddpbehll- BepYbsdnRk& B )
titani umdichloride, nethylene(cycloEentadlenyl)(3-tert-buty|-5-nethy|-230
phenoxy) t thaniformiil@hl{crj deyher&dbn M® is a titanium atom, are

nethylene(cyclopentadienyl)(S-thnyI1z-phqnoxy)titaniun1dich|oride,
met hyl enePé§é cygdopantadionrl | bitaniup diedulionide y| - Snet hyl - 2- phenoxy) tit

E;iﬁ?}gLgpggghgsgﬁ3£¥Q%ﬂﬁﬁ?gﬁ???ﬂ¥}ﬁ§F§PP§PWSQﬁﬁq%9§%$ﬁenoxy)titanium
i chlori

et hyl enep 5 &PoRaATYSATBTRE RSB E) S LR AN S HARERIRS) i t ani um
di chl ori dgj s{RiMteRAEH ARGt 281 8AY ) ¢ 3 thaimP W dnbosbber 0-2 1o
phenoxy)titani um di Chl ori de,

met hyl enebie{ eahgilimelttiyclepend peh eagl 6319 tdivariim -@iqtheapxget i t ani um
di chl ori de,

met hyl enebi el tzimenydaranperntadbehylI tisaninm dickphendde)tit ani um
dichloride, is nethylene(tetranethylcyclopentadLenyI3(3-tart-butyl-5
net Ryl - 2- BhéhsRyFemedhvhfxs topontadienyl) titanium ichloride,

met hyl eneft etranet hyl | 0 t adi enyl ) (3 Rh | -.2pheno titani um

di chi ori d ,is&BFH&FB@%&%&‘%’E@E‘EWW‘ﬁ?%?%éﬂﬁﬂrﬁ&g{)‘y@ﬁwﬁ'{ ﬁ%%‘ﬁ‘-’ﬁ%@?r 20

di net hyl sy l4-32- X ' ' di chl ori de,

met hyl ene %’é![( %gﬁleg?k}}?ﬁgﬁéag%g%{?a %éﬂﬁ%ﬁ?iﬁ@, '

(3-trinet byh§ul,3l,557m&téﬁﬂak?y@b@ma¥ﬁ§(1§ AR M QR Deride,

met hyl ene(tetranet hyl cycl opent adi enyl

(3-tart - buiyl £2usekhenl))-tA-tdrehan ygichadrtimedi chl ori de) z5

met hyl ene(t etranet hyl cycl opent adi enyl )

( 3- sart - bbig( 25pbenydd r@lepteihbidfaniumi dichilollisld de,

I sopropyl i dene(cycl opent adi enyl ) (3, 5-di met hyl - 2- phenoxy) titani um

di chl oride, isopropylidene(cyclopentadienyl)(3-tart-butyl-2-phenoxy) 30
titani umdi chl ori de, 76

I sopropyl i dene(cycl opent adi enyl ) (3-tart-butyl -5-nmethyl-2 phenoxy)titanium
di chl ori de, isopropylidene(cyclopentadi enyl)(3-phenyl-2-phenoxy) titanium
di chloride, s isopropylidene(cyclopentadienyl)(3-tart-butyl di nethyl




| sopropyl ib&gr{ez(-_t(e% 'rSa‘rr%{"ﬂﬁ%y%Pgsgﬁ’tla?dinéir?er%](%?E%?%r%?h?ligpéﬁgggfj) titani um
di chl ori dgy1 g% J GH ORY 1 4 88880hEaY19TRIdBHEYV I PEeRi adi alyvhl63-ilaw,t - but yl

2- phenoxy) titani um di chl ori de,

i sopropy! icdeIe(geaitadshyl C(pehopaetdnilepd JdPentadiboyyl)5- bthnliul- phenoxy)
titani um dichl ori de,

i sopr opy! iddemd(dwideansntoldapen opdhearilé Apdpnylohe fiitapdan AdedlPnriideni um
di chl oride, isopropyli denegt et ramet hyl cycl opent adij(efgﬂ%éf-tart- but yl

di methy| si9¥ALeRemtddieny bhERBRF PRVl Grht@ndmm dihloride,

I sopropyl i.dene(te met hyl I di gn

(3-trimet ﬁx”l@eﬂ E%f?%{ﬁ%&g%%%%ﬁg'@} ftd?ltéiain:%%%%? thl oride, zs

| sopropyli %n%&aeeéﬂ éybﬁxﬁgaa&@wﬂ eny kel 24 ¥hm dichloride,

5- met hoxy-"2- phenoxy) ti1tanium di chl ori de,

i sopropyl i SEHPIEyBYbp¥atapaendd (TJfény B tibahui dilcti@X-qeenoxy)
titani umdi chl oride, di phenyl nethyl ene(cycl opentadi enyl) (3, 5-di net hyl -230
phenoxy) t icyariiapemndi adi eny €2 -phenylindenyl)titanium dichloride,

di phenyl net hyl ene(cycl opent adi enyl ) (3-tert-butyl - 2phenoxy)titani um

di chi%r i de:,ermqﬂﬁm%@my%ﬁe(teﬁe-p@gelrft?ercﬁmﬁ%@d%m’—JEaﬁﬂﬂ-lsl-“het hyl

- 2- phenoxy).ti tani um di chl ori de . .

di phenyl ‘g‘lyu %E‘éﬁiﬁBFBﬂrﬁ‘)"(Yﬁlﬂ’rPe%‘f@%%Wéﬁ6§§/fa€‘i’1“é“ni um

dichlorid ' me [FleYe] ' = W& sretind

chchl of | deps eyl ok Bkl PRRLENCI RSN £y sk ek it i

di phenyl medilvH 56 g/ ¢ @pRpiadeBax (3 -rdtHyREYyiShbitabikayl)titanium

met hyl - 2- phenoxy) titani um di chl ori de)

di phenyl netileHlene{ dy c| epepladebagl( 2(-terty ey glopert adienigitdrimadumt ani u
m di chl ori de, di phenyl net hyl ene(cycl opentadi enyl ) (3-tert-butyl-5-chloro

- 2- ptenox Witdhlanide di ebthpiedebisd 3-n-butyleyclopentadienyl) titanium

di phenyl net hyl ene(t et ranet hyl cycl opent adi enyl ) (3,5

di met hyl - ﬂiﬁ%@'rﬂﬂ&f}?i t ani um di chl ori de)

di phenyl net.hyl.ene t byl I ' - li~2- phenoxy) tit ani

um di chl oreltéé,le |%¢1€%{/?gt ﬁ¥ é)régl ﬁ%ﬂ&@%&%%%%%%g%gg}aé%y (3-tert zo

but yl - 5- mefihy rZ=fdenoxy) ti t ani um di chl ori de) |

di phenyl net hyl ene(t etranet hyl cycl opent adi enyl ) ( 3- phenyl -2 -phenoxy)titani um
di chl ori desthylenebis{2, 4-dimethylcyclopentadienyl)titanium

di phenyl net hyl ene(t et ranet hyl cycl opent adi enyl ) (3-tertbutyl di nethylsilyl-5-m
et hy2s 2- plidmirdyortideni um di chl ori de) zs

di phenyl net hyl ene(t etranet hyl cycl opent adi en l%i,B ]

Lri et hyl SHRHLERGRARGE . 5- GhERSRYGAHARAR thAHeBY L5  taniun

di phenyl net hyl ene(t et ranet hyl cycl opent adi enyl ) (3-tertbutyl-5-nmethoxy-2-phen
oxy) ti tanid&r?;‘&'cfﬁf'r i de, and

R e S A i T N

"(~5-cycl pesasi£dy! )" in the above-nentioned conpounds is replaced with
"(~5-nmet hyl cycl opent adi enyl )", "(175-di net hyl cycl opent adi enyl )",

" (n53d ri neidhyId wPe 0 adi 8tk lme thy ldite Xopeth yady e hgpg ttisdireingm ) ",
"(Qr5-tert-butyl cycl opentadienyl )", "(~5-trimethylsilylcyclopentadienyl)",
"(~5-tert-butyl dinethylsilylcycl opentadienyl)"”, "(ns-indenyl)",
"(~5-phenylindenyl)" or "(~5-fluorenyl)" io Further, conmpounds in which
"dichloride” in the above-nentioned conpounds is replaced with "di nmethyl",
"di benzyl ", "dinmethoxide", "diphenoxide", . "bis(dinethylamno)" or

"bi s(diethylam no)" are also exenplified. is Mireover, exanples of the




_ ethylenebis 3,5-ethylmethylcYclopentadienyl)titanium
30 di net hyl silyl ene(~75-cycl opent adi‘enyl ) ( 5- met hyl - 3 79 s 1o 15 zo zs 30

trinethyl sdighi@rplenoxy)titani um di chl ori de,

di met hyl si | yl ene(~5-cycl opent adi enyl ) (3-tert-butyl-5nmet hoxy-2-phenoxy)titan
i um di chl @thigledehdsk@l Si l4yltarimethylcyclopentadienyl) titanium
(~5-cycl opent adi enyl ) (3-tert-butyl-5-chl oro-2-phenoxy) titaniumdichloride,
dinethylsiq%q%%%fiéeeyclopentadienyl) (3, 5-di anyl - 2- phenoxy) ti t ani um
diemer: ggé:tt%fg}lg\b!.l'l.gl( LY 388 itk PORN SOL S DY LA L3N Zn Y1 ) i tani um
di et hyl si B16tigat © I HoleT-TalgzTo! | { um

di chl ori ded,j}/édi ot ﬁé?éi %&ﬁg‘%&%b&w RELEPY LY EIBRERATOR1 Y

(~5- t et r anget um Lk aaReNicadi ey b h §188kbbrls(2: Yt ithhaahdnsh Lot oaé de,

di met hyl silyl ene (~5-tetranethyl cycl opent adi enyl’) (3; 5-di net hyl - 2- phenoxy) .
titani um ctipbenekisdiinsdt byl7sitedmteydroindenyl)titanium dichloride,
(ns-tetramet hyl cycl opent adi enyl ) (3-tert-butyl-2-phenoxy) titanium
diCh|OH(kthy¥ﬁﬁﬁ§1§Kpypéﬁ@ylindenyl]titanium dichloride,

(~5-tetranet hy] cycl opent adi enyl.) (3-tert-butyl -5-nethyl -2phenoxy)titani um
di chtdri dé‘?tl'&ﬁf‘e‘)t*/‘?n??-gfféﬁl«gﬁén\{’l \eE o fum GYenTorTal

g;ghfgﬁ{ggﬁﬁg¥%§¥%g?§??%ﬁghgg@fﬁ;;l-di-tert-butyl-2phenoxy)titanium

(ns-tetrangidit st RPERY BT bBRMEEE <RI I 1 BaRDeRY hiéRheR@e ti tani um

di chl oride, dinethylsilylene

(~-t et r amet iyt oaicd Opeotageanyld) @dytler tihdsyy 1) sethslism ylichloride,

-5-net hyl - 2- phenoxy) titani um di chl ori de) di nethylsilylene

(~-t et r amstthpt kged OpehhudcyotopehtastienyB) t (indehyldithyanium

- 2- phenoxy) titani um di chl ori de, di nethylsilylene

(~5-1%tra qﬂﬂ?ﬁ%ﬁ%pentadienyl)(3-tert-butyl-5-nethoxy - 2- phenoxy) titani um
di chl ori de,, ,di.met h

| silylene . .
(-5 t ot r aR WA e BT RN PRSI PPER AR SR 1R28AFE) SL5RE Yy ) ti t ani um
di chl ori deys: 4§ Si ;
(6t ot r e BT ey ST shenr abrEnel et mens XX LPRAB LR "0 ) ¢ ani um
di chl ori dg irdech ¢l el byhsumybge@loride, _ _ _
(n5-cycl opent adi enyl ) (1- napht oxy-2-yl )titani um di chl ori de; and conpounds in
whi ch " ( 7 8hgpyidoperyatiopank pdienyilhd fAhommsemeh) £ bhed icondduwidsor isdeepl aced
with 5 "(~5-nethyl cycl opentadi enyl)", "(175-di net hyl cycl opent adi enyl )",
" (ns2% ri metplene GhrebhrlrEa)ppentadiznl but§legeeapen tddiaadun
"(~5-tert-hu opentadienyl)") io

| cycl
"(n5-tri lsql'%/’sﬁ%yc?%gﬁf’ﬁﬁi enyl )",
"(11S-tert,.- v di R l.open | P < )",
"(~75-pheé&ﬁ#ﬁﬁ%ﬁ%ﬁ?*f%ﬁéi%ﬁ%£¥%&§%&%ﬁ¥t€¥Q§#$%ﬁ%égiFﬁgaﬁﬁgh "(2-phenoxy)"
in the abeMewiRHifpne _i ] '
"3-pheny|-2-phené&?ﬁ)d?gH?£?F§?%e?%fﬁyqfﬁfﬁk%ﬁéﬁg¥$hgég
" 3-tert - byteph@ireiyy) sityhidmpheadayrided rpDengs i n which
"di net hyl silylene" in the above-nentioned conpounds is replaced with
"di exohysi (ytledn=me thdr enhdibnlyand'flaorenyl)titanium dichloride,
"di met hoxysi | yl ene". Furt her, conpounds in which"dichloride" zo in the
above- nenti oned conpounds is replaced with "dinethyl" "di benzyl")
"di net hoxi de", "di phenoxide", "bis(dinmethylam no)" or "bis(diethylam no)"
are also exenplified. Furthernore, conpounds in which "titaniunt in the
above-nenti oned conpounds is replaced with "zirconium zs or "hafniunm are
exenplified. Moreover, in the netal conpound represented by the fornula [ 9




dichloride
5 titani um met hoxi de}, /. G oxobi s{i sopropyl i dene

(et hyl cy dlsepatipadi eiyheh 2s phenobukiilicyni lopeatt adiehey] ) titanium
/t - oxobi s{i sopropylidene (nethylcycl opentadi enyl) (2-phenoxy)titanium
nethoxideﬁidhlqn&ﬁﬂs{isopropylidene (et hyl cycl opent adi enyl )

(3-tert- butyl 5 net 2 |o henox )trtanrunrchlorrdel ]
Jt oxobi s S&ﬂ; ylcyclopentadleny ytitanium

H%ylcy %$§pt enyl)(3 tert butyl 5- et hyl - 2- phenoxy) titanium
Xi de 5%6% S{rsopropylrdene (tetramet hyl cycl opent adi enyl )

(2 phenox |

. C- OXObIg%% Eﬂﬁyﬂqééﬁﬁé%tetrang%w5ﬁg%ﬁ%§ﬁ*ﬁ%ﬁﬁ%%gl?ngl) titanium
phenoxy)tum@muaﬁj&ghOX|de} u- oxobi s(i sopropyl i dene
(tetranmet hyl cycl opentadi enyl ) (3-tert-butyl-5-nethyl-2 phenoxy)titani um
chl ori de} isapd dptylobddnabis Opr 6 pillmedy ldyatTopen byd tgul dpeidaindmp )
(3-tert-butyl -5-nethyl -2 phenoxy)tltanlunrnethOX|de} and conpounds in
whi ch (nQ&§U;QEk§Qmentadlenyl) in the above-nentioned conpouns is

replaced with "(t75-di net y ent adi.enyl )" .
7t r i SORFO %Verid’g%m%ag%f L5y By ALRE Y s et at tparL At Ay tem
(775 ter%t%t fi éopentadlenyl) Zs
"(ns- trlne SITy cyclopentadlenyl)
"(775-ter iR B dWaSLE Y cYChopeR dyB&d yantdadDehPdgn¥h)anium
"(>)5- nethyl?idéﬁ;l) or '(¥a5 fl uoreﬁ?ﬁ) Fur%her congoznds i n which
"(2- phenoﬂmbhndrﬂdﬁeabove nment i oned conpounds is replaced with " '
(3-nethyl-2 ao phenoxy)", "(3,5-dinethyl-2-phenoxy)" 3,5-di-tert-butyl
82 - 2- phed@pprbpyxxdanMysls,ﬁepﬁywlmgqﬂxﬁﬂmgéopemtad enyl)
"(3-trimethylsilyl-5-nethyl-2- phenoxy) and conpounds in mhrch "chl ori de"
in t¥e abdvd aﬁ@ﬁ%ﬂ %b B8nds |s replaced with "nethyl", "benzyl"

phenoxi de th npllfled
Furthernprg%pgg rrglUn S |nls 2cﬁ g anruﬁpﬁﬁhﬂgh%g %E%éiggﬁésoned conpounds
is repl aceq vWntifhim Zi 1 GPDb Hige Or hafnrunl are exenplified. Mreover, in the

nmet al conpound represented by the formula [10], specific exanples of t he
l i -oxo typ@dywayymmhéﬂeﬁiﬁ(dr5ueenghmﬂunymuywwbpdeﬁ&dienquopentadienyl)
(2- phenoxy)titaniunm) di-u-oxobis

(isopropykhdeme@myctupﬁhmaﬂdenyl)(3 tert- butyl 5- et hyl -

- phenoxy) titani uni, - u- oxobi s[i sopropyl.id

( met 3yl cyersepe"mpadri&ﬁnq@s pﬁeﬁo%w‘ﬁ?’m@rﬁchﬁlQP%nBi‘@b?&ﬂ-@
| t | tad 1) (3-tert-butyl

E;fﬁpropy Ig%gagﬁeigéﬂﬁc pgen aulgggb?g[rsgprop;leene

t et t hyl,gyal Qe h

Coxobis(i S5ePEamr G %?fll%léfﬁy?cyél@éﬂal@lﬂ opfhtabienyl)

(3-tert - bylilanivietdWen PorNgaOXY) titani uni, di-.u-oxobis 20
[ di met hyl si 1yl ene(cycl opent adi enyl ) (2- phenoxy)trtanrun]

di - Lt. -0XQEb®pr¥ﬂﬂﬂéﬁé$¥#QBGGC$Gh&mmﬂﬁﬂykﬂy@lopentadlenyl)
(3-tertbutyl-5-methyl -2-phenoxy)titanium, di-/i-oxobis

[ di met hyl $idltyandme( ritdtyl eytdepent adi enyl ) (2- phenoxy) titaniun,
di-1-t.-oxobis[dinmethylsilylene 25

(met hyl cycl opent adi enyl ) (3-tert-butyl -5-net hyl - 2- phenoxy) titanium,

di -/ c- oxobi s[ di met hyl si | yl ene

(tetramet hyl cycl opent adi enyl ) (2- phenoxy)titanium, and

di Lc- oxobi s[ di net hyl silyl ene(tetranet hyl cycl opent adi enyl ) (3tert-butyl-5-net
hyl - 2- phenoxy) titaniun]; and conpounds in 30 which " ( ~J




o isopropylidene(cyclopentadienyl) o
Is is replaced wth "zirconium or "hafniuni are exenplified. The

above- nent { tetecamet ki 1cpobopeas askl dryel tobipmmidm ( B) ciyrisleused singly, or
may be used in conbination of twe or nore thereof. The conpound (B) is

pr ef er abl Yl $PBRIRY 1 E@eP8 (s clopeaiadtianel) bindeayildthiaaium | | nore
r ef er abl tal .conpound in_whjch MZ in the fornula 4 is the Go 4
ol ot ettt Aled VT Eap B opa Tk (re et Ay ol PP OR Eagtah s > oung. vt o
t ad ' I t adi |t ' kel et
con ns qﬁﬂéﬁﬁﬁ%fﬂffﬁﬁguﬁsB§§W¥§fi&am opent adi eny ype ani on skel et on

as LZ in the € “or ganoal um num conpound (C) used for
the catlysisdgFomri d&R8 (RObUFYNIERII SPLACEPL Eh{Pah 0l RAeRvAdC R tlieiM ON,
known or ganoal um num conpounds can be used. Preterred is an organoal um num
conpound ré&iptelkent @el, bisbpeopgillidwiney fetirameathtléyciOpentadidAtlYs d [ 11
] , wherein d is a nunber satisfying O~ d ~ 3; R6 is a hydrocarbon group)
and when tldndanybl el Ren fupugdd chliostide hdszopmgppdideoes same or different;

Y is a hydrogen atom _a haloggn at om or. an hydrocar bonoxy group, and when
two or nmor@RPLORSRERAIeRE ) (EJ uprenyd Mdkanium ¢1ehdRrid®s in the fornul a

[ 1 IS hydr rhon .aroun havin 24 car.hon .at ons and
ror - ef SRR B 20 AoV SRS B P8 (£ BBt <RIt e
thereof arghiBtiwd, group) an ethyl group, a n-propyl group) a n-buty
group, an isobutyl group, a n-hexyl group, a 2-nethyl hexyl group and a

n-octyl griciprddy Bi Peeé ehr Bd tyd ciit 1Rigud t ATy 1 f( F186k¥hydnoup) an

| sobutyl group, a n-hexyl group or a n-octyl group. 15 Exanples of the

hal ogen artdrhaasium idi¢hbofddeul a [11] are a fluorine atom a chlorine atom
a brom ne atom and an iodine atog%agnd preferred is a chlorine atom The

hydr ocar bdFORF R ilere ftehrapethydanal qrentadienpglddr abl y an al koxy

, | kyl I 20, . Ex I f th | k
or o as VTR Pl 8 3Bt ARy RSB S,y group. &
n-propoxy(ngghyfykffﬁggg@g?zgggguah dléﬂ%é%%§8r°Up’ a sec-butoxy group,

a tert-butoxy group, a n-pe group) a neopentoky group, a zs n-hexoxy

group, a %yaﬂdpéhﬂHdighyﬁ{&iﬂ@@ﬁ?@éﬁﬂﬂdyﬁltéhihﬂe&iéﬂiﬁﬁﬁﬁegrOUP and a
n-i cosoxy group. Each of those al koxy groups nay be substituted with a

hal ogen atcgmlopentesiiedy lpharoayQnlitandumordieh kdpiiea brom ne at om and
an iodine atom an al koxy ?roup such as a nethoxy so group and an et hoxy

group; or cAslepArhadignb(2uehdimeihyi@henyl)titanium dichloride,
25 cyclopentadienyl(2,6-diisopropylphenyl)titanium dichloride,

cyclopentadienyl(z,G-di-tert—butylphenyl)titanium
dichloride,

pentamethylcyclopentadienyl(2, 6-dimethylphenyl)titanium
dichloride,

30 pentamethylcyclopentadienyl(2,6-diisopropylphenyl)




tert-butylamido)tetramethylcyclopentadienyl-1,2-
85 group. &he alkox§ group)as Yin tﬁ% ?%rnu?a [11] |g-preferably an al koxy

group haviéghdnéaizdtitabaumataiBhlartagpre preferably a methoxy group) an
et hoxy group or a tert-butoxy group. s Exanples of the aryloxy group as Y
i n the for{methylahided tetpasedbhy rpehopenadéehyllpllierfoxy group, a
3-nethy|phenoxyﬁ8(oup, a 4-net hyl phenoxy group, a 2, 3-di net hyl phenoxy
group, a 2ubapedinktphandap gisiploride - di net hyl phenoxy group, a

2, 6-di met hyl phepox roup, a 3,4-dinmethyl phenox rQup, a io

5 5. 1 ot A ERERORYaf) Sapraetny (NGt RO Rp AR EHB LY Toloup, o

2,3,5-tri I met hyl phenoxy group, a
2,4,5-tn:Eﬁ*%#%ﬁgﬂg§§t§%§§& é}%ﬁé%{éééfnethylphenoxy group, a

3,4,5-tri np&éwtpbea?um&a@,q&etasa%;e?urgyﬁc%@iégaﬁtan&%%oxy group, a 15
2,3,4,6-tetramet hyl phenoxy group) 2,3, S,6-tetranet hyl phenoxy group, a
pent anet hyd jxhetivy ¥s g§lanptizandidny| phenoxy group, a n-propyl phenoxy group,

an i sopropyl phenoxy group, a n-butyl phenoxy group, a sec-butylfhenoxy
group, a t&kehberidphéhenygydamisio )t ooramethyl giiedopendasiieny

n- oct yl phenox roup, a n-decyl phenoxy group, a n-tetradecyl phenoxy group) a
naph%%oxy'%ﬁ%%ﬁﬁ%&ﬁlaﬁnéﬁﬁﬁFﬁﬂﬁ@h6P¢ﬂbf%ﬁbgeEach of those aryl oxy groups
may be subst. ' . | Qgen at.o . l,ne atom a chlorine
atom a 25%#%#&%€h§%éﬁ%§ﬁg%§%i%ﬂﬁ%&§%§¥ﬁ¥°§§ngﬁégé§§group such as a

et hoxy OrPitRe €106l 801 ShBXY a9HUP a 1¥n Boe £EY! OXY group such as a phenoxy

group. The aryloxy group as Y in the formula [ 11 ] is preferably an

aryl oxy grotdrhaniabglami o34 nGRNON- B Dr&thafle EXgaplieandfun B cibBdEkydoxy
group as Yin the fornula 86 [11l] are a benzyl oxy group) a

(2- et hyl phtewt ) et hdapidedtet rmhBlnet hdéphinll Erethanediroluphitanium

(4- et hyl phenyl ) net hoxy group, a (2, 3-di net hyl phenyl ) net hoxy group, a

(2, 42%i et $met hoxy group, a s (2,5-di nethyl phenyl ) et hoxy group, a

e
(2,6-m|nﬂ¢%% hen % t hgx roup, (3, 4-dj et hyl. 3 nyl ) et hoxy group, a
(5 5 e ATReRu Y REmige) eiiemdt {5: £ QL ARh Al RIEHR AR e hosy or oup,
“a 10 (2, 3,5t Set byl ppepyt) P 3m b1 Pheny ) gt hoxy
group, a (dgi-ca{%&?%?%et Eg?%lﬁeﬁl met %(y gr%%%{,rggﬁmgt ¥
(2,4, 6-trigeidwéphgay! ) met hoxy group, a (3,4, 5-trinethyl phenyl) net hoxy
group, a 1s (2,3,4,5-tetranet hyl phenyl ) net hoxy group, a
(2, 3,4, 6- tetemnethiyy phaandb) retthahy draipiemyldimethylsilane titanium
(2,3,5, 6-tetranet hyl phenyl ) met hoxy group, a (pentanethyl phenyl) nmet hoxy
grouys an diamlephdey| ) net hoxy group, a (n-propyl phenyl)net hoxy group, an
20 (i sopropyl phenyl ) et hox roup, a (n-butyl phen I%nethqx group, a
(sec- but yI G5 1H ﬁﬁ%}d§¥33&94%%&%§%m%ﬁﬁg*gﬁ%ﬁ§F ﬁ@?ﬁﬂé&‘group) a
(n-hexyImE¥Eﬁ%£¥¥€oxy group, a (n-octyl phenyl)net hoxy group, a
(n-decyl phenyl’) e %Xy group) a ,
(dimethylaminomethyl)tetramethylcyclopentadienyl

titanium{(III) dichloride,

30 (dimethylaminoethyl}tetramethylcecyclopentadienyl




(B-dimethylaminoborabenzene })cyclopentadienylzirconium
2s (n-tetradecyl phenyl ) nmet hoxy group, a ‘naphthyl met hoXy group and an

ant hr at herdd el dwxge gr oup. Each of those aral kyl oxy groups may be
substituted with a hal ogen atom such as a fluorine atom a chlorine atom a
brom ne ateyrlopenhadddnpd (at-osidylddasgn thoapesydh zas corsicimet hoxy group
and an et hoxy group; or an aryloxy group such 87 as a phenoxy group. The
aralkyloxytbﬂﬁaﬁEHEGY inthe formula [11] is preferably an aral kyl oxy group

havi 7t A carbo ons, . and re preferably a benzyl oxy group. 5
Beariles & THe Tt Oana R CRE LS TRsHAr ebr Cohdn BV E ) L el & [ 11 are
a trialky@ﬁ | Sy such as trimethylal um num triethylal um num
tri-n-propylalumnuni tri-n-butylalumnum triisobutylalum num

tri-n-hexyd a uniiiobasdat b tAyaCisy! (Al -1nd thiple €n¢0) fhahbydydl URtiRdEMicA or i de
such as di net hyl al um num chl ori de, diethylal um num chl ori de,

di - n- pr opydiathimiide chk oi' déhidibis-[Eut6H ddmetinphphéhokydeitanium

di i sobutyl al um num chl ori de and di - n-hexyl al um num chl ori de; an

al kyl al unmidhshlRekderi desuch as net hyl al um num di chl ori de, ethyl al umi num

dichloride, i,s n-propylal um num dichloride) n-butylal um num dichl ori de,
| sobti yl alkr TR CREHFRFPAE (AnmengdA s ront vl BRPBPRd, & tanium

di al kyl al 'dﬂﬂgggg I de such as dinet hyl al um num hydri de, diethylal um num
hydri de, di-n-propyrlal um num hydride, di-n-butyl al um num hydri de,

di i sobut ylalum dwy Tweleb 8 (20Re2aydi-6)-tee i3k Ui BHERBYY| I8i t8R1um

al kyl (di al koxy) al um num such as net hyl (di net hoxy)al um num

met hyl (di etiltxygmad de) n2ine angdulEL Ryl bdis (14eimie thif DXy ) akyl-Butly 1henoxy)

di al kyl (al koxy) al um num such as di net hyl (net hoxy) al um num

di net hyl ( dtit@ndun udi elvheandedi net hyl (tert - but oxy) al unmi num an zs
aIkyI(diaE%quy al um num such as neth I(dﬂghenoxy%aluninum

net 3 bi s@2,%-" i"fs%pr%p?fpﬁéﬁ!ii'y)tﬁf@rﬁgrﬂﬁﬂ k- L' -biphenoxy) titanium

met hyl bi s(2, 6-.di_phenyl npxylal unmi nu nd a dia | (gryl | um num such
as di met h)%l%“(:p eor{%sf% al E‘#F\gﬁ%{a*’%t}" HWT(?EL @%‘?R%’b%ﬁlig%ﬂ‘)ﬁgﬁﬁﬁ%%%m num and
30 di et hy; - i phen Mi{NWM dreferred is a
trialkyIa?ﬁ%ﬁﬁ%#&%%?tK%?Qgggég%?gg ﬁ§%mﬁ€%§%g a ﬂﬁ%%gzghsﬁéiﬁglaluninum
tri-n-butdighaemiae, trii sobutyl al umi numor tri-n-hexylal um nun) and
particularly preferred is 5 triisobutylal um numor tri-n-hexylalum num
These or gdivdsl (b imant kpbhpdlpdl3 - iap -ipe-ogpsece &l amibdo bt itandambi nati on of two
or nore thereof. The ratio (nolar ratio) of the anount of the respective
cat adSyst Ed@pdariide used in the present invention is not 1o particularly

limted. I ti f th t. (A to the_c t (B) i
veuet 1y RS 04 Bl B STREAST's (Dot abbRataMIRL (Pl ¢ om
1: 1to %?Q%ﬁiﬁh &th%%%iggr preferably froml1l : 1 to 1000 : 1. The

anount of the ¢conpone IS'usually in a range of (B) : (C = from0.1 1s

110 1 : 190002 ach oty ShYnfi9ML 3 plediiurlods 4081 £5 el et al yst for

addi tion pol ymerization e présentinvention, areaction

pr oduct obdaichadni@des) i mnarily contacting the conponent (A) and the
conponent (B) , optionally, further the conponent (C) may be al so used, and
t heysomay lheis(2,6-diisopropylphenyl)-1,3-propanediamido] titanium




[bls(trimethylsilyl)naphthalenediamido]tltanium dichloride
zo al so used by being separately charged in a pol ymerization vessel. The

arbitrary [bis COSPDRBALY ARG Hy e IFEY) iepkt Ralphediaumdlds ICOrtiatidim and
further, another conponent may be al so contacted. Exanples of the addition
pol yneri zablehhenbder in the 25 present invention are an olefin, a
diolefin, a cyclic olefin, an alkenyl aromatic hydrocarbon and a

nonomer , é$H§QﬁGFﬁTEHtﬁégiEQﬁ?YRﬁ}¥%#kﬁﬁp%fbﬁﬁeneﬂléﬂﬁﬂl i%mtmo or

nor e therqﬁ used Exa efeof are_an 8hef| such as et hyl ene,

f
TR TR R P SO hEReBASTEde] g

S|E§TE¥LIohexane a%%ngé gu?# Qﬁﬁhgﬂﬁ%xa %%@”@}1Ehﬁ8@TH% - decene and

1, 4- hexadi @iRato ¥r P08 291 AAMelthi 195t €Ne1 | hS&raeB3di eaRiul 9- decadi ene,
4- et hyl -1, 4- hexadi ene) 5 5-nethyl -1, 4- hexadi ene, 7-nethyl-1, 6-octadi ene,

5- ethyllddmadhlmmimmnene) dlcyclopentadlene) 5-vi nyl - 2- norbornene

5- net hyl - 2- nor bor nene, nor bor nadi ene, 5-net hyl ene-2-nor bor nene,

1, 5- cyclcxkhﬁﬁﬁQ#ﬁis5385eﬁé@#@ﬂ@ﬂﬂﬁﬂﬂﬂ%&#@b@@@ﬁﬁﬂthéﬁ@ﬁ@m 1, 3- but adi ene,
e} |sopreHe; éi xadlene 1, 3-oct adi ene, 1, 3-cycl ooct adi ene and

1, 3- clo % cyclic olefin such as norbornene 5- met hyl nor bor nene,

5- et hyl nory 3§ pugYhQO&%%gggggkfigﬁ“igigszBEﬁ%Qﬁ titanium

5- benzylnor ornen etracyclo ecene, ‘tricycloundecene,
pent acycl aparadecede, [5rﬁ§@ba@wH£ME¥H¥EﬁfF€zoﬁyﬂ?h@%h&QH%%%&HPQQdeCe”e
8- ethyltetracyclododecene 5-acet yl norbornene, 5-acetyl oXynor bor nene,

5- met hoxy darietiyoddpr Nepe s (3-, St-ADettarlipfyas HELPD) Rekhyl 1 titanium

5- et hyl - 5- met hoxycar bonyl nor bor nene, 5-cyanonor bornene, 20

8- net hoxydarisirhanide aayd| ododecene, 8-nethyl -8-tetracycl ododecene and

8- cyanotetracyclododecene an al kenyl aromatic hydrocarbon such as an

al ketfyl be fﬁﬁﬁQQ?5tFl3F9F§nBUtfﬁﬁﬁﬁﬂHR%Xﬁﬁm%ﬁ%ylitﬁﬁéH}PSUtene and

3- phenylpr%qgeﬁm§i an al kyl styrene (e. g. z5 p-nethyl styrene,
n}nethylstyre %%thylstyrene) p- ethylstyrene m et hyl styrene)

o- et hyl styrene, 32t4I k@;ltg%lls 8 | ﬁg]ﬁq ted
3, 4-di net hyl styrene, 3, I met ﬁaﬁgt ?Féﬁtﬂgﬁé@ E&Sﬁ{ et yﬁls],:te rrgnsg,n ©
p-tert - buttyl shy restenard (99 ,pwﬁeeeawm s5)d emehnmnb'aebml,k@fwk:)otﬂ@mm(e-
g. 90 di vinyl benzene) and an al kenyl napht hal ene (e. g.

1- vinyInagmtMMMahﬁ“dzwhuarpdbarimmnmmemhnnﬂefmemnibneﬂ3commuunﬁ5u£m
carboxylic acid (e. g. acrylic acid, nethacryllc acid) fumaric acid,

mal efi ¢ aﬁlli\fdkged%tOF'tdei&ﬂﬁmrh@eiﬂ, ‘idideamnids’ afididadidethd "dimethyl”,
blcyclo(2m , eptene- 2, 3-di carboxyl.i ¢ aC|d ) salts thereof
: %¥§%%ﬁ & 553156958333 |qﬁHQﬁﬁY5Jncﬁdiﬁﬁﬁégﬁun1and cal ci um,

an ~ a unsg&w (ﬁ&f&gpoxybi 8&gd§stem&i n rgﬁég¥d8acrylate ethyl
acrylate n- propy acry! at e, |sopropyl acrylat er utyl acrylate, io

2- et hyl hexyl; 13/t Rl i 484 hyl-aﬁehh%%wﬁtfe-- etdy! ; B5bARGKYGRMe, n-propyl
met hacryl ate, i|sopropyl methacrylate, n-butyl methacrylate and isobutyl

met hacr yl &@e) ket {sted ke @é ed dagghagﬁﬁﬂdb%uaﬁi(e g. malefic acid and
itaconic acid ), a vinyl ester (e. g. vinyl acetate, vinyl propionate, is
Vi nydo cadendQeﬁﬂdﬂﬁmexiwbatglphenpkﬂdaﬂﬁuandv¢@mboandaraMewhich




. “tr%‘tert-butoxide", "triphenoxide" BT vl i . :
and vinyl tritluoroacetate), an unsaturated carboxylic acid glycidylate (e.

g. acrylicrged d2 gbyai dybateputiliifdndttaaci d gl ycidyl ate and itaconic acid
nonogl yci dyl ate), and a cyclic ether (e. g. ethylene oxide, propylene

oxi de) 1-hexene BxamplezmfyhéaiebaEheonpotnd séyresentrddsy ahd formula
tetrahydrofuran). The catalyst for additionpolynerization of the present

i nventi on lchh Maegsdin Mg lsoa rdrmupot we etan on ahafayoly atorat £58 Giosdese

noNoNer s. eﬁia | es of, a conpination of nmpnonmers constituting the COer yner
are £ hyl "’gﬁdﬂ}sa privpyaRtem ategl b2 the abgyeskentdonasd fempppnds

- hexene: ANCLRLOGILeDS aNJ:1iaNG G630l XSnLeh Qe il

pol yneri z on actordrng to present 1 nvention rs particularly

preferabl e as a gahmpysh JPOEnEhiitdL BEIPERLIEZAL hLEscAREd Sy Bh8 I Al ¥a Used
for a process so for producing an olefin polyner. The olefin polyner is

91 particulser) ywipseéenal? iscepalyeess atomthykene with an tx -olefin. Anpong
them preferred is a copolyner of ethylene with an a-olefin having a

pol yet hyl éhe? crysthylenebdslif ¢R)Fie preny ef3 nShas preferably 3 to 8 carbon
atons, and, exanples thereof s are 1-butene, 1-hexene and 1-octene. A

pol yher i z 4 imat bl owazoiingd ndgkelc dihTmides t ed. For exanple) there can

be exemplifiged a solyvent. pol i zation thod,and a slurry polynerization

met hod, i nﬂc\/ﬁ?li_é%eéﬁy%ﬂ'ﬁﬂgﬁi[xqﬁ\)dﬁ(i ett’rad}#?'e‘i.’.'g. but ane, pent ane, hexane, hept ane

andoct ane) ' ar : benzene and tol uene) or a
SRR b A R G

hal ogenat e rocar met h |l oride) is used as a sol vent;
a bul k polyneriwethehe ABHNSU( 4RN) -WhigHe3pl Y4Es 1 zation is carried out in a
| i qui d nononer; a gas phase polynerization method, in which polynerization
I s carri edliout-fgsopynl exgaskbue I nadedr ;didcbraide gh- pressure pol yneri zati on
met hod, in which polynerization is carried out in a supercritical liquid

cond?t i on %t2 ‘TusErvienpeial (AR udd@hanyh tvh. Pl essure. As a pol ynerization

type, eithgr, of a batch-w type an continyous type is possible. zo A
net hod of ra‘eléésdmﬁjq o %%Biiflﬁ\y@l&%ﬁgo %"‘Y‘ﬂgeovreactor i s not

particul ard y  iJ4 ther eof 3 thod of feeding themin a
solid con |’%ﬁ| orﬂggﬁl%géngﬁhgagf) ﬁeg)gﬁer@fh%mg‘ian a condition of a solution,

a suspenSIda.rbgfal&he%kﬂéyazyﬂﬂamil&y&rlmzﬁrm.@@éyent, from whi ch
conponents 25 deactivating catalyst conponents such as noi sture and oxygen
are conpl e, 'yvnecttoybeneben ( 4R -ue pheaiy 65 cHhponent s are used as a
solution, the concentration of the conponent (A) and the conponent (C) are
usuadd y fddmeghoomoxazqdinedpickeladd pradiedeably from30 0. Ol to 10

mol /L, converted to a netal atom respectively. 92 The concentration of
the comporfert -9thELeaeli+ | ({RSmo ISR 10D FHBERLXYEH@ 4 ms bbl y from
0. O to %Oc I/(%Hrcon%/&rted to a metal atom The polynerization
terrperaturell S II-‘V" Bm -100 to 5 350k preferably from-20 to 300k and

nore preferahl t{\l}gm &4 | yired i zat | re 4 sual |y
fromO. lét% S‘ébé ag‘g?‘té?%fggﬁ? #r %%%68&1 ﬁSO@ikﬁg?gg%?lr%@?ei%tf erably
fromO.1 e cx@3 Mimrdmig@eneral ) the polynerization tinme can be
appropriately determ ned according to the kind of a desired 1o pol yner and
a resct i omeapyydreatalsi g [ p4R) a4 Fraeghyaf- sf,rso0mdi i auhethglplelngdr)s can be
adopted. In order to control a nol ecular weight of an addition polyner, a
chain transfer agent such as hydrogen may be added. 15 Exanpl es The present
invention is further illustrated in detail according to Exanpl es and
Conpar ati ve Exanpl es bel ow, but the present invention is not limted
thereto. The neasurenent val ues of respective itens in Exanples zo were
nmeasured accordi ng to net hods described below. ( 1 ) Content of a -olefin



methylenebis|[ (4R)-4-met -5,5'-di-(2-methoxyphenyl )
30 absorption Spectrum vSas )obt al ne%yllz)y a rreasur(erent usﬁ‘% an )93 I nfrared

spect r onmet exa£6IihB]3QGk A @8py Nl PPONBUNKO Inc.). (2) Intrinsic
viscosity ([~]) s It was nmeasured at 135C in a tetralin solution using an

Ubbel ohde wé¢thpienebis({IHURIbieond thyles gt -dnd (3emedttarypieegil )
di stribution Thei wer e determ ned under the under-nentioned 1o conditions
accor di ng ¥ ac4enedadepked; dikraebde ography (GPC) . A calibration curve

i R al SUPe BT L BRBSB AR AR T o5 & b f -5 SRUBRRRNBYdr age
mol ecul ar ,t’fgég%iiﬁw}li%%e% %lmegm grage nol ecul ar weight (M): i5

equi pnent type, n ure y"Mlipore Waters Co., Ltd.) colum:
TSK- GEL Gk tHly1dn8X <44 %o (G M \Sme PRASHLGTBA nlergperat ure: - 140C,

sol vent: o-dichl orobenzene, and zo measurenment concentration: 5 ng/5 m.

(4) Melt féepolobttahbBRnickell diibyoricd®r ding to a nmethod prescribed in JI'S
K7210- 1995, it was neasured at 190C under a load of 21.18 N (2.16 kg). As
2s a sanplRejhylepebiel spdmodi (Rg 4008t pphevdzadiaet-iSod ‘dant was used.
Example 1 (1 Pregarati?n of hismuth conpound so Into a 300 m four-necked
flas 5purd%ﬂgﬁ??ﬁ tpR6A 1ndckel Prpmideq mol) of triphenyl bisnuth and

100 m of : r AcAnd, the m xture s stirred at room
tenperatuﬁ%ﬁh¥ﬁ£$%¥§?gégggfgﬁﬂo cﬁ4jﬁﬁ%P%i?%§?gfﬁﬂﬁr%'&f'pentafluorophenol
in 100 nM QfciohdRRRePds128dqd AW 56 Thereafter, the mxture 5 was

stirred for  15.5 hour5 at roomtenperature. Then, the reaction was carried
out (i) fadethyDeriebisfepitol{qlargnet madftnydisgagondhki-gn,1(di) for 18 hour

at roomtenperature, (iii) for 7 hours under a toluene-refluxing condition,
and (iv) faycliohéptaned ] ndcketledddraimide, A f or ned
20 2,2'-methylenebis[(4R)-4-isopropyl-5,5-dimethyloxazoline]
nickel dibromide,
2,2'-methylenebis[ (4R)-4-isopropyl-5,5-diethyloxazoline]
nickel dibromide,
2,2'-methylenebis[ (4R)-4-isopropyl-5,5-di-n-
25 propyloxazoline]lnickel dibromide,
methylenebis[(4R)-4-isopropyl-5,5-diisopropyloxazoline]
nickel dibromide, 2,2'-methylenebis[(4R)-4-isopropyl-5,5-

dicyclohexyloxazoline]nickel dibromide,

2,2'-methylenebis{ (4R)-4-isopropyl-5,5-diphenyloxazoline]

30 nickel dibromide,




i o yeH<mNWﬁ§§H%EW?Q%l&PV?F&F*&&Jqﬁqﬁ%ﬁeﬁﬁbﬁﬂﬂig?red under vacuum at room
t enper at urze'z.jﬁ%ﬁyeﬂgbiﬂi(qﬁg%ﬁ_.isq)igr%%%bgengw_qrzystaI (hereinafter,

referred to as oun I nt’o ml™f our -necked flask purged
Wi th ar gome th&6/piet 1 } xR0} n@f) ditecLONROAEmAdand 30 ml of tol uene is
were charged. Thereto, 0.243 g (1.13 mmol ) of diphenylsilanediol and 10 m
of tol uene Verenetiayhedebliisiddm)t-adrderagpgnppEyl Ihe5adit(Be was stirred for 6
hours under a refluxing condition. By allowing the m xture to stand w t hout
stir#¥q ng, n@mﬁ@tpﬁ@rgpjptcagpéﬁnﬁdslifqﬁeﬂed@ilammm@:super natant zo |iquid
was a yellow clear liquid, A white crystal s_obtai.n by distilling out
vol atile CorfpolntRy+aRePisidddly 4 QRERW%f’???'&F'Z ¢tion of addition
pol ymer Af | C tor having zs an inner
vol une ofdﬁﬁhégiéﬁ?%gggg%?¥§ig%§ﬁg¥€§%9é%ggfgﬁﬁggFng t he at nosphere
thereof wizh Aoty l@Re Bl soEphiSRNARS- £ S8 YLSHy8BRak@1Tnelfs It hexene as
a conononer were charged, and the reactor was heated to 70 ~C. Then,

et hyl ene walfashvdné p]Adpkeli ad batonaideet hyl ene pressure of 0.6 MPa. After
the system 30 was stabilized, 0.25 m (250 ,unol) of triisobutylal umnum (1
95 ¥l / M2, 2'oinethy Sohabieh s pias ((HR lgeth 1seprepylospgold.n® -l . X '1- | Cnol )
of ethylenebis(indenyl}zigoniun1qichlqride (2 ,u nmol/m, tol uene sol ution)
was char g&¥clareniangtinigkpd dibmamiffite crystal obtained in the above

d._.Th L l,zat | ed 0 . = for_30
R s IV
resul t, Zdwgﬁbﬁgxégbfgﬂxg%%g-%ﬁqgﬁyyaénpolyner was obtained. The

pol ymeri zat'i on act1 vi MV ‘Mh were 4.1 X 106 g/ nol - Zr/ hour,

15. 5, 920QQ 2anGnekby16R6PES | bYeivn{ (UR )Carpps G typy Esrapbe ihesanpi € 1 was
repeat ed except that 43.3 ng of the white crystal used in Exanple 1 (2) was
chanzped t cvtd.chepmtdridBlnickell) dibramipteeny bi snuth. As a result, only a
trace of an 15 et hyl ene-1-hexene copol yner was obt ai ned. Conparative

Exanpl e 2 2edamplethy ierebépbitBd ~drdSstbutiak - 235 sdigeshyinEagaliinel yst al
sed in Exagnple 1 (.2 changed to 60.9 71.6 20 It. nol of the
gonpohnd R%ﬁ%ﬁiﬂqu%?ﬁﬁaﬁnplegl (1) . Agga(result , only a %race of an
et hyl ene- L- hax oht gi aki I

Pr apar ati o of T ARORERBEE VAR 23T ETRTS SR BIRIGY s gec

wi th argomickelb di KdodPagmol ) of the conmpound A prepeared in Exanple 1 (1)
and 30 m of toluene were charged. Thereto, 0.12S g (0.578 mmol) of

di phesnyl si2l, anediethypnendpis{ (@R )t-al-usmdbuwre- Shfargednat room tenperature
The m xture was stirred for three hours 30 under a refluxing condition. By
al l owi ng PrFepYiLAxazlbngiahdkel dibromide,

2,2'-methylenebis[({4R)-4-isobutyl-5,5-
diisopropyloxazoline]lnickel dibromide,

2,2'-methylenebis[(4R)-4-iscobutyl-5,5-

30 dicyclohexyloxazoeline lnickel dibromide,




96 overnigﬁ?%ﬁ;ﬁ%?rﬁ %%%%r% B?%mﬁﬂ?hout stirring, a needle-like crystal

“ﬁsfOr”EdﬁtﬁeJﬁéﬁﬂfﬂeﬂgﬁiét(Sﬁ?d4d&b%ﬂﬁ%¥¥-5¥ﬁlﬂiﬂ(@ﬂﬂezﬁ?Zpﬁ&nQﬁ)the
dried crystal was placed in another flask.” Thereto, 10 ml of toluene was
added to oiaziolimesrikWel Sa{Bromiadycti on of additi-on polyner Exanple 1
(2) was repeated except that 43.3 ng of the white crystal used therein was
changed t @.2 'mmedgthhydenebis [ (4Bt 4 Aedbrtlhed dbode- (1). As a result, only
a trace of an 10 ethyl ene-1-hxene copol yner. was obt ai ned. Exanple 2 (1)

| nt % 100 2reftnxyrhanyl | praropirgdaigked diboyrideds 17.5 i of tol uene
and 12.5 T

25. I | yti : /1 f
triethylaluﬁ&ﬁS‘%ﬁgié%ﬁégﬁgﬁgggggqgﬁégﬁtlﬁﬁéféﬁggéggledlgsré E. Thereto,
3.5 M (3353 wlHlohc flndnia Jofadota AR PrprgRagel vas added dr opui se

over 0. 25 "hour. a e mxture was stirred for 1.5 hours zo at 5
'C . Thengy, 25 -metn¥ Aerddbois P( ARDL 4) 18bbeitgheny|sidanedi ol was addded
thereto. Thereafter, the mxture was stirred for 1 hour at 5 C ( for 1 hour
at 40 "~ (damethexydpHeny ) axa801lCne Indskedt ididdyomifer eby obtai ning a deep
green-col ored slurry solution, whose concentration was 0. 75 mol/liter in
terid of &n2dl-ethurhensird gbspised (4R )rie I@mdurky kemagoliop-Pollyreri zat i on
A 3 liter-inner volu autociﬁéfareactor equi pped with a stirrer was dried

under redG¥&EdOPEEAG LI nLFKe ERABLFfere so thereof was repla?ed gﬁth
v 1-
aroom) nand FeEiA ST S 80081 (439 - ode0R, 209, 408 A1 L hutane

wer e char gé e“reactor ‘'was heate Thereafter,

et hyl ene W 1lpiide) e &b L NgiBLoA Rl hyl ene pressure of 0.6 MPa, and
the systemwas stabilized. A gas chromatography anal ysis showed 5 a

1- but ane @QnrCcemigAiylEndwi$ hepsyo(¢AR)F 45 iwbmtyll oFheodtioe-6.,94'M of a
hexane solution (concentration = 1 mmol/m ) of triisobutylal um num was
charyged. Naxtloh@xzmhey Iwickel ofiibremddleut i on (concentration = 2 Icnol/nm)
of raceni-ethylenebis(l-indenyl)ziconiun1diphenoxide wai_lo har,ged, and
successi vélry) -edhylener bl PLFeP{ (48 adidP By ek g Pﬁé’gbgvélnentioned

Example 2 (1 s.,charged. Th meri.zation was carried out at 70 C for
20 ninute?gﬁéﬁﬁgqﬁﬂﬂﬁﬂgﬁ%ff?ieﬁgg¥8m%ggb the constant total pressure

After deashinganpdwashd oyd & b 2Ry J50¢RI-@LikaG 1/ 4184 hanol sol ution, 15 and

t hen drying ung%% vagtu%¥ 4B(g gf an ol efin pol yner was obtained. The

pol ynmer i zglimer h3Qldd 431 i é-Pn 88”e MFRiBRmiAd, X 108 g/ nol - Zr/ hour, 17.1 and

4.7) respectively.

25 2,2'-methylenebis[ (4R)-4-tert-butyl-5,5-diethyloxazoline]
nickel dibromigde, |
2,2'-methylenebis|[ (4R)-4-tert-butyl-5,5-di-n-
propyloxazoline Jnickel dibromide,

2,2'-methylenebis[(4R)-4-tert-butyl-5,5-

30 diisopropyloxazoline]lnickel dibromide,




i methylphenyl)oxazoli nickel dibromide,
98 Cains 1. Ayn%ta?yc%npoun %Jned %y a process comprising the step of

contactimy;inhﬁé&hgmgﬁgbggqnqmquga(é&tlguéfl 595whar-qian t he anount of the
conponent (b) contacted is from0.1 to 8 nol, and the anmount of the

conponent nfebhybphenytioxazbldmelbid¢ioeB dbbropedel nol of the conponent

(a) ( respectlvelg ; a g a conpound represented by the followi ng fornula |
1] 10 M 13 r2}-1methplenebdsiddfd represenbetybySt Rediol(4owi ng fornul a [ 2]

Ris-1TH [ 2 d d by the foll

T | e B i R ERAELD 2 120
the & 1 azb t

va?encgug? ﬁ rﬁ?[%§gignhgatsgge%ﬁyt4g%§%{ ﬁtg.llll 8&03 ﬁygmoc;r Ibznagr oup

or a hydrQﬁ@&’thﬁ?yﬁﬂélnﬁﬂ.?ﬁ&az%'ﬂ.d@méﬂ@lOﬂlﬂPBﬁihé s exist, they may be
the sane or different fromone another; T is a non- metal 25 atom of the

G oup 15 ar, m'&m@thmenebuecul(am)am-et:e:stnswaylzaseaeaief( 3F RL is an

el ectron-wi t hdrawi ng group or an el ectron-w thdraw ng group-contai ni ng
group, amﬂ%ﬂhﬂﬂfpbebYlmcxézﬂlhnainiﬂﬁelrﬁ@bnﬁyiﬂe the sane or different
fromone another; n is nber of from ; J s non-netal atom so

of the G du? 1@?##?%%%9#?&&.48h—émfeer%m*auwl.§ (3" ﬁﬁdr‘d’car bon 99 group,
and when s_ex t-he the 3ame or different from one
anot her . %&Q?H”{nq?%Pgieﬂﬁgﬁﬁ i<§%ﬂ%h$%?'€ T) wherein T s is a

ni trogen 3.0 e By PXXEBE SRLQT ogcmﬁ-m&tceﬂe 8% a35fori ng 0.0 aim
1, wherein Rl is a ogenate rocar bon group 4. The metal conpound

accordlngdyblaﬁuf&ﬂe}mhgegea ambﬁammument (b) is a fluorinated phenol. s.
The netal conpound according to Claim1, wherein the conponent (b) is

pent af | uorgh'erme thytefebIké spetcal { (cihpotntient ebutliydgxagoQiizien 3, 1 Wherei n
t he conponent_ (b) is a_fluorinated alcohol. 7 . The netal conpound
accoﬂhlnQQﬁF¥BBﬁ¥ﬁ§Pe}&ﬁéFBPﬂ gHdzamidmonent (b) is

I her i 1 e.xri‘ft'af‘l‘%i A IR R R e A

Claim1l }fn@@k@ﬁ“ﬁh@%ﬂﬁ?&%ﬂ 10. The netal conpound accordi ng
to Cla|n11 ere n ﬁ | rcon atom "™ 30

2,2'-methylenebis[spiro{ (4R)-4-tert-butyloxazoline-5,1"'-
cycloheptane}]lnickel dibromide,

25 2,2'-methylenebis[ (4R)-4-phenyl-5,5-dimethyloxazoline]
nickel dibromide,
2,2'-methylenebis[(4R}-4-phenyl-5,5-diethyloxazoline]
nickel dibromide,

2,2'-methylenebis[(4R)-4-phenyl-5,5-di-n-propyloxazoline]

30 nickel dibromide,




2,2'-methylenebis[ (4R)-4-phenyl-5,65-d1i-(2-methylphenyl)
100 11. A catal yst conponent for addition pol ynerization comprising the

met al conpaxazb hinel Ai8Rello diibdionikie 12. A catal yst for addition

pol ynmeri zati on obtained by 5 a process conprising the step of contacting a
cat al yst chidormethybenabdsii(dR Jpalphemnyht 5 ohi-dée(BdmeghiydpBlemiyd 11 with a
conmpound (B) of a netal selected fromthe group consisting of netals of

G oups 3 tFAEOLHRe i Rhekani ddbyomide.( and optional ly an organoal uni num

a1 S P HERBBIBb A ST L hebaRtobAnEeE R A The
catal yst fra A0t {4 PRiBREY MRS i1 Ya according i5 to Aaim1l2, wherein the

conpound (B) Is a transition netal conpound, which contains at |east one
group having o meehppent Bk ¢MUR ) MPHHAHPN $kel 81002 - he thd RipHESEL f or
produci ng an addition polymer zo conprising the step of polynerizing an
‘addi ti on potazEkinebhickehodebriomitdes presence of the catalyst for addition
pol yneri zati on according to Claim 12. 16. The process for produci ng an

Bl t 1 on [ol3 mate SRy Levepar i R0 -d-HhARss - uiet &k n ( BhBesbeRTRRPAYL)
DL A APISIEL s bR o Rk elllacl ! The process for, produsing an
2 e 2 EARPLAR 991 S AL SR, o6 8o 1 A
oxazo¢linelnickel dibromide,
methylenebis[spiro{(4R)-4-phenyloxazoline-5,1"'-
cyclobutane} ]nickel dibromide,

20 2,2'—methylenebis[spiro{(4R)-4-phenyloxazoline-5,l'—
cyclopentane}]lnickel dibromide,
2,2'-methylenebis{spiro{(4R)-4-phenyloxazoline-5,1"'-
cyclohexane}]nickel dibromide,
2,2'-methylenebis[spiro{(4R)-4-phenyloxazoline-5,1"-

25 cycloheptane}]nickel dibromide, _
2,2'-methylenebis[(4R)-4-benzyl-5,5-dimethyloxazoline]
nickel dibromide,
2,2'-methylenebis[(4R)-4-benzyl-5,5-diethyloxazoline]

nickel dibromide,

30 2,2'-methylenebis[(4R)-4-benzyl-5,5-di-n-propyloxazoline]




1 bromide,
oF73MVh R??gﬁﬁ )9%Nh) F2MhF ) 73Wnc F3Wnc F3Wn RF2Mn FQ2Whc_ 042Whc  .Fn2Mhc

c3Mic OF3MBE - Jna3My 1B3dIe: £PMIE) €4 MENSFI3/hG NN TRy FRRABYRIMe F3Mhc

F73Mh) F3Mh) 9)73Vh c2Mhc oF3Mhc <) 73MhF 0) 73Mh
VF73Mhc aiaBolinelnickel S ah ) oF3Mic 9F3MiF oF3Mhc c3Mhc

2,2'-methylenebis[(4R)-4—behzyl-5,5-di-(3—methylphenyl)

10 oxazolinelnickel dibromide,
2,2'—methylenebis[{4R)—4-benzy1-5,5-di-(4—methylphenyl)
oxazoline]nickel dibromide,
2,2'—methylenebis[(4R)-4-benzyl-5,5—di-(2-methoxyphenyl)
oxazolinelnickel dibromide,

15 2,2'—methylenebis[(4R)-4-benzyl—5,5—di-(3—methoxyphenyl)
oxazolinelnickel dibromide,
2,2'—methylenebis[(4R)-4~benzyl—5,5-di-(4—methoxyphenyl)
oxazoline]nickel dibromide,
2,2'—methylenebis[spiro{(4R)-4-benzyloxazoline—5,l‘—

20 cyclobutane}]nickel dibromide,
2,2'-methylenebis[spiro{(4R)—4—benzyloxazoline-5,l'-
cyclopentane}]nickel dibromide,
2,2'-methylenebis[spiro{(4R)—4—benzyloxazoline-5,1'-
cyclohexane}]lnickel dibromide; andg

25 2,2'-methylenebis[spiro{(4R}~4—benzyloxazoline-5,1'-
cycloheptane}]nickeldibromide:andantipodesandiastreomers
of the above-mentioned compounds. Further examples thereof
are[hydrotris(B,5-dimethylpyrazolyl)borate]nickelbromide,

[hydrotris(3,5-diethylpyrazolyl)borate]nickel bromide, and

30 [hydrotris(3,5-di-tert-butylpyrazolyl)borate]nickel




e ' "diphenyl", "dibenzyl”.
c2Whc F3I\/ﬁf—' ﬁ&%zlvh)n RFQNh) 3Wn )<th ) 42Mhc gq3MhF ~F3Mhc F3Mh)

F2Mh "
czwh%ﬁ%%?) i L F@mtﬁ&kfhaerfswumﬁam)ogm ) 73MhF T3MnF T3Mnc

) 73MF R) r') T3Vh) 9F2MhF F2Mh
F cZNh oc2Whc
C2MF OFBHHEsﬁﬂﬁﬂﬁoxide“ "di-n-butoxide" ilsobutoggaNhF F3MF cT3MF
"di-tert-butoxide", "diphenoxide" or
10 “di(2,6-di-tert—butylphenoxide)“.

A further example of the metal compound represented by
the formula [4], wherein M2 is a nickel atom, is a compound

represented by the following formula [71]:

RSS R54
51 — RS2 7
RN N—R [7]

15

wherein each of R*' and R*? is a 2,6-diisopropylphenyl group;
each of R5? and R is independently of each other a hydrogen
atom or a methyl group, or R%? and R** are combined to form an
20 acenaphtene group; and each of X% and X3 is independently of
each other a fluorine atom, a chlorine atom, a bromine atom,
an iodine atom, a methyl group. an ethyl group., a n-propyl
group, an isopropyl group. a n-butyl group, a phenyl group.
a benzyl group, a methoxy group, an ethoxy group, a n-propoxy

25 group, an isopropoxy group, a n-butoxy group, an isobutoxy

or a phenoxy group.
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(3-tert-butyl-5-methyl-2-phenoxy)titanium],

di- i -oxobis [dimethylsilylene(cyclopentadienyl)
(2-phenoxy)titanium],

di- it -oxobis[dimethylsilylene(cyclopentadienyl) -
(3-tert-butyl-5-methyl-2-phenoxy)titanium],

di- / -oxobis{dimethylsilylene(methylcyclopentadienyl)
{(2-phenoxy) titanium],
di—LL-oxobis[dimethylsilylene(methylcyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium},
di—LL-oxobis[dimethylsilylene(tetramethylcyclopentadienyl)
(2-phenoxy)titanium] and
di-LL-oxobis[dimethylsilylene(teframethylcyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy)titanium].

Other examples of the compound (B}, wherein the metal
atom is a nickel atom, are nickel chloride, nickel bromide,
nickel iodide, nickel sulfate, nickel nitrate, nickel
perchlorate, nickel acetate, nickel trifluorcacetate, nickel

cyanide, nickel oxalate, nickel acetylacetonate, bis(allyl)

nickel, bis(1l,5-cyclooctadiene)nickel,

dichloro(1l,5-cyclooctadiene) nickel,




tetrakis(triphenylphosphine)nickel, dichloro[l,2- bis
V0% ()-M  9A0%& ()-M 10%&' ()- $10%& ()-cl0%& ()-9# abcz[ PE:! 10 10 10 :
%0%&' () - S(dEhéNyLPha8pR'inp)e thBMOPRL ¢he M - fy&ocy& () - MceU>~}A<PE: ! |
%W0%=& ()- 6%0% ()-M 6%0%& ()-M L$10%&' ()- _
L$10%PP&! (falii}a@e &Y dipheuyRphosplobge | 91:11@!1@1010%@0/&' ()-18&c V-
%WOYR' ()-14 ¢ | % ( ¢ | %0%& | Y{0%& >rP1 i 9409 & ()-!
oa0ve |) dLeaheRgll) 3t bigiGpbenyLand4aies | propghed <rpt

| AGE (o FHVIIIE agpggnﬁwoowhs9&@55&9%&4@ BB ke
nickel nitratej tetrakis(acetonitrile)nickel
tetrafluoroborate and nickel phthalocyanine.
Examples of the compound {(B), wherein the metal atom
is a vanadium atom, are vanadium acefylacetonate, vanadium
15 tetrachloride andvanadiumoxy trichloride. Anexample thereof,
wherein the metal atom is a samarium atom, is
bis(pentamethylcyclopentadienyl)samarium
methyltetrahydrofuran. An example thereof, wherein the metal
atom is an ytterbium atom, is
20 bis(pentamethylcyclopentadienyl)ytterbium
methyltetrahydrofuran.
Examples of the compound (B) used in order to obtain

the catalyst in accordance with the pesent invention are those

represented by the following formulas [8] to [10]:

25
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A3 R34 [9]
R31 Raa
R32
and
66 9
R 4 6 /X / p\

Fl65 \Xm/M
re L10]
R73

wherein respective M® to M’ are independently an atom of the
Group 4 of the periodic table of the elements; respective'Al
to A® are independently an atom of the Group 16 of the periodic
table of the elements; respective J' to J° are an atom of the

Group 16 of the periodic table of the elements; respective

Cp’ to Cp® are a group having a cyclopentadienyl anion skeleton;

7' X
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10 M’ to M? are a metal atom of the Group 4 of the Per:.odic Table
(IUPAC 1985), and for example, a titanium atom, a zirconium
ato and a hafnium atom are exemplified. A titanium atom and
a zirconium atom are preferred.
Examples of the group having a cyclopentadienyl type
15 anion skeleton as Cp! to Cp® are
an 77°-(substituted)cyclopentadienyl group,
an 7 °-(substituted)indenyl group, and
an.n5-(substituted)fluorenylgroup.Specificexamplesthereof
are an ns-cyclopentadienyl group,
20 an ns—methylcyclopentadienyl group,
an n5—dimethylcyclopentadienyl group,
an n5-trimethylcyclopentadienyl group.
an n5-tetramethylcyclopentadienyl group,
an 7°-ethylcyclopentadienyl group,
25 an ﬂ5—n—propylcyclopentadienyl group,
an 7°-isopropylcyclopentadienyl group,
an n5—n—butylcyclopentadienyl group,

an ns-sec—butylcyclopentadienyl group,

an 7n°-tert-butylcyclopentadienyl group,
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an ns-phenylfluorenyl group,an ns—diphenylfluorenyl group,
an ns-trimethysilylfluorenyl group and
15 an n5-bistrimethysilylfluorenyl group; preferably an 7
®-cyclopentadienyl group, an 7 °-methylcyclopentadienyl group,
an H5—n-butylcyclopentadienyl group,
an nS-tert-butylcyclopentadienyl group,
an n5-tetramethlcyclopentadienyl group,
20 an 7 °-indenyl group, an 7 °-tetrahydroindenyl group and an 7
*-fluorenyl group.
In X' to X', R' to R'®, R* to R*®, R* to R*®, R* to R®¢
and R’* to R’® of the formulas [8] to [10], as a halogen atom,
a fluorine atom, a chlorine atom, a bromine atom and an iodine
25 atom are exemplified, and a chlorine atom or a bromine atom
is preferable, and a chlorine atom is more preferable.
In X* to X', R' to R', R* to R?*, R* to R, R®' to R*®
and R’ to R'® of the formulas [8] to [10], as a hydrocarbon

group, an alkyl group, an aralkyl group and aryl group are

30 exemplified.
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halogen atom are a fluoromethyl group, a trifluoromethyl group,

5?%P_are exemplified.

a chloromethyl group, a trichloromethyl group, a £fluorcethyl
group, a pentafluoroethyl group, a perfluoropropyl group, a
perfluorobutyl group, aperfluorohexyl group, aperfluorooctyl

15 group, perchloropropyl group, a per chlorobutyl group and
perbromopropyl group.

The alkyl group is pfeferably an alkyl group having 1
to 20 carbon atoms; and more preferably a methyl group, an
ethylgroup,anisopropylgrodp,atert-butylgroup,anisobutyl

20 group or a tert-pentyl group.

Examples of the aralkyl group are a benzyl group, a
(2-methylphenyl)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

25 {(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

30 (2,3,5-timethylphenyl)methyl group, a
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6#10% & () &1}9#19 /fg‘n(ﬁentylphenyl)methyl group, a
(neopentylphenyl)methylgroup,ai(n-hexylphenyl)methylgroup,
a (n-octylphenyl)methyl group, a (n-decylphenyl)methyl group,
a (tetradecylphenyl)methylgroup,zinaphthylmethylgroupand
15 an anthracenylmethyl group.
The aralkyl group is preferably an aralkyl group having
7 to 20 carbon atoms, and more preferably a benzyl group.
Examples of the aryl group are a phenyl group, a 2-tolyl
group, a 3-tolyl group, a 4-tolyl group, a 2,3-xylyl group,
20 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-trimethylphenyl
group, a2,3,5-trimethylphenyl group, a2,3,6-trimethylphenyl
group, a 2,4, 6-trimethylphenyl group, a3,4,5-trimethylphenyl
group, a 2,3,4,5-tetramethylphenyl group, a
25 2,3,4,6-tetramethylphenylgroup, a2,3,5,6-tetramethylphenyl
group, a pentamethylphenyl group, an ethylphenyl group, a
n-propylphenyl group, an isopropylphenyl group, a
n-butylphenyl group, a sec-butylphenyl group, a

tert-butylphenyl group, an isobutylphenyl group, a

30 n-pentylphenyl group, aneopentylphenyl group, a n-hexylphenyl
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as a benzyloxy group.
Further, as X' to X7, R to R'®, R to R2?%, R® to R%,
15 R* toR°* andR’' to R’ of the formulas [8] to [10], the substituted
silyl group means a silyl group substituted with a hydrocarbon
group, and said hydrocarbon group may be substituted with a
halogen atom such as a fluorine atom, a chlorine atom, a bromine
atom and an iodine atom; an alkoxy group such as a methoxy
20 group and an ethoxy group; an aryloxy group such as a phenoxy
group; or an aralkyloxy group such as benzyloxy group.
The hydrocarbon group is preferably an alkyl group having
1l to 20 carbon atoms such as a methyl group, an ethyl group,
a n-propyl group, an isopropyl group, a n-butyl group, a
25 sec-butyl group, a tert-butyl group, an isobutyl group, a
n-pentyl group, a n-hexyl group and a cyclohexyl group, or
an aryl group having 6 to 20 carbon atoms such as a phenyl
group.

Examples of such a substituted silyl group are a

30 mono-substituted silyl group having 1 to 20 carbon atoms such
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trimethylsilyl group, a tert-butyldimethylsilyl group or a
triphenylsilyl group is preferable.

Examples of. the hydrocarbonoxy group in as X! to X7, R
15 to R'®, R** to R?, R to R, R® to R°® and R"' to R’® of the
formulas [8] to [10] are an alkoxy group, an aralkyloxy group
and an aryloxy group.
Examples of the alkoxy group are a methoxy group, an
ethoxy group, an-propoxy group, an isopropoxy group, an-butoxy
20 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-pentadecoxy group and a n-eicosoxy
group. These alkoxy groups may be partially substituted with
a halogen atom such as a fluorine atom, a chlorine atom, a
25 bromine atom and an iodine atom; an alkoxy group such as a
methoxy group and an ethoxy group; an aryloxy group such as
a phenoxy group: or an aralkyloxy group such as a benzyloxy
group.

The alkoxy group in X* to X’, R! to R®, R?! to R?*®, Rr*

30 to R*®*, R*! to R®® and R”' to R’® of the formulas [8] to [10] is
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(3,5-dimethylphenyl)methoxy group, a
(2,3,4—trimethylphenyl)methoxy group, a
(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
(2,3,4,5-tetramethylphenyl)methoxy group, a
(2,3,4,G-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
{isopropylphenyl)methoxy group, (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 naphthylmethoxy group and an

anthracenylmethoxy group.

These aralkyloxy groups may be substitutedwithahalogen
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($1OW@&T(P—&LBEMﬂtﬁﬁlﬁhéﬁbxy group, a 3,4-dimethylphenoxy group, a
3.5-dimethylphenoxy group, a 2-tert-butyl-3-methylphenoxy
15 group, a 2-tert-butyl-4-methylphenoxy group, a
2-tert-butyl-5-methylphenoxy group, a
2-tert-butyl-6-methylphenoxygroup, a2,3,4-trimethylphenoxy
group, a 2,3,5-trimethylphenoxy group, a
2,3,6-trimethylphenoxy group, a 2,4,5-trimethylphenoxy group,
20 a 2,4,6-trimethylphenoxy group, a
2-fert-butyl-3,4—dimethylphenoxy group, a
2-tert-butyl-3,5-dimethylphenoxy group, a
2-tert-butyl-3,6-dimethylphenoxy group, a
2,6-di-tert-butyl-3-methylphenoxy group, a
25 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
group, a 2-tert-butyl-3,4,5-trimethylphenoxy group, a

2,3,4,6~-tetramethylphenoxy group, a

30 2-tert-butyl-3,4,6-trimethylphenoxy group, a
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anthracenoxy group.

These aryloxy groups may be substituted with a halogen
atom such as a fluorine atom, a chlorine atom, a bromine atom
and an iodine atom; an alkoxy group such as a methoxy group

15 and an ethoxy group; an aryloxy group such as a phenoxy group:
or an aralkyloxy group such as a benzyloxy group.

The aryloxy group in X* to X7, R'! to R'®, R* to R?*®, R*
to R*®, R®! to R®® and R’ to R’ of the formulas [8] to [10] is
preferably an aryloxy group having 6 to 20 carbon atoms.

20 The di-substituted amino group in X* to X7, R' to RS,
R* to R?®, R to R*, R®! to R®® and R’ to R’® of the formulas
[8] to[10] means an amino group substitutedwith twohydrocarbon
groups or silyl groups, and said hydrocarbon group and said
silyl group may be substituted with a halogen atom such as
25 a fluorine atom, a chlorine atom, a bromine atom and an iodine
atom; an alkoxy group such as a methoxy group and an ethoxy
group; an aryloxy group such as a phenoxy grcoup; or an aralkyloxy

group such as a benzyloxy group.

Examples of the hydrocarbon group are an alkyl group

30 having 1 to 20 carbon atoms such as a methyl group, an ethyl




benzyl gr . E 1 f th ilyl oup are a trimethylsilyl
S, $10%& ()T E TORO0E () EP a0 () ore T08F 3Ra Sabve ()i ad -

0% () - LgddI dnd 74 LfehPOrBBE €)1 d ThEthYIE iyl HiRuDBMdnptes 168/ such
109%& ()-!'|1*110%& ()-!4c =#%0%& ()-)i!!1109%& ()- i%40% ()-'&
| Y409 () -d AiSAsilst10akef) amEnbO%iduip d0e 18 AOmEtHBY1EIONS (JrBipF 83
%}0%&f§)-80 110%& ()-n>}[<rS4 10 S# %@O%&i§£ém!- S# %09 () - )FIOM&T()-
P'10%& () -GiggTpbemine) gropg) 0% éd M-PEIPXAAMInQOIFQUID! F109&' () -
1094 §) - di¥adpropy bamdno’ Group-" o 41 n- bilytatdnb bZoup.. a °
di—sec—butylémino group, a di-tert-butylamino group, a
di-isobutylamino group. a tert-butylisopropylamino group, a
di-n-hexylamino group, a di-n-octylamino group, a
diphenylaminoe group, a bistrimethylsilylamino group and a
15 bis-tert-butyldimethylsilylamino group; and a dimethylamino
group, an diethylamino group, a diisopropylamino group, a
di-tert-butylamino group or a bis-trimethylsilylamino group
is preferred.
Eaxmples of the hydrocarbon thio group in X* to X’, R™
20 to R, R* to R?*®, R* to R, R®' to R®*® and R’ to R’® of the
formulas [8] to [10] are an'alkylthio group, an aralkylthio
grouo and arylthio group.
| Examples of the alkylthio group are a methylthio group,
an ethylthio group, a n-propylthio group, an isopropylthio
25 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

n-eicosylthio group.

30 The alkylthio group is preferably an alkylthio group
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10 (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, a

15 (2,3,5-timethylphenyl)methylthio group, a
(2,3,6-timethylphenyl)methylthio group, a
(2,4,5-timethylphenyl)methylthio group, a
(2,4,6-timethylphenyl)methylthio group, a
(3.4,5-timethylphenyl)methylthio group, a

20 (2,3,4,5-tetramethylphenyl)methylthio 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

25 group, an (isopropylphenyl)methylthio group, a
(n-butylphenyl)methylthio group, a
(sec-butylphenyl)methylthio group, a
(tert-butylphenyl)methylthio group, a

(n-hexylphenyl)methylthiogroup, a {(n-octylphenyl)methylthio

30 group, a (n-decylphenyl)methylthio group, a
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1Q'1010 H@oup, a 3,5-dimethylphenylthio group, a

2-tert-butyl-3-methylphenylthio group, a
2-tert-butyl-4-methylphenylthio group, a
2-tert-butyl-5-methylphenylthio group, a
2-tert-butyl-6-methylphenylthio group, a

15 2,3,4-trimethylphenylthiogroup, a2,3,5-trimethylphenylthio
group, a 2,3,6-trimethylphenylthio group, a
2,4,5-trimethylphenylthiogroup, a2,4,6-trimethylphenylthio
group, a Z-tert-butyl-3,4-dimethylphenylthio group, a
2-tert-butyl-3,5-dimethylphenylthio group, a

20 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
3.4,5-trimethylphenylthioc group, a

25 2,3,4,5-tetramethylphenylthio group, a
2,3,4,6-tetramethylphenylthio group, a
2-tert-butyl-3,4,6-trimethylphenylthio group, a
2,6-di-tert-butyl-3,4-dimethylphenylthio group, a

2,3,5,6-tetramethylphenylthic group, a

30 2-tert-butyl-3,5,6-trimethylphenylthio group, a




neopentylphenylthio group, a n-hex 1? enylthio rou
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10!||Jc HO08@tY)ph€aylthio group, a n-decylphenylthio group, a
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Further, these alkylthio, aralkylthio and arylthio
groups above-mentioned may be respectively substituted with
a halogen atom such as a fluorine atom, a chlorine atom., a
15 bromine atom and an iodine atom; an alkoxy group such as a
methoxy group and an ethoxy group: an aryloxy group such as
a phenoxy group:; or an aralkyloxy group such as a benzyloxy
group. |
Examples of the hydrocarbon seleno group in X' to X’,
20 R'' to R', R* to R*®, R® to R*, R®! to R®® and R™ to R’® of the
formulas [8] to [10] are an alkylseleno group, an aralkylseleno
grouo and an arylseleno group.
Examples of the alkylseleno group are a methylseleno
group, an ethylseleno group, a n-preopylseleno group, an
25 isopropylseleno group, a n-butylseleno group, a
sec-butylselenoc group, a tert-butylseleno group, a
n-pentylseleno group, aneopentylseleno group, an-hexylseleno
group, a n-octylseleno group, a n-dodecylseleno group, a

n-pentadecylseleno group and a n-eicosylseleno group.

30 The alkylseleno group is preferably an alkylseleno group




(3-methylphenyl)methylseleno group, a
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S5p#109& ({4 wrefibrbphenylioe thylisieng -grdip# 8d0%&R' ()-M &F L0 ()-!-F
LOdOoY& ()-)-F ij!10%k ()-'4F ij!10%& ()-0}"SH= 1 10 10R 10R 10R)
65! 10%R& (()2-M&§”B%F1w heny)L)Matorsgle o) Ireupeod ()- ! -)

R ]
(Y098 () -¢d WO%ihe eH 1 PRV mb VY (e Zrvd G BRE, a

(2,6-dimethylphenyl)methylseleno group, a
(3,4-dimethylphenyl)methylseleno group, a
(3.5-dimethylphenyl )methylseleno group, a
(2,3,4—timethylphenyl)methyiseleno group, a

15 (2,3,.5-timethylphenyl)methylseleno group, a
(2,3,6-timethylphenyl)methylseleno group, a
(2,4,5-timethylphenyl)methylselenc group, a
(2,4,6-timethylphenyl)methylseleno group, a
(3,4,5-timethylphenyl)methylseleno group, a

20 (2,3,4,5-tetramethylphenyl)methylseleno group, a
(2,3,4,6-tetramethylphenyl)methylseleno group, a
{(2,3,5,6-tetramethylphenyl}methylseleno group, a
(pentamethylphenyl)methylseleno group, an
(ethylphenyl)methylseleno group, a

25 (n-propylphenyl)methylseleno group, an
{isopropylphenyl)methylseleno group, a
(n-butylphenyl)methylseleno group, a
(sec-butylphenyl)methylseleno group, a

(tert-butylphenyl)methylseleno group, a

30 (n-hexylphenyl}methylseleno group, a




benzylseleno group.
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10%¥$)'0%£$UE@QA)z[éiﬁﬁﬁéihQN%ﬁEB9lse1eno group, a
2,5-dimethylphenylseleno group, a 2,6-dimethylphenylseleno
group, a 3,4-dimethylphenylseleno group, a
3.5-dimethylphenylseleno group, a
2-tert-butyl-3-methylphenylselenc group, a
15 2-tert-butyl-4-methylphenylselenc group, a
2-tert-butyl-5-methylphenylselenco group, a
2-tert-butyl-6-methylphenylseleno group, a
2,3,4-trimethylphenylseleno group, a
2,3,5-trimethylphenylseleno group, a
20 2,3,6-trimethylphenylseleno group, a
2,4,5-trimethylphenylseleno group, a
2,4,6-trimethylphenylseleno group, a
2-tert-butyl-3,4~-dimethylphenylseleno group, a
2-tert-butyl-3,5~-dimethylphenylseleno group, a
25 2-tert-butyl-3,6-dimethylphenylseleno group, a
2,6-di-tert-butyl-3-methylphenylseleno group, a
2-tert-butyl-4,5-dimethylphenylseleno group, a
2,6-di-tert-butyl-4-methylphenylseleno group, a

3,4,5-trimethylphenylseleno group, a

30 2,3,4,5-tetramethylphenylseleno group, a




2,6-di-tert-butyl-3,5-dimethylphenulseleno grou
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a neopentylphenylselenc group, a n-hexylphenylseleno group,
a n-octylphenylseleno group, a n-decylphenylseleno group, a
n-tetradecylphenylseleno group, a naphthylseleno group and
an anthracenylseleno group.

15 The arylseleno group is preferably an alkylseleno group
having 6 to 20 carbon atoms.

These alkylseleno, aralkylselenc and arylseleno groups
above-mentioned may be respectively substituted with a halogen
atom such as a fluorine atom, a chlorine atom, a bromine atom

20 and an iodine atom: an alkoxy group such as a méthoxy group
and an ethoxy group; an aryloxy group such as a phenoxy group;
or an aralkyloxy group such as a benzyloxy group.

X* to X" in the formulas [8] to [10] are preferably
independently a halogen atom, an alkyl group, an aralkyl group,

25 an alkoxy group, an aryloxy group or a di-substituted amino
group, and more preferably a halogen atom, an alkyl group,
an alkoxy group or an aryloxy group.

Further, R'' to R, R?! to R?*, R’ to R*, R®*! to R®* and

R’*toR’*in the formula [8] to [10] are preferably independently

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




Furthermore, R'?, R*¢, R?®, R?, R®®, R, R®®, R®®, R"® ana
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$10% () - ! X L%ioﬂ@iELVEEQ X® to X'® in the formulas [9] and [10] are an
atom of the Group 16 of the periodic table of the elements
such as an oxygen atom, a sulfur atom and a selenium atom,
and are preferably an oxygen atom or a sulfur atom, and more
preferably an oxygen atom.

15 Furthermore, A' to A® in the formulas [8] to [10] are
an atom of the Group 16 of the periodic table of the elements
such as an oxygen atom, a sulfur atom and a selenium atom,
and are preferably an oxygen atom.

Moreover, J' to J° in the formulas [8] to [10] are an

20 atom of the Group 14 of the periodic table of the elements
such as a carbon atom, a silicon atom and a germanium atom,
and are preferably a carbon atom or a silicon atom.

Examples of the metal compound represented by the
formula [8] are methylene(ns-cyclopentadienyl)

25 (3,5-dimethyl-2-phenoxy)titanium dichloride (herein-after,
"N°-" is sometimes omitted),
-methylene(cyclopentadienyl)(3—tert-butyl-2-phenoxy)
titanium dichloride,

methylene({cyclopentadienyl) (3-tert-butyl-5-methyl-2-

30 pPhenoxy)titanium dichloride,




phenoxy)titanium dichloride,
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| *#10%& () mb4ayl ehbQ% Damethyleyclopentadienyl) (3, 5-dimethyl-2-
phenoxy)titanium dichloride,
methylene(tetramethylcyclopentadienyl) (3-tert-butyl-2-
phenoxy)titanium dichloride,

15 methylene(tetramethylcyclopentadienyl)(3-tert-butyl-5-
methyl-2-phenoxy)titanium dichloride,
methylene(tetramethylcyclopentadienyl) (3-phenyl-2-
phenoxy)titanium dichloride,
methylene(tetramethylcyclopentadienyl)(3-tert-butyl

20 dimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
methylene({tetramethylcyclopentadienyl)
(3-triﬁethylsilyl—S—methyl—z—phenoxy)titanium dichloride,
methylene(tetramethylcyclopentadienyl)
(3-tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,

25 methylene(tetramethylcyclopentadienyl)
(3-tert-butyl-5-chloro-2-phenoxy)titanium dichloride,
isopropylidene(cyclopentadienyl){3,5-dimethyl-2-phenoxy)
titanium dichloride,

isopropylidene(cyclopentadienyl)(3-tert-butyl-2-phenoxy)

30 titanium dichloride,




silyl-5-methyl-2-phenoxy)titanium dichloride,
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10 2-phenoxy}titanium dichloride,
isopropylidene(cyclopentadienyl)(3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl)(3,5-dimethyl-
2-phenoxy)titanium dichloride,

15 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-

20 phenoxy)titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl) (3-tert-butyl
dimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

~ isopropylidene(tetramethylcyclopentadienyl)
(3-trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

25 isopropylidene(tetramethylcyclopentadienyl) (3-tert-butyl-
5-methoxy-2-phenoxy)titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl)(3-tert-butyl-
5-chloro—2-phenoxj)titanium dichloride,

diphenylmethylene{cyclopentadienyl)(3,5-dimethyl-2-

30 phenoxy)titanium dichloride,




titanium dichl . . '
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diphenylmethylene(cyclopentadienyl)(3—tert—butyl—5—
methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene({cyclopentadienyl) (3-tert-butyl-5-chloro
-2-phenoxy)titanium dichloride,

15 diphenylmethylene(tetramethylcyclopentadienyl)(3,5-
dimethyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl)(3-tert-
butyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl) (3-tert-

20 butyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl) (3-phenyl-2
-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl)(3-tert~
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

25 diphenylmethylene(tetramethylcyclopentadienyl)(3—
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl) (3-tert-
butyl-5-methoxy-2-phenoxy)titanium dichloride, and

diphenylmethylene(tetramethylcyclopentadienyl) (3-tert-

30 butyl-5-chloro-2-phenoxy)titanium dichloride: and compounds
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S "dibenzyl", "dimethoxide", "diphenoxide", - ‘ e :
"bis(dimethylamino)" or "bis(diethylamino)" are also
exemplified.

15 Moreover, examples of the metal compound represented
by the formula {8] are dimethylsilylene (7 *-cyclopentadienyl)
(2-phenoxy)titanium dichloride, dimethylsilylene
(n5-cyclopentadienyl)(3-methyl—2— phenoxy)titanium
dichloride, dimethylsilylene(ns—cyclopentadienyl)

20 (3,5-dimethyl-2-phenoxy)titanium dichloride,
dimethylsilylene(ns—cyclopentadienyl)
{3-tert-butyl-2-phenoxy)titanium dichloride,
dimethylsilylene(n5-cyclopentadienyl)(3—tert-butyl—5—
methyl-2-phenoxy)titanium dichloride, dimethylsilylene

25 (ns-cyclopentadienyl)(3,5-di-tert—butyl-z-phenoxy)
titanium dichloride, dimethylsilylene( 77°-cyclopentadienyl)
(5-methyl-3-phenyl-2-phenoxy)titanium dichloride,
dimethylsilylene(ns—cyclopentadienyl)(3—tert-

butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

30 dimethylsilylene( 7 °-cyclopentadienyl)(5-methyl-3-
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titanium dichloride, dimethylsilylene
(ﬂ5—tetramethylcyclopentadienyl)(3~tert—butyl-2-phenoxy)

15 titanium dichloride, dimethylsilylene
(n5—tetramethylcyclopentadienyl)(3-tert-butyl—5—methyl-2-
phenoxy)titanium dichloride, dimethylsilylene
(n5—tetramethylcyclopentadienyl)(3,5-di~tert—butyl—2-
phenoxy)titanium dichloride, dimethylsilylene

20 (n°-tetramethylcyclopentadienyl)(5-methyl-3-phenyl-2-
phenoxy)titanium dichloride, dimethylsilylene
(ﬂ-tetramethylcyclopentadienyl)(3-tertwbutyldimethylsilyl
-3-methyl-2-phenoxy)titanium dichloride, dimethylsilylene
(7 -tetramethylcyclopentadienyl) (5-methyl-3-trimethylsilyl

25 -2-phenoxy)titanium dichloride, dimethylsilylene _
(n5—tetramethylcyclopentadienyl)(3-tert-butyl-5-methoxy
-2-phenoxy)titanium dichloride, dimethylsilylene
(U5-tetramethylcyclopentadienyl)(3—tert—butyl—5-chloro—2—

phenoxy}titanium dichloride, dimethylsilylene

30 (n5—tetramethylcyclopentadienyl)(3,5—diamyl-2-phenoxy)
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"(n?® -indenyl}", "(n?d -phenylindenyl)" or-"(ns-fluorenyl)“;

compounds in which "(2-phenoxy)" in the above-mentioned
compounds is replaced with with "3-phenyl-2-phenoxy",

15 "3-trimethylsilyl-2-phenoxy" or
"3-tert-butyldimethylsilyl-2-phenoxy"; and compounds in
which "dimethylsilylene" in the above-mentioned compounds is
replaced with "diethysilylene", "diphenylsilylene" or

"dimethoxysilylene". Further, compounds in which "dichloride"

20 in the above-mentioned compounds is replaced with "dimethyl"”,
"dibenzyl", "dimethoxide", "diphenoxide",
"“bis(dimethylamino)" or "bis(diethylamino)" are also

exemplified. Furthermore, compounds in which "titanium" in
the above-mentioned compounds is replaced with "zirconium"
25 or "hafnium" are exemplified.
Moreover, in the metal compound represented by the
formula [9], specific examples of the [ -oxo type compound are
X -oxobis{isopropylidene(cyclopentadienyl)

(2-phenoxy)}titanium chloride},

30 u—oxobis{isopropylidene(cyclopentadienyl)(2-phenoxy)
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(tetramethylcyclopentadienyl) (2-phenoxy)titaniumchloride},

K -oxobis{isopropylidene(tetramethylcyclopentadienyl)(2-

15 phenoxy)titanium methoxide}, ( -oxobis{isopropylidene
(tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2-
phenoxy)titanium chloride}, and K -oxobis{isopropylidene
(tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium methoxide}; and compounds in which "(7n

20 5—cyclopentadienyl)" in the above-mentioned compouns is
replaced with “(n5-dimethylcyclopentadienyl)",
"{n°-trimethylcyclopentadienyl)",
"(n°-n-butylcyclopentadienyl)",
"(n°-tert-butylcyclopentadienyl)”,

25 "(n°-trimethylsilylcyclopentadienyl)",
"(n5~tert-butyldimethylsilylcyclopentadienyl)",
"(n°-indenyl)", "(n°-methylindenyl)" or "({7n°3-fluorenyl)".
Further, compounds in which "(2-phenoxy)" in the

above-mentioned compounds is replaced with " (3-methyl-2-

30 phenoxy)", "(3,5-dimethyl-2-phenoxy)", "(3,5-di-tert-butyl

10
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(cyclopentadienyl) (2—phenoxy)t1tanium],' di-{ -oxobis
[isopropylidene(cyclopentadienyl) (3-tert-butyl-5-methyl-2
-phenoxy)titanium], di- 4 -oxobis[isopropylidene
(methylcyclopentadienyl){2-phenoxy)titanium], di- 4« -oxobis

15 [isopropylidene(methylcyclopentadienyl)(3-tert-butyl-5-
methyl-2-phenoxy)titanium], di-# -oxobis[isopropylidene
(tetramethylcyclopentadienyl){2-phenoxy)titanium],bdi-
-oxobis[isopropylidene (tetramethylcyclopentadienyl)
(3-tert-butyl-5-methyl-2-phenoxy}titanium], di-u« -oxobis

20 [dimethylsilylene(cyclopentadienyl)(2-phenoxy)titanium],
di- U -oxobis[dimethylsilylene(cyclopentadienyl) (3-tert-
butyl-5-methyl-2-phenoxy)titanium], di- /4 -oxobis
[dimethylsilylene(methylcyclopentadienyl)(2-phenoxy)
titanium], di- 4% -oxobis[dimethylsilylene

25 (methylecyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)
titanium]}, di- (£ -oxobis[dimethylsilylene
(tetramethylcyclopentadienyl)(2~phenoxy)titanium], and di-
U -oxobis[dimethylsilylene(tetramethylcyclopentadienyl)(3-

tert-butyl-5-methyl-2-phenoxy)titanium]; and compounds in

30 which"(ﬂs-cyclopentadienyl)"intheabove—mentionedcompouns
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"{3,5-di-tert- butyl-z-phenoxy)",
"(3-phenyl-5-methyl-2-phenoxy)"” or
“(3—trimethylsilyl-5—methyl—2—phenoxy)“. Furthermore,
compounds in which" titanium” in the above-mentioned compounds

15 is replaced with "zirconium" or "hafnium" are exemplified.

The above-mentioned metal compoun'ds as the compound (B)
may be ﬁsed singly, or may be used in combination of twe or
more thereof.

The compound (B) is preferably a metal compound

20 represented by the formula[4], more preferably ametal compound
inwhich M? in the formula [4] is the Group 4 atom in the periodic
table, and further preferably a metal compound, which contains
atleastonegrouphavingacyclopentadienyltypeaniohskeleton
as L®> in the formula [4].

25 As the organoaluminum compound (C) used for the catlyst
foradditionpolymerizationaccordingto the present invention,
Known organocaluminum compounds can be used. Preferred is an
organoaluminum compound represented by the following formula

[11]:

30
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isobutyl group, a n-hexyl group, a 2-methylhexyl group and
a n-octyl group. More preferred is an ethyl group, a n-butyl
group, an isobutyl group, a n-hexyl group or a n-octyl group.
15 Examples of the halogen arom as ¥ in the formula [11]
are a fluorine atom, a chlorine atom, a bromine atom and an
icdine atom, and preferred is a chlorine atom.
The hydrocarbonoxy group as Y in the formula [1I] is
preferably an alkoxy group, an aralkyloxy group or an aryloxy
20 group.
Examples of the alkoxy group as Y in the formula [II]
are a methoxy group, an ethoxy group, a n-propoxy group, an
isopropoxy group, a n-butoxy group, a sec-butoxy group, a
tert-butoxy group, a n-pentoxy group, a neopentoxy group, a
25 n-hexoxy group, a n-octoxy group, a n-dodecoxy group, a
n-pentadecoxy group and a n-icosoxy group.
Each of those alkoxy groups may be substituted with a
halogen atom such as a £fluorine atom, a chlorine atom, a bromine

atom and an iodine atom; an alkoxy group such as a methoxy

30 group and an ethoxy group; or an aryloxy group such as a phenoxy
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%10%&f() é Q,B,%u%@ﬁﬂéthyfpﬁenoxy group, a 2,3,6-trimethylphenoxy
group, a 2,4,5-trimethylphenoxy group, a
2,4,6-trimethylphenoxy group, a 3,4,5-trimethylphenoxy group,
a 2,3,4,5-tetramethylphenoxy group, a
15 2,3,4,6-tetramethylphenoxy group,
2,3,5,6-tetramethylphenoxy group, a pentamethylphenoxy group,
an ethylphenoxy group, a n-propylphenoxy group, an
isopropylphenoxy group, a n-butylphenoxy group, a
sec-butylphenoxy group, a tert-butylphenoxy group, a
20 n-hexylphenoxy group, an-octylphenoxy group, an-decylphenoxy
group, a n-tetradecylphenoxy group, a naphthoxy group and an
"anthrathenoxy group.
Each of those aryloxy groups may be substituted with
a halogen atom such as a fluorine atom, a chlorine atom, a
25 bromine atom and an iodine atom; an alkoxy group such as a
methoxy group and an ethoxy group; or an aryloxy group such
as a phenoxy group.

The aryloxy group as ¥ in the formula [11] is preferably

an aryloxy group having 6 to 24 carbon atoms.

30 Examples of the aralkyloxy group as Y in the formula
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10j }Qj 10!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
15 (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
20 {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
25 (n-tetradecylphenyl)methoxy group, a naphthylmethoxy group
and an anthrathenylmethoxy group.
Each of those aralkyloxy gfoups may be substituted with

a halogen atom such as a fluorine atom, a chlorine atom, a

bromine atom and an iodine atom; an alkoxy group such as a

30 methoxy group and an ethoxy group: or an aryloxy group such
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10 10F diethylaluminum chloride, di-n-propylaluminum chloride,
di-n-butylaluminum chloride, diisobutylaluminum chloride and
di-n-hexylaluminumchloride; an alkylaluminum dichloride such
as methylaluminum dichloride, ethylaluminum dichloride,

15 n-propylaluminum dichloride, n-butylaluminum dichloride,
isobutylaluminum dichloride and n-hexylaluminum dichloride;
a dialkylaluminum hydride such as dimethylaluminum hydride,
diethylaluminum hydride, di-n-propylaluminum hydride,
di-n-butylaluminum hydride, diisobutylaluminum hydride and

20 di-n-hexylaluminum hydride; an alkyl{dialkoxy)aluminum such
as methyl(dimethoxy)aluminum, methyl{diethoxy)aluminum and
methyl{(di-tert-butoxy)aluminum; a dialkyl(alkoxy)aluminum
such as dimethyl (methoxy)aluminum, dimethyl(ethoxy)aluminum
and dimethyl(tert-butoxy)aluminum; an

25 alkyl(diaryloxy)aluminum such as methyl(diphenoxy)aluminum,
methylbis(2,6-diisopropylphenoxy)aluminum and
methylbis(2,6-diphenylphenoxy)aluminum; and a
dialkyl(aryloxy)aluminum such as dimethyl (phenoxy)aluminum,

dimethyl(2,6-diisopropylphenoxy)aluminum and

30 dimethyl(2, 6-diphenylphenoxy)aluminum.
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to the component (B) is usually in a range of (A) : (B) = from
1 : 1 to 10000 : 1, preferably from 1 : 1 to 5000 : 1, and
further preferably ffom 1l : 1 to 1000 : 1. The amount of the
component(C) is usually in a range of (B) : (C) = from 0.1
15 1l to 1l : 10000, and preferably from 1 : 1 to 1 : 1000.

As the catalyst for addition polymerization of the
present invention, areactionproductobtainedbypreliminarily
contacting the component (A) and the component (B), optionally,
further the component (C) may be also used, and they may be

20 alsoused by beingseparately charged in apolymerization vessel,
The arbitrary two components among them may be also previously
contacted, and further, another component may be also
contacted.

Examples of the addition polymerizable monomer iﬁ the

25 present invention are an olefin, a diolefin, a cyclic olefin,
an alkenyl aromatic hydrocarbon and a polar monomer, each of
which has 2 to 100 carbon atoms. A combination of two or more

thereof may be used.

Examples thereof are an olefin such as ethylene,

30 propylene, l-butene, l-pentene, 4-methyl-1—pentene-l.
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and 1,3-cyclohexadiene; a cyclic olefin such as norbornene,
5-methylnorbornene, 5-ethylnorbornene, 5-butylnorbornene,
5-phenylnorbornene, S-benzylnorbornene, tetracyclododecene,
tricyclodecene, tricycloundecene, pentacyclopentadecene,
15 pentacyclohexadecene, 8-methyltetracyclododecene,
8-ethyltetracyclododecene, 5-acetylnorbornene,
5-acetyloxynorbornene, 5—methoxycarboﬂylnorbornene,
5-ethoxycarbonylnorbornene,
5-methyl-5-methoxycarbonylnorbornene, 5-cyanonorbornene,
20 8-methoxycarbonyltetracyclododecene,
8-methyl-8-tetracyclododecene and
8-cyanotetracyclododecene; an alkenyl aromatic hydrocarbon
such as an alkenylbenzene (e.g. styrene, 2-phenylpropylene,
2-phenylbutene and 3-phenylpropylene), an alkylstyrene (e.g.
25 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

30 p-sec-butylstyrene), a bis(alkenyl)benzene (e.d.
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n-butyl methacrylate and isobutyl methacrylate), an

unsaturated dicarboxylic acid {e.g. maleic acid and itaconic
acid }, a vinyl ester (e.g. vinyl acetate, vinyl propionate,
15 vinyl capronate, vinyl caprate, vinyl laurate, vinyl stearate
and vinyl trifluoroacetate), an unsaturated carboxylic acid
glycidylate (e.g. acrylic acid glycidylate, methacrylic acid
glycidylate and itaconic acid monoglycidylate), and a cyclic
ether (e.g. ethylene oxide, propylene oxide, l-hexene oxide,
20 cyclohexene oxide, styrene oxide and tetrahydrofuran).
The catalyst for additionpolymerization of the present
invention can be applied to homopolymerzation or
- copolymerzation of these monomers. Examples of a combination
of monomers constituting the copolymer are ethylene and
25 propylene: ethylene and l-butene; ethylene and l-hexene; and
propylene and l-butene.
The catalyst for olefin polymerization according to the
present invention is particularly preferable as a catalyst

for olefin polymerization, and is preferably used for a process

30 for producing an olefin polymer. The clefin polymer is
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&#10%&()'ﬁ§f§@§3a£éﬁ hydrocarbon (e.g. methylene dichloride) is used
as a solvent:; a bulk polymerization method, in which
polymerization is carried out in a ligquid monomer; a gas phase
polymerization method, in which polymerization is carried out

15 in a gaseous monomer; and ahigh-pressure polymerizationmethod,
inwhichpolymerizationiscarriedout inasupercritical liquid
condition at a high temperature under a high pressure. As a
polymerization type, either of a batch-wise type and a
continuous type is possible.

20 A method of feeding the respective components in a
reactor is not particularly limited. Examples thereof are a
method of feeding them in a solid condition; and a method of
feeding them in a condition of a solution, a suspension or
a slurry, using a hydrocarbon solvent, from which components

25 deactivating catalyst components such as moisture and oxygen
are completely removed,

When the respective components are used as a solution,

the concentration of the component (A) and the component (C)

are usually from 0.0001 to 100 mmol/L, and preferably from

30 0. 01 to 10 mmol/L, converted to a metal atom, respectively.
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to 20 hours can be adopted.
In order to control a molecular weight of an addition

polymer, a chain transfer agent such as hydrogen may be added.

15 Examples
The present invention is further illustrated in detail
according to Examples and Comparative Examples below, but the
present invention is not limited thereto.
The measurement values of respective items in Examples

20 were measured according to methods described below.

(1) Content of ¢ -olefin unit in copolymer (short chain branch
degree : SCB)
The content of an & -olefin unit in an obtained polymer
25 was determined from an IR absorption spectrum, wherein the
measurement and calculation were carried out by using
characteristic absorptions derived from the ¢ -olefin,
according to amethod described in "Die Makromoleculare Chemie,

177, 449 (1976) McRae, M. A., Madams, W. F.", and the IR

30 absorption spectrum was obtained by a measurerent using an




an Ubbelohde viscometer.
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of a weight average molecular weight (Mw) to a number average
molecular weight (Mn):
15 equipment: 150C type, manufactured by Milipore Waters
Co., Ltd.,
column: TSK-GEL GMH-HT, 7.5 X 600 X 2 columns,
measurement temperature: 140TC,

solvent: o-dichlorobenzene, and

20 measurement concentration: 5 mg/5 ml.

(4) Melt flow rate (MFR) (g/10 min)
According to a method prescribed in JIS K7210-1995, it

was measured at 190C under a load of 21.18 N (2.16 kg). As

25 a sample, a polymer containing 1000 ppm of an antioxidant was

used.

Example 1

(1) Preparation of bismuth compound

30 : Into a 300 ml four-necked flask purged with argon, 9.88
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Next, into a 100ml four-necked flask purged with argon,
0.967 g (1.14 mmol) of the compound A and 30 ml of toluene
15 were charged. Therete, 0.243 g (1.13 mmol) of
diphenylsilanediol and 10 ml of toluene were charged at room
temperature. The mixture was stirred for 6 hours under a
refluxing condition. By allowing the mixture to stand without
stirring, awhite precipitation was formed, and the supernatant
20 liquid was a yellow clear iiquid. A white crystal was obtained

bydistillingout volatile components under vacuum, and drying.

(2} Production of addition polymer
After drying under vacuum an autoclave reactor having
25 an inner volume of 400ml equipped with a stirrer, and replacing
the atmosphere thereof with argon, 1950 ml of hexane as a solvent
and 10 ml of l-hexene as a comonomer were charged, and the
reactor was heated to 70 T. Then, ethylene was fed while

adjusting at an ethylene pressure of 0.6 MPa. After the system

30 was stabilized, 0.25 ml (250 #mol) of triisobutylaluminum (1
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Comparative Example 1

Example 1 was repeated except that 43.3 mg of the white
crystal used in Example 1 (2) was changed to 49.8 mg (113 u
mol) of tripheny bismuth. As a result, only a trace of an

15 ethylene-1l-hexene copolymer was obtained.

Comparative Example 2
Example 1 was repeated except that 43.3 mg of the white
crystal used in Example 1 (2) was changed to 60.9 mg (71.6
20 #mol) of the compound A prepared in Example 1 (1). As a result,

only a trace of an ethylene-l-hexene copolymer was obtained.

Comparative Example 3
(1) Preparation of bismuth compound

25 Into a 100 ml four-necked flask purged with argon, 1.06
g (1.25 mmol) of the compound A pfepeared in Example 1 (1)
and 30 ml of toluene were charged. Thereto, 0.125 g (0.578
mmol) of diphenylsilanediol and 10 ml of toluene were charged

at room temperature. The mixture was stirred for three hours

30 under a refluxing condition. By allowing the mixture to stand
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Example 2
(1)
Into a 100 ml four-necked flask purged with nitrogen,
15 17.5ml of toluene and 12.5ml (25.0 mmol) of a toluene soluticon

(2.00 mol/liter) of triethylaluminum were charged, and the
mixture was cooled at 5 TC. Thereto, 3.5.ml {33.3 mmol) of
1,1,1,3.3,3-hexafluoro-2-propanol was added dropwise over
0.25 hour. Thereafter, the mixture was stirred for 1.5 hours
20 atS?Z.Then,5.3g(24.5mmol)ofdiphenylsilanediolwasaddded
thereto. Thereafter, the mixture was stirred for 1 hour at
5 €, for 1 hour at 40 T, and for 2 hours at 80 C, respectively,
thereby obtaining a deep green-colored slurry solution, whose
concentration was 0.75 mol/liter in terms of an aluminum atom

25 based on the amount added.

(2) Polymerization
A 3 liter-inner volume autoclave reactor equipped with

a stirrer was dried under reduced pressure, and the atmosphere

30 thereof was replaced with argon, and then made vacuum. 1000
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feeding ethylene to keep the constant total pressure. After
deashingandwashinguﬁjﬂlahydrochloricacid/methanolsolution,
15 and then drying under vacuum, 49 g of an olefin polymer was

obtained. The polymerization activity, SCB and MFR were 2.9

X 108g/mol-Zr/hour, 17.1 and 4.7, respectively.
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(c) a compound represented by the following formula [31],
R%4.nJ(OH), [31].

20 wherein M' is a metal atom of the Groups 12 to 15 in th the
periodic table or a boron atom; r is a valence of M!'; L! is
a hydrogen atom, a halogen atom, a hydroqarbon group or a
hydrocarbon oxy group, and when two or more Ll's exist, they
may be the same or different from one another; T is a non-metal

25 atom of the Group 15 or 16 in the periodic table; s is a valence
of T; R' is an electron-withdrawing group or an
electron-withdrawing group-containing group, and when two or
more R''s exist, they may be the same or different from one

another; n is the number of from 2 to 4; J is a non-metal atom

30 of the Group 14 in the periodic table; and R® is a hydrocarbon
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7. The metal compound according to Claim 1, wherein the

20 compenent (b) is 1,1,1,3,3,3-hexafluoro-2-propanol.

8. The metal compound according to Claim 1, wherein M!

is a bismuth atom.

25 9. The metal compound according to Claim 1, wherein M!

is an aluminum atom.

10. The metal compound according to Claim 1, wherein

J is a silicon atom.

30




addition %olymerization according to Claim 11 with a
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an organoaluminum compound (C).

13. The catalyst for addition polymerization according

toClaimlz,whereinthecompound(s)isanmtallocenecompound.

14. The catalyst for addition polymerization according
to Claim 12, wherein the compound {B) is a transition metal
compound, which contains at least one group having a

cyclopentadienyl type anion skeleton.

15. A process for producing an addition polymer
comprising the step of polymerizing an addition polymerizable
monomer in the presence of the catalyst for addition

polymerization according to Claim 12.

16. The process for producing an addition polymer
according to Claim 15, wherein the addition polymerizable

monomer is an olefin.

17. The process for producing an addition polymer
according to Claim 15, wherein the addition polymerizable

monomer is a combination of ethylene and an & -olefin.




