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resi stancepopdirexcel I ent in bal ance between those properties and
econom cal efficiency, they have been widely wused in various fields such
as a packaging field. These olefin polyners have conventionally been
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cat alg/st (nulti-site catal yst), which conbines a solid catal yst conponent

obt ai ned netal conpound of the Goup IV such as titanium
trichlorl(}:gl‘x?)]r‘f %n*?@??&&HPorlde with a metal conpound of the G oup
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10 the catalyst component for addition polymerization; and a

process for producing an addition polymer.

Background of the Invention

Since olefin polymers such as polypropylene and
15 polyethylene are excellent in mechanical properties and
chemical resistance, and excellent in balance between those
properties and economical efficiency, they have been widely
used in various fields such as a packaging field. These olefin
polymers have conventionally been pfoduced by polymerizing
20 anolefin using a conventional type solid catalyst (multi-site
catalyst), which combines a solid catalyst component obtained
by using a metal compound of the Group IV such as titanium
trichloride or titanium tetrachloride, with a metal compound
of the Group 13 represented by an organoaluminum compound.
25 However,asacatalystproVidingadditionpolymershaving
less stickiness andmore excellent strength than those produced
by the conventional catalyst, a so-called single site catalyst
prepared by combiningacatalyst component suchas ametallocene
complex or half metallocene complex with'a co-catalyst

30 component for activation such as an aluminoxane, and
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30 conponent for activation such as an alumi noxane, and 2 tri (n-butyl)
anmoni um t et raki s(pent af | uor ophenyl ) borate, was proposed and with respect
to the single site catalyst, inprovenepts for using it in an industrial
scal e have been studied (e.g. USP 4542199, US5621126, US5153157). 5

Further, r L contactin dieLE | zi nc and
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i However, according to the inventor's studies, when an
olefin is addition-polymerized with the above-mentioned
catalyst, its polymerization activity is not completely
satisfactory.
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Summary of the Invention

Under the above-situations, an object of the present
invention is to provide a metal compound used as a catalyst
component of a catalyst for addition polymerization having

20 an excellent polymerization activity; a catalyst component
for addition polymerization comprising the metal compound:
a catalyst for addition polymerization using the catalyst
component for addition polymerization; and a process for
producing an addition polymer using the catalyst for addition
25 polymerization.

Namely, the present invention is a metal compound
obtained by a process comprising the step of contacting the
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 (c) contacted is from 0.6 to 8 mol, per 1



foll ow ng conponents (a) to (c), wherein the anount of the conponent (b)
contacted is fromO0.1 to 8 nol, and the anount 30 of the conponent (c)
contacted is from0.6 to 8 nol, per 1 3 3npl of the conponent (a),
respectively: (a) a conmpound represented by the follomjng formula ( 1]
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hydrogen atom a halogen 15 atom a hydrocdrbon group or "a roca n oxy
group, and when two. or nore L1' s exist, they may be the sarre or different
from one another; T is a non- net al atom of the Goup 15 or 16 in the
periodic table; s isBilvalence of T; RL is &m],el ectron-w thdraw ng group
or an_el ectron-w thdrawi ng 20 group-containing group, and when two or nore
Rl's 2xist, they may be the sane or different fromone another; n is 2 or
3; Jis an ato 8f the G oup.13 in the periodic table;, and R2 is

hydr ocar bon grorunﬁ AFWRIP LG B Gt 8 PK the §PllPWé*§‘9n§9rmBéat hélsama
or different fromone another. 25 Also, the present invention is a catalyst
conponent for addition polymerization conprising the above-nentioned netal

compound. Further, tR& pegsent invention is [2] caraﬁ“/st for addition
pol ymeri zati on obt ai ned by a process conpri SI ng the step of 30 contacting
t he above-nenti oned catal yst conponent for addition

10 (c) a compound represented by the following formula [3],
R*3.aJ(OH), [3],

wherein r is a valence of Bi; L! is a hydrogen atom, a halogen

15 atom, a hydrocarbon group or a hydrocarbon oXy group, and when
two.or more L!'s exist, they may be the same or different from
one another; T is a non-metal 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

20 group-containing group, and when two or more R''s exist, they
may be the same or different from one another: n is 2 or 3;
J is an atom of the Group 13 in the periodic table; and R? is
a.hydrocarbon group, and when two or more R?'s exist, they may
be the same or different from one another.

25 ~ Also, the present invention is a catalyst component for
addition polymerization comprising the above-mentioned metal
compound.

Further, the present invention is acatalyst for addition
polymerization obtained by a process comprising the step of

30 contacting the above-mentionedcatalyst component for addition




4 polymerization with a conpound (B) of a netal selected from the group
consisting of netals of the Groups 3 to 12 and |anthanide series, and
optionally an organoal um num conpound (53. S Still further, the present

i nvention is a process for producing an addition polynmer conprising the
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aral kyl gr6ap. The hydrocarbon oxy group of L' is preferably an al koxy
group or an aryloxy group. Exanples of the above-nentioned al kyl group are

a nethyl group, 8hiddhfurdheap, tienpprecysslt gmorgnt Bdin i 5ONE QPydcsdUor 20 a
n- butyl grou a sec-butyl group, a tert-butyl group, an isobutyl group, a
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- I o) a_n-dodecyl _.group, a_n-pentadecyl group and a n-eicosy
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fluord X i t brm ne .atom_ and _an i odi ne atom

Examl s of (i arey aroan Adiadet B saft e ger e apci -

fl uoronet hyl group, a difluoronethyl group, a trifluoronethyl group, a

chl oronmet hyl group, a dichloromethyl group, a trichloronethyl group, a
br onbhet hHetfgiled Description of the Invention

} In the above formula [1], r, a valence of Bi, is 3 or
5, and preferably 3.

Examples of the halogen atom of L' are a fluorine atom,

a chlorine atom, a bromine atom and an iodine atom. The

15 hydrocarbon group of L! is preferably an alkyl group, an aryl

group or an aralkyl group. The hydrocarbon oxy group of L!

is preferably an alkoxy group or an aryloxy group.

Examples of the above-mentioned alkyl group are a methyl
group, an ethyl group, a n-propyl group, an isopropyl group,
i 20 a n-butyl group, a sec-butyl group, a tert-butyl group, an
isobutyl 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 alkyl groups may be substituted with a halogen
25 atom such as a fluorine atom, a chlorine atom, a bromine atom
and an iodine atom. Examples of the alkyl group substituted
withthehalogenatomareafluoromethylgroup,adifluoromethyl

group, a trifluoromethyl group, a chloromethyl group, a

dichloromethyl group, a trichloromethyl group, a bromomethyl



group, a di brononet hyl group, a tribronmonmethyl group, an iodonethyl group,

a diiodonethyl group, a triiodonmethyl group, a fluoroethyl group, a
di fluoroethyl group, a trifluoroethyl ggoup, a tetrafluoroethyl group,
pent af | uor oet hyl group, 5 a chloroethyl group, a difhloroethyl group, a
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enyl group,
%ﬁgﬂypyl group, a perfluorododecyl group, a

perfluoropentadecyl group, a perfluoroeicosyl group, a
perchloropropyl group, a perchlorobutyl group, a
perchloropentylgroup,perchlorohexylgroup,aperchlorooctyl
group, a perchlorododecyl group, a perchloropentadecyl group,
a perchloroeicosyl group, a perbromopropyl group, a
perbromobutyl group, a perbromopentyl group, a perbromohexyl
group, a perbromooctyl group, a perbromododecyl group, a
perbromopentadecyl group and a perbromoeicosyl group.

The alkyl group as L' is preferably an alkyl group having
1l to 20 carbon atoms, and more preferably a methyl group, an
ethyl group, an isopropyl group, a n-butyl group, a tert-butyl
group or an isobutyl group.

Examples of the aryl group as L' 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,
a 3,4-xylyl group, a 3,5-xylyl group, a 2,3,4-trimethylphenyl
group,a2,3,5-trimethylphenylgroup,a2,3,6-trimethylphenyl
group,a2,4,6—trimethylphenylgroup,a3,4,5-trimethylphenyl

group, a 2,3,4,5-tetramethylphenyl group, a
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30 group, a 2,3,4,5-tetranet hyl phenyl group, a 6 2,3,4,6-tetranethyl phenyl
group, a 2, 3, 5, 6-tetranethyl phenyl group, a pentanethylphenyl group, an
et hyl phenyl group, a n-propyl phenyl group, an i sopropyl phenyl group, a
n-butylphenyl group, a sec-butyl phenyl group, a 5 tert-butyl phenyl group,

- hoxyl pHEN en’y 7o gf%ﬁﬁgms%ﬁy?;p&ﬂnﬁﬁﬁhe”é e%p"“psnadE%%E%%éy' vighans o

roup and an
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to 20 canbgr Eg@me g bEpPr aher lﬁ?ﬁﬁg r ar g 2-, 3-, or
4-t ol yl groupdaﬁ eumﬂﬂg O?Pthe aral%%®%§€? as éyﬂ g benzyl group, a
(2- et hy| pharutly Xptidryy 1 9g 068 , da( Sed@ it yor ﬁ%mh 15 group, a

(4- nmet hyl phenyl ) net hyl group, a (2, 3- dlnethylpheny group, a

(2, 4-Hdi netiedtptiertyy Jptee iyl group, an @%dbutymﬁﬁsﬁﬁmegybhﬁetayl group, a
(2, 6- dlnethylphenyl)nethyl group, a 20 (3, 4-dinethyl phenyl)nethyl group, a
(3, 5-di netfhﬂ%}k%ﬂ ars hgirogpoupneapenz yd pheriyieg holipheng t heeyhphegydup, a

(2,3,5-t. |net Ipheny [ou (2, 3, 6-tinethyl phenyl) net hyl group,
a 25 (3,455° rfet"‘hﬁ &éﬂ%?%}l gng}Bp, 8y NGy kRheR%L hgrBHBAY ) et hy|
?;ng4 g P%?Pghe ;ﬁﬁ%&ﬁﬂ%&QXgﬁS?qu%ﬂgfhgecgiogghyglgroup a naphthyl
group and an anthracenyl group.
10 The aryl group is preferably an aryl group having 6 to
20 carbon atoms, and more preferably a phenyl group or a 2-,
3-, or 4-tolyl group.
Exémples of the aralkyl group as L' are a benzyl group,
a (2-methylphenyl)methyl group, a (3-methylphenyl)methyl
15 group, a (4-methylphenyl)methyl group, a
(2,3-dimethylphenyl)methyl group, a
(2,4-dimethylphenyl)methyl group, a
(2,5-dimethylphenyl)methyl group, a
(2,6-dimethylphenyl)methyl group, a
20 (3,4-dimethylphenyl)methyl dgroup, a
(3,5-dimethylphenyl)methyl group, a
(2,3,4-timethylphenyl)methyl group, a
(2,3,5-timethylphenyl)methyl group, a
(2,3,6-timethylphenyl)methyl group, a
25 (3.4,5-timethylphenyl)methyl group, a
(2,4,6-timethylphenyl)methyl group, a
(2,3,4,5-tetramethylphenyl)methyl group, a
(2,3,4,6-tetramethylphenyl)methyl grbup, a
(2,3,5,6-tetramethylphenyl)methyl group, a

30 (pentamethylphenyl)methyl group, an (ethylphenyl)methyl



(2, 3,5, 6-tetranet hyl phenyl ) net hyl group, a 30 (pentanethyl phenyl) et hyl
group, an (ethyl phenyl)nethyl 7 group, a (n-propyl phenyl)nethyl group, an
(i sopropyl phenyl ) met hyl group, a(n-butyLPhenyI)nethyI group, ,a
(sec-butyl phenyl ) et hyl group, a (tert-butyl phenyl)nethyl group, a
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met hoxy grg@n@upanael hoy¥ndyQpherdy Dymé ORPXYgHHQPP. a8N | SOPropoxy group, a
n- but oxy group, a sec-butoxy group, a tert-butoxy group, an isobutoxy

group? a ntpeepghbyipheay,)me thadpgropnpgxy (@f—@teﬁcyﬂ&@niﬁf the BRPLY O3,
group, a n-hexyloxy group, a n-heptyloxy group, a n-octyloxy group, a
n- decyl oxy2 §RoQEtyd pieduticye tixyl gromp . ad m-dqeenyt eteayy Dive gholl iy eddh A

n-ei cosyl oxy group. The al koxy group as L' is preferably an al koxy group
having 1%o (%ﬁmﬂBﬁﬂYliW&tMﬂegﬁ@@Peraabﬁyhﬁhwémmwlggugpp arkd an
et hoxy gr , | X rL,ou a tert-butoxy group, an isobutoxy group,
a neopent%latg?%t%ggégggf)ép -lp@prﬁoﬁpo}(y group. Specific exanples of the

aryl oxy group asthd g)fgl]@yphgggéé %g;]%g_ls I%—é&]éﬂﬁé)é{g%%%%va]p&tol %ll oxy

group, a 4-tolyloxy 25 group, a oxy “group,
grou a hadringMi®ORY GobPn st o, akulid L& réedihb By 3 Ben 3¢ YWeBRp 97 OUP,
a 3,5- xylyloxy group, a 2,3,4-trinethyl phenoxy group,” a
’ Examples of the alkoxy group as L' 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, an
isobutoxy group, a n-pentyloxy group, a neopentyloxy group,
15 atert-pentyloxygroup,anrhexyloxygroup,anrheptyloxygroup,
a n-octyloxy group, a n-decyloxy group, a n-dodecyloxy group,
a n-pentadecyloxy group and a n-eicosyl OXy dgroup.
ThealkoxygroupasLlispreferablyanalkoxygrouphaving
1l to 20 carbon atoms, and more preferably a methoxy group,
20 an ethoxy group, an isopropoxy group, a tert-butoxy group,

an isobutoxy group, a neopentoxyl group or a tert-pentyloxy

group.
Specific examples of the aryloxy group as L' are a phenoxy

group, a 2-tolyloxy group, a 3-tolyloxy group, a 4-tolyloxy

25 group, a 2,3-xylyloxy group, a 2,4-xylylphenoxy group, a 2,5-
Xylyloxy group, a 2,6- xylyloxy group, a 3,4- xylyloxy group,

a 3,5- xylyloxy group, a 2,3,4-trimethylphenoxy group, a
2,3,5-trimethylphenoxygroup,ai2,3,6-trimethylphenoxygroup,

a 2,4,6-trimethylphenoxy group, a 3,4,5-trimethylphenoxy



3,5-trime thyl phenoxy group, a2, 3,6-trinethyl phenoxy group, a
4,6-trimethyl phenoxy group, a 3,4,5-trinethyl phenoxy 8 group, a

3,4, 5-tetramet hyl phenoxy group, a 2,3,486-tetranethylphenoxy group, a
3,5, 6-tetranet hyl phenoxy group, a pent®amet hyl phenoxy group, an

et hyl phenoxygroup, a n-propyl phenoxygroup, an

Si sopr opy! glremgxygr oup, an- b 3| pheneryeaaas iy Bittemdky ! phergﬁmggs oup, 4
atert - butyl phenoxygroup, an i sobutyl phenoxygroup, an-pentyl phenoxygroup, a

neopent yi pRengxy, 63t Stifam@PhPeyNbABRYoOXy group, a g%y, phenoxygroup,,
an- decyl phenoxygroup, a 10n-tetradecyl phenoxygroup, & napht hoxy group andan

ant hr at henaxg , §r, Guit-e tn SENY P e HORYRyESup” &f BEARLYRRADH ROk G2
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having 6 to 20 carbon atons, and nofre pre y a phe ( .
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Such 6 o werREop R RerRt SRR oy £ b PR ARG BRG Ty oBFotEen o8 o
P The. abouelr seea By Gl TR TR Ryl PhanGH SaraRkyl group.

ferred is a
an aryl gro b %rox roup. or_an arquf roup, nore pre
hal ogen ato%? gggéﬁyen up,d%oup' a n agékylﬁhenoxy group, a

neopentylphenoxy group, a n-hexylphenoxy group, a
n-octylphenoxy group, a n-decylphenoxy group, a
10 n-tetradecylphenoxy group, a naphthoxy group and an

anthrathenoxy group.
The aryloxy group is preferably an aryloxy group having
6 to 20 carbon atoms, and more preferably a phenoxy group.
These alkyl, aryl, aralkyl, alkoxy and aryloxy groups
15 above-mentioned as L! may be respectively 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 and an ethoxy group; an aryloxy group such as a phenoxy
group; or an aralkyloxy group such as.a benzyloxy group.
20 As L' in the above formula [1], preferred is a halogen
atom, an alkyl group, an aryl group, an alkoxy group or an
aryloxy group, more preferred is a halogen atom, an aryl group,
analkoxygrouporanaryloxygroup,andparticularlypreferable
is an aryl group.
25 Examples of the compound (a) represented by the formula
[1] are a halogenated bismuth (III) such as bismuth (III)
fluoride, bismuth (III) chloride, bismuth (III) bromide and

bismuth (III) iodide; a trialkyl bismuth such as trimethyl



an al koxy group or an aryloxy group, and particularly preferable is an
aryl group. 25 Exanples of the conpound (a) represented by the fornula [1]
are a hal ogenated bisnuth (l111) such as bismuth (111) fluoride, bismth
(1) chloride, bismuth (I'1l) brom de and “bismuth (111) iodide; a trialkyl
bi smut h sugg as bi smuth; a triaryl bismuth such as triphenyl

[ hyl 9
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bi smuth, tri(2,3,6-trinmethyl phenoxy) bismuth, tri(2,4,6-trinethylphenoxy)
bi snut h, W#%%—, o byipkyat hylisplvdiox yrif 3nuhylaky) bismuth,
tri(2,3,4,5-1 éranethylphenoxy) bi st h, trl(2,3,4,6-t§tranethylphenoxy)
bi smut h, ‘Elﬁf - RO EY BOKEY r RSt hdifdd - By hoxyd r bsemtiavet hyl phenoxy)

(i (1 sopr opy Ghehosy TPk RLSRsg e et Gl STERCRERYY S bpappoth
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tri(isobutyl phenoxy i smuth, tri(n-pen phe _ ,

tri (reopertind (enayly DosFYt Bismiuth( Nt PeNoX¥ i mlti¥YbRenoxy)

tri(n-octyl phenoxy) bisnuth,

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

15 tri(2,3,4,5-tetramethylphenoxy) bismuth,
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,

20 tri(n-butylphenoxy) bismuth, tri(sec-butylphenoxy) bismuth,
tri(tert-butylphenoxy)bismuth,tri(isobutylphenoxy)bismuth,
tri(n-pentylphenoxy)bismuth,tri(neopentylphenoxy)bismuth,
tri(n-hexylphenoxy) bismuth, tri(n-octylphenoxy) bismuth,
tri(n-decylphenoxy) bismuth, tri(n-dodecylphenoxy) bismuth,

25 tri(n-tetradecylethylphenoxy)bismuth,trinaphtyloxybismuth
and trianthracenyloxy bismuth; a halogenated bismuth(V) such
as bismuth(V)fluoride, bismuth(V)chloride, bismuth(V)bromide
and bismuth(V)iodide; a pentaalkyl bismuth such as pentamethyl

bismuth; a pentaalkoxy bismuths such as pentamethoxy bismuth

30 and pentaethoxy bismuth: and a pentaaryloxy bismuths such as



tri(n-decyl phenoxy) bisnmuth, tri(n-dodecyl phenoxy) bisnuth, 25
tri(n-tetradecyl et hyl phenoxy) bismuth, trinaphtyloxy bisnuth and
trianthracenyl oxy bisnuth; a halogenate?obisnuth(\o such as bismuth (V) f

| uoride, bisnmuth (V) chloride, bisnmuth (V) bromde and bisnuth(V)iodide;, a

pent aal kyl _hi h.as tamet hyl bismuth; a pentaal koxy bi snmut hs
such as peﬁtgg?}e hg?;%ﬁ gr%ﬂnﬁue%b and pent aet hoxy bi smuth; and a pentaaryl oxy
bi smut hs such as adQnBeprbarken bi Anmpng .t hese,_  the conpound (a) is
preferably a halogeﬂgte bi§nﬂ?ﬁa(¢?$¥§9%dtp$él%flHﬁ%ﬁﬁﬁ%%l%i riaryl

bi smuth, ah&léogbkaxgabbi@uidtn & 111 I VA OKy1 Rk gyHt B, > Pr y a

hal ogenated bisnuth (I11), a t?(l aryfl bi srm%h, ng tl’ll a tg}('y %i?ﬁﬁ%ﬁp%nd a
triaryl oxybbémathh, aahtipakioxyuletdnyutp) eh et abhyya oyl Addmbbsuhdrsuch as
tri phenyl bi snuth. Exangles of the non-netal atomof T of the Goup 15 are
a ni t? ogerPEREPF APYY adphadplserateditivhsmatid €XaE)l, ea dfritdreyl i smuewpt al
atomof T of tP‘ﬁ- Groug,lG are an oxygen atomand a sulfur atom T is

pr ef er abl y? &TARLKOFINLLEBHLE and kTdaRylarsynbiand tparand paart jcwkasfky abl y
an oxygen 0, l.n. the above formul a 2 , When T is a non-netal atom of
t he Goup% sr?%l%,aaﬁﬁlﬁﬁgr]r 'P’i%“#l'hoﬂl%t%? srdphenilndismitd oup 16, s
is 2. In the formdmpldl, ofStRE ddtlae €41 tom & £G LN+ Wkt i
property, the substituent constant a of the mHam‘ret 'Bs F%e&?éaénnggm%r%nd a

f uncti onala gricitmgem aMdmehand hﬁd@;%@ﬁ)hbk'@ﬂ& 808,23 L Hanfdie SYFEILs rul e

i s positive, 20 can be mentioned as an el ectron-w thdraw ng group.
Exampl es ofori-ee telleci tom- YET PdbEVItRG @D AFE &rd| A" bRGgen atom and

!
a sulfur atom. T is preferably a nitrogen atom or an oxygen

atom, and particularly preferably an oxygen atom.
In the above formula [2], when T is a non-metal atom of
the Group 15, s is 3, and when T is a non-metal atom of the

15 Group 16, s is 2.

In the formula [2], as an index of the
electron-withdrawing property, the substituent constant o of
the Hammet'’'s rule is known, and a functional group, in which
the substituent constant 0 of the Hammet's rule is positive,

i 20 can be mentioned as an electron-withdrawing group.

Examples of the electron-withdrawinggroupareafluorine
atom, a chlorine atom, a bromine atom, an iodine atom, a cyano
group, a nitro group, a carbonyl group, a sulfonyl group, and
a phenyl group. Examples _of a group containing an

25 electron-withdrawing group are a halogenated hydrocarbon group
such as a halogenated alkyl group and a halogenated aryl group;
a cyanated hydrocarbon group such as a cyanated aryl group;
a nitrated hydrocarbon group such as a nitrated aryl groups;

a hydrocarbonoxy carbonyl group such as an alkoxycarbonyl group,



atom a chlorine atom a bromne atom an iodine atom a cyano group, a
nitro group, a carbonyl group, a sulfonyl group, and- a phenyl group.
Exanpl es of a group containing an 25 elegtron-wthdrawi ng group are a

hal ogenat ed hydrocarbon group such as a hal ogenated al kyl group and a

hal ogenat edn aiyd 116y DéRycad Y. r a yanat ed
aryl group; a nfg{ated hygfﬁggr ﬁﬂ“gF%ﬁggghgﬂgégkguﬁfiggggu35?9?'g?@éps;

a hydrocaraonazyloaybamplupdr oup such as an al koxycarbonyl group, 11 an

ar al kyl oxycar bonyl group and an aryl oxycarbonyl group; and an acyl oxy
group. Exanpl es dixamplésl ofethectiadldgdnagtedipabisy R gabapa asf Riopeaeihy!
group, a chloronethyl group, a bronmonethyl group, 5 an 1odonethyl group, a
di f 1 uor orre%wrg%ﬁéylaemlm arehie ngne thydigroup disbhoomost by 1gymoyp , a

di i odornet hyl .grou a trifluoronethyl grou a trichloronethyl group, a
tri br%rrorre%/rhﬁ%d?fr"geﬂﬂfyg gtrﬂ“ipoder%}ﬂ{zvowaagbya gpoup?-a dilighlomemehy hr oup,
a 2,2, 2-trg r ogt a.,10 2.2 2-tribrogoethyl group, a

2 tri syt arbneheiBrnda; wriin o bl ABBre By st 2

, 3, 3-tent BeHtSMeBhYRY up, ; £RENt abromopropyl group, a

,3,3-pentaiodopropgl gf%&%f g?ﬁfféﬁ&é&g%étﬁ§ﬂ ggo%p, a
tri fimidbromoere thy uogesabhylaettiili didiPehyl group, a
trichloro-l-trichloronethylethyl group, a
tri B cho?itrifbnonoethir}l grbyb,gaorp?2,a-trichloroethyl group, a
triiodo-|-triiodonethylethyl group, a
W s(t A4 for'dridhFomee bhy Lo grpup.u@ Gotdwa - gr bupdoatB§l group, a

S

S

-bi s(tr,) chlor thyl)-2,2,2-trichloroethyl group, a
, 1- bi s(t rdl'claztr1'03(r)rn3(r)re WR/%/?%?,E%??FPPFBPJHDMP grdup, and a
2,2,3,3,3-pentachloropropyl group, a

2,2,3,3,3-pentabromopropyl group, a
2,2,3,3,3-pentaiodopropy1 group, a

15 2,2,2—trifluoro-l—trifluoromethylethyl group, a
2,2,2—trichloro-1-trichloromethylethyl group, a
2,2,2—tribromo-1-tribromomethylethyl group, a
2,2,2-trijodo-1-triiodomethylethyl group, a
l,1-bis(trifluoromethyl)-2,2,2-trifluoroethyl group, a

20 l,l-bis(trichloromethyl)—2,2,2-trichloroethyl group, a
1,l—bis(tribromomethyl)—2,2,2-tribromoethyl group, and a
l,l-bis(triiodomethyl)-2,2,2-triiodoethyl group.

Examples of the halogenated aryl group as R! are aryl

groups in which a hydrogen atom of an aromatic ring in the

25 group'is substituted with a halogen such as a 2-fluorophenyl
group, a 3-fluorophenyl group, a 4-fluorophenyl group, a
2-chlorophenylgroup,a3-chlorophenylgroup,a4-chlorophenyl
group, a 2-bromophenyl group, a 3-bromophenyl group, a
4-bromophenylgroup,a2-iodophenylgroup,a3-iodophenylgroup,

30 . a 4-iodophenyl group, a 2,6-difluorophenyl group, a




1,1-bis(triiodomethyl)-2,2,2-triiodoethyl group. Exanples of the

hal ogenated aryl group as Rl are aryl groups in which a hydrogen atom of
an aromatic ring in the 25 group is suhstituted with a halogen such as a
2-fluorophenyl group, a 3-fluorophenyl group, a 4-fluorophenyl group, a

2- chl or ophgn¥gl_4g1£q - r nyl _groyp 4- chl orophenyl = group, a

2- br onophenyl groug%ﬁgﬁi I %n%ﬁ€§9r Sréug/Bé%qiﬁ;qﬂﬁéhﬂﬁéklg$ﬁﬂBP' a
a2-i odophepyb-gienl.ord éﬂ%&ﬂﬁ@@u OLOYP & _ -'3Q&Bg£py roup, a

2, 6-di f1 uor ophenyl gro&%f a 12 3,%5d%fpﬂgr§gﬁ§%yﬂolwnj, a&rgup' a

3, 4, 5-tri f Ruerdpbeoyio plvediyfl, gro&@ﬁjglgbgoaggggmgpﬁgﬁyﬁx-féyp' a

3., 5-dichlorophenyl group, a 2,6-dibronmophenyl group, asﬁ, -di br onophenyl
group, a 2,6-diiiodophemyl gmoyp, aa3355daiadapperyly10rftiup a &
2,4,6-trifluorophenyl group, a 2,4,6-trichlorophenyl group, a
2,4,6§trib?oﬁnﬁh@ﬁ}ﬁl§ﬂ§ﬂﬂhQ9¥%AQHPQDJEbéoﬁhéﬁﬁrxyhnqrophmnyl group,

pent af | uor opheny roup, a pentachl orophenyl group, a pentabronophenyl
group, andaa?pgn%égﬁaggﬁgﬁﬂh%ﬂﬁﬁuﬂr¢¥ﬂth@r?rgxénﬁM@iQﬂbnﬂﬂnxlmaI@wpated

| kyl I 1 ar.e aryl gro bstituted with a hal ogenat ed
it o ou BeitEas toRRpREN g Ol S BenE e ogpbent. grou, 5

3-(trifl = | h h | ,
2, 6-bi s(i 1111 dor onethy ) Bhem o, o BoaLETEePERERYT Gra ) Bheny!

gr oup, and a 15 Pudthekli é:(:&mbilekioéQn@{@XWthf‘dBﬂaﬂé&‘é{?tkfi(?ﬂ%ﬁaﬂ{u he

yanated aryl group as Rl are a 2-cyanophenyl group, a3-cyano y roup

and ¥4- cy@#foRhamypl aryt enpuE anpled toft edei bhia Rhedgehyltell QURyAgIRJupr € a

20, 2-i U7 QRS of oy 23;01 L1 oBhenyl, aroup and ad- i tropheny!
3—(trifluoromethyl)phenylgroup,a4—(trifluoromethyl)phenyl
group, a 2,6-bis(trifluoromethyl)phenyl group, a
3.5-bis(trifluoromethyl)phenyl group, and a

15 2,4,6-tris(trifluoromethyl)phenyl group.

‘ Examples of the cyanated aryl group as R! are a
2-cyanophenylgroup,a3-cyanophenylgroupand&a4-cyanophenyl
group.

Examples of the nitrated aryl group as R! are a

20 2-nitrophenyl group, a 3-nitrophenyl group and a 4-nitrophenyl
group.

Examples of the alkoxycarbonyl group as R! are a
methoxycarbonyl group, an ethoxycarbonyl group, a
n-propoxycarbonyl group, an isopropoxycarbonyl group and a

25 trifluoromethoxycarbonyl group.

An example of the aralkyloxycarbonyl group as R! is a
benzyloxycarbonyl group.

Examples of the aryloxycarbonyl group as R! are a

phenoxycarbonylgroupandiapentafluorophenoxycarbonylgroup.

30 Examples of the acyloxycarbonyl group as R! are a



group. Exanpl es of the al koxycarbonyl group as Rl are a nethoxycarbonyl
group, an ethoxycarbonyl group, a n-propoxycarbonyl group, an N
i sopropoxycarbonyl group and a 25 trifl yaronmet hoxycarbonyl groupb m
exanpl e of the aralkyloxycarbonylbgrorp ag Rl is a anngylgﬁgﬁg;ygg¥bonyl
roup. Exa o) r

groug and gﬁﬁgﬁ?g%?ﬁgﬁggﬁgﬁo§§§g?b%ﬁ?lagggggzgigﬁLg ; gzzf 8z:§W§n

bonyl 0 | .
2?%;?é§?ggnylgxyggrﬁﬁagﬁiu.fgbg¥2?erag§% a haPog%na?ea hyéfgfgwgbnnﬁ?ﬁhp,
nor e prefBraﬁbrabﬂﬁﬂaxhﬂwﬁgﬁhéiéa|aﬂk?EDPQbu$ hal apenai & eﬁé¥£dhg5&ﬁpik
further preferably a fluoroal kyl group, a fluoroaryl 5 group, a chloroa gr
group or aQERPBFoﬁP?WhQFODEpﬂanaHkyranﬁiuqﬁdﬁfkﬁmlgr@uﬁlugrpghgfbag9gup
a flugroaryl group; —particularly preferably a fluoronethyl group, a
diflu rorre%ﬁ?ﬁp 'gﬁfl)(ﬁj’pl,onaoaﬂkﬂ- EHUHROFY R ghbopoany2, @r@upt i fhndheeinbyk

10

group, a Loentaf | uorapropyl group, a .
e L R il fe et e

1, 1-bi s(trpatHOEQTRY r bi{'a £ HOS28m ’ 'aﬂ{ﬁHPO%Ome hyl
grz?gif?uggé@éﬁL;figgﬁiiii;gégggéjE;Eg-ozgﬁﬁéf%gjﬁﬁfflua 3 41%ifluo&8phenyl
g}oup, a 3, 5-difluorophenyl group, "a 1?'2,2& ='tri Uﬁro%ﬁ8ﬁ§P dT%Eﬁ, a
3,4,5-trifaudrophedys-geattpf ludrdbpkdpPr t 6§§Lugrop_fry rg;ggﬁ,l heny1
pent af | uor ophenyl group, a 2,3,5,6-tetrafluoro-4-trifluo ylp

groul a 2,3,%; erifivarpudrordfleramdnedippbehyl phesylp ,grpup, a

-1- oup, or_a _perfluoro-2-naphthyl group;
pe{fluorol%fgﬁqg{%}igiuogomethyl%-2,2,2—trifluoroethyl group, a

2-f1uorophenylgroup,a3-fluorophenylgroup,a4-f1uorophenyl
group,a2,4-difluorophenylgroup,a2,6-difluorophenylgroup,
a 3,4-difluorophenyl group, a 3,5-difluorophenyl group, a

15 2,4,6-trifluorophenyl group, a 3,4,5-trifluorophenyl group,
a2,3,5,6-tetrafluorophenylgroup,aipentafluorophenylgroup,
a 2,3,5,6-tetrafluoro—4—trifluoromethylphenyl group, a

'2,3,5,6-tetrafluoro—4—pentafluorophenylphenyl group, a
perfluoro-l-naphthy&.group, or a perfluoro-2-naphthyl group;

20 and most preferably a trifluoromethyl group, a

5,! 2,2,2-trifluoro-1-trifluoromethylethyl group, a
1,l-bis(trifluoromethyl)-2,2,2—trifluoroethyl group, a
3.5-difluorophenyl group, a 3,4,5-trifluorophenyl group, or
a pentafluorophenyl group.

25 When the compound (b) represented by the above formula
[2] is an amine, examples thereof are di(fluoromethyl)amine,
di(chloromethyl)amine, di(bromomethyl)amine,
di(iodomethyl)amine, bis(difluoromethyl)amine,
bis(dichloromethyl)amine, bis(dibromomethyl)amine,

30 bis(diiodomethyl)amine, bis(trifluoromethyl)amine,



20 and nost preferably a trifluoronethyl group, a
2,2,2-trifluoro-I|-trifluoronethylethyl group, a .
1,1-bis(trifluoromethyl)-2,2,2-trifluorqgthyl group, a 3,5-difluorophenyl
group, a 3,4,5-trifluorophenyl group, or a pentafluorophenyl group. 25

oxaml o5 ¢ porear sraor Y GRPLIERAGY, - REsR e o St fdm B e

exanpl es thereof are

di ( bronmoeblsk canond iR by | ) BILNEo bl S(ALIMUAMRIN ) FThAS ke
blg(dlchloronéthyl)an1ne %fg(dlbronnnetﬁ I? Y F
bls(dl|odobﬁshylpamhnarﬂbﬁﬂdﬁdéiM%lPamihﬁL)an1ne 14

bi s(trichl oromethyl)am ne, bis(tribrononethyl)amne, .
bis(triiodbﬁﬂ(Hyﬁ)@wtmibﬂmmpdﬂhilEaminéluoroethyl) am ne, bis(2,2,2-
trichloroeth Iéan1ne bis(2,2,2-tribronoethyl)amne, 5

bi s(2%2, 2- ??gﬁ déehfm)idmdes thyklaming, 3, 3- pent af | uor opr opy! ) ani ne,

E:igg’g’g §i§(geﬁtgbsoﬁoOp&ﬁ%%ﬁﬁggég}oayéeemzns 3, 3- pent ai odopr opyl ) ani ne,
é?s?gs§223?rlcarglgo 73 leEIfLrokégﬁ%T%?%g %ﬁ an]ne_bis(2,2,2-tribronp-|-
trlbrommKﬂfW{EFbythUhn nt@ﬁ%&%%% }Qﬂfn -triiodomet hyl ethyl ) ani ne
bi s(1, 1- bi s( trlfluorone -2,2 tr| uoroe hyl) am ne, 15

bi s(1, 1- b.bs:(sfzcmta;arrepb;h)taaoaoarztdp}ebmﬁ@@éhyl ) ani ne,

bis(1,1-bis(tribrononethyl)-2,2,2-tribronoethyl)am ne,

bi s(19 1- mh%&@?;%dbnbrhﬁlyorpz;zﬂnmﬂknhmﬁmwthﬁnéﬁﬁyl)amlne

b|S(2 flu%I%ﬂhenyl ag}gghlg;g(3 ltgzﬁgﬂngggégﬁylgshyl)amine,
bis(2,2,2—tribromo-l-tribromomethylethyl)amine,
bis(2,2,2—triiodo-l—triiodomethylethyl)amine,
bis(l,1-bis(trifluoromethyl)-2,2,2-trifluoroethyl)amine,

15 bis(l,1-bis(trichloromethyl)-2,2,2-trichloroethyl)amine,
bis(l,1-bis(tribromomethyl)-2,2,2-tribromoethyl)amine,
bis(l,l-bis(triiodomethyl)-2,2,2-triiodoethyl)amine,
bis(2-fluorophenyl)amine, bis(3-fluorophenyl)amine,
bis(4-fluorophenyl)amine, bis(2-chlorophenyl)amine,

20 bis(3-chlorophenyl)amine, bis(4-chlorophenyl)amine,

!:3 bis(2-bromophenyl)amine, bis(3-bromophenyl)amine,
bis(4-bromophenyl)amine, bis(2-iodophenyl)amine,
bis(3-iodophenyl)amine, bis(4-iodophenyl)amine,
bis(2,6-difluorophenyl)amine, bis(3,5-difluorophenyl)amine,

25 bis(2,6-dichlorophenyl)amine, bis(3,5-dichl§rophenyl)amine,
bis(2,6-dibromophenyl)amine, bis(3,5-dibromophenyl)amine,
bis(2,6-diiodophenyl)amine, bis(3,5-diiodophenyl)amine,
bis(2,4,6-trifluorophenyl)amine,
bis(2,4,6-trichlorophenyl)amine,

30 bis(2,4,6-tribromophenyl )amine,



bi s(4-fl uorophenyl)ani ne, bis(2-chlorophenyl)anine, 20

bi s(3-chl orophenyl ) am ne, bis(4-chlorophenyl)amne, .

bi s(2- br onophenyl ) am ne, bis(3-bronopheﬂ?l)an1ne, _bi s(4-bronmophenyl ) an ne,
bi s(2-i odophenyl )am ne, bi s(3-iodophenyl)am ne, bis(4-iodophenyl)am ne,

bi s(2, 6-di ophenyl).qm ' ; difl uor ophenyl ) am ne, 25
b: :g 2, 6- d: ﬂ(;:%lblg?(')gﬁgn%ng'Edr%gh%i%ga,@%%?Chl or ophenyl ) ami ne,

bi s( 2, 6- di thf ©(PEhEA¥h 1BFO Sfatafidi Db POPBRERVIHAT R heny 1) amine
bi SEZ, 6-dii odg%ﬁenyl ) am n%%’eﬁs(é, S-dil odogﬁgnyl ) am ne, B b )

bi (2, 4, 6-1is$ (pentaphempphaniyls,amitis 2 ds bpbhitadbacpaey g&mr{@ 30
bis(2,4,6-tribronophenyl)amnne, 15 bis(2,4,6-triiodophenyl’)am ne,

bi s( pent af? it dphtryf ) uerome thiys(peremeh) anbpeenyl ) am ne,

bi s( pent abqr.,o henyl ) am ne, bi s(pentai odophenyl)am ne,

bi s( 22 (trittiot ohkth§Lyprenpthydimhenyl ) amine,

' - 4 t h | Yam .ne, bis(4-(trifluoronethyl)phenyl)am ne,
b 205, AT UB DL R Rt e
B: 2% g 151 glt{lﬁr(‘({Léfj?‘?‘ﬁgf%%%%?g‘%ﬁsﬁg’}%wl h%‘_“f)?g( 2- cyanophenyl ) ani ne,
bis(3-cyammynyuggdqqﬁ@iflQg§gﬁ?}¥§p??2§ﬂ§%%f§%f§e bi s(2-ni trophenyl ) am ne,

bi s(3-ni trophenyl)am ne and bis am né. Wien the conpound (b)

i's a phospisie,. exanpt 26t hel a6kromatayaNGHL L) SRTRAUNds in which a
nitrogen guom Is replaced 15 with a phosphorus atomin the above-nenti oned

ani M@ conpdsdds cyangrherytbapboed b (i3 ayamdsivdoy] ) amangl,es thereof are

| , chl oronmet hanol , brononet hanol
fl--uoronEt%§2?4-cyanophenyl)amine, bis(2-nitrophenyl)amine,

bis(3-nitrophenyl)amine and bis(4-nitrophenyl)amine.
When the compound (b) is a phosphine, examples thereof
are phosphine compounds in which a nitrogen atom is replaced

15 with a phosphorus atom in the above-mentioned amine compounds.

When the compound (b) is an alcohol, examples thereof
are fluoromethanol, chloromethanol, bromomethanol,
iodomethanol, difluoromethanol, dichloromethanol,
dibromomethanol, diiodomethanol, trifluoromethanol,

20 trichloromethanol, tribromomethanol, triiodomethanol,
2,2,2-trifluorocethanol, 2,2,2-trichloroethanol,
2,2,2-tribromoethanol, 2,2,2-triiodoethanol,
2,2,3,3,3-pentafluoropropanol,
2,2,3,3,3-pentachloropropanol,

25 2,2,3,3,3-pentabromopropanol, 2,2,3,3,3-pentaiodopropanol,
2,2,2—trifluoro-l-trifluoromethylethanol,
2,2,2—trichloro-l-trichloromethylethanol,
2,2,2-tribromo-l—tribromomethylethanol,
2,2,2—triiodo—l-triiodomethylethanol,

30 1,l—bis(trifluoromethyl)—2,2,2-trifluoroethanol,



i odonet hanol, difl uoromethanol, dichloronethanol, dibronnnpthanol
di i odonet hanol, trifluoronethanol, 20 trichloronmethanol, tribronmonethanol
triiodonethanol, 2,2,2-trifluoroethanohg 2,2,2-trichloroethanol,
2,2,2-tribronoet hanol, 2,2,2-triiodoethanol, QI o 25

3, 3, 3-pent.gf FQIRNHARA M 1D 9, I orQpro ,
,3,3-gé£tg%%gggg$%panm,eEfégg,%f%igeﬁﬁgkggoﬁgﬁﬁﬁﬁ)éw’
- . trill vebasl tiribdon@neEiyy] €3 hanol t ribromoethanol and
-trichloro-1-trichloronethyl et hanol
-tri bt oheblis{ tirhiodomatthy el fayw) 2-triiodoethanol.
-triiodo-1-triiodonethylethanol, 30
S
|

(trifluorofeenykthe2 campaurid | (loy abs hanbhiolbcompound, examples

is(trichlorgnethyl)-2,2,2-trichloroethanol, .
?iﬁt r#’b?ﬁmﬁaﬁﬁ/?éi‘zls}zq%mwpbﬂémmm apmkygen atom is replaced

- bi L -2,2. 2-triiodqethanol. \Wen the conpound (b) is a
gh%o|Iig;ﬁ%ﬁﬁg%“g&g#%#égt°§ fﬂé?%%ﬁa _%?TWF%WZ?%zﬁgzﬁ??hggéﬁgr%gzﬁfsoxygen
[ I t I -
conpounds | vhen i b Camsortind ( 43 R EROLY R PR oo eat e
2-f|uoromnyﬂiuoﬁbﬁhyﬂbmphgnQuuogaaﬂgydwﬂmqm%l?ogggﬁgggqphenoL

3-chl orophenol , 4-chl orophenol, 10 2-bronppheno ronophenol ,

4- br oropheénshleré pliepdznob - chioropdRirso) | 4 4h DéPEPREAL ,

2, 6-di fluorophenol , 3,5-difluorophenol, 2,6-dichlorophenol,

H chi gr@fesephenol 6. 3+ bromophemoll,, 3% -SubinoplepdEnobl -iodophenol,
iiod engl 3, 5-dii odophenol , 2, 4,6-trifluorophenol, 15
trigﬁgé} ¢1. 24 218dppheRPdr ophdmslif lyoroBhenphr omophenol

tribQ%QW3f¥]fuorophenol,2,6-dichlorophenol,3,5-dichlorophenol,
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2,6-dibromophenol, 3,5-dibromophenol, 2,6-diiodophenol,
3,.5~-diiodophenol, 2,4,6-trifluorophenol,

15 3,4,5-trifluorophenol, 2,4,6-trichlorophenol,
2,4,6-tribromophenol, 2,4,6—triiodophenql,
pentafluorophenol, pentachlorophenol, pentabromophenol,
pentaiodophenol, 2-(trifluoromethyl)phenol,
3-(trifluoromethyl)phenol, 4-(trifluoromethyl)phenol,

20 2,6-bis(trifluoromethyl)phenol,
3,5-bis(trifluoromethyl)phenol, 2-cyanophenol,
3-cyanophenol, 4-cyanophenol, 2-nitrophenol, 3-nitrophenol
and 4-nitrophenol.

When the compound (b) is a thiophenol compound, examples

25 thereof are thiophenol compounds in which an oxygen atom is
replaced with a sulfur atom in the above-mentioned phenol
compounds.

When the compounds (b) is a carboxylic acid, examples
thereof are 2-fluorobenzoic acid, 3-fluorobenzoic acid,

30 4-fluorobenzoic acid, 2,3-difluorobenzoic acid,



pent af | uor ophenol., pent achl orophenol, pentabronophenol, pentai odophenol,
2-(trifluoronethyl)phenol, 3- (trifluoronethyl)phenol,
4-(trifluoromethyl)phenol, 20 2, 6-bis(ty4fluoronethyl)phenol,

3, 5- bls(trlfluoronethyl)phenol 2- cyanophenol , 3-cyanophenol ,

I, h nd 4-nitrophengl.. Wen the
ﬁoﬁ%gzgghﬁgoi|%£EE?EEBBE§%§F c%ﬁ%&tagg gg‘%kﬁikpr%%ﬁ?ﬁg?goﬁcépe t hi ophenol

ConpoundSZIBNﬁﬁﬁhuéﬁoBéMQ%ﬂca%de55 fpﬁaEFHthBﬁaseiﬂbwg' Qp]ln the

above-nmenti oned phenol conpounds. e co I's a cdrboxyllc

aci d, exar@l3ss- thﬁfBﬁbr&bén&oﬁkﬂ@kﬁhﬁanl§ @CtﬁlfﬁuBEBQEQQ%E%P' fAgld, 30
4- quoroben20|c acid, 2,3-difluorobenzoic aC|d 17 2, 4-di fl uorobenzoic
acid, 2, 52M4Jimﬂx¢@huorobanzd;c &g&dﬂfjLuuammﬁzﬁlgoagb@n201c acid,

2,3,4 trlfluoroben20|c acid, 2,3,5-trifluorobenzoic acid,

2.3, @ trififorbbentetEafiinarobenzodc acifud ohehze teacafluorobenzoic

2,4, 6- trlflu obenzoic acid, 5 2,3, 4, 5-tetraf |uorobenzoic acid, 2, 3, 4,
6-tetraf béﬁ?ﬁ?%fl%%FﬂbeBéﬁﬂ&fP@Gﬁbbéﬁh%ﬁ%9@£¢§lcfagédoacet|c aci d,

difluoroa %&%Hé%eéiéfluoroa%%&%&d@?é&ce fgnggigoropropanOIC acid,
hept af | uor obutanoic acrd a Fad

1, 1- bi s(tpemlﬂaﬁlwwfapgmala LEh Bl URLeNY AICO té‘noig Yheq 4
e o)

conpounds (b) is a sulfonic acid, exanples
fIuoronetﬂaﬂeﬁwéﬁﬂrxfrubfbmdtﬁylWOQOerh%ﬁ@¥idof5%ﬁtéﬁbgc EEEE
| uor onet hanesul f onic acid, pentafluoroethanesul fonic acid,

hepﬂ&fluoropropéﬂ%ﬁuﬁﬂuml@ompouddsamd) is a sulfonic acid, examples

1-bis(trjfluoronethy If-2,2,2-trifluoroehtane 15 sul foni ¢ aci d.
hereof are 'fluoromethanesulfonic acid,

difluoromethanesulfonicacid,trifluoromethanesulfonicacid,
pentafluoroethanesulfonic acid, heptafluoropropanesulfonic
acid, and 1,l-bis(trifluoromethyl)—2,2,2-trifluoroehtane

15 sulfonic acid.

A preferable amine of the compound (b) is
bis(trifluoromethyl)amine, bis(2,2,2—trifluoromethyl)amine,
bis(2,2,3,3,3-pentafluoropropyl)amine,
bis(2,2,2-trifluoro-1-trifluoromethy1ethyl)amine,

20 bis(l,l-bis(trifluoromethyl)-2,2,2—trifluoroethyl)amine or
bis(pentafluorophenyl)amine; preferable alcohols thereof are
trifluoromethanol, 2,2,2-trifluoroethanol,
2,2,3,3,3-pentafluoropropanol,
2,2,2-trifluoro-1-trifluoromethylethanol or

25 1,l-bis(trifluoromethyl)-2,2,2-trifluoroethanol; a
preferable phenol thereof is 2-fluorophenol, 3-fluorophenol,
4-fluorophenol, 2,6-difluorophenol, 3,5-difluorophenol,
2,4,6-trifluorophenol, 3,4,5-trifluorophenol,

pentafluorophenol, 2-(trifluoromethyl)phenol,



A preferable amne of the conmpound (b) is bis(trifluoronmethyl)an ne,
big(2,2,2-trifluoronethyl)anine, bis(2,2,3,3,3-pentafl uoropropyl)am ne,
bis(2,2,2-trifluoro-1-trifluoronethyletiyl)anine, 20 _
bis(l,l-bis(trifluoronethyl)-2,2,2-tr|fluoroeth¥l)an1ne p;l bi s (Pﬁn;gr
| uor ophen L Re: f. +&r abl cohol s ther e trifluoronetha ,
2.2 2 01 1T uorost hansPRe B AL 2 IE: PBraBaiomome eny! fphency
2,2,2-trifhyuecpik( tihEh uerem b1 0r 25

1, 1-bis(tri ?I uor oﬁret hyl) -2, 2, Z&ﬁﬁ uor oef hanol ; a preferable phenol

thereof is325+bislftophtnolromdthygipienobr 4-fluorophenol,
2,6-dif|uor3£henol, 3, 5-di fl uorophenol, 2,4,6-trifluorophenol,

3,4, 5-tri % uorphehs( trifduvaometiophkptotno?; (&1 pibaeramtdHamhenplic 18
3-(trifluoropethyl)phenol, 4-(trifluoronethyl)phenol, ' _
2, 6- bl s(tr3% o Ee | $phesstatlnordienzoid | actdnerhyjifieratoaretic

-tri | h | ; a preferable carboxylic 5 acid thereof
?é4b2n§;}%&§%%£§#§ ?%EéggﬁggF n%rﬂq&ﬁaﬁﬁﬁnq%idaEhﬁFeaﬁdi§ preferab}e "
sul fonic L4 tlma{ | hfLuqronet hanesul fonic acid. A nore preferable
conpound ?’f)f)lc%ls (Frg%%ﬂrl%??%g?'gﬁgtlﬁyla)cﬁne, bi s(pent af | uor ophenyl ) am ne,

10 trifluoronet ha ZpRefethbhlel¥ctidoddd fdPr pget hyl et hanol
1,1-biS(trif|LKH(;E§?§| -3,3,%—t?i$%ﬁlfbef%a$of, 4-f | uor ophenol

2, 6-di f | ubdeendludrduéthyl ) hnenephend (pent £ Pud FbHhEALIRNeRAlve |
pent af | uor ophenol, 15 4-(trifl uoronethyl)phenol,

2, 6-19i s(t trifdsosiameashamhknol
‘ 2,2,2—trifluoro-1-trifluoromethylethanol,
1,1-bis(trifluoromethyl)-2,2,2-trifluoroethanol,
4-fluorophenol, 2,6-difluorophenol, 2,4,6-trifluorophenol,
3.4,5-trifluorophenol, pentafluorophenol,

15 4-(trifluoromethyl)phenol, 2,6-bis(trifluoromethyl)phenol
or 2,4,6-tris(trifluoromethyl)phenol; and a further
preferable compound (b) is 3,4,5-trifluorophenol,
pentafluorophenol or
1,l-bis(trifluoromethyl)-2,2,2—trifluoroethanol.

20 Examples of J in the above formula [3] are a boron atom,
an aluminum atom, a gallium atom, an indium atom and a thallium
atom. J is preferably a boron atom or an aluminum atom, and
particularly preferably a boron atom.

In the above formula [3], n is 2 or 3, and preferably

25 2,

Examples of the hydrocarbon group as R? in the above
formula [3] are the hydrocarbon groups mentioned above as L'
intheaboveformula[l],andthehalogenatedhydrocarbongroups
mentioned above as R! in the above formula [2]. Preferred is

30 an alkyl group or an aryl group; and more preferred is a methyl



or 2,4,6-tris(trifluoronethyl)phenol; and a further preferable conpound

(b) is 3,4,5-trifluorophenol, pentafl uorophenol or
1,1-bis(trifluoromethyl)-2,2,2-trifluorgpgthanol. 20 Exanples of J in the
above formula ( 3 ] are a boron atom an alum numatom a galliumatom an

al un num o a? ane S ARERP & hatrahl) AR  hk b T h Snhme

al um num atom and par

formula [ 33,nAbusy2 @&o&p,awjéydﬁﬁﬂgg#YQgéuﬁé E;ggEEQ%ug%ﬂéggﬁgégag% {gﬁgd

group as R 2 in the above formula | are t rocarb

above as Lisobutyhegabaye £ nepanta ] ghouang ﬁhﬁehﬁhg?ﬁagﬁ?da h9{Qe@gpon

groups nentioned above as Rl in the above formula ( referred 1s 30 an
al kyl groUprHP am &k yPcybuground aovnedprgilegredtip,s aanvdo@gcylld diFayp, an
et hyl group, .a n-ﬁr opyl group, an isopropyl group, a n-butyl group, a
sec-butyl 1Y-a 9e?¥P bui y4 - §P bYip, IHAUDI. s8bat o lydogroum n-gpenttd Lyl oup,
a n- hexyl , n; he roup, a n-octyl group, a n-decyl group, a

n- dodecyl %03%', agz a3bﬁ£#1§1k gd'gﬂiﬁb A ATV YL Granr . a %-uﬁ'dFX/i/Yerﬁm}Pa
4-tolyl @foup.- B- é group,, _ JA-xylyl group, _a 2,5-xylyl group, a
2,6-xylyl gr o'up,.}?%g%, 46%%/?{ r ér g’dé, %1‘3%?'%5%@%/% g‘?ogp?'ﬁylyl group, a

2, 3, 4-tri rmethyd pheieé PHR 2 Hi r kgt pper ,
a2,3,6-trinethy|pheny?ggrgug?§éz?ﬁ?ngr?g%fﬁgﬁpﬁggéktg&g§afgﬁg'group'

3,4, 5-tri me?hyl| phenymeghyiphenyl propyl, phenyl, GQ&QQﬂne@fylﬂkﬁ&P%'P@ﬂoQﬂ:ﬁnW
group, a n-bu%llé)hen | group, a sec-butyl phenyl group, a tert-butyl'phenyl
groulg’, an? i% W%@Y@Pbﬂwlagﬂwwtwphem;/cbpmpmenya grioepy, pienyl

roup, a n-octyl phenyl roup, a n-decyl phenyl roup, a
gr.oup isop oppyr}l.pt}/enigl ng:)oup, a n- uezylp%lengyl gproup, a

sec-butylphenyl group, a tert-butylphenyl group, an
isobutylphenyl group, a n-pentylphenyl group, a n-hexylphenyl
group, a n-octylphenyl group, a n-decylphenyl group, a

15 n-dodecylphenyl group, a n-tetradecylphenyl group, a naphthyl
group, an anthracenyl group, a 2-fluorophenyl group, a
3-fluorophenyl group, a 4-fluorophenyl group, a
2,4-difluorophenyl group, a 2,6-difluorophenyl group, a
3,4-difluorophenyl group, a 3,5-difluorophenyl group, a

20 2,4,6-trifluorophenyl group, a 2,3,5,6-tetrafluorophenyl
group. or a pentafluorophenyl group. Further preferred is a
methyl group, an ethyl group, a n-propyl group, an isopropyl
group, a n-butyl group, a sec-butyl group, a tert-butyl group,
an isobutyl group, a n-hexyl group, a n-octyl group, an-dodecyl

25 group,ziphenylgroup,a2-tolylgroup,a2,4,6-trimethylphenyl
group, a n-propylphenyl group, a n-butylphenyl group, a
tert-butylphenyl group, a n-pentylphenyl group, a
n-hexylphenyl group, a n-octylphenyl group, a n-decylphenyl
group, a n-dodecylphenyl group, a naphthyl group, an

30 anthracenyl group, a 2-fluorophenyl group, a 3-fluorophenyl



15 n-dodecyl phenyl group, a n-tetradecyl phenyl group, a naphthyl group, an
ant hracenyl group, a 2-fluorophenyl group, a 3-fluorophenyl group, a
4-fluorophenyl group, a 2,4-difluorophggyl group, a 2,6-difluorophenyl
group, a 3,4-difluorophenyl group, a 3,5-difluorophenyl group, a 20
2,4,6-trifhugugprhanyl. £, : -t ettafl yoraphenyl roup, or a
pentafluorgphe%yl gro&%ﬁ Eﬂ%iﬁ§§%r€¥§P§edai%'g'qﬁghﬂﬁr%ﬁékﬁﬂfaﬂréFﬁy
group, a napeopyligndtopHerdPORSARYS, 878Ul ; ‘iﬂ/ Py, S€C- butyl
group, a tert-butyl group, gﬁ B%obu yl groupé%f%éﬁﬁa qé%#%u ?ogpn-Sctyl
group, a n3dbddiyludropheumyl yrdigyla Qfaul- B2rt DhdtoPRENPL group. o

a2, 4,6-trinmethyl phenyl group, a n-propyl phenyl group, a n=buly pﬁenyF
group, a ®&entAfilugrepkenyl @imup. PaEniyl PAEDY IpiFiiPre @ 1NahRxyhpheny!
group, a n-octﬁlphengl group, a n-decyl phenyl group, a n-dodecyl phenyl
group’ a nZphthyl 2gPBEPY la9ToMPantad® ot cpgh t gEdupropheniyilugmpheny! group, a
3-fl uorophenyl ZB %rgup, 4-f | uorophenyl group, a 2, 4-difluorophenyl
group, a 2,6-di fFa8P ﬁﬁeﬂél“@ﬁ' Geppenny A odi regsesenaed byr bue farmula
3,5-difluofp \ 2,4, 6-trifluorophenyl group, or. a )

pent af | uor%pﬁgﬁglrh%%ﬂggo g(r:tafcclu Pl Y&#’é’fré'rc? éﬁ)ifis o REPRYIPSTéEARLd g
phenyl gr clgbp®spR1 BEPE 8fd &i0d O RN es Ofﬂt;{l?e compound (c)
represented by t%}: fornula [3] ar eé%%%?%oar%&lgge(fs 24 %’Ffﬁ aa‘f:’r‘g',

n- propyl bdréxt dwity 1boshpragiy pOEbbudgiltho ri-dHEY DG b 90 S8a- | boric
acid, tert-butylboric acid, isobutylboric acid,n-peﬁ%??%%rig euﬂ%%g%b

n- hely| boM-d ey ERonl depeydboni-beatiylbariactyt by i A-aeitglbor-ideadfpric

aci d, n-doq%F Ib_lg)ric_acidz phenyl boric acid, 2-tolylboric acid,

3-tol yl boM PO E 07§ 1 Bor Redgdegylbomiic xg¢id bophengdboriz, atid,

-Xylylboriat 139 e deid a&¥aY! 80LhE3% 0t acia, 4-tolylboric acid,
2,3-xy1ylboricacid,2,4-xylylboricacid,2,5-xylylboricacid,
2,6—xylylboricacid,3,4-xylylboricacid,3,5-xylylboricacid,

15 2,3,4—trimethylphenylboricacid,2,3,5—trimethylphenylboric
acid, 2,3,6-trimethylphenylboric acid,
2,4,6-trimethylphenylboric acid, 3,4,5-trimethylphenylboric
acid, n-propylphenylboric acid, isopropylphenylboric acid,
n-butylphenylboric acid, sec-butylphenylboric acid,

20 tert-butylphenylboric acid, Isobutylphenylboric acid,
n-pentylphenylboric acid, n-hexylphenylboric acid,
n-octylphenylboric acid, n-decylphenylboric acid,
n-dodecylphenylboric acid, n-tetradecylphenylboric acid,
naphthylboric acid, anthracenylboric acid,

25 2-fluorophenylboric acid, 3-fluorophenylboric acid,
4-fluorophenylboric acid, 2,4-difluorophenylboric acid,
2,6-difluorophenylboric acid, 3,4-difluorophenylboric acid,
3,5-difluorophenylboric acid, 2,4,6-trifluorophenylboric
acid, 2,3,5,6~-tetrafluorophenylboric acid, and

30 pentafluorophenylboric acid.



2, 6 -xylylboric acid, 3, 4 -xylylboric acid, 3,5-xylyl boric acid, 15
2,3,4-trimethyl phenyl boric acid, 2,3, 5-trinethyl phenylborjc acid,

2,3,6-trinethyl phenyl boric acid, 2,4,6-£{ine t hyl phenyl bori c aci d,
3,4, 5-
I sopr

,4,5-trinmethyl phenyl boric acid, n-propyl phenyl boric acid,

sopr opyl phenyl bgric acid n-but yl phenyl boric acid, sec-butyl phenyl boric
acid, 20 tert-bu?@?pﬁgwypygﬁ citdP RE%EﬁE?Pbﬁeﬂ9FE84P@Q%9(ﬂ01dr
n- pent yl pheny. € .ag] n-hexyl oric.acigd n- octyl phenyl bori c
aci d, n-decy1%ﬁgégﬁgogngécPd?§#ﬁ%¥§a%£#ﬁ%%h@tbb$?8r8835¥°ﬁ}° acid,

L et radecyl:phanyy booreoakih, $BBRBLRYLIAYLLG ac1d, AOrgeapYibRLEGAd d 25
I Do i ¢ aci ,  4-

2-f1 uorophenyl boric acid, 3-f |uorophenyl be yoropﬁéhfl ori c

acid, 2, 4-ididbuwioybipbedy! henb; ach@xylbdrit fdand OphesythebosiaCidbia,

3, 4-di fl uorophenyl boric acid, 3,5-difluorophenylboric acid,

2, 4,6 tri M ddprehydbbei acidci ghedyl tnifid edcid ) upr ophenpblkad acici d, and

30 pentafl uorophenyl boric acid. 21 The conpound (c) is preferably

met hyl bor i%c 4ad ttrine Ry bpheryabea i cnasishy Ihaapytpbienyibprapylalodrd

aci d, n-%g&xhpg#ic ac%d sec-butyl boric acid, tert-butylboric acid,

i sobut yl b8y it RIS HRF L 6 o PLdacit@r trBtiXARRAnBLReF4C 8ciddodecy! bori c

acid, phegylhor | - ylLboric acid éﬁ$14’ -t ripet hyl phenyl boric

acid, n-propy ﬁ%ﬁgﬁ%ﬁ#}%°%§%d?cgﬁ:b&t%ﬁﬁ¥ ?ﬁ#iQpﬁi?d?¥18'

tert-butyhpaeyitdiy BSdfic SepPanNt ¥l fé%ﬁ)ﬁ'r?@f%i B fe Dz hgxyl phenyl boric

aci d, n-octylphenyf%%ric aci d, nldecelp eny 3&10 ac?d?cgg’

n- dddecy| phdogdemyliphery thorahabylhohaphativd.boras ha@cgny! boric acid,” 2-f

| uor ophenyl boric acid, 3-f |uorophenylboric acid, 4-fluorophenylboric

acid, anthracenylboric acid, 2-fluorophenylboric acid,
3-fluorophenylboric acid, 4-fluorophenylboric acid,
2,4-difluorophenylboric acid, 2,6-difluorophenylboric acid,
3,4-difluorophenylboric acid, 3,5-difluorophenylboric acid,

15 2,4,6-trifluorophenylboric acid, or pentafluorophenylboric
acid. Particularly preferred is methylboric acid, phenylboric
acid, or pentafluorophenylboric acid.

A method for contacting the compounds (a) to (c) is not
particularly limited. Examples thereof are as follows.
| 20 C) A method of contacting (c) after contacting (a) and
£ (b). |
@ A method of contacting (b) after contacting (a) and
(c).
® A method of contacting (a) after contacting (b) and

25 (c).

Preferred is @O or @. Namely, the metal compound
according to the present invention is preferably obtained by
contacting (c) with a contact product obtained by contacting

(a)and(b),orbycontacting(b)withacontactproductobtained

30 by contacting (a) and (c). Further, there may be carried out



2,4-di fluorophenyl boric acid, 2,6-difluorophenylboric acid,

3, 4-difluorophenyl boric acid, 3,5-difluorophenylboric acid, 15
2,4,6-trifluorophenyl boric acid, or peq&gfluorophenylborlc aci d.
Partlcularly preferred is nethylborlc acid, phenylboric acid, or
pentafluo qi Ibor| gld A et hod for contactlng t he conpounds (a) to
(c) is not® q:p |%Lﬂleol IFH{"PE&SlWarF&eeS‘S ?RFc?f:are as follows. (b). A

cantacti ng.(b) aéﬂfe‘%‘%ﬁ') SR LR 0B rdeoBnar CEEni GE LT A0 (e

contacting (b)

contacti ngd ptach 2 é&ﬂtac??%‘éﬁh‘é‘% Y (a or 0. Nanely, the netal conpound

according to the present I nvention Is pre erably obtained by contacting

(c) with a contad) Rf&d&&étﬂbéatlﬂ@%@ﬂtﬁeﬂtﬁfli)aﬁ% (ri‘):haeﬁe(ﬁ‘émae.ﬂ)ln%d (o)

contacting (b) with a contact product obtained by contacting

. Furst her comperumdyay be carried out 22 either a rret hod conprising the
steps of: (1) contacting (a) and (b) , (a) and (c) , or (b) and (c) to
obtain a @&nfadtetfhicstireampribeing) tbensdepisng@fihe contact product with the
remaining 5 co und or a method conprising the steps of: (1) contacting
(a) and (b) , (d)llaf@r(tecting (@) a&ﬁdé?d) (8d @Bti?(%da cizgr(tte)ctarm{ mr)gfjuct
2 urifyin ntact roduct obtain a purifie contact p

( é ?3) c%htgckgﬁg't & pu ?e%r%%HFﬁct product with the renaining

conpound (2) purlfying the contact product to obtain a purified
10 contact product, and
i (3) contacting the purified contact product with the
remaining compound.
The contact treatment of the above-mentioned compounds
(a)to(c)ispreferablycarriedoutunderaninertgasatmosphere.
15 The treatment temperature is usually from -100 to 300C,
preferably from -80 to 200C, and further preferably from 0
to 150C. The treatment time is usually from 1 minute to 200
hours, and preferably from 10 minutes to 100 hours. Further,
a solvent may be used in the treatment, or these compounds
20 may be directly contact-treated using no solvent. There can

be used any solvent selected from a non-polar solvent such

as an aliphatic hydrocarbon solvent and an aromatic hydrocarbon
solvent, and a polar solvent such as a halogenated solvent
and an etheral solvent, Which is inert to the compounds (a)
25 to (c). Examples of the solvent are butane, pentane, hexane,
heptane, octane, 2,2,4-trimethylpentane, cyclohexane,
benzene, toluene, xylene, dichloromethane, difluoromethane,
chloroform, 1,2-dichloroethane, 1,2-dibromoethane,
1,1,2-trichloro-1,2,2-trifluoroethane, tetrachloroethylene,

30 -~ chlorobenzene, bromobenzene, o-dichlorobenzene, dimethyl



The contact treatnent of the above-nentioned conpounds (a) to (c) is
preferably carried out under an inert gas atnosphere. 15 The treatnent
tenperature is usually from-100 to 3009§, preferably from-80 to 200t, and
further preferably from0O to 1500C. Thé“treatnent tinme is usually from1l

mnute to hour.s,. .and preferably from 10 nminutes to 100 hours. Further,
a sol vent éggeﬁé §§§§qé¥t QP%FE&% SPPTEPYLhedd ettty hagther .

directly c - t i n solvent . There can be used any sol vent
ﬂ@‘:ﬁgﬁ. teed %é@ol%eﬁn%)r sgle 9 4-

sel ected from & non- pol ar suth an“dl %y dr ocar bon sol vent

and an ar ompY |1 KEHeSYALn SO WEDE 208N 8RRy 150 4, SuCh as a
|

al
hal ogenat ed sol vent and an etheral solvent, "which’is inert to the

conpounds te}rabytimoftjran ReimiesrMydhepgebyent are butane, pentane,
hexane, heptane, octane, 2,2,4-trinethylpentane, cycl ohexane, benzene,

t ol uehe, xyl ene, THectwwponethEnk isduklkedot nrat kaeaint olfl preferably from
1, 2-di chl oroet hane, _1, 2-di br onpet hane,
1,1, 2-tri cht bits-& mpls mere nrafsmdliie £root t 4ohé owodet fiyrther pi3fferably

chlorobenzgne d%rorm‘{)enzene, o-di chl orobenzene, dinmethyl 23 ether, diethyl
ether, diisopPdpyi® & mal. @nd, pastiicwharety PRefeyabiyr £ront i Scthed, 5

i sol e, di - di h th i s(2-nmeth t hyl t her,

ot ranydr (1F aPehaBre, hot, QTR EORPaHRE cOAYoand (b) 1< used i n an
amount of pref er'ﬂbékcfrﬁ;%%n&-(é—) 4Q 8s88! 3 n T SmBLS LY, I—'é?n}v}yttorc? ml ,
4 nol andi y T y m2.5

further preferably from2 to , parti cul ar refera fro

to 3i6 .6 per ®eolD| motret PpeeF@HRMIRE £3dm dNe €8MBOWRA ( Purthdsed in
an anount of preferably from 10 0.6 to 8 nol, nore preferably fromO0.7 to

6 ‘nol, ful rahly dinen ¢ .8 bon4Ome Lt card ipE r t howll aal i md fetyb Py ef bl y
from 0.9 to 1.2 mol, per one mol of the compound (a).
As a result of the contact treatment, at least one of
compounds (a) to (c), which are raw materials, may remain as
15 an unreacted matter in the metal compound according to the
" present invention.
When the compounds (a) to (c) are triphenyl bismuth,
pentafluorophenol and pentafluorophenylboric acid,

respectively, an example of a process for producing the metal

20 compoundaccordingtothepresentinvenitoncompfisesthesteps

aal
e

of:

(1) adding dropwise a toluene solution containing
pentafluorophenol in amount of three times by mole to triphenyl
bismuth to a toluene solution of triphenyl bismuth,

25 (2) stirring for from 10 minutes to 24 hours at room
temperature,

(3) stirring under a refluxing condition for from 10
minutes to 24 hours,

(4) concentrating the solution,

30 (5) filtering a precipitated solid component,



0.9 to 1.2 nol, per one nol of the conpound (a). As a result of the contact
treatnent, at |east one of conpounds (a) to (c), which are raw materi al s,
may remain as 15 an unreacted nmatter ipng4the nmetal conpound according to
the present invention. Wen the conpounds (a) to (c) are triphenyl

bi snuth, pentafl ygyogheaoly afd %ﬂilﬁ%ﬂﬁé{}gﬁw boric acid, respectively,

an exanple of a process for producing t 20 conpound according to

the present inven'(vo)ramrﬁgta@&efnléeaﬁa9B%t%ffildoiﬁo;ﬁﬁé¥r#ﬂb9£98‘ééc%§ é‘ﬁ% | uene

solution containing pentafluorophenol "in anount of three tines by eto
tri phenyl tbi$het bbttaimeidlseenid sedmpdbasnef whiaphenyl bismuth, 25 (2)
stirring for from10 mnutes to 24 hours at room tenperature, (3) stirring
under a refl uxi ng{ 8bngtirshngonnideamal @e fiiuniings don @t howrSor (from 10
concentratig& Ehe %ol ution, 30 (5) filtering a precipitated solid
corrpo?ﬁent,m utes) Hrﬁi‘ln&w solid conmponent, (7) adding toluene and pent
af | uor ophenyl bori.lch%acimdetaé:id to the_obtained solid conponent, and (8)
stirring under a refl a3 Hy cSHIIRYGR f Pherehnadtes. ni rafesred 280hoaés.

The net al COHRHE ( b paf rred as__"compound (A)") according
to the present ?llrllls%ntlh@gﬁ Ear#%orreéﬁibltf b%ﬁﬁseﬁrﬁgeﬁ caf’éYélg%l%Bnp%%‘ént of

2ddi ton 10 porymerT 2att on h g PR CGI lat Oh A R v
additionpolymerization.Examplescﬁfthecatalystforaddition
10 polymerizationusingsaidcatalystcomponentare(l)eicatalyst
obtained by a process comprising the step of contacting the
compound (A) with the compound (B), and (2) a catalyst obtained
by a process comprising the step of contacting the compound
(A) with the compound (B) and the compound (C). In order to
15 obtain a catalyst having a high polymerization activity, the
above latter catalyst is preferable.
Preferable examples of the compound (B) are a metal

compound represented by the following formula [4], and a u

-oxo type metal compound thereof:

20
iy
: L2MX", [4],
wherein a is a number satisfying 0 < a £ 8; b is a number
satisfying 0 <b = 8; M is a metal atom of the Groups 3 to 12
25 or Lanthanide Series of the Periodic Table of the Elements;

L%is a group having a cyclopentadienyl type anion skeleton,
or a group containing a hetero-atom, a plurality ofibzgroups
may be the same or different each other, and a plurality of
L? groups may be optionally linked in direct, or through a group

30 containing a carbon atom, a silicon atom, a nitrogen atom,



obt ai ned by a process conprising the step of contacting the conpound (A)
with the conmpound (B) , and (2) a catal yst obtained by a process
conprising the step of contacting the cogpound (A) with the conpound (B)
and the conmpound (C). In order. to 15 obtain a catal yst having a high

e e e A TS

Pref erabl e exanpl es of the conpound are a conpo

by the fol Imficged eriom 2a By draBdrdof qrou i %pé),}g\gp . 20
L2aMX1b [4], wherein a is airnurrber sat?sfy?n‘gagsﬁﬁgigbgﬂ 'S trtl{}‘(r%r;bfg{r)&
sati sfyi ng 0 c¥elomentvddtery het pbe aantionf sk8eeGoaypsri3at Ayd20&ar¥onoxy

Lant hanide Series of the Periodic Table of the Elenents; L 2 is a group
having a cPd¥fentadi @ Blunaisetnoifol’ ghoupisonay e thegs anp oAt Eifdirig &

het er%-atorg plé‘rality of L2 groups nay be the same or different each

ot her,” and é“%ﬂ €%y of L2 groups may be optionally linked in direct, or

t hrough a group | nj a carbon at a_ silicon atom a nitrogen
atom 25 an oxy}g‘n géo% %Pgﬁl‘—i‘{ﬁ aat%‘?ﬁrb‘?f]‘émpﬂBg'ahoFBsY§1t6ﬁﬂu"'>(Pti°§lraa
hal ogen at emt am i G P G C | ng_th t Qup_havin a ,

cycl opent adi enyl type anion zglke et%n %?gg' h?/dl?%%‘g?’gﬁn?ig?m’g oupragigm™y

plurality etodl gradpsbimy PeohheastgRtBut HFRMENs LR DuRt B8bm Eé%rrpl es
of Mare a scandiumatom an yttriumatom a titaniumatom a Zirdéonium

atom a hatAPONR&OEN aa ruihaehiium ston) £ dUEPLtAESRMN adrksdl ahugkagom a
chromumatom .an iron atom a rutheniumatom a cobalt atom a rhodium
atonﬂo anlckelatom,apalladiumatom,asamariumatomandanytterbium

i atom. M? is preferably a metal atom of Groups 3 to 11, and
particularly preferably a titanium atom, a zirconium atom or
a hafnium atom.

Examples of the group having a cyclopentadienyl type

15 anion skeleton as L? are an n5-(substituted)cyclopentadienyl
group, an ns—(substituted)indenyl group, and an 7
5—(substituted)fluorenylgroup.Specificexamplesthereofare
an ns-cyclopentadienyl group, an n5—methylcyclopentadienyl
group, an nS—tert-butylcyclopentadienyl group, an 7

20 5—1,2--dimethylcyclopentadienyl group, an 7
5—1,3-dimethylcyclopentadienyi group, an 7
5-l-tert-buty1-2-methylcyclopentadienyl group, an 7
5-l-tert-butyl—3—methylcyclopentadienyl group, an 70
5-1-methyl-2-1sopropylcyclopentadienyl group, an 7

25 5-1-methyl-3-isopropylcyclopentadienyl group, an 7
5-1,2,3-trimethylcyclopentadienyl group, an 7]
5-1,2,4-trimethylcyclopentadienyl group, an 7
5-tetramethylcyclopentadienyl group, an 7
5-pentamethylcyclopentadienyl group, an ns-indenyl group, an

30 ns-4,5,6, 7-tetrahydroindenyl group, an 7 5-2-methylindenyl



10 a nickel atom a palladiumatom a samarium atom and an ytterbium atom
M2 is preferably a netal atomof Goups 3 to 11, and particularly
preferably a titaniumatom a zirconiunmpgtomor a hafniumatom Exanples
of the group having a cycl opentadi enyl type 15 anion skeleton as L2 are an
77 5-(subsgirbupedhay ' u 7).5- (sebgtituted)indenyl

gr oup, andgan % 5¥l (?u%gfﬁﬁggggj%dﬁggge%ﬁ&] r'ouagl. 7Zpe i?‘?ghggéﬁ&eé’é'yl
thereof argranp77ah- oyTlmpedtig eANEnGIOYRoud) &h Sn 7B MMLEXGH 9RGALIYI eny!
group, an n5-tert-butyl cycl opentadi enyl group, an n 20

5-1, 2-di rreghqupycaopélrﬁ-auirmtymygimﬂenyangmouﬁ—,la?pr ah met hyl cycl opent adi enyl
group, an nh _5-1-tert-butyl-2-nethyl cycl opentadi enyl group, an n

5-1-tert - but?rter bty tinflengdtguoep, By 7P -8 greattp; batyLindenyl group,
5-1- gg%t hyl -2-4’750 rg | cycl opent adi enyl group, an_n 25

5- 1- met hyl23-1 sagr %tcig’a‘i?de’rﬂ%néhﬁrw@umnan n5-tert-butylindenyl
5-1,2,3-trd yl cycl.apent.adi enyl pup, an n

5-1, 2,4-tr?fnﬁélyl%échopé%nttae(ﬁte'%t b’ﬁg'?HXE group, an 7 |
5-t et r ametshyjl- QRN R TR 30 N 25pentanet hyl cycl opent adi enyl
group, an 775ﬁéﬁdenyl ’S%ﬁggh%% e %94,775, g? t%ﬂ%%%?%ﬁgﬁglgﬁ%p, an
n5- 2- met hydr rgiény | 7281 mereii, i rifen ﬁ-éfaeﬁhygﬁn%enyl group, an

Tl 5- 4- net le i ndenyl group, an 775-5-nethylindenyl group, an

775- 6- net Ny Ri. #d@mtir ingrtoupl iaded¥b- grovphylanndeny!l group, an 77
5-2-tert-Rut linden 1 Y Y group, an 77 5 -3-tert-butylindenyl group, 5 an
175-%- t er t ~BoPgrtbaderylispReepy hhn&esy3- gewuphutar i mdeayb - bghaipdedy 1
175-6-tert}put | i ndenyl _group, .an 77 5-7-tert-butylindenyl group, an
775-2,3-&%&% ynqﬂkﬁyr2gp855yl-4,5-benzindenyl group, an 7

5 .
-4-phenylindenyl group, an n5-2—methyl—5-phenylindenyl

group, an n5—2-methyl-4-phenylindenyl group,
an n5-2—methyl-4—naphthylindenyl group, an ns-fluorenyl
15 group, an n5-2,7-dimethylfluorenyl group and an 7
5—2,7-di-tert—butylfluorenyl group; and substitution groups
thereof.
Examples of the hetero-atom in the group containing a
hetero-atom as L? are an oxygen atom, a sulfur atom, a nitrogen
20 atom and a phosphorus atom. Examples of the group containing
ahetero—atomareanalkoxygroup;anaryloxygroup;athioalkoxy
group; a thioaryloxy group; an alkylamino group; an arylamino
group; an alkylphosphino group; an arylphosphino group; an
aromatic or aliphatic heterocyclic group containing in its
25 ring at least one atom selected from the group consisting of
an oxygen atom, 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, a n- or iso-propoxy group,

30 a n-, sec-, iso- or tert-butoxy group, a phenoxy group, a



an 775-4,7-di net hyl i ndenyl group, an 77 5-2,4,7-trimethylindenyl group, an
7) 10 5-2-nethyl -4-isopropylindenyl group, an 775-4,5-benzi ndenyl group,

an 775-2-net hyl -4, 5-benzi ndenyl group, zp 7) 5-4-phenylindenyl group, an
n5- 2- net hyl - 5- phenyl i ndenyl group, an 775-2-nethyl - 4- phenylindenyl group,

775- 2- gt ¥ 775- 15 ,
5.2 7 i o fTEBR RSy GRERD andrzihaoff”%ﬂzﬂpég%%” ST 12101 eyl
group; anc supsttiihé Ry UpAURSxY! REFRYS , HATPLR 18 %‘Q%f]?&%lﬂ atomin the

group containing a hetero-atomas L2are an oxyge watom a
ni trogen @M ginopyhphenphosphoups af mlﬁmffpﬁénbk§ gl coptaining a

hetero-atom are an al koxy group; an aryl oxy group; a thioal koxy group a
t hi oar yl 04 grdiisopropy kphenbry group,, an4 asgbaputty 1 piietibdy roup,
alkylphosphlno group, an aryl phosphino group; an aromatic or alip atlc
het erfocycld ¢ e‘g"r LRFW%?WPH@ IROVUPs 25 s6 ndl asetehstydpheatony saloent,ed

fromthe grg sting of oxygen atom a sulfur atom a nitrogen
at om and % p %Ué Qt%d?eﬁﬁﬁlah@%gﬁﬁiQEPWHgaﬁd Exanpl es of the group

t t t th th , -
ot e i S Pelety degboo: & eShheriphanin s qimnsy

i SO- propoxy group, Séc

27 6 -2t
o e e g £ S SO Bl

group, a 2-ichdpropHemenoxyraipiiPa a-niteodopHIHGRY | PRSRRXY 07 OUp, a
4-sec-butyl phenoxy group, a 5 4-tert-butyl phenoxy droup, a

2, 6—1@| - seé-pdttyophenowy group, a 2-dmirophknbyly groep Ny Pheaox¥paeadRy a
group, a 4-aminothiophenoxy group, a 2,3,6-trichlorophenoxy
group, a 2,4,6-trifluorophenoxy group, a thiomethoxy group,
a dimethylamino group, a diethylamino group, a di-n- or
iso-propylamino group, a diphenylamino group, an

15 isopropylaminogroup,atert~butylaminogroup,apyrrolylgroup,
adimethylphosphinogroup,a2-(2-oxy-1—propyl)phenoxygroup,
a catecholato group, a 2-hydoroxyphenoxy group., a
resorcinolate group, a 3-hydoroxyphenoxy group, a
4-isopropyl-catecholato group, a

20 2-hydoroxy-4isopropyl-phenoxy group, a 3-methoxycatecholato
group, a 2-hydoroxy-3-methoxyphenoxy dgroup, a
1,8-dihydroxynahpthyl group, a 1,2-dihydroxynahpthyl group,
a 2,2'-biphenyldiol group, a 1,1'-bi-2-naphthol group, a
2,2'-dihydroxy—6,6'-dimethylbiphenyl group, a

25 4,4',6,6'-tetra—tert—butyl-z,z'-methylenediphenoxy group,
and a 4,4',6,6'-tetramethyl-z,2'-isobutylidenediphenoxy
group.

A further example of the hetero atom-containing group

is a group represented by the following formula [5]: |

30



-di-tert-butyl phenoxy group, a 4-nmethoxyphenoxy group, a

- di et hoxyphenoxy group, a 3, 5-di net hoxyphenoxy group, a

hl or ophenoxy group, a 4-nitrosophenoxy group, a 10 4-nitrophenoxy group,
2- am nophenoxy group, a3-am nophenoxy group, a 4-am not hi ophenoxy group,
a 2,3,6-trichlor ophquiss_zN_gr oup, a 2,4,6- t[rg' f | uor ophenoxy group, a

t hi omet hoxy group, a“dinmethylam no group, a! di et hyl am no group, a di-n- or
i so- propyl am no group, a di phenylam no group, an 15 isopropylan no group, a
tert-butylam no group, apyrrolyl group, a dinethylphosphino group,

a2- ( 2- oxy-whesrajry IR’phe oty daybn atontALEEA0baka SE8HPor & ZrylndRapyyghenoxy
group, a resorcinolate group, a 3- hydor oxyphenoxy group, a

4-i sopr opydEXR ecivier R ggowpipsa iy Dehytdher exyret oo @igBEraiieN@gd Hwy/p, a

3- met hoxycat echol ato group, a 2-hydoroxy- 3-nmet hoxyphenoxy group, a

1, 8- di hydrBx itdtftitiarepbupay abe, bordaddnukyadipt,hpr gequiforma a ring.

2, 2" - bi phenyl di ropp, a_»1.,,1'-bi-2-naphthol group, a

2, 2" -di hydr oxy- %’%aq“%f‘%étﬁl%l pReftie fPsmylag (35 are a hydrogen atom,

4,4 ,6,6" - e4ylay - | -2, 2 - et hyl epedi phenoxy .group, and a _.

4.4' 6.6 -tet @%ﬁ%l%&%‘ 9 SCCQ)erl]?I):/ ?%eﬁgﬂﬁnphﬁngf?%lg%ﬂﬁomﬁk A &8 Scanpl e
of the heta’iom,atad SN B §1H8pI" GHP e thsr 12 [mltp repre e

followi ng formul a (5?:@30@28 F&gSP:I\I-etﬁ’E)ll %:le el ngl'«é ?gggﬁgyg%ggg)n fbm a
hal ogen atiswparopy hygir@es) bann - gueyd, rdiRe BB EEAHPEUERY Beollpe same or
different, and two 5 or nore thereof may be bonded nmutually, or may forma
ring? Ex&vplefesylRgronpt rephenyll gr¢ gy, ar B-napidyegarow @md a benzyl

group.

2,6
2,6
2-C
a

A still further example of the hetero atom-containing

group is a group represented by the following formula [6]:

(6]

R42
15

wherein respective R*! to R*® groups are independently a hydrogen

atom, a halogen atom, a hydrocarbon group, a hydrocarbon oxy

group, a silyl group or an amino group, they may be the same

20 or different, and two or more thereof may be bonded mutually,
or may form a ring.

ExamplesofR‘LUJR“intheaboveformula[6]areahydrogen

atom, a fluorine atom, a chlorine atom, a bromine atom, an



a fluorine atom a chlorine atom a bromne atom an iodine atom a methyl
group, an ethyl group, a n-propyl group, an isopropyl group,.a n-butyl
group, a tert-butyl group, a 10 cycl ohexyl group, a phenyl group, a
1-naphtyl group and a benzyl group. A still further fx?rple offthe Petfg?.
at om cont aidd LESHD & SpRedy PUPCHERT egePL R Y A NE Lol oW ng formila :
[6] 15 R 42 ﬁﬂg?ein rgspZ%tiQ% Egﬁ tg R46 groapsyargrfngépghgeﬁﬁgf

hydr ogen gﬂanp,aahaéngebuaymngr@dpﬁﬁgxzuguaﬁﬁg@wyl?ﬁeh¥Qrgg%&agnpry
group, a silyl group or an am no group, they nmay be the Sang 20 "or

di fferent 2 Quenyt gveept her @efmertiy lpthdmydegi-smp yakl y, or may form a
ring. Exanples of R4l to R46 in the above formula [ 6 ] are a hydrogen
atom a flAdmifdlunremethrhPhenid sromp.a dermWEHheB?lZ?ﬂgﬂ?ﬂ.rm a’z) om
a phenyl gr . 1-naphtyl group, a 2-naphtyl group, a tert-butyl group,
a 2,%—5in§fﬁ§ﬁﬁ%ﬁ%§lg WRip? EFY%ikFﬁBYén9F°§Pou&,%I%FQER@%Yﬁhbﬁyyég{oup, a
4-trifluo y a 4- thgx henyl grou a 5 4-pyridy

group, a cyclo%éxbﬁggg%%%?gﬁgggl§%6F%§§q ItyAP - Grg?b?FQYBérﬁﬁrbgFeﬁgg a
met hyl gr aupipaehiilgldtHysid vy 0", , & 4 phanul et 3'%& 1
1-ne¥hygl-pheﬁyfe?hyl g??hp,yka ,Jf%lneﬁﬁﬁPapropylg%?oﬁ : Q%Q-QEPBPophenyl
group andaal,pestiafd thorlopedpyy1 06060p, 18 BherakdwHENi 0gedushghat :229

ligand as L2 neans a ligand having plural coordinating positrons. anpl es
t her eof aPéntafduprepdtenipl egraapmi ne, oxazol i ne, bi soxazol i ne,
10 Theabove-mentionedchelating1igandasLzmeansaligand

having plural coordinating positions. Examples thereof are
acetylacetonate, diimine, oxazoline, bisoxazoline,
terpyridine, acylhydrazone, diethylenetriamine,
triethylenetetramine, porphyrin, crown ether and cryptate.

15 Examples of the heterocyclic group as L? are a pyridyl
group, an N-substituted imidazolyl group and an N-substituted
indazolyl group, and preferred is a pyridyl group.

Examples of the above-mentioned group, through which

plural L2 groups are linked, are an alkylene group such as a

20 methylene group, an ethylene group and a propylene group; a
substituted alkylene group such as a dimethylmethylene group
(an isopropylidene group) and a diphenylmethylene group; a
silylene group: a substituted silylene group such as a
dimethylsilylene group, a diethylsilylene group, a

25 diphenylsilylene group, a tetramethyldisilylene group and a
dimethoxysilylene group; and a hetero-atom such as a nitrogen
atom, an oxygen atom, a sulfur atom and a phosphorus atom.
Among them, particularly preferred is a methylene group, an
ethylene group, a dimethylmethylene group (an isopropylidene

30 group), a diphenylmethylene group, a dimethylsilylene group,



terpyridine, acyl hydrazone, diethylenetriamne, triethylenetetram ne,
porphyrin, crown ether and cryptate. 15 Exanples of the heterocyclic group
as L2 are a pyridyl group, an N-substiggted im dazolyl group and an
N-substituted indazolyl group, and preferred is a pyridyl group. Exanples
of the abayeiiEfhi{ @ , u | L2 groups are |inked,
are an al kyl ene g¥oﬁgqgggﬁ%ggignﬁgoQﬁé¥ﬂ§$€%¥Eégg%é?ngngﬁ¥ﬁﬁ1éﬁ% Yroup and
a propyl enkingthipxy 8iSybehlet WirefhAl Kyl ene group such as a di met hyl net hyl ene
group (an isopropylidene group) and a di phenyl net hyl ene group; a silylene
group; a substit Exampleyl @hehy hapoyetNatsmias i MarBYA St 10dL06e HIBHR, @
di ethyl silyl ene group, a 25 di phenylsilylene group, a tetranethyldisilylene
group and % ChdioFEmifatsm y | s e ogrioiep /a tamd ax dhetre noddnemativall Ekamglidd 0gen
atom_an o gen gtonl a sul fur atom and a phosphorus atom Among them

fﬁi EFe

particul a HrOFILLON GRMA @FeXgran®,amm Lkt hymop graouprad kyl

di net hyl en roup, (an _i soprqpyl i dene 30 group), a di phenyl net hyl ene
group, a ?inekHyﬁgfl??iﬁegﬁPBBpgngoana4$&ﬁqx4s$F?VBne group, a

di phenyl si |l yl engq g4 r ' ysilyl ene group. Exanpl es of the

hal ogen atom as X1 ngélgeg ??ugﬂéggig?én?roépcﬁso%n P%t%nngthLoﬁFﬁélpat om
and an i odnnetleydrgrdXgl ASprep §HSuPYdnOE o! are an al kyl
group, an aral kyl group, anpgr$ g%ougﬁand aﬁégﬁégggw&%?ﬁﬁpégﬁx§¥6ﬁgs of
the al kyl 9grupp aase8batylygmmigly b t@tHbut P gtldiyd, SAAE bR BXORY,
group, an isoprogyl group, a n-butyl group, a sec-buty..,group, a

ter t!but yP YrRePLYAndreubut §Inepremtyl@eoup pent \Hmydl gupurs, BEAPaBEYL

group, an_anyl group, a n-hexyl group, a n-octyl group, a n-decyl group, a
n- dodecyl gﬁ%ap g n-octyl group, a n-decyl group, a n-dodecyl group,a

n-pentdecyl group and a n-eicosyl group.

Each of these alkyl groups may be substituted with a

halogen atom such as a flulorine atom, a chlorine atom, a bromine

1s atom and an iodine atom. Examples of such an alkyl group are
a fluoromethyl group, a trifluoromethyl group, a chloromethyl
group, a trichloromethyl group, a fluoroethyl group, a
pentafluoroethyl group, a perfluoropropyl group, a
perfluorobutylgroup,aperfluorohexylgroup,aperfluorooctyl

20 group, a perchloropropyl group, a perchlorobutyl group and
a perbromopropyl group.

Further, these alkyl groups may be substituted with an
alkoxy group such as a methoxy group and an ethoxy group; an
aryloxy group such as a phenoxy group; or an aralkyloxy group

25 such as a benzyloxy group.

The alkyl group as X' is preferably an alkyl group having
1 to 20 carbon atoms, and more preferably a methyl group, an
ethylgroup,anisopropylgroup,atert-butylgroup,anisobutyl
group or an amyl group.

30 Examples of the aralkyl group as X' are a benzyl group,



n- pent decyl group and a n-eicosyl group. Each of these al kyl groups may be
substituted with a halogen atom such as a fluorine atom a chlorine atom
a bromne 15 atomand an iodine atom 4xanples of such an al kyl group are
a fluoronethyl group, a trifluoronmethyl group, a chloronmethyl group, a

per {1 uor opropyl ™oy apeprEnyIMEREY i, 200 PRe e b,
perfluoumg$¢mp20ag(@uaetayggmgﬂyyymgfﬁyi gf?g , g perchlorobutyl group
and a perbronopropyl group. Further, these a gr groups may be substituted

with an alkokxydimetihy3phbngd )aeiIOXyroi®upaand an et hoxy group; an

aryl oxy group such as a phenoxy group; or an aral kyloxy group 25 such as a
benzyl oxy GtotmaimgehylRhenyidme thyIXigioupr eder ably an al kyl group havi ng
1 to 20 carbaon atons, and nore preferably a nethyl group, an ethyl group,
an i sbpr opyd* JiGUpe thy tphenyRdmethyido groum. i @obutyl group or an anyl

05 ) S e B oS s ) oty dr ot &
(2, 0 di ety Tt e B PG A s gl g Do o ey Y ety o oup, @
53 et e e e G e et o
10 (2, 3, 54tz Betdwt ipiectrtyy ) pleé hy L ) ge@URl Froup, a
10 (2,3,5-timethylphenyl)methyl group, a
) (2,3,6-timethylphenyl)methyl group, a
(3,4,5-timethylphenyl)methyl group, a
(2,4,6-timethylphenyl)methyl group, a
(2,3,4,5—tetramethylphenyl)methyl group, a
15 (2,3,4,6-tetramethylphenyl)methyl group, a
(2,3,5,6—tetramethylphenyl)methyl group, a
(pentamethylphenyl)methyl group, an (ethylphenyl)methyl
group, a (n-propylphenyl)methyl group, an
(isopropylphenyl)methylgroup,ea(n-butylphenyl)methylgroup,
20 a (sec-butylphenyl)methyl group, a (tert-butylphenyl)methyl
group, a (n-pentylphenyl)methyl group, a
(neopentylphenyl)methylgroup,aa(n-hexylphenyl)methylgroup,
a(n-octylphenyl)methylgroup,a(n-decylphenyl)methylgroup,
a (tetradecylphenyl)methylgroup,zinaphthylmethylgroupand
25 an anthracenylmethyl group.
Each of these aralkyl 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 and an ethoxy group; an aryloxy group such as

30 a phenoxy group; or an aralkyloxy group such as a benzyloxy




(2, 3,6-tinethyl phenyl)nmethyl group, a (3,4,5-tinmethylphenyl)nmethyl group,
a (2,4,6-tinethyl phenyl)nethyl group, a (2,3,4,5-tetranethyl phenyl) net hyl
group, a 15 (2, 3,4, 6-tetranet hyl phenyl)ggthyl group, a

(2, 3,5, 6-tetranet hyl phenyl ) net hyl group, a (pentanethyl phenyl) et hyl
group, an ég&ﬁﬁ[phenyl)nethyl group, a (n-propyl phenyl)nethyl group, an

(i sopropyl phenyl ) net hyl group, a (n-butyl phenyl)nethyl group, 20 a
(sec-butyl phenyl et Byh1859Ugroap( her k* bus %:%Fé%ﬁfftQ la P17 Group
(n-pentyl phenyl ) net hyl group, a (neopentyl'phenyl) nmethyl group, a

(n- hexyl pheayidget byl2geaypon @t dms OGind :ﬁbeaydﬁé@éﬁaﬁlgraouenzﬁ group.
(n-decyl phenyl ) met hyl group, a (tetradecyl phenyl) nmethyl group,” a

napht hyl met hyl gFsappdré oZ5the anylr grenyl ast Hylaxs euphdmaeh dfolipese
araIKyl groups nay be substituted with a halogen atomsuch as a fluorine
atom?®a cH orPHELAEWP a & BrdiR el GTANRBNG dr tokr hazoupy @R & koxyy hr oup

h hox oup,and an et hoxy group; an aryl oxy group such as 30 a
[S)Egnoifl Sr%lrl}%%p blay%lgi éﬁ‘g}?{glwlﬁr Bupr STRRLYL SF Bz ¢ 8- 81721?3-&2}’;3?1111%3 ]

| kyl [ fe I al_ kyl_group ayi Q car bo
g{gnEY a239§§?§§3§§Pe§5§P§'déggﬁﬁygﬂﬁf%é%¥xﬁ&aﬁp eg'gf¥FR%e§P?ﬁR%%R%43; X;

h : -$0 rQuUP.. 3 :

2 Syl yl oy, 5 S EthOL Ny 1B Grgub gl O BBkt herd
xylyl grogxoum, 82-&y8 yir Hi@tRy18hdn§Dysohp 90804 , 8- er3mbrhligeidhypheny!
group, a 2, 3, 5 - trinethyl phenyl group, a 2, 3, 6 tri met hyl phenyl
grouly, a Jroup.6 a 2:3 et hytpheape tiydphersy B, gdoup, - at ri met hyl pheny

} 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

15 tert-butylphenyl group, an isobutYlphenyl group, a
n—pentylphenylgroup,aneopentylphenylgroup,an-hexylphenyl
group, a n-octylphenyl group, a n-decylphenyl group, a
n-dodecylphenyl group, a n-tetradecylphenyl group, a naphthyl
group and an anthracenyl group.

20 Eachofthesearylgroupsmaybesubstitutedwithahalogen
atom such as 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 group;
or an aralkyloxy group such as a benzyloxy group.

25 The aryl group is preferably an aryl group having 6 to
20 carbon atoms, and more preferably a phenyl group.

Examples of the alkenyl group as X! are an ally group,
amethally group, a crotyl group anda 1, 3-diphenyl-2-propenyl
group. The alkenyl group is preferably an alkenyl group having

30 3 to 20 carbon atoms, and more preferably an ally group or



10 group, a 2,3,4,5-tetranethyl phenyl group, a 2, 3,4, 6-tetranethyl phenyl
group, a 2,3,5,6-tetranet hyl phenyl group, a pentanethyl phenyl group, an
et hyl phenyl group, a n-propyl phenyl grggp, an isopropyl phenyl group, a
n- but yl phenyl group, a sec-butyl phenyl group, a 15 tert-butyl phenyl group,
an isobuty&gﬁgﬁﬂglg oUWl n- pentyl phenyl group, a neopentyl phenyl group,
a n- hexyl pheny ar ug, n-octyl phenyl group, a n-decyl phenyl group, a

n- dodecyl phenyl BkenpIch Brleld ﬁwma%gg%y%@a@agh%ﬂ ng@ﬁ,ﬁ;nd an

ant hracenyl group. 20 Eachof these aryl gro substitute a

hal ogen agompHcanaarglblkyoigruipitail @n CAERLKPR o OYr AP BBl ALOF and
an i odine aton an al koxy group such as a nmethoxy group and an ethoxy
group; an &% \yanxyligesypgsoup davdmnenoxy 20 od@rbofr akdmay,aldey| Gkpup
such as a benzyl oxy group. 25 The aryl group is preferably an aryl group
‘havi iy 6 tHFOMRhEYAREh6 finAf, carhp meitemsr.eprraabayadkyflenyt ggouphaBagpl es
of the alkf9§g gr o as X1 are an ally group, anethally group, a crotyl
group and at9 28" RHPeRAtoNSy ExeRpLestirreofipseix@rgtagbonpxyunua®r abl y

an al kenyl hayj 3 tao 20;carbgn atqns, and popre preferably an
ally grou;?%%g§%ea%¥n%3% afzpfyl%ﬁatﬂfpgla?a I"E's,etg’fyir%eﬂyg‘rg FFWDUp as
X1 are an gl ka AYL and . gn_ar. Lou
Preferred i(s g%tﬁ(%eg?g&%%gw g%rf%tq%?% ((,gr g%rﬁag%éxﬁg)gF Ih(?WS
group havigmup } ca 2026 3-@Ame I0FEph 8hyA) md'tH do¥y OF¥oldpQuly having 7 to 20

carbon atons. Exanpl es thereof are hydrocarbonoxy groups as
aboVi®- exerf@ i4-dnethyl phe n(Zk Jres tiyd pire gylojuet hoxy group, a
(3 ety REY! e LR el et oy b 2a ) Tt MOXY
(2,6-dimethylphenyl)methoxy group, a
(3,4-dimethylphenyl)methoxy group, a
(3,5-dimethylphenyl)methoxy group, a
15 (2,3,4-trimethylphenyl)methoxy group, a
(2,3,5-trimethylphenyl)methoxygroupandaibenzyloxygroup.
More preferred is a methoxy group, an ethoxy group, an
isopropoxy group, a tert-butyl group, an isobutoxy group,
a phenoxy group, a 2,6-di(tert-butyl)phenoxy group or a
20 benzyloxy group; further preferred is a methoxy group, a
phenoxy group, a 2,6-di(tert-butyl)phenoxy group or a
benzyloxygroup;andparticularlypreferredisanmthoxygroup
or a phenoxy group.
X! 1s more preferably a chlorine atom, a methyl group,
25 anethylgroup,anfpropylgroup,anisopropylgroup,an-butyl
group, a benzyl group, an allyl group, a methallyl group,
amethoxygroup,anethoxygroupcn:aphenoxygroup,andfurther
preferably a chlorine atom, a methyl group, a methoxy group

or a phenoxy group.

30 In the formula [4], respective numbers of a and b depend




group, a (2, 3-dinethyl phenyl)nethoxy group, a 10

(2, 4-di net hyl phenyl ) net hoxy group, a (2,5-dinmethyl phenyl)methoxy group, a
(2, 6-di net hyl phenyl ) net hoxy group, a (3% 4-di methyl phenyl ) met hoxy group, a
(3, 5-di net hyl phenyl ) met hoxy group, a 15 (2, 3, 4-tri nmet hyl phenyl ) nmet hoxy

roup, a Hea I phgnyl ) met hoxy group and a benzyl oxy group. More
greferredaﬁgﬁhﬁﬁgiHﬁggégg%ugﬁ gn et hoxy group, an isopropoxy group, a

tert-butyl groumEx 189 B4 OXY m@tAUPcomBo RRE HdPed By the formul
2,6-di(tert-butylfﬁﬂ%noxy group or a ZOﬁ%enzyI Xy group; urt her grefbrred

is a nmethddyl .gwhigrein MWHNGX Yt Pt OhiPumaatoh; dakker t - but yl ) phenoxy group or
a benzyloxy group; and particularly preferred is a methoxy group or a
phenoxy gddmethylsislyimrehief eyabbpea taldienyls tattaniamrn@ibullogiaen, 25

an et hyl grou a n-propyl group, an isopropyl group, a n-buty[ group, a
benzflygrg&ﬂfgaﬁ%ﬁﬁ%ﬂlﬁﬁQk$ﬁ(&‘W@Fh!ﬂpypkﬁﬂﬁﬂiaikﬁmﬁfhokyt%?oup, ant

t hox r r henpx ro and further preferably a chlorine atom a
met hyl o SHET IR TSRO Uipt S b LepRbr s -ty Laxe ) opentandpRuld [ 4 |

, respect irY@ sRynhess &1 fﬁ@ b depend 34 upon the val ency of M Exanples

of the metal conpound represehted by the fornmula [4], wherein Mis a

titani um gipBkhy1e 1 191EdY] S i%%ﬁ&?&iﬁ%%@@%ﬁ%ﬁ% m{g&{lfmn

di chl oride, 5 dinethylsilylenebis(2-nethylcyClopen treanium
di chl ori déictiloetidgl,sidiylesrahl s{ By 1@k o¥i s Y 8- Apenitadicinyldperd t 4@DEHYY )
di chl ori de,

10 titanium dichloride,
dimethylsilylenebis(z,3-dimethylcyclopentadienyl) titanium
dichloride,
dimethylsilylenebis(z,4-dimethylcyclopentadienyl) titanium
dichloride, .

15 dimethylsilylenebis(z,5-dimethylcyclopentadienyl) titanium
dichloride,
dimethylsilylenebis(3,4-dimethylcyclopentadienyl) titanium
dichloride,
dimethylsilylenebis(z,3—ethylmethylcyclopentadienyl)

20 titanium dichloride,
dimethylsilylenebis(z,4-ethylmethylcyclopentadienyl)
titanium dichloride,
dimethylsilylenebis(z,5-ethylmethylcyclopentadienyl)
titanium dichloride,

25 dimethylsilylenebis(S,5-ethylmethylcyclopentadienyl)
titanium dichloride,
dimethylsilylenebis(2,3,4-trimethylcyclopentadienyl)
titanium dichloride,
dimethylsilylenebis(2,3,5-trimethylcyclopentadienyl)

30 titanium dichloride,



di met hyl si | yl enebi s(2-n-butyl cycl opentadi enyl) titanium dichloride,

di met hyl si | yl enebi s(3-n-butyl cycl opentadi enyl) 10 titaniumdichloride,

di net hyl si |l yl enebi s(2, 3-di met hyl cycl opeggadi enyl) titanium dichloride,

di et hyl si | yl enebi s( 2, 4-di net hyl cycl opent adi enyl ) titanium dichloride, 15

di net hyl si jyh i S -G SRt ' | ). titaniu dichl ori de,
di et hyl si |yl oo il§§1§?’f%.e .%%%ﬁ%@gﬁﬁﬁ@g?@%@e%ﬁ%wﬁ) leétﬁ]PBfLPﬁ‘e,
di met hyl si aytrnebtige?, imébnymeih PR Al i i Lot @ -

di chl oride, di et hyl gi Lyl eneti S( 2,X'lz%%féhy| mt%@%}%ﬁgﬁgé !’“e@ngwﬂf%fl%m um
di chl ori dedine byl Syl ehenal 4 5 D6 o7 bk tRhAYHEBa IR A £0¥Vhhiphi tani um
di chl oride, 25 dinethylsilylenebis(3,5-ethylnethylcyclopentadi enyl)

titani um ddt@hberdde.di net hyl silyl enebi s(2, 3, 4-trinmet hyl cycl opent adi enyl )
titani umdichl oride, dinmethylsilylenebis(2,3,5-trinethylcyclopentadienyl)
30 titani WHEPERYDFLYELens (gvirdidnertadieneh) ¢ indenaiottiyi arytiropent adi enyl )

t!taniun1.§q€ﬁigr£§e, gkng LSé#éQh&hgneﬁ%sﬁindenyl)titaniun1dich!oride,

di met hyl si TYT&ndbt 8¢ a, S1BeH! R Haekhy)cvrdarenhadhienybli de, 5

g:ggtﬂy:si4y%&gﬁ%fyg%gﬁﬁgbﬁdHTgﬁgééf $nyl)titaniun1 di chl ori de,
yl silyl ene(methyl cycl opént adienyr)
dimethylsilylene(n-butylcyclopentadienyl)(indenyl)
titanium dichloride,

10 dimethylsilylene(tetramethylcyclopentadienyl)

(indenyl) titanium dichloride,
dimethylsilylene(cyclopentadienyl)(fluorenyl) titanium
dichloride,
dimethylsilylene(methylcyclopentadienyl)(fluorenyl)

15 titanium dichloride,
dimethylsilylene(n-butylcyclopentadienyl)(fluorenyl)
titanium dichloride,
dimethylsilylene(tetramethylcyclopentadienyl) (fluorenyl).
titanium dichloride, and

20 dimethylsilylene(indenyl)(fluorenyl)titanium dichloride;
and compounds obtained by changing "dimethylsilylene" in the
above compounds to "diethylsilylene", "diphenylsilylene" or
“dimethoxysilylene".

Further examples of the metal compound represented by

25 the formula [4], wherein M is a titanium atom, are
bis(cyclopentadienyl)titanium dichloride,
bis(methylcyclopentadienyl)titanium dichloride,
bis(n-butylcyclopentadienyl)titanium dichloride,
bis(dimethylcyclopentadienyl)titanium dichloride,

30 bis(ethylmethylcyclopentadienyl)titanium dichloride,



(i ndenyl)titani umdichloride, _ _ _ _ _ _
di met hyl si |yl ene(n-butyl cycl opentadi enyl) (i ndenyl) titaniumdichloride, 10
di met hyl si |yl ene(tetranmethyl cycl opentadjenyl) (indenyl)titanium

di chloride, dinethylsilylene(cyclopentadienyl)(fluorenyl) titanium

dichlorid -%' @ ' n% % hyl.cycl entad'enyé%%giupnenyl) 15
titanium SQIJE: 1{(;%}' %{:ﬁgil"x ?Pﬁ@ gﬁtﬁﬁé‘r%’(ynloﬁiﬁw[& ho ardi) (f: uor enyl )
titani um sy it fene EhyRELEL SpEK SRAEH AIPEIY] GYCLRRRTLITIRY!)
(fluorenyl) titaniumdichlforide, and _ _ o

di met hyl sidi (e t amletny ) & vepenthdiidma Jv bR’ §98h1 021G LOMPounds

obt ai ned by changing "di methylsilylene" ‘in the above.conpoup s to

"di et hyl sibid Elrelgny t) pheayisinl dienhd'ordrde " di met hoxysilyl ene". Further

exanpl es of the netal conpound represented by 25 the formula (4], wherein

Mis %a ti Pdfi (i Btond - @ erabydregotepant)dditandyn i d hoh Lordiehl or i de,

bi s( et hyl gycl aopent adi en I%titaniun1d|phlor|Qe,

bis(n-butb¥5ﬁﬁiﬂﬁﬁﬁ%¥ﬂ§%¥ ??4?@nﬁéﬁh&9ﬂﬂQﬂdq§, 0

bi s(di et hyl | n i r1l%@'t ni ym di chl aori de

bi s(et hyl %ﬂﬁé’%&&%@?‘;ﬁ% H??PéHf“urﬂlﬁlﬁrﬂrp}qu‘d«e, 36

bis(tr'”EBEEH@ﬂﬂHMEﬂg?gnf%%%iﬁb£8ﬂé%§?ﬁﬁﬂgﬂ2¥f¥hdeg§fi titanium

tettanethylcyclopentadleny_ titanrum drchl ori-de,” S _ _
bis(pentad&bhwdnmddunﬁmgvhepylQéfﬁaghqgmgﬂgﬂyyyfkae%ﬁﬁEfiggﬁgﬁh)t|tan|um
dichloride, 5 bis(4,5,6,7-tetrahydroindenyl)titaniumdichloride,

10 dichloride,
bis[2—(4-trifluoromethylphenyl)indenyl]titanium dichloride,
bis[2-(4-methylphenyl)indenyl]titanium dichloride,
bis[2-(3,5-dimethylphenyl)indenyl]titanium dichloride,
bis[2-(pentafluorophenyl)indenyl]ltitanium dichloride,

15 cyclopentadienyl(pentamethylcyclopentadienyl) titanium
dichloride, éyclopentadienyl(indenyl) titanium dichloride,
cyclopentadienyl(fluorenyl) titanium dichloride,
indenyl(fluorenyl)titanium dichloride,
pentamethylcyclopentadienyl (indenyl)titanium dichloride,

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

25 dichloride, ethylenebis(3-methylcyclopentadienyl)titanium
dichloride, ethylenebis(2-n-butylcyclopentadienyl)titanium
dichloride, ethylenebis(3-n-butylcyclopentadienyl)titanium
dichloride,
ethylenebis(z,3-dimethylcyclopentadienyl)titanium

30 dichloride,



bi s(f luorenyl)titaniumdichloride, bis(2-phenylindenyl)titanium
dichloride, bis[2-(bis-3,5-trifluoronethylphenyl)indenyl] titanium
di chl oride, bis[2-(4-tert-butylphenyl)iyidenyl]titanium 10 dichloride,
bi s[2-(4-trifluoronethyl phenyl)indenyl]titaniumdichloride,

o =2 (- el e AT LB oo

bi s[ 2- (perdiafd sy apdenyl ) i ndenyl Jtitani um di chloride, 15
cycl opent adi enyl ( pent anmet hyl cycl opent adi enyl ) titanium dichloride,

cycl opent adiymdrdbiieny| 5 - fihathyTcdicldlper tdiie Sy L) epeahadieny! (f1 uorenyl)

titaniumdichloride, indenyl(fluorenyl)titaniumdichloride,

pent anet h@icpdcapale adi enyl (i ndenyl)titani umdichloride, 20
pentanethylcyclopentadienylgfluorenyl)titaniun1dich|oride,
cycl dpent &Fhydpnehihehyt r ddeaihylrysdopendiatienyptitanium

pent anmet hyl.cycl opent adi enyl (2- phenyl i ndenyl ) titani um dichloride,
ethylenebﬁgf%gfﬁﬁﬁg%ﬂtadienyl)titaniun1dich|oride,

et hyl enebi | | op i Lytitanium, 25 dich|orjde
ethylenebkzté}giﬁg%% %1%ﬁ%ﬁ%gngﬁéV}FVFgﬁqﬁﬂt?ﬁ%ﬁﬂ%ﬁ*§%¥anium
et hyl enebiggcB1deey] cycl opent adi enyl ) titani um dichloride,

et hyl enebi s(3-n-butyl cycl opent adi enyl )titani um dichloride,

et hyl enebeshg18ndibies (wy) W@twméaﬂy@aybhbbwﬁmexgﬁ peobhRiifle. 37
et hyl enebi s( 2, 4-di net hyl cycl opent adi enyl )titani um dichlori de,
ethypenebﬁ§92l5rdﬂmethylcyclopentadienyl)titaniun1 di chl orl de,

t ethylenebis(2,5-ethylmethylcyclopentadienyl)titanium
dichloride,
ethylenebis(3,5-ethylmethylcyclopentadienyl)titanium
dichloride,

15 ethylenebis(2,3,4-trimethylcyclopentadienyl)titanium
dichloride,
ethylenebis(2,3,5-trimethylcyclopentadienyl)titanium
dichloride, ethylenebis(tetramethylcyclopentadienyl)
titaniumdichloride, ethylenebis(indenyl)titaniumdichloride,

| 20 ethylenebis(4,5,6,7-tetrahydroindenyl)titanium dichloride,
ethylenebis(2-phenylindenyl)titanium dichloride,
ethylenebis(fluorenyl)titanium dichloride,
ethylene(cyclopentadienyl)
(pentamethylcyclopentadienyl)titanium dichloride,

25 ethylene(cyclopentadienyl) (indenyl)titanium dichloride,
ethylene(methylcyclopentadienyl) (indenyl)titanium
dichloride,
ethylene(n-butylcyclopentadienyl)(indenyl)titanium

dichloride, ethylene(tetramethylcyclopentadienyl)
30 (indenyl)titanium dichloride,



5 et hyl enebi s(3, 4-di met hyl cycl opent adi enyl )titanium dichloride,

et hyl enebi s( 2, 3- et hyl net hyl cycl opent adi enyl )titani um dichl oride,

et hyl enebi s( 2, 4- et hyl net hyl cycl opent adi ggyl )ti tanium 10 di chl ori de,
et hyl enebi s(2, 5- et hyl net hyl cycl opent adi enyl )ti tanium dichloride.,

t hyl bi . ; ' I, di oride,. 15
0 ey ) B A SRS I G 1 02
ethylemﬂﬂeﬁﬁyfhﬁb(méﬂﬁ?hbb@ﬂ@ﬁéﬁﬂ&dﬁ%ﬁ%W})(fléakﬂgyliﬁﬂﬁa 14e

et hyl enebi s(tetranet hyl cycl opentadi enyl ) titaniumdichloride, ethylenebis
(i ndenyl ) dichivxidel cathyildae 20

et hyl enebi s(4, 5, 6, 7-tetrahydr oi ndenyl ) titanium di chl ori de,

et hyl enebtRentpresihy haraybpentadienydi ché buddenyl) titanium

et hyl enebi s(fluorenyl)titaniumdichloride, ethylene(cyclopentadienyl)
( pentianet qgﬁﬂ?ﬁﬁ%taﬂFQH}FP?KPaMQFﬁkﬁXQﬂQP¢@@@d26nyl)

et hyl ene( l.o entgg'en I%iind nyl).titani um di chl ori de,

ethylene(géﬁﬁVﬁ% tgﬁgi By Ay chiloddida ) tathnleme dichl ori de,

et hyl ene( n-daytpy %E@Q& a %h(l eg%gtit njun1.dicHIo i.de,.

et hyl ene(t et r anet nggé open?aﬁ'e3§l)? 1§¥ékiﬁﬁ?f?fa Fﬁhﬁ&?&ﬂ@oride, 38

et hyl ene( extlyapsd @dicsyy ] | { Fvabeaw ht)'ttiacfydifﬁxﬁ'&féﬁibg% .

et hyl ene( et hyl cycl opentadi enyl) (fluorenyl)titanium |cﬁlor|de, et hyl ene
isopropylidenebis(cyclopentadienyl) titanium dichloride,

10 isopropylidenebis(2-methylcyclopentadienyl)titanium
dichloride,
isopropylidenebis(3-methylcyclopentadienyl)titanium
dichloride,
isopropylidenebis(2-n—butylcyclopentadienyl)titanium

15 dichloride,
isopropylidenebis(3-n—butylcyclopentadienyl)titanium
dichloride,
isopropylidenebis(z,3—dimethylcyclopentadienyl) titanium
dichloride,

20 isopropylidenebis(z,4—dimethylcyclopentadienyl) titanium
dichloride, |
isopropylidenebis(z,5—dimethylcyclopentadienyl) titanium
dichloride,
isopropy;idenebis(3,4-dimethylcyclopentadienyl) titanium

25 dichloride,
isopropylidenebis(2,3-ethylmethylcyclopentadienyl)
titanium dichloride,
isopropylidenebis(z,4—ethylmethylcyclopentadienyl)
titanium dichloride,

30 isopropylidenebis(z,5-ethylmethylcyclopentadienyl)



(pent anet hyl cycl opent adi enyl ) (fl uorenyl )titanium 5 dichloride,

et hyl ene(n-butyl cycl opentadi enyl) (fluorenyl)titaniumdichloride, ethylene
(tetranet hyl pentadi enyl) (fluorenyl)titay um dichloride,

et hyl ene(i ndenyl ) (fluorenyl)titani umdichlori de,
'sopropylig&{gﬁ&@ﬁCﬁgéﬁEngagienyl) titaniumdichloride, 10
sopropyl i denebi s(2- net hyl'cycl'opent adi enyl ) titanium dichloride,

sopr opy!| !Mﬁﬁid&héﬁhﬁ!@',@p%ﬁwwﬁlé*éﬁ@bé’m:aﬁigh qni de,
sopropyl i denebi s(2- n-butyl cycl opentadi enyl) titanium 15 dichloride,
sopr opy! itdigreebiwi 3dheblibyliagcl opent adi enyl ) titanium dichloride
sopropyl i denebi s( 2, 3-di net hyl cycl opent adi enyl) titanium dichloride, 20
sopr opy! iFARIARY Pidenehbs bl 3y d-spdmeddiinydlopemhadiengilghl ori de,
sopropylidenebi s(2, 5-di net hyl cycl opent adi enyl ) titanium dichloride,
sopﬁbpylﬁiﬁﬂﬂﬁ?ﬂféipﬁiﬂﬁ%ﬂ9bcyclopentadienyl) titanium 25 dichloride,

sopropyl i,denebi s -et hyl net hyl cycl opent adi enyl ) titani umdichl ori de,
sopropyH%ﬁﬂ%ﬁﬁ%éé%ééﬁﬁﬂ¥FﬂgtﬁyPC%EF@E@H%%ﬁXﬁ%%?enF?@éﬁPﬁﬁﬂdichloride, 30
sopropyl i i B t hyl cycl opent adi enyl ) 39 titaniumdichloride,

| sopr opyl itg[gn%g@iugr& ?%@%%#%t hyl cycl opent adi enyl )
isopropylidenebis(tetramethylcyclopentadienyl) titanium

dichloride, isopropylidenebis(indenyl) titanium dichloride,

10 isopropylidenebis(4,5,6,7-tetrahydroindenyl)titanium
dichloride, isopropylidenebis(2-phenylindenyl)titanium
dichloride, isopropylidenebis(fluorenyl)titanium dichloride,
isopropylidene(cyclopentadienyl)
(tetramethylcyclopentadienyl)titaniﬁm dichloride,

15 isopropylidene(cyclopentadienyl) (indenyl)titanium
dichloride, isopropylidene(methylcyclopentadienyl)
(indenyl)titanium dichloride,
isopropylidene(n-butylcyclopentadienyl)(indenyl) titanium
dichloride, isopropylidene(tetramethylcyclopentadienyl)

20 (indenyl)titanium dichloride, isopropylidene
(cyclopentadienyl) (fluorenyl)titanium dichloride,
isopropylidene(methylcyclopentadienyl) (fluorenyl) titanium
dichloride,
isopropylidene(n-butylcyclopentadienyl) (fluorenyl)

25 titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl)
(fluorenyl)titanium dichloride, isopropylidene
(indenyl) (fluorenyl)titanium dichloride,
cyclopentadienyl(dimethylamido)titanium dichloride,

30 cyclopentadienyl(phenoxy)titanium dichloride,



titaniumdichloride, isopropylidenebis(2,3,4-trinethylcyclopentadienyl) 5
titani umdichloride, isopropylidenebis(2,3,5-trinmethylcyclopentadienyl)
titani umdichloride, isopropylidenebis(jgtranmethylcyclopentadienyl)
titanium dichloride, isopropylidenebis(indenyl) titaniumdichloride, 10

i sopro Ii i s(4 6. 7=t tra dr0| ni um di chl oride,

isoFroggH é#%éEagﬁsﬂyﬂ| dé33¥ Qiﬁ%##gﬁ#iﬁFEPP&Emi@iﬁﬂ%ﬁﬁﬁ?ﬂenebls
uor en ri n open i eny

(1 et ramet 11 h e ntadLEh (R 6 1 dRIORYDhRRE) FLELRAGH HcHModsae,

i sopr opy! idened st e@esah @i anyl-Gi-ndenyl Ll

isoBrogglideneé%%tH@?cgc?gégn¥a§$ényl) %%%%gﬁ§€ﬁy%?g%?u%|&g§hlorlde

i sopropy! idiestel(oxdde y| cycl opent adi enyl ) (i ndenyl) titanium dichloride,

i sopropylidene(tetranethyl cycl opentadi enyl) 20 (indenyl)titanium

di chl%ri deeen tsmetdpyl ¢viehepe it pdiepmarit (i &rdiné € hybphoyk)Lt)ittidmnian

di chl ori de i sopropyl i dene(net hyl cycl opent adi enyl ) (fl uorenyl) titanium
dlchlorld@ti%ﬂﬁ 4|dene(n butylcyclopentadlenyl)(fluorenyl) 25 titani um
e R TS B S o

Cycl opent ach A T CETHER 2')??{2&: urm i chl or i de, 30 |

vl opent %‘ﬁ“&%ﬁ?‘%’?ﬁ%ﬂ%ﬁghg%ﬁ?‘iﬂ%ﬁ*ﬁ#a. i oppfyiehenyl)

10 titanium dichloride, indenyl(2,6-diisopropylphenyl)titanium
dichloride, fluorenyl (2,6-diisopropylphenyl)titanium
dichloride,
(tert-butylamido)tetramethylcyclopentadienyl—1,2-
ethanediyltitanium dichloride,

15 (methylamido)tetramethylcyclopentadienyl-1,2-
ethanediyltitanium dichloride,
(ethylamido)tetramethylcyclopentadienyl-1,2-
ethanediyltitanium dichloride,
(tert-butylamido)tetramethylcyclopentadienyl

20 dimethylsilanetitanium
dichloride,(benzylamido)tetramethylcyclopentadienyl
dimethylsilanetitanium dichloride,
(phenylphosphido)tetramethylcyclopentadienyl
dimethylsilanetitanium dichloride,

25 (tert-butylamido)indenyl-1,2-ethanediyltitanium dichloride,
(tert-butylamido)tetrahydroindenyl-l,2-ethanediyl titanium
dichloride,
(tert-butylamido)fluorenyl-1l,2-ethanediyltitanium
dichloride, (tert-butylamido)indenyldimethylsilanetitanium

30 dichloride,



cycl opent adi enyl (2, 6-di i sopropyl phenyl)titani um dichl ori de,

cycl opent adi enyl (2, 6-di-tert-butyl phenyl)titanium dichloride, 5
pentanethylcyclopentadienyl(2,6-dineth%!phenyl)titaniun1 di chl ori de,
pentanethylcyclopentadienyl(2,6-diisopr&pylphenyl) titani um dichl ori de,
pent amet hyJ cycl qpent adi enyl (2, 6-di -tert-butyl phenyl) 10 titanium

di chl ori dea,t e ‘§/‘f¥§?’6!a¥i) %85F6‘5’9ﬂdpﬂ?éﬁgﬂ%nﬂ£%m¢gh¥laitéﬁn@r itddanijuwor eny|
(2,6-diis |gﬁ¥§§¥5?yl)titaniun1 di chl ori de,

(tert-butylamdo)te fanephylcyclopentadienyl-l,Z- et hanedi yl titani um

di chl or i det el (Bt FyARTEIPE L Bb-RRGHAM ket PRen 845 e0¥hak uf

et hanedi yl titani umdi chl ori de,

(et hyl am dh)dietomirgs hyl cycl opent adi enyl -1, 2- et hanedi yl titani um dichl ori de,
(tert-butylam do)tetranet hyl cycl opent adi enyl 20 di net hyl sil anetitani um

di chlsor i dd dilpertiytlam et hgip t by rapeltagansyasi epeh tadigryhy! si | anetitani um

di chloride, (phenyl phosphi do)tetranethylcycl opentadi enyl _
di met hy| sitigsadivm I ddtehderdde, 25

(tert-butylam dog)indenyl -1, 2-et hanedi yl titani um di chl ori de,

(tert-but I ! P&WWWME%F&@?QP&WQMMWa@hﬁnnh di chl ori de,
(1 ort- but ST e S i R G5 E88T anet | Lani um 30 di chl or i de, 41
(dimethylaminopropyl)tetramethylcyclopentadienyl-titanium

10 (III) dichloride,
(N-pyrrolidinylethyl)tetramethylcyclopentadienyl-titanium
dichloride,
(B-dimethylaminoborabenzene)cyclopentadienylzirconium
dichloride,

15 cyclopentadienyl(9-mesitylboraanthracenyl)zirconium
dichloride,
2,2'—thiobis(4-methyl-6—tert-butylphenoxy)titanium
dichloride, |
2,2'-thiobis[4—methyl—6—(l-methylethyl)phenoxy] titanium

20 dichloride, 2,2'-thiobis[4,6-dimethylphenoxy]titanium

v dichloride,
2,2'-methylenebis(4-methyl—6—tert-butylphenoxy) titanium
dichloride,
2,2'-ethylenebis(4-methyl-G-tert-butylphenoxy) titanium

25 dichloride, 2,2'—sulfinylbis(4—methyl—6-tert-butylphenoxy)
titanium dichloride,
2,2'-(4,4',6,6"'-tetra-tert-butyl-1,1'-biphenoxy) titanium
dichloride, (di-tert-butyl-1l,3-propanediamido)titanium
dichloride, (dicyclohexyl-1,3-propanediamido)titanium

30 dichloride,



(tert-butyl am do)tetrahydroi ndenyl di net hyl silane titanium dichloride,
(tert-butyl am do)fl uorenyl di nethyl silanetitanium dichloride, 5
(dinethylaninonethyl)tetranethylcyclope?%adienyl titanium(111) dichloride,
(di met hyl am noet hyl )t et ranet hyl cycl opentadi enyl titanium(111) dichloride,
(di net hyl a -noP OE¥I{F6 ramet hyl cycl opent adi enyl -titanium 10 (II1)

di chl ori de %ﬂfﬁ BRI Y t 21 RErReRG AL B §pd Fid@inaiym - t i t ani um
dichloridediééﬁg' hyl am nobor abenzene) cycl opent adi enyl zi rconi um

di chl ori de, cycl opent adi enyl (9-nesi tyl boraant hracenyl ) zi rconi um

di chl ori dejpLsPtatPL RS04 Ié%# -pugy x%)ti t.ani;um dichlori de,
2, 2" -t hi obi s[ 4- net hyI-6-§( 1= et hyl et ﬁ}phehox ’?Q%ggﬁﬁﬁﬁ‘% di chl ori de,
2,2' -thi obt 5tdnHufli aethybphigeoxy] titani um dichloride,

2, 21- net hyl enebi s(4-net hyl - 6-tert-butyl phenoxy) titanium dichloride,

2,"' 2's et hyl Bhe02 s6 4dime hirly1@hteerytl- Joult )3 phedpayed Lahadbymi tdaidinchl ori de,

2,2'-su|fiQ%Lbis(4-nethy|-6-tert-buty|phenoxy) titani umdichl ori de,

2,2 - (4, 44%kloxdea-tert-butyl -1, 1' - bi phenoxy) titanium dichloride,

(di-tert- t_I-lég- rpganedianido)titaniun1 di chl ori de,

(di cycl ohex&s -ﬁf%b PREPRINLES LA Iud Jrepanedianddo] titanium
dichloride,
[bis(Z,6-di—tert-butylphenyl)—1,3—propanediamido]

10 titanium dichloride,
[bis(triisopropylsilyl)naphthalenediamido]titanium
dichloride,

[bis(trimethylsilyl)naphthalenediamido]titanium dichloride,
[bis(tert-butyldimethylsilyl)naphthalenediamido] titanium

15 dichloride,
[bis(tert—butyldimethylsilyl)naphthalenediamido]titanium
dibromide, cyclopentadienytitanium trichloride,
pentamethylcyclopentadienyltitanium trichloride,
[hydrotris(3,5—dimethylpyrazolyl)borate]titanium

20 trichloride,

[hydrotris(3,5-diethylpyrazolyl)borate]titanium
trichloride,
[hydrotris(3,5-di-tert-butylpyrazolyl)borate] titanium
trichloride, [tris(3,5-dimethylpyrazolyl)methyl]titanium

25 trichloride, [tris(3,5-diethylpyrazolyl)methyl]titanium
trichloride and
[tris(3,5-di-tert-butylpyrazolyl)methyl]titanium
trichloride.

Stillfurtherexamplesofthenmtalcompoundrepresented

30 by the formula [4], wherein M is a titanium atom, are compounds



42 [bis(trimethylsilyl)-1, 3-propanediam do] titanium dichloride,
[bis(tert-butyldinmethylsilyl)-1,3-propanediamdo] titaniumdichloride, 5
(bi s(2, 6-di met hyl phenyl ) -1, 3- propanedi agihdo] ti tani um dichl oride,

[ bi s(2, 6-diisopropyl phenyl)-1, 3-propanediam do] titanium dichloride,

bi s(2, 6-di =t - but.yd. 1)1, 3; i am d 10 titani di chl ori de,
(bi o( tr1i 3pMBsens IR de cHRGPER: Abroveationst dioh criepunds s
bis(tri . thal di am L ani.  chloride, . .. )
[bi ot ert - prnpard AR It o B A 6L EOaR AR SR EAYY i e,
[bis(tert-buighﬁ&gmphyﬁQﬂggﬁﬂggyﬁhgleagghggggmL tl s 1 #li brom de,

cycl opent adi enytitaniumtrichloride, pentanethylcyclopentadlienyltitanium
trichlori dedimghudiaidel"s( 3 dietinemt Hyé pyr aaol yl peepataldd t ani um 20
trichloride, [hydrotris(3,5-diethylpyrazolyl)borate]titanium trichloride,
[ hydr &t ri s{@lbsdproppxidet'yl gyidazotyhjorided] tdtidsobutdsxiddt pride,
[tris(3,5-dimethylpyrazolyl)methyl]titanium 25 trichloride,
[tri3(3,5-d@%fﬁ?FEyéHf@F}@ﬁﬁetﬁ inherexide"t pkchl ori de and

(10 Skl bR AT AL st Lo e 111
“trichloride" in the above-mentioned compounds is changed to
“trifluoride", "tribromide", "triiodide", "trimethyl",

10 "triethyl", "triisopropyl", “triphenyl", "tribenzyl",
"trimethoxide", "triethoxide", "tri-n-propoxide",
"triisopropoxide", "tri-n-butoxide", "triisobutoxide",
"tri-tert-butoxide", "triphenoxide" or
"tri(2,6-di-tert-butylphenoxide".

15 Examples of the metal compound represented by the formula
[4], wherein M is a zirconium atom or a hafnium atom, are those
in which a "titanium atom" in the above-mentioned compounds
is changed to a "zirconium atom" or a "hafnium atom".

Examples of the metal compound represented by the formula

20 [4], wherein M is a nickel atom, are

' 2,2'-methylenebis[(4R)-4-phenyl-5,5"-
dimethyloxazoline]nickel dibromide,
2,2'-methylenebis[(4R)-4-phenyl-5,5"-
diethyloxazolinelnickel dibromide,

25 2,2'-methylenebis[(4R)-4-phenyl-5,5"'-
di-n-propyloxazoline]lnickel dibromide,
2,2'-methylenebis[ (4R)~4-phenyl-5,5"'-
diisopropyloxazoline]nickel dibromide,
2,2'-methylenebis[(4R)~-4-phenyl-5,5"-

30 dicyclohexyloxazoline]lnickel dibromide,



30 by the formula [ 4] , wherein Mis a titaniumatom are conpounds 43
in which "dichloride" in the abnove-nenti oned conpounds is changed
to"difluoride","dibronide","diiodide",zqinethyl", "diethyl",
"diisopropyl", "diphenyl", "dibenzyl", *™di net hoxi de", "diethoxide",

“di -n-propoxi,de", 5 "diisopropoxide", "di-n-butoxide", "diisobutoxide",
"di-tert-bBu oﬂWﬁ?@YL?ﬂ?P%ﬂbkgﬁé“40PheﬂmRi§{§Eﬁ-tert-butylphenoxide", and

conpounds 4 ich "trichloride' in_the above-nentioned conpounds is
changed tgi&%ﬂ%qﬁx&ﬁ?%ﬁﬁ,nei?*%#%hiGéBF°Wﬁquxhde", "trimethyl", 10

"triethyl, o"gjd Y Lo op trihenzyl . trimet hoxide”,
ri et noxtad AR oL (48) PR eBRbnya o oo S mony e fELERBN et

"triisobuh@¥kda" dibddmide&r t - but oxi de”, "triphenoxide" or
"tri(2,6-di-tert-butyl phenoxi de". 15 Exanples of the metal conpound

repr ésent @d2bymelryflemebios [ (4K) {4 ;phbagei-5 N'i-Qipd et ars ai gEor a
haf nium atom are those in which a "titaniumatom' in the above-nentioned
conmpoundsnipkedhgiigapmisien, " zi r coni um atont’ or a "hafni um atont. Exanpl es

of the nmetal conpound represented by the fornmula 20 [4], wherein Mis a
ni ckel atBRFRELenepis (AR A -wethsl ¢ AR 4dphdRyme3 sy Lphetink) hyl oxazol i ne]

EER] L e IR T P

2 2 ot ot EnEPePLIRL R s 51 g (R Mty dmnRI Y bice

di bnom deoxazolinelnickel dibromide,

: methylenebis[(4R)-4—methyl-5,5'-di—(4-methylphenyl)oxazol
inelnickel dibromide,
methylenebis[(4R)-4-methyl-5,5'-di-(2-methoxyphenyl)
oxazoline]lnickel dibromide,

15 methylenebis[(4R)-4—methyl—5,5'-di—(3-methoxyphenyl)
oxazoline]lnickel dibromide,
methylenebis[(4R)-4-methyl-5,5'-di-(4-methoxyphenyl)
oxazoline]nickel dibromide,
methylenebis[spiro{(4R)-4-methyloxazoline-5,1"'-

20 cyclobutane}]nickel dibromide,
methylenebis[spiro{(4R)-4-methyloxazoline-5,1"'-
cyclopentane}]nickel dibromide,
methylenebis[spiro{(4R)-4-methyloxazoline-5,1"-
cyclohexane)})]nickel dibromide,

25 methylenebis[spiro{(4R)-4-methyloxazoline-5,1"'-
cycloheptane}]lnickel dibromide,
2,2'-méthylenebis[(4R)-4-isbpropyl-5,5-dimethyloxazoline]
nickel dibromide,
2,2'-methylenebis[(4R)-4—isopropyl—5,5-diethyloxazoline]

30 nickel dibromide,



2,2' -met hyl enebi s[ (4R) - 4- phenyl -5,5" 30 di cycl ohexyl oxazol i ne] ni ckel

di brom de, 44 2,2'-net hyl enebi s[ (4R) - 4-phenyl -5,5' - di met hoxyoxazol i ne]

ni ckel di brom de, 2,2'-nethylenebis[(4R)-4-phenyl-5,5"-diethoxyoxazoline]
ni ckel di bromde, 5 2,2 -nethyl enebis[(4R)-47phenyl - 5 5' - di phenyl oxazol i ne]
ni ckel di bropm de, .. thylenebls (4R) 4- et hyl - 5 5' -di - (2- et hyl phenyl)
oxazol i ne] i kHFeHPgESHFHéS é 1S°Pr°PYl 5= dl -n-

t hyl - | ph ) 10 I kel
i br om do, 7 %}?ﬁg HE BRI ARG (i (4. ot hyl phenyl ) oxazol

di br om de,

] kel gy 0 g1 o TEiRY 5 anq@oﬂxfoﬂb@h ST DY 550y A By Pheny )

oxazol i ne] ni cKel

et hyl enehi sdk&iR) a fbFBhiMk- 5; 5 -d hLg- i ckel

di brom de, nethylenebls[(4Rf Z Hgﬁ%%§%§£§%¥?b?§¥%e#hg§a§%g%%%rg'§

oxazd i ne]diiaykel ol by bokdeo 1 inet] lckeabi sispomed £4R) - 4- et hyl oxazol i ne-5, 1

20 cyclobutane}]nlckel di brom de,
met hyl eneld & 'spie iy ke enimb( i) odaisitpme By 1t 5, Bydiphentydoeds]ni loied ]

di brom de, nethylenebls spi ro{ (4R) - 4- net hyl oxazol i ne-5, 1" -
cycl ohexamMidh e ikt OTPBigRT de, 25

i br o do. -2, Bt {SAeRERT L R ARE ISt s5 04T ety oxazol | nel
methylphenyl)oxazoline]nlckel dibromide,

10 2,2'-methylenebis[(4R)—4-isopropyl—5,5—di-(3-methylphenyl
)Joxazoline]nickel dibromide,
2,2'-methylenebis[(4R)-4-isopropyl-5,5-di-(4-
methylphenyl)oxazoline]lnickel dibromide,
2,2'—methylenebis[(4R)-4—isopropyl-5,5—di-(2-

15 methoxyphenyl)oxazoline]nickel dibromide,
2,2'-methylenebis[ (4R)-4-isopropyl-5,5-di-(3-
methoxyphenyl)oxazolinelnickel dibromide,
2,2'-methylenebis( (4R)-4-isopropyl-5,5-di-(4-
methoxyphenyl)oxazoline]lnickel dibromide,

20 2,2'-methylenebis[spiro{(4R)—4-isopropyloxazoline-5,1'-
cyclobutane}]nickel dibromide,
2,2'-methylenebis([spiro{(4R)-4-isopropyloxazoline-5,1"'-
cyclopentane)})]nickel dibromide,
2,2'—methylenebis[spiro{(4R)-4—isopropyloxazoline-5,1'-

25 cyclohexane} ]nickel dibromide,
2,2'-methylenebis[spiro{(4R)-4-isopropyloxazoline-5,1"'-
cycloheptane}]nickel dibromide,
2,2'-methylenebis[(4R)—4-isobutyl-5,5—dimethyloxazoline]
nickel dibromide,

30 2,2'—methylenebis[(4R)-4-isobutyl-5,5—diethyloxazoline]



ni ckel di brom de, 2,2'-nethyl enebis[(4R)-4-isopropyl -5, 5-diethyl oxazol i ne]
30 nickel dibromde, 45 2,2'-nethyl enebi s[ (4R)-4-isopropyl -5, 5-di -n-
propyl oxazol i ne] nickel dibrom de,
met hyl enebi s[ (4R) - 4-i sopropyl -5, 5-di i sof)lrﬁopyl oxazoline] nickel dibrom de,
2,2 -nmet hylnen?(%ils %Rg -4_-%sopr opyl -5,5 5 dicycl ohexyl oxazol i ne] ni ckel
di br oni de, M58 heDi s[ (4R) - 4- i sopropyl - 5, 5- di phenyl oxazol i ne]
ni ckel di brogide, e i $[(4R)-4-isqpropy] -5, 5-di-(2-
nethylphengrggxggﬁﬁé%ﬁ4§%£%tFgﬁgrgnﬁﬁg,u RLHELERE
2, 2" - met hybepghh hlARrid | x5,.9-di.-5( 3- net hyl pheny

'ﬁggl m ﬁg?ég?¥'§§b?ﬁﬁkg%3bis[(4R)-4-isopropyI-5,5-di-(4-

) oxazol i nelnic di brom de, ; e

net hyl phengl, poxazehiyiedduwiket ( #k PLovidebutyl -5, 5-

2,2'-nethylenebls[(4R)-4-|sopropyl-5,5-d|-gé 15

met hogyphedy i sopapplyiledav akite th berald@ibromide ,

2,2'-nethylengbis[(4R)-4-isopropyl-5,5-di-(3-

met hoxyphefyP) orgEbyiliesiet icklel 4Rl) b4 ohbdbptyl-5,5-

2,2 -met hy enebisggég)-4-isopyop | -5, 5-di -(4-

met hoxy phefiyPY5X92EKVIONA 2zt ne)] Bi ke fedibgomide,

2, 2" -met hyl enebj iro%%g$§-4~' opr ppy)] oxazol ine-5,1" - cycl obut ane)] ni ckel

G o Y3 23 2@%5?’%&& JAkEARE SRt 47 SSpPorHnhentl Frar el sne]

cycl opent apgak8i Chebitiigni de, .

2,2' -met hyl enebi s(spiro{(4R) - 4-i sopropyl oxazol i ne-5,1'" 25

cycl ohexane)} nif&ehydehe®isdq.4R) -4-isobutyl-5,5-di-(2-methylphenyl

2,2'-nethy|enebis[spiro((4R)-4-isopropyloxgzoline-S,f'- ylphenyl)
oxazoline]lnickel dibromide,
2,2'-methylenebis[(4R)-4-isobuty1-5,5-di-(3-methylphenyl)
oxazoline]nickel dibromide,
2,2'-methylenebis[(4R)-4—isobutyl-5,5-di-(4—methylphenyl)

15 oxazoline]lnickel dibromide,
2,2'-methylenebis[(4R)-4-isobutyl-5,5-di-
(2-methoxyphenyl)oxazoline]nickel dibromide,
2,2'-methylenebis[(4R)-4-isobutyl-5,5-di-
(3-methoxyphenyl)oxazoline]nickel dibromide,

20 2,2'-methylenebis[(4R)—4—isobutyl—5,5-di-
(4-methoxyphenyl)oxazoline]nickel dibromide,
2,2'-methylenebis[spiro{(4R)-4-isobutyloxazoline-5,1'-
cyclobutane}]nickel dibromide,
2,2"'-methylenebis[spiro{ (4R)-4-isobutyloxazoline-5,1"-

25 cyclopentane}]nickel dibromide,
2,2'-methylenebis[spiro{(4R)-4-isobutyloxazoline-5,1'-
cyclohexane}) ]nickel dibromide,
2,2'—methylenebis[spiro{(4R)-4-isobutyloxazoline-5,l'-
cycloheptane)}]lnickel dibromide,

30 2,2'-methylenebis[(4R)-4—tert-butyl-5,5—



~cycl oheptane)] nickel dibrom de,
2,2' -nmet hyl enebi s[ (4R) - 4-i sobut yl -5, 5-di net hyl oxazol i ne] nickel dibrom de,

30 2,2'-nethylenebis[(4R)-4-isobutyl-5,§7diethyloxazoline] 46 ni ckel

di brom de, 2,2'- nethylenebis[(4R)-4-isobutyl-5,5-di-n- propyl oxazol i nej

ni ckel dib ] net hyl enebij s[. (4R -4-isobuty|-5,5 5
diisopropyngazgylﬁéﬁﬁQﬁ&ﬂ r%ﬁ# éi %

2,2" - met hybenebhgl k | hexyl ke

di broni de, ', 2" -me ylnéeé;ld%sﬂts)ﬁ%i?)i?eggbgﬁw % 5 O‘%’T?e’%ﬁfﬂ?%? PLABE Ini ckel
di br om de, n18k812d16&bmmd@nebls[(4R) 4-i sobutyl - 5 5-di - (2- net hyl phenyl)
oxazol i ne] ni ckel di brom de,

2, 2" - met hy2 eRtbme th#RenéHisqUiR/) - b Be Bt = b3t YRLBY Ispl@ny]) oxazol i ne] ni cke
di brom de, 2,2'-nethyl enebis[(4R)-4-isobutyl-5,5-di-(4-nethyl phenyl) 15
oxazobi ne]PFerelonaBrdiingd nickel -dithihghidebi s[ (4R) - 4-i sobutyl -5, 5-di -

(2- met hoxy henyl)oxazollne]nlckel di brom de,
2, 2" - net hyf ehebPeEh¥RpEDLE]HAR) ~ 45 o mt -by By heBh&xyphenyl ) oxazol i ne]

kel dibro d I b 4R) - 4- but yl -5, 5-di
(4 ot hoxy oh enﬁm}w&%e{m&“c%s[ %%m' e -
2,2" - nethyiQ?eQﬁé£ﬁ?%éﬁggg (éRQs%p 432 %bgt 1 - cyplobutane%%nickel

di broni de ene |ro Foxazol|ne-5,r

cyCIOpemuﬁﬁﬁﬂéhﬁf@*agb@iﬁgﬂﬂ%ckel dlbromlde,

10 2,2'-methylenebis[(4R)-4-tert-butyl-5,5-
dicyclohexyloxazolinelnickel dibromide,
2,2'-methylenebis[(4R)-4-tert-butyl-5,5-di—(2—
methylphenyl)oxazoline]nickel dibromide,
2,2'-methylenebis[(4R)—4-tert-butyl-5,5-di—(3-

15 methylphehyl)oxazoline]nickel dibromide,
2,2'-methylenebis[(4R)—4-tert-butyl-5,5—di—(4—
methylphenyl)oxazolinelnickel dibromide,
2,2'-methylenebis[(4R)-4-tert-butyl-5,5-di-(2—
methoxyphenyl)oxazoline]nickel dibromide,

20 2,2'-methylenebis[(4R)-4—tert-butyl-5,5-di-(3—
methoxyphenyl)oxazoline]nickel dibromide,
2,2'-methylenebis[(4R)-4-tert-butyl—5,5-di-(4—
methoxyphenyl)oxazoline]nickel dibromide,
2,2'-methylenebis[spiro{(4R)-4—tert-butyloxazoline-5,1'-

25 cyclobutane)}]nickel dibromide,
2,2'—methylenebis[spiro{(4R)-4-tert-butyloxazoline—5,1'-
cyclopentane}]nickel dibromide,
2,2'-methylenebis[spiro{(4R)-4-tert-butyloxazoline-5,1'-
cyclohexane}]nickel dibromide,

30 2,2'—methylenebis[spiro{(4R)—4-tert-butyloxazoline-5,1'-



2,2 -nmet hyl enebi s(spiro{(4R)-4-i sobutyl oxazoline-5,1" - cycl ohexane}] ni ckel
di brom de, 2,2'-nethy|enebis[spiro{(4R) 4-i sobutyl oxazol i ne-5,1" -

cycl ohept ane}] ni ckel di brom de, 30 zget hyl enebi s[ (4R)-4-tert-butyl-5,5
47 dinethyloxazoline]nickel dlbron1de

2, 2" -met hyly ( di et hyl oxazol i ne] nickel dibrom de
2,2 - nethylg%ﬂ% %%ﬁgg %eg %%F %d8| - 5 propyl oxazol i ne] ni cke

di br oni de, 22 22" iRty Iéﬂgﬁ& eneblSFg&hygu%yGJ%iﬁﬁégiéggéggxkgéqzoIine]

ni ckel dlbron1de t'ert

d|phenyloxaaekbuehﬂMﬂHﬁidé“br0n1de 10
2,2 - nethylenebis[(4R) 4-tert-butyl -5,5- dicycl ohexyl oxazol i ne] nickel

d|br0n1de 2,2 2metrbyllypineneid [S(4RR) 4 4phenty1bgt, - dti rd®azoline ]
met hyl phenyl ) oxazol i ne] ni ckel di brom de,
2,2 - fret hyRéaEBLsfdbRpmddesr t - but yl - 5, 5-di - (3 15

nethylphen¥ %Qxazollne]nlckel di brom de,
2,2' - net hyfe ebW&FPXéPHEQH§&C%RRy4 Bheoyl-p45-di-n-propyloxazoline]

met hyl phen nickel di brom de,
2,2'-nethy %%g ?%hﬁ?k dtert butyl -5, 5-di - (2-

met hoxyphenyj) I5 I 2 _Ai ,
2.2 - nethylgneﬁ?§%§gﬁgﬁ%%€%ﬁﬁﬁﬁﬂ {cﬁggﬁ%l ?35 diisopropyloxazoline]

4k ek A, O ey 404y
met hoxy phedityokelzekyhekaizoldnedilireie Dedibromide,
2,2 - nethylenebls(splro{(4R) 4-tert- butyloxazollne 51
(2'-methylenebis| (4R)-4-~ -phenyl-5,5-diphenyl]oxazoline]
nickel dibromide,
2,2'-methylenebis[(4R)—4-phenyl—5,5-di-(2-methylphenyl)
oxazoline]nickel dibromide,

15 2,2'-methylenebis[(4R)-4-phenyl—5,5-di—(3-methylphenyl)
oxazoline]lnickel dibromide,
2,2'-methylenebis[(4R)-4-phenyl-5,5-di-(4-methylphenyl)
oxazoline]nickel dibromide,
2,2'-methylenebis[(4R)—4-phenyl-5,5-di-(2-methoxyphenyl)

20 oxazoline]nickel dibromide,
2,2'-methylenebis[(4R)—4-phenyl-5,5—di-(3-methoxypheny1)
oxazoline]nickel dibromide,
2,2'-methylenebis[(4R)—4-phenyl—5,5—di—(4—methoxyphenyl)
oxazoline]nickel dibromide,

25 methylenebis[spiro{(4R)-4-phenyloxazoline-5,1"-
cyclobutane}lnickel dibromide,
2,2'-methylenebis[spiro{(4R)-4-phenyloxazoline-5,1"-
cyclopentane}]lnickel dibromide,
2,2'-methylenebis[spiro{(4R)—4—phenyloxazoline-5,1'-

30 cyclohexane}lnickel dibromide,



25 cycl obut ane}] ni ckel di brom de,
2,2' -net hyl enebi s[spiro{(4R)-4-tert-butyl oxazoline-5,1"-

cyclopentane}]nlckel di brom de, 2, 49
2' - met hyl enebi s( spi ro{(4R) 4 tert but yl oxazol i ne-5,1' - cycl ohexane}] ni ckel

di brom de, bi s[.s 4R) -4-tert - but onazollne 5,1 48
cycloheptane?]nlcﬁeggggé 3 LT J¥(£ﬁ§ IQ enYlova6{1ne 5,
2, 2' - met hydeHEShS ééﬁ% R hyl oxazol i ne] nlckel di brom de,
2 5 ot hyl onebi ¢ (4R) D b’g‘% dé‘%"g“%yl oxazoline] 5 nickel dibrom de,
2,2"' - et hy2 @Ehhe{;ﬁﬁ&nébmb@rm S8l pr I i.cke
di brom de, 2,2'- nethylenebls[(4&) 4- phéﬂ@l T %%@ég% opyag£g§gﬁlne]

ni ckel di Brigrhele, dRbeomidehyl enebi s[ (4R) - 4- phenyl 5,5

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

2,2" -Sreth e%wb‘il%‘ffemnabpaénﬂm%wrm}ema]W@thyebxa&bqliﬁle]dl brom de,

2,2 -met hyljfg(e%[ §{£4R) 4- phenyl -5, 5-di - ( 2- net hyI phenyl) oxazol i ne] ni ckel

di br omi de ™ ?%&@%nebls[(4R) 4- phenyl - - (3- et hyl phenyl)
oxazol i ne]

2,2 -net hy enebls %Sn%bbﬁéhi‘zf‘)545b&PZ(YA-éetwbmngrypyé@ammn@]emcke|
d|br0n1denldké1 dﬁﬁ{gﬁf@@blS[(4R) 4- phenyl - - (2- met hoxyphenyl) 20

oxazol i ne] ni ckel dibrom de;

P e ik i s e

10 nickel dibromide, 2,2° -methylenebis[ (4R)-4- -benzyl-5,5-

i dicyclohexyloxazoline]nickel dibromide,
2,2'-methylenebis[(4R)-4-benzyl—5,5—diphenyl]oxazoline]
nickel dibromide, '
2,2'—methylenebis[(4R)-4-benzyl-5,5—di-(2—methylphenyl)

15 oxazolinelnickel dibromide,
2,2'—methylenebis[(4R)-4-benzyl—5,5-di-(3-methylphenyl)
oxazoline]lnickel dibromide,
2,2'-methylenebis[(4R)-4—benzyl-5,5-di-(4—methylphenyl)
oxazoline]nickel dibromide,

20 2,2'-methylenebis[(4R)-4—benzyl-5,5-di—(2-methoxyphenyl)
oxazoline]lnickel dibromide,
2,2'-methylenebis[(4R)—4-benzyl—5,5-di-(3—methoxyphenyl)
oxazolinelnickel dibromide,
2,2'-methylenebis[(4R)-4-benzyl-5,5-di—(4-methoxyphenyl)

25 oxazoline]nickel dibromide,
2,2'-methylenebis[spiro{(4R)-4—benzyloxazoline-5,1'-
cyclobutane} Jnickel dibromide,
2,2'-methylenebis[spiro{(4R)-4-benzyloxazoline-5,l'-
cyclopentane}]nickel dibromide,

30 2,2'—methylenebis[spiro{(4R)-4-benzyloxazoline-5,l'-



oxazol i ne] ni ckel dibrom de, 25

nmet hyl enebi s(spi ro{ (4R) - 4- phenyl oxazol i ne-5, 1' - cycl obut ane}] ni ckel

di brom de, 2,2'-nethy|enebis(smlwﬂ(zﬂgd4-phenyloxazoline-5,1'-

cycl opent ane}] ni ckel di brom de,

2, 2" -met hyl enehi s[ spi 4R) - 4- phenyl oxazol i ne-5,1" 30 cycl ohexane}] ni ckel
di br oni de,*% gﬁf%ﬁg%%f%%?ﬁﬁébﬂ&ﬁﬁﬁm%ﬂﬂ¢ﬁﬁn@mphenyloxazoline-5,1'-

cycl ohept | i ' ' . ,

2.2 - et hfﬁn'g%eg‘}és{ifgji&%gg}w%?ﬁ&{éﬂ& )i RATRELYF 2 A8 10RT ki’ ~di broni de, 5
2, 2" - met hyveneied 5 |38, sl £L D ' ' |.,di brom de,
2 2" - met hylygr}ebie?[ (éllr%? ﬂ{"ggﬁ%l@g‘f% L& é&’%@%@%ﬁ@%ﬁ%ﬁ%g@pmers

di bromi de o£2 t3e ratidyl -anehi 56048 compets.5 Rt nSPPs LAY 2882 ehicdgh e 10
ni ckel di brom de, 2,2'-nethyl enebis[(4R)-4-benzyl-5,5-

di cyél oheryleoklaydtohelisi( Gk él- dintertdng eyrazolyl)borate Inickel bromide,

2,2' -met hyl enebi s[ (4R) - 4- benzyl - 5, 5-di phenyl ] oxazol ine] nickel dibrom de,
2, 2" - et hih&ﬁ‘mtﬁl@d ~A- ety 1pySadiolyd-)bettat ohebgykel Bbomide, and
oxazol i ne Biﬁkel di brom de

2,2" - met h]Jr LAEOTLEAR - - Benb STt 5Pl Py Famelvd Yierat e Inbglkedl i ne] ni ckel
di brom de rgmé'-errethylenebis[(4R)-4-benzyI-5,5-di-(4-methy|phenyl)
oxazol i ne[ ni ckel “di brom de, 20

2, 2" -met hyl enebisgli (4R a #t RERZY4 amo Pa S t hoxyphenyl gxazolin % i ckel
di bromi de, 2, 2" -met hyl enebi é‘% EH%-491%—51%1/{;-ﬁ%a,%—id?‘-)?@éﬁetdh%?&]ﬁﬁ%ﬁ?? d
10 by the formula [4], wherein M is a nickel atom, are compounds

in which "dibromide" in the above-mentioned compounds is

changedto"difluoride“,“dichloride","diiodide","dimethyl“,

"diethyl", "diisopropyl", "diphenyl", "dibenzyl",

"dimethoxide", "diethoxide", "di-n-propoxide",
15 "diisopropoxide", "di-n-butoxide", "diisobutoxide",
"di-tert-butoxide", "diphenoxide" or

“di(2,6-di-tert-butylphenoxide)".
A further example of the metal compound represented by

the formula [4], wherein M is a nickel atom, is a compound

20 represented by the following formula [7]:
R53 R54
SL_N/ \ —R52
R ~ N—R [7]
/Nl
X2 \\Xa

wherein each of R°' and R®? is a 2,6-diisopropylphenyl group:
25 each of R®’ and R®* is independently of each other a hydrogen

atom or a methyl group, or R’ and R** are combined to form an



oxazol i ne] ni ckel di brom de, _

2, 2" -net hyl enebi s[ (4R) - 4- benzyl -5, 5-di - (4- met hoxyphenyl ) 25

oxazol i ne] ni ckel di brom de, 51

2,2 -met hl/l enebi s[ spi ro{ (4R) - 4- benzyl oxazol ine-51"- cycl obut ane)] ni ckel

di br oni de, adéd%'H%%K@H?ﬂ@@%fgéﬂar%ﬁéﬁfgf benzylaxgzol | aependently of

cycl opentane)] ni ckel

kel
2, 2" - et hylearboshei BOF14Rk14red8RHW ,0%2 B ongxanekl i c
d| brom dey and 2, 2'-nethyl enebi s[spirof rgt"enzy dvaOIlrI hess, f‘}t]O

cycl ohept ans} ]mldaszl al dm pna dee t AR gﬂbuPod% %*:@Séf@gﬁ?r§ anprIorf)%rl
above- nenti oned conpounds. Further exanples there

[ hydrotri s@5°9kdi A disdnnarwzblgtqurps o el bhukel §redbyea phenyl group,

[ hydrotris(3, 5-di et hyl pyrazol yl ) borat e] ni ckel brom de, and

[ hydrGtri s% %nﬂYlt%F?uBut?I"}ﬁ/frl’HzW |nanp ataaj eitdlosty gmowryd ,de. nSpicbpofy t her
exanpl es o ghe nmet al, ound represented 10 by the formula [ 4 ] ,

wher ei n M% aPni 6"1?e|1sa& PO¥E SEAPBundsh bR LgKYE o raimy oarndesobntpmr

- d changed _
?g'(')\éief Imti?; ngs | ch?%ndg}éégdl I odi de", "di net hyl " "d| ?t hyIt 'r'mm )
n HE- | ll, n i!aiil 1 n e ., )
" g: IﬁOB; gggxi de" ﬂu@ft " di |esx§ggbolt£sglzdd@e rhe, gﬂ:! Elhl?&hﬁg nd gﬁf%ﬁﬁﬂ?&)@l Bé’
"di-tert- btlhaxﬁcdtaﬂuléd[ phenoxidipdinds did el o @htiéklétl)/'a%‘ﬂﬁ'o&h‘[jgix

further exanple of the netal corrpound represented by the formula
wher &9 n M¢ggﬁenmenén0ane(ﬁmilc$ed compauntis 20s repdegeat ed Hy"phe1saihpw ng

formul a [74 R5, a §cobalt atom", a "rhodium atom" or a "ruthenium atom”.
Examplesofthemetalcompoundrepresentedbytheformula

[4], wherein M is an iron atom, are
2,6—bis—[l—(2,6-dimethylphenylimino)ethyl]pyridineiron

15 dichloride, 2,6-bis-[1—(2,6—diisopropylphenylimino)ethyl]

_ pyridineiron dichloride,

2,6-bis—[1-(2—tert-butylphenylimino)ethyl]pyridineiron
dichloride, [hydrotris(3,5—dimethylpyrazolyl)borate]irbn
chloride, [hydrotris(3,5-diethylpyrazolyl) borateliron

20 chloride, and
[hydrotris(3,5-di-tert-butylpyrazolyi)borate]iron
chloride: and compounds in which "dichloride" in the

above-mentioned iron compounds is changed to "dibromide",

"difluoride", "diiodide", "dimethyl", "diethyl",
25 "diisopropyl", "diphenyl", "dibenzyl", "dimethoxide",
"diethoxide"; “di-n-propoxide", "diisopropoxide",

“di-n-butoxide", "diisobutoxide", "di-tert-butoxide",
“diphenoxide" or "di(2,6-di-tert-butylphenoxide)".
Further examples of the metal compound represented by

30 the formula [4] are compounds obtained by changing an "iron



R51-N \ , N-R52 [7] N ~ wherein each of R51 and R 52 is a 2,
6- di i sopropyl phenyl group; 25 each of R53 and R54 is independently of each
other a hydrogen atomor a nethyl groupgsor R53 and R54 are conbined to

forman 51 acenaphtene group; and each of X2 and X3 is independently of
each ot her g b i - Kol dl| t a_bromne atgm . an i odine
atom a net E;fﬂ S%J'g’% g%ggtg h;%e%gmrl%dp“{l?é'gﬁ?lg%%‘B&’Pungﬁoﬁ‘ﬂ,a gﬁ°P§&[§r%E9!“"
group, a nebuaylndefen, sddwrenyl group, 5 a benzyl group, a nethoxy group,
an et hoxy group, a n-propoxy group, an isopropoxy group, a n-butoxy group,
an i sobutoxy orEaapipdeexyfgtRepy foid RgheLnaiRl1es ot BBt #he GROPLYN
represented by the formula [ 4 ] are conpounds in ich a "nicﬁe atom' in

the 10 ab®¥BPoeRd| sAPTesieskEd dgnpohmdBorsuthanggd are a "pal | adi um at ont',
a "cobalt "rhodi um atonm or a "rutheniumatoni. Exanples of the

met al sconpgh'?ﬂnizqtbi?ﬁ@s%?ﬁﬁﬂpﬁ}iﬁﬁ@ef ormula [4], wherein Mis an iron atom

ar e_ 2, 6 b('_ é%"éﬁz ggl net hyl phenyl i m no) et hyl ] pyri di nei ron 15 dichlori de,

2,6-bis-[1 c(%ﬁ PERPIERY H@n)ﬂ Shaey) bt hiapiupy ehdiosdidedn di chl ori de,
hyarotri S5 BR ma Ty e PR bRh AT S rameR e s B -fefe- Bureyi-s -

_% Eig; 8% ; : ?E%?%%@%%ﬁ?g?%%ﬁ%%@ﬁﬁ%1 ‘_rzgn(:hlcﬁlr g??ae?ngnd conmpounds

0, ch rombstasony bel Labascngthened dyf SELRLTD, |5 chanoed to

10 (2-phenoxy)titanium chloride],

I u—oxobis[isopropylidene(methylcyclopentadienyl)(3~tert-
butyl-S5-methyl-2-phenoxy)titanium chloride],
u—oxobis[isopropylidene(tetramethylcyclopentadienyl)
(2-phenoxy)titanium chloridel],

15 K -oxobis[isopropylidene (tetramethylcyclopentadienyl)
(3-tert-butyl—5-methyl—2-phenoxy)titanium methoxide],

U -oxobis [dimethylsilylene(cyclopentadienyl)
(2-phenoxy)titanium methoxide],
M-oxobis[dimethylsilylene(cyclopentadienyl)

20 (3-tert-butyl—5-methyl-2-phenoxy)titanium chloride],
M-oxobis[dimethylsilylene(methylcyclopentadienyl)
(2-phenoxy)titanium chloridel],
u-oxobis[dimethylsilylene(methylcyclopentadienyl)
(3-tert-butyl-5-methyl—2-phenoxy)titanium chloride],

25 u-oxobis[dimethylsilylene(tetramethylcyclopentadienyl)
(2-phenoxy) titanium chloride],.and
u—oxobis[dimethylsilylene(tetramethylcyclopentadienyl)
(3-tert-butyl-S-methyl—2-phenoxy)titanium chloride].

Furtherexamplesarecompoundsobtainmibychanging"chloride"

30 inthesecompoundsto"fluoride",“bromide","iodide“,"methyl",



25 "diisopropyl™, "diphenyl", "dibenzyl", "dinmethoxide", "diethoxide",
"di - n-propoxi de", "diisopropoxide", "di-n-butoxide", "diisobutoxide",
"di -tert-butoxide", "diphenoxide" or "gig(2,6-di-tert-butyl phenoxide)".
Further exanples of the netal conpound represented by 30 the fornula [4]

el i "iton,52 ' he . . .
o[ compoungsnghia gt g NGy con- R ghOTT Ul R en

above-nentioned iron co
Exanpl es ofeth8x2de®X0 "y NP taly_ ound
representedeby ?heefornulgﬁt] €§%§5'/.ggggg%P?Fﬁ?@gﬂopJ}ﬁ%gﬁ%Xlge !
(cycl opent atlsebytpk2dplgncnperit 1At okl &8 or kgBbno%ide" or

oxobi s[i so rogylidene(cyclopentadienyl)(3-tert-butyl-5-

met hyl - 2- phenex¢it teabi-bmtylipdreérdetide” .

/. 1-oxobis[isopropylidene(nethylcycl opentadienyl) 10 (2-phenoxy)titani um
chlor?de], 9 - oxBBFéprFopxappilicte R rdtehyit cpaioo ampeadiedrald )d@Bap@und of
butyl-5-netq%l-2- ?enoxg)titaniun1ch|oride%,

/ L- oxobi s[ 1% p’P%Eg i GeHBPERS, ZARURTR eyt Baeeformul@-[hkeraskg) ti t ani um
chl oride] ,q45,,, Y- | S4{d [ l.i.den t et ranmet hy| cycl opent adi enyl )
(3-tert- bu‘%Ib éLSEbrre’éBt%ysl'l f%%ﬁ%%ﬁ%}??%ﬁic&rﬁi?a%ﬁﬁ%’e? : Yl,?u- oxobi s (dinme
thylsiIqunggﬂygﬁggfrggggﬁ@ﬁ ] (2- phenoxy) titani um nmet hoxi de], 9

- oxobi s[ di nethyl si Iyl ene(cycl opent adi enyl ) 20

(3-tert-buldd «5oxU1e [ ahessyyLibhalcy@1epe idifleny ) N
/. G oxobi s[ di met hyl si | yl ene( et hyl cycl opent adi enyl) %Z-phenoxy)tltanlum
chl o¥d de] ,( 3 1henikdpi &y Ui fremay hyill-2l-gme(met syt Cyah oaant adi enyl )

! di-u-oxobis[isopropylidene(methylcyclopentadienyl)
(2-phenoxy)titanium],
di—u-oxobis[isopropylidene(methylcyclopentadienyl)
(3-tert-butyl-S—methyl—z-phenoxy)titanium],

15 di- U -oxobis[isopropylidene
(tetramethylcyclopentadienyl)(2-phenoxy)titanium],

di- /U -oxobis[isopropylidene (tetramethylcyclopentadienyl)
(3-tert-butyl—5-methyl-z-phenoxy)titanium],
di- & -oxobis [dimethylsilylene(cyclopentadienyl)

20 (2-phenoxy)titanium],
di-u-oxobis[dimethylsilylene(cyclopentadienyl)
(3—tert—butyl-5—methyl-2-phenoxy)titanium],
di-u-oxobis[dimethylsilylene(methylcyclopentadienyl)
(2-phenoxy)titanium], .

25 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(tetramethylcyclopentadienyl)

30 (3-tert—butyl-5-methyl-2-phenoxy)titanium].



(3-tert-butyl-5-nethyl-2-phenoxy)titaniumchloride], 25
/. 1-oxobi s[di nmet hyl silyl ene(tetranethyl cycl opent adi enyl)
(2- phenoxy)titaniumchloride], and 9 54

- oxobi s[ di et hyl sil yl ene(tetramet hyl cyCl'opent adi enyl)

(3-tert-butyl-5-nethyl -2-phenoxy)titaniumchloride]. = Further exanples are
conmpounds obt ai r‘%&’%‘i e@ﬁ’d@r% g%hﬂ&ﬁ' i P REnd (B heseheBapaukhe matal

"fl uori de|| "b. : d " "i O i mn th | n th. ", "i S O | L1

"phenyl ", a”:lgtenné’)%qua, ﬁ'ir?'c]a(teﬁ'o%t g“ E%Igem(%ﬁ%ch %%‘*%‘po’ﬂ?ﬁggi Bfomide,

"1 sopropoyiidRel "iGdELXFES " Xi dg" a4t €rste- xi de", Tphenoxide"
or "2,6-di-tgrt}butylpmﬁﬁgﬁ%ﬁ"#ﬁgggﬁgfhgrqéﬁ%na%ﬁ?%#gthgfiF?%xo type

met al conpewedlefratidieniekal se8paeRd hEEkES et £eh byrbhgekak@ll gikdliare di
- kt - oxobis [ isopropylidene (cyclopentadienyl) (2-phenoxy)titaniuny,

di- 9 - oxpbndde.i sdpkelybxdaate(,cndokedntaaditylddetdithte, bis(allyl)
(3-tert-butyl -5-net hyl - 2- phenoxy)titaniun], di- 9

- oxobi s[ i Bdgkepy| bdedd(.fetard yet badhendi) eagkpl,( 2- phenoxy)titaniuni, di- 9
-oxobis( I$ oRropyIidene(nethyIc cl opent adl enyl )

(3-t ert - bAEGRIBIRE Ehy—CoXShinarsagdierani BaFkelis di- 9 -oxobis (
isopropylag§ﬂfogg%ag gﬁgﬁgé%%i#igxgﬂgkggyl)(2-phenoxy)titanium,

di - U- oxobr's(isopropyl' : I'cycl opent adi enyl )

B e e

di - e oxobi 84 d{ sRLbykaiy1pHRReIMd pReakadi enyl )

(3;tert-butyl -5-net hyl -2-phenoxy)tltaniuni,

' dichlorobis(triethylphosphine)nickel, di-acetobis
(triphenylphosphine)nickel,
tetrakis(triphenylphosphine)nickel, dichloro[l,2- bis
(diphenylphosphino)ethane]nickel,

15 bis[1l,2-bis(diphenylphosphino)ethanelnickel,
dichloro[1l,3-bis(diphenylphosphino)propane]lnickel,
bis[1,3-bis(diphenylphosphino)propane]nickel, tetraamine
nickel nitrate, tetrakis(acetonitrile)nickel
tetrafluoroborate and nickel phthalocyanine.

20 Examples of the compound (B), wherein the metal atom
is a vanadium atom, are vanadium acetylacetonate, vanadium
tetrachloride andvanadiumoxy trichloride. An example thereof,
wherein the metal atom is a samarium atom, is
bis(pentamethylcyclopentadienyl)samarium

25 methyltetrahydrofuran. An example thereof, wherein the metal
atom is an ytterbium atom, is
bis(pentamethylcyclopentadienyl)ytterbium
methyltetrahydrofuran.

The above-mentioned metal compounds as the compound (B)

" 30 may be used singly, or may be used in combination of twe or



di -/ t-oxobi s[ di net hyl si |l yl ene(net hyl cycl opent adi enyl )

(2- phenoxy)titanium, 25 di- 9 -oxobis ( dinethylsilylene

(et hyl cycl opent adi enyl ) (3-tert-butyls5-net hyl -2- phenoxy)titaniun,
di - I L- oxobi s[ di me~hyl si | yl ene(t et ramnet hyl cycl opent adi enyl )

(2- phenox;Qot’{é ?t:rﬁé%?énd 20

di -/ L-oxobis]d silylene(tetranethyl cycl opent adi enyl)

(3-tert-butyl - 5-gypd -2 n ) ti_t anj 04 Othe xanmpl es of the
conpound (B), wher e%&{'ﬁggﬁgt gpxa osm%lryse%;érna}bg]k%laa‘f'%ﬁ? anB‘F?Pb‘IE‘é’i chlori de,
ni ckel br e@pdesedtskBY tHOEenulh . | ni ckel
perchl orate, nickel acgt at e, nlingkelqkﬂ'i ?PE%?{)ISEC%%%;?& ﬁ?‘ﬁ:{%ﬁ §°E‘§’3}ﬁn e,

ni ckel oxdnayeichiMkeltlne €opimanet pnates thieséablipl4d atbhCkelthe periodic

bi s(1, 5-cycl ooct adi ene) ni ckel , dichloro(1, 5-cycl ooct adi ene) ni ckel,

di chifor obit&Padeet and tiurntd)en pirelferah ghhmeba s (doapraumd | wha)oN esaltaigar bonyl
10 tris(t r%&hengll hosphi neéni ckel, dichlorobis(triethyl phosphine)nickel,
di - acet obP& 1§3%% BH%@H% BHiLRE):FERAPPentadienyl type anion skeleton

(i phony! BRoSpnt oy BenBREMAIA T 45 e P
di chi orol 1. 5 bl Aa BRergTaroehRhEAR ShinBrRAckE) used for the catiyst
bi s[ 1, 3- b6 digehend e s Phb e xR ARHEL B Lne N gkel . bitrate,
tetrakis(acetonitri Irre)‘)bni gkel tetraf I%gégﬁgégtt%eglﬁlggge%%et prhY%réHiB?ani ne.
20 ERanpllsowh ¢hganompamiduiBlconBRiids ddie velded! GRetsraedanadhym
atom are vanadi um acetyl acetonate, vanadi um _

i organoaluminum compound represented by the following formula

[8]:

R%A1Y;5 4 (8]
15
wherein d is a number satisfying 0< d £ 3; R®is a hydrocarbon
group, and when two or more ngroups exist, these may be the
same or different; Y is a hydrogen atom, a halogen atom or an
hydrocarbonoxy group, and when two or more Y's exist, they
20 may be the same or different.

R® in the formula [8] is preferably a hydrocarbon group
having 1 to 24 carbon atoms, and more preferably an alkyl group
having 1 to 24 carbon atoms. Examples thereof are a methyl
group, an ethyl group, a n-propyl group, a n-butyl group, an

25 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.

Examples of the halogen arom as Y in the formula [8]
are a fluorine atom, a chlorine atom, a bromine.atom and an

30 iodine atom, and preferred is a chlorine atom.



tetrachl ori de and vanadi um oxy trichloride. An exanple thereof , wherein

the netal atomis a samariumatom is

bi s(pent anet hyl cycl opent adi enyl ) samari g 25 nethyl tetrahydrofuran. An
exanpl e thereof, wherein the netal atomis an ytterblumatom is

bi s( pent anet hyl o} ' L) yiserbi um _nethyl tetrahydrofuran. The
above- nent i onedcyrrlg aﬁﬁg%gngég%g)%{é} t%o%nﬁﬁu%d 1(“B)th%0’¥%'§)u%§ d$dd 1§ ngl y,
or may be ik j ' ereof . The co und (B)
is preferably a érr%%%lrmicg%dgu daﬁ:roe\gﬁegfeln %%HE{/’E?%‘Q FOPRBI & Py o, %r?d?ye
pref er abl yr@upet al conmpound in which Min the formula [ 4] is the Goup 4
atomin the periodic 5 table, and further preferably a nmetal conpound,

whi ch contains Extampbss ofietheodpkby RE-curs d opeih agh&N¥brinile 3 on
skeleton as L2 in the forrmula [3]. As the organoal um num conpound (C) used
for the cafiey§ methoxyydinaum Fol \etthoxntgooupc car o pgopoxyhgrioigs elain

I nvention 10 known or ganoal um num conpounds can be used. Preferred is an
or ganoal ufiRERCESAP0 HRC R pr s 8Pt IKY tHEOED) | Bwisey fortnry gEelip., a

R6dA1Y3-d - in.dis a nunber satisfying O<d < 3; R6is a
hydr ocar bgkgltd?%t}p, a%(fov‘d?e'n 3 i Bk E 60 ou‘%s“%%?%f‘,tof‘ﬁegémhﬁ@y Be t he

Py ocar bonogy aTouk SR Wheh Tasoa iR s St sPodTREFY HF M- be the
same or dhfpeneddecoxy group and a n-eicosoxy group.
10 The alkoxy group as Y in the formula [8] is preferably
an alkoxy group having 1 to 24 carbon atoms . and more preferably
a methoxy group, an ethoxy group or a tert-butoxy group.
Examples of the aryloxy group as Y in the formula [8]
| are a phenoxy group, a 2-methylphenoxy group, a 3 -methylphenoxy
15 group, a 4-methylphenoxy group, a 2,3-dimethylphenoxy group,
a 2,4-dimethylphenoxy group, a 2,5-dimethylphenoxy group, a
2,6-dimethylphenoxy group, a 3,4-dimethylphenoxy group, a
3,5-dimethylphenoxy group, a 2,3,4-trimethylphenoxy group,
a 2,3,5-trimethylphenoxy group, a 2,3,6-trimethylphenoxy
20 dgroup, a 2,4,5-trimethylphenoxy group, a
2,4,6—trimethylphenoxygroup,613,4,5-trimethylphenoxygroup,
a 2,3,4,5-tetramethylphenoxy group, a
2,3,4,6-tetramethylphenoxy group,
2,3,5,6 -tetramethylphenoxy group, a pentamethylphenoxy group,
25 an ethylphenoxy group, a n-propylphehoxy group, an
isopropylphenoxy group, a n-butylphenoxy group, a
sec-butylphenoxy droup, a tert-butylphenoxy group, a
n-hexylphenoxygroup,an—octylphenoxygroup,an-decylphenoxy
group, a n-tetradecylphenoxy group, a naphthoxy group and an

30 anthrathenoxy group.



R6 inthe formula [ 8 ] is preferably a hydrocarbon group having 1 to 24
carbon atons, and nore preferably an al kyl group having 1 to 24 carbon
atons. Exanpl es thereof are a nethyl Qoup, an et hyl group, a n-propyl
group, a n-butyl group, an 25 isobutyl group, a n-hexyl group, a

2- met hyl hexyl gr and . a n-octyl group. Mre preferred is an ethyl group,
a n-butyl gr oup,qﬂg% airérc}t?diyypr&u\é’uﬁg ‘gjﬁl I’i@)‘?’yfogﬁf‘ﬁﬂiﬁ bf 1 dh psefigrapyip.
Exanpl es t g o] in .t orrmula [8 are a fluorine atom
a chloringﬁhfgﬁ¥f§#gr§%?ﬁé g?%%ﬁéh éﬁpgﬁ% ?n%?%% 3%8W5'and preferred is a
chl orine atom EﬁxaﬁbgebygfOQﬁEbQ@@@k%ﬁ&&% €§°X igstgeikoEg%I%Jgaﬂig
preferably an al koxy group, an aral kyl"oxy ‘group Br%8n aryl oxy “gr

Exanpl es df8 ]t hereabkibayzglony §Eo¥pi,Nat he-hetiy1dpddly1 ﬁméﬁ;ﬁoiﬁy&y
group, an ethoxy group,' a n-propoxy group, an isopropoxy group, a n-butoxy
group, a @e&3bm@¢hwkpmﬁmwlametammabgtmuupghouprmathymyﬁémylgﬁeﬁﬁoﬁ%
neopent oxy group, a, _n-hexoxy group, a n-octoxy group, a n-dodecoxy group,
a n-pent 3508y Fr bap3afdme thirreny) ) edipxyl (gddrepal Roxy group as Y in

t he fornul 8L is preferably an alkoxy group having 1 to 24 carbon
at ons, anéaﬁ%ré%H?%nggBﬁ?“x&hﬂﬁqR&§Y9968ﬁP'aﬁiethoxy group or a

tert-buto r_Qyh f aryl ox roup as Y in the formula [8]
s QﬂﬂhegﬁgﬂghgﬁgﬁﬁyF%ﬁgﬁx y96¥8%p,42 3 -net hyl phenoxy 15

are a phenoxy group,

group, a 42net-RMiheneXyn8h9dN medt oy A FBLRY! ghenoxy group, a

2, 4- di et hyl phenoxy gro%p, g g? 5 -d?%ebgﬁy ﬁhghoxy group, a 2, 6 -dine
t hylyohenoX$, ¢rdime tch Bl pHengilymethdppegosupyr @up, a 3, 5-di met hyl phenoxy
group, a 2,3, 4-trinethyl phenoxy group, a 2,3,5-trinethylphenoxy group, a

2,3, 6-tri fidt Ay ddimeidxylphenyl)methoxy group, a
(2,3,4-trimethylphenyl)methoxy group, a

(2,3,5—trimethylphenyl)methoxy group, a
(2,3,6—trimethylphenyl)methoxy group, a

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

20 (2,3,5,6-tetramethylphenyl)methoxy group, a
(pentamethylphenyl)methoxy group, an (ethylphenyl)methoxy
group, a (n-propylphenyl)methoxy group, an
(isopropylphenyl)methoxy group, a (n-butylphenyl)methoxy
group, a (sec-butylphenyl)methoxy group, a

25 (tert-butylphenyl)methoxy group, a (n-hexylphenyl)methoxy
group, a (n-octylphenyl)methoxy group, a
(n-decylphenyl)methoxy group, a
(n-tetradecylphenyl)methoxy'group, a naphthylmethoxy group
and an- anthrathenylmethoxy group.

30 The aralkyloxy group as Y in the formula [8] is



20 group, a 2,4,5-trinethyl phenoxy group, a 2,4,6-trinme thyl phenoxy group,

a 3,4,5-trine thyl phenoxy group, a 2,3,4,5-tetranethyl phenoxy group, a

2,3,4,6-tetramet hyl phenoxy group, 2,36%6Ltetranethylphenoxy group, a

pent amet hyl phenoxy group, 25 an ethylphenoxy ﬁroup, a n-propyl phenoxy

group, an_ i [ | phenox rou a _n-butyl phengoxy group, a

sec- but yl %feezfg%aﬂgi%u%? %r%/'legi’gﬂgé’ypﬁﬁé‘r?o;'fv&%d to Zr‘?; ﬁ’é(?ﬂ%’lnéﬁ@{“}ﬁ group,

a n-octyl ghgn r - I r a n-tetradecyl phenoxy

group, a naph?ﬁ%&% g?gﬁﬁégﬁﬁggﬁy gggggiéfg?ﬁgﬁgy%'grﬁup. 57 Thﬁ a_rylogyt
roup as Y in thg,fornula. [ 8 Is preferably an aryl gxy group havi ng o]

24 cgr bon at ons. %E)?fr?pl e?lgﬂo ;he aF‘%V Xy §6up TAKYIMHe f GLAMRS [ 8]
are a benzyl ox roup, a_(2-nethyl phenyl)nmethoxy group, 5 a _

( 3- met hyl Sry?é’r‘(ﬁy‘)"?f’él‘ﬁg&?e%r%%pﬂf may zpmwmﬁ‘éﬁyp)lweﬁﬁgwitgxmﬂp,w:ath a

(2, 3-di net hyl phenyl ) net hoxy group, a (2, 4-dinethyl phenyl) net hoxy group, a
(2, 5°di met¥HOIFENG EPReT ¢RI 2 sr Sdpordng atemdi asbhypigimengtpmetdbrpmgmeup, a
10 (3, 4-di et hyl phenyl ) met hoxy group, a (3, 5-dinethyl phenyl)nethoxy group,
a (2,3, 48tPmmansl | phelgdinet aby: grouplkexy g1RNER tsuckt Ayl phaweythoxt hoxy
group, a (2,3,6-trinethylphenyl)nethoxy group, a 15

(2, 4, 5- t r OFOURYADA &Y ELhoKyogyogp oy aa aXP]dx§-droumeisdlpas ry phesiolgxy
group, a (3,4,5-trimethyl phenyl)nmethoxy group, a

(2, 3, 4, 5- ggevanet hyl phenyl ) net hoxy group, a

Examples of the organoaluminum compound represented by
> 10 the formula [8] are a trialkylaluminum such as
trimethylaluminum, triethylaluminum, tri-n—propylalumihum,
tri-n-bufylaluminum, triisobutylaluminum,
tri-n-hexylaluminum and tri-n-octylaluminum; a
dialkylaluminum chloride such as dimethylaluminum chloride,
15 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,
n-propylaluminum dichloride, n-butylaluminum dichloride,
120 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
di-n-hexylaluminum hydride; an alkyl(dialkoxy)aluminum such
25 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

alkyl(diaryloxy)aluminum such as methyl(diphenoxy)aluminum,



(2, 3,4, 6-tetranet hyl phenyl ) net hoxy group, a 20

(2,3,5, 6-tetranet hyl phenyl ) met hoxy group, a (pentanethyl phenyl) net hoxy
group, an (ethyl phenyl)net hoxy group, %g(n-propylphenyl)nethoxy group, an
(1 sopropyl phenyl ) net hoxy group, a (n-butyl phenyl)nethoxy group, a

- but l,).methoxy. grou a 25 (tert-butyl phenyl)nethoxy group, a
gﬁ?ﬁex§|%h§2§&%§ﬂgiégﬂg bﬁﬁgfSPYiPBgPQFEH@ﬁH??ﬁHT0&9?ﬁroup, gup )
-d | - radec eny oxy gr , a
ggph?ﬁglg@?ﬁﬁke%g%QS%Xiga AnC A g%%%%&%ﬂﬁgﬁﬁQQW'gﬁ %E? 30 The aral kyl oxy

! ; . f r having 7
2ok Co AT S T AL AR R R

aryl oxy addmatalyily 29>y QI edsSrosPO¥Re HBRY) @Nechidum’ dffy be respectively
su%sti?uted with a 5 hal ogen aton?guch as a fluorine atom a chlorine atom

a br énmi nedimethvadad & digherey bploemoap ) alkmiypugr.oup such as a net hoxy
group and an ethoxy group; or an aryl oxy group such as a phenoxy group.
T, O e Smat b et e e 0
L e
Such as. o Fot HyPatan e bl L ot YR BraeRmeen or do.
di-n- pr opykal yuheugiehl i fen . dhanputled AL ML ALLAE 4o
di i sobutyl al um num chl ori de and I - n- hexyl al uni nom chi'ori de;
al kyb al untniirsdballyaralden e or tri-n-hexylaluminum.
These organoaluminum compounds may be used alone, or.
in combination of two or more thereof.
The ratio (molar ratio) of the amount of the respective
catalyst components used in the present invention is not
15 particularly limited. The molar ratio of the component (A)
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 from 1 : 1 to 1000 : 1. The amount of the
component(C) is usually in a range of (B) : (C) = from 0.1 :
20 l to 1 : 10000, and preferably from 1 : 1 to 1 : 1000.
| As the catalyst for addition polymerization of the
presentinvention,areactionproductobtainedbypreliminarily
contactingthecomponent(A)andthecomponent(B),optionally,
further the component (C) may be also used, and they may be
25 alsousedbybeiﬁgseparatelychargedinapolymerizationvessel.
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 in the

30 present invention are an olefin, a diolefin, a cyclic olefin,



as net hyl al um num di chl ori de, ethylal um numdichloride, n-propylalum num
di chl oride, n-butylalum numdichloride, 20 isobutylalum numdichloride and

n-hexyl al um num di chl oride; a dial kyl gyg/m num hydride such as _
di met hyl al umi num hydri de, diethylal um num hydride, di-n-propylal um num

hydri de, | - | al_.ym num hydride, diisobytylalum num hydride and

diy- n- hexyl‘g‘} %@W%%&ﬁmoag?l%gyyaéﬂféﬁ?ng%& )gaq}rﬁﬁﬁfﬂ $r p5each of

met hyl (di Rptie = @”EBUm)On@QPW)ﬁdég{: gxya, &E‘E%\%‘ 209 of tyo or more

met hyl (di -tert-butoxy)al um num a di alkyl (al oxy)alruntnum such

di met hyl ( ey akayr beimusdane thyl (et hoxy)al umi num and

di met hyl (tert-butoxy)al um num an al kyl (diaryloxy) alumnumsuch as methyl
(di phenoxy) al urBxamplé&d therbylfbiaxe? dr &l 0PYERNEBOSYhgl1WHaUM and
met hyl bi s( 2, 6-di phenyl phenoxy) al umi num and a di al kyl (aryl oxy) al um num
such Sas diPROR¥AeRphehdxyyentunilnpeptene, 4-methyl-l-pentene-1,

di met hyl (2, 6-di.i sopr opyl phenoxy) al um num and 5 .

di net hyl ( 2, 6 ditsHery1eeR%y ) bt hex enen %m%ﬁgt@hém]fppetenﬁedlrsoaene.
trial kyl alund num_ further referred is trinmethylalum num .
triethzlaﬁﬁgé%ﬁ%ea?ry}ﬁy&ﬁ%ﬁiﬂ ?Rﬁiaﬂﬁq¥ﬁﬁﬁh§PSHﬂﬁﬁpﬁfgﬁxaflfnél
tri-n-hexyl al_gm dq par tikGul.arsl refer 15§ .10 tyijsobutyl al um num
or tri-n-%é?y?g%ﬁﬁ?%ﬁﬁg %hgs b@#&?ﬁéﬁfﬂn?hﬁn§§g%8§&ﬁ§§ %aé B8“G§&8“§rone,

or in comhprdeicadieing Wi GietRyE- i heLakagi@e, atio (mlar ratio) of the
anount of the respective catalyst conponents used in the present invention

is A6t 15-pethydullari-hdiadiede, Themanhgl -nati-@ cfadiensonmponent (A) to
t he conmponent (B) is usually in a range of (A) : (B) = from 1 : 1 to 10000
1, preferabhylifdgmer 2-moghpmweme ; dicysdopentadiene,

5-vinyl-2-norbornene,S-methyl-z-norbornene,norbornadiene,
5-methylene-2-norbornene, 1,5-cyclooctadiene,
5.,8-endomethylenehexahydronaphthalene, 1,3-butadiene,

15 isoprene, 1,3-hexadiene, 1,3-octadiene, 1,3-cyclooctadiene
and 1,3-cyclohexadiene; a cyclic olefin such as norbornene,
5-methylnorbornene, 5-ethylnorbornene, 5-butylnorbornene,
5-phenylnorbornene, 5-benzylnorbornene, tetracyclododecene,
tricyclodecene, tricycloundecene, pentacyclopentadecene,

20 pentacyclohexadecene, 8-methyltetracyclododecene,
8-ethyltetracyclododecene, 5-acetylnorbornene,
5-acetyloxynorbornene, 5-methoxycarbonylnorbornene,
5-ethoxycarbonylnorbornene,
5-methyl-5-methoxycarbonylnorbornene, 5-cyanonorbornene,

25 8-methoxycarbonyltetracyclododecene,
8-methyl-8-tetracyclododecene and
8-cyanotetracyclododecene; an alkenyl aromatic hydrocafbon
such as an alkenylbenzene (e.g. styrene, 2-phenylpropylene,
2-phenylbutene and 3-phenylpropylene), an alkylstyrene (e.g.

30 p-methylstyrene, m-methylstyrene, o-methylstyrene,



further preferably from1 : 1 to 1000 : 1. The anount of the conponent(C)
Is usually in a range of (B) : (€ =from0.1 20 1 to 1 : 10000, and
preferably from1l : 1 to 1 1000. As thgcatalyst for addition

pol yneri zation of the present invention, a reaction product obtained by

prelimnaril i t he conpopent (A) and.the conponent
(B),optiongl¥§P§a$E§§%g§gtﬁg %é%%gﬂgﬁfe?éj ﬁﬁ?%ﬁglﬂQXF d, and they may
be 25 al soauged:hy tBG1G SR atel y_ g ' ol yneri zation vessel .
The arbitrary two co?%onents ahn%gytﬁgﬁégg lggi%%§§'previously cont act ed,

and furthes, 4aaehbehya@tmanaid, Mys beiabeRy16ekacieed. Exanples of the
addi tion pol ynerizable nononmer in the 30 presént invention are an ol efin,

a diol ef i n3-methylib -eltdlyilst iteme, ap keayt -Buegalsityiand oaad bon and a pol ar
nmononer, each of which has 2 to 100 carbon atons. A conbination of two or
nore 5t herRofernhub¥ledaaen®dans 63ls belkeny) beazenlecf(ien guch as et hyl ene,
5 propylenqi %-bgtene, 1- pentene, 4-nethyl-I-pentene-1, 5-nethyl-I|-hexene,
| - hexene, 4*VtpYLhenzengdt @l an mMegrylnaphgbadeaear@ A - nyl cycl ohexane;
adi ol ef i nsyc % - adiene, 1, 4-hexadiene, 1, 4-pentadiene, 1,

7- oct adi ene?&%?y I?gngﬁgglla r?é‘,e% 'l,aéi-ddeaca%‘?ﬁ%,mﬂnﬁﬁlﬁﬁ SUED Gfe)aRi @ne 10

5- et hyl - L, dhy derag] d bl di ¢yl dene:2

- net hyl - 2fL 288 cdi &gx P ag, CQ ene ﬁ-e ene-.2- norpor nene,

di cycl opent adi ene, 5 -vi nyﬁ5 - nor %)(?n %‘eé‘," %—cn%‘f %/?af’yjré)'r H@retr@%‘fyflc

nor bor nadizsiad, fom@tihy bener,2maoeher driaa;, CYELEBRIAUEDE, itaconic

5, 8- endonet hyl enehexahydr onapht hal ene, 1, 3-butadi ene, 15 1soprene,

1, 3- Hexadiaghyddi@e ogbddbérgclb,(2,2),d 0B leeh Eofie -aN4 - 813330 :8fBK@di ene; a

cyglic olefin such as norbornene,

v a01d),andmetalsaltsthereof(e.g.saltsofsodium,potassium,
lithium, zinc, magnesium and calcium), an @, B -unsaturated
carboxylic acid ester (e.g. methyl acrylate, ethyl acrylate,
n-propyl acrylate, isopropyl acrylate, tert-butyl acrylate,

15 2-ethylhexyl acrylate, methyl methacrylate, ethyl
methacrylate, n-propyl methacrylate, isopropyl methacrylate,
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,

20 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, 1l-hexene oxide,

25 cyclohexene oxide, styrene oxide and tetrahydrofuran).

Thecatalystforadditionpolymerizationofthepresent
invention can be applied to homopolymerzation or
copolymerzation of these monomers. Examples of a combination

of monomers constituting the copolymer are ethylene and

30 propylene; ethylene and l-butene; ethylene and l-hexene:;: and



5- et hyl nor bor nene, 5- et hyl norbornene, 5-butyl norbornene,

5- phenyl nor bor nene, 5-benzyl norbornene, tetracycl ododecene,
tricycl odecene, tricycloundecene, pentagyclopentadecene, 20
pent acycl ohexadecene, 8-nethyltetracycl ododecene,

8-ethyltet i d ng,_io: yl nor bornene, 5-acetyl oxynorbor nene,
5-net%oxyc%fﬁ%%y?ﬁgrgg?ngngifghéﬁhoxycarbonylnorbornene,

-5- . B S
o ot hoxycar bony! Lot hoyel oqades orer 1 UPRSRTF AR e cPRaing. bRt iha
8- cyanot etpreyeh bdbnees B¢ ona salgeaityil ot | Sr8¥draeaEban a$%%ﬂmﬁ§ﬁ%93

al kenyl benzene (e.g. styrene, 2-phenyl propylene, 2 -phenyl butene

- pheny! pr of84 eAefin polwheylisayiens 4mdd.s pheperablyl $44d % a process

m net hyl styrene, o-nethylstyrene, 61 p-ethy!styrene,_n}ethylstyrene,

0- et hyi st Q§ugr°§Hq1H9néﬂh?ﬂ@ﬁ}mem&lxmﬁrchTMQh%l?fgnepﬁlrmfr is

3,4-dimet hyl styrene, . 3, 5-dinet hyl styrene, 3-nethyl-5-ethyl styrene,

p-tert-bué%éi%héghyﬁﬁdpﬁeﬁg§ﬁe-BUG??&%MWQRH,O%.?Fb?ﬁﬁrﬁggﬁfﬁgﬁzﬁgf.(ghg.a

di vi nyl ben; . an nyl na gt alene (e.q. -V :

pol & monorer i ArBR LR 48 PEFSFete eopBaRpmeratt ¢ (uripnoctivi o

acid, nethacryloterasi Havinegyl o? bghgg? %,yyya%'s}er ita ch id.

i taconi c 10 anhydri de and blcycPo g, , 1) - §%ep ene-2, -cﬂ%ﬁﬁﬁ%x_ ?i aci d)

, and net aloleflitshaberedfertanl g3 Sablcaos ations QH&%%%&ﬁﬂesEhk%@ﬁF

zinc, magnesium and cal ciun), an a, 83-unsaturated carboxy Ic acid ester

(e. d% net Bye dchyutene. el tlyéxeneyhatlel -ortpneny! acryl ate, isopropyl

ackylate, tert-hutyl acrylate, 15 2-ethyl hexyl acry]ate, nethyl.

n‘ef hacryl at e, etAhﬂolymerization method is not particularly limited.
For example, there can be exemplified a solvent polymerization
method and a slurrypolymerizationmethod » inwhichanaliphatic
hydrocarbon (e.g. butane, pentane, hexane, heptane andoctane),

15 an aromatic hydrocarbon (e.g. benzene and toluene) or a
halogenated hydrocarbon (e.g. methylene dichloride) is used
as a solvent; a bulk polymerization method, in which
polymerization is carried out in a liquid monomer; a gas phase
polymerization method, in which polymerization is carried out

20 in a gaseous monomer; and a high-pressure polymerizationmethod,
inwhichpolymerizationiscarriedout ina supercritical liquid
condition at a high temperature under a high pressure. As a
polymerization type, either of a batch-wise type and a
continuous type 1is possible.

25 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

30 deactivating catalyst components such as moisture and oxygen



met hacryl ate, n-propyl nethacryl ate, isopropyl nethacrylate, n-butyl

nmet hacryl ate and i sobutyl nethacrylate), an unsaturated dicarboxylic acid
(e.g. maleic acid and itaconic acid ),g# vinyl ester (e.g. vinyl acetate,
vinyl propionate, 20 vinyl capronate, vinyl caprate, vinyl |aurate, vinyl

stearate gnd Vi b tate), an unsaturated carboxylic acid
gl ycidyl ate (eé/%rﬁy%%%%/liicygélggg 'ycidyl ate, nethacrylic acid glycidylate

and itaconi c aciwhd®"all YdPd & fYe %Se}gpgggl;{%i re QL HEE %%.%éﬁil’t .Iog}r}g

oxi de, propyl ene oxide, 1-hexene oxi cyclohexené

oxi de and tret ahdrftdtidn e HAlANEndoF (@d;diatdaprttfé)'ée?@{d%{rié Qi )0f the
(0]

present invention can be applied to honopol ynerzation or opol ynerZati on
of these mxforsTEalERkafpdres0 0008 lcambilvat inibl Af, NPR@NBEE FePadblivt Yiidyg t he
copol ymer are ethyl ene and 30 propyl ene; ethyl ene and 1-butene; ethyl ene
and P- hex&neOlaha &9 mrepylenconmgrteduteone. mdhalcatainystreboectliefily.

pol yneri zg,&ligon according to the present invention is particularly
pr ef er abl € *8sCqnEaRATRSLony f BhefCOmPPBLPHelB kaks evsualy ifrqm 6f 8081 y

used for p for .produci an_olefin polynmer. The ol efin pol yner
is parti c%loa{r(?@%%‘?)e é’r’aﬁ?? pcro‘b%?ﬁaﬂ}g o Pnyg ﬁﬁ@ 39 fode In. coprerited Anong
them prefgr kedhetnid £HYpp! ymer of ethylene with an a -olef in having a

pol yet hyl ene crystal structure. The a -olefin has preferably 3 to 8 carbon

atoms, and exanmihes pbl§iRefi ZHt £6:¢ thnlPd LlEyrd NEXNE PN £r -‘i’bﬁ]té
olynmerization method I1s no articul ar Imted. or ‘exa e, ere can
poly t t hod t part larly | ted F np t
be éfenpl B6P&d. pmofexablypot yomr 2att®rs00f€t, haddamdraspuerk ROy BLLRAL | ON
met hod, in which al i phatic hydrocarbon (e.g. butane, pentane, hexane,
hept ane aff bBet39e . The polymerization pressure is usually from 0.1
to 350 MPa, preferably from 0.1 to 300 MPa, and more preferably
from 0.1 to 200 MPa. In general, the polymerization time can
be appropriately determined according to the kind of a desired
15 polymer and a reaction apparatus, and a range of from 1 minute
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.

20 Examples
The present invention i.s 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

25 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

30 was determined from an IR absorption spectrum, wherein the



15 an aromatic hydrocarbon (e.g. benzene and toluene) or a hal ogenated
hydr ocarbon (e.g. nethylene dichloride) is used as a solvent; a bulk

pol ynerization nethod, in which polymegjzation is carried out in a liquid
nononer; a gas phase polynerization nethod, in which polynerization is

i ed i . and a hi gh- | i zat i
et hoa, 1o nreRnBafy REA AT of Pefa BHFERACh ipaRerdTTRal | i qui d
condi tion &fhafaBt8Pi5eTRCHBY D LU &emegg%%ﬁ‘u%ﬁ586833;%{“3i zati on

type, either of a batch-wi se type and a continuous t 25 A

hod of ' ' ! ' {
met hod o ééﬁﬁ&dﬂnémﬁéﬁ@ﬁﬁ@dd@s&?ﬁB@WﬁHSDHQMﬁﬁ#éﬁ%}gégigrgﬁq?ﬁ%ﬁ'n a

particularly limted. Exanples thereof are a netho edi ng

solid condi17on44andla7ent Mettaef, Meexi novadensi nwa eondi i Qe arg
solution, a suspension or a slurry, using a hydrocarbon solvent, from

whi chP conmAREPERL BON d8pectvum wgscatbtiadsied oppoaeneasanelrent My ixidiren and
oxygen 63 are conpletely renoved, Wien the respective conponents are used
as a sol utji’b‘ﬁ‘;"’“r gPegicometan bhTof R7¥O O orponbac t ure dhwiNT RRONEBHN @ Nt
(C are Iy fromO0.0001 to 100 mmvl /L, and preferably from5 0. 01 to
10 mol /L, converted to a netal atom respectively. The concentration of
the conponent (B) is usually fromO. 0001 to 100 nmol/L, and preferably
fromO. 01 to 10 nmol /L, converted to a netal atom The pol ynerization

tenperatu«@ﬁ:ﬂﬂgﬁgﬂéﬂbfﬁpgbogggytg&,;9)35000, preferably from-20 to 300t
, and nore preferably from 20 to Or-. The polynerization pressure is

usualodly from 0. It twasS5iedfarepraterably {10 €edrs2i3000ME2 1A AU E
preferably from0.1 to 200 MPa. In general, the polynerization tine can
an Ubbelohde viscometer.

(3) Molecular weight and molecular weight distribution
They were determined under the under-mentioned
15 conditionsaccordingto51ge1permeationchromatography(GPC).
A calibration curve was prepared using standard polystyrenes.
Molecularweightdistributionwasevaluatedbywaratio,(Mw/Mn),

of a weight average molecular weight (Mw) to a number average

molecular weight (Mn):

20 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

25 measurement concentration: 5 mg/5 ml.

Example 1
(1) Preparation of bismuth compound
Into a 300 ml four-necked flask purged with argon, 9.88

30 g (22.4 mmol) of triphenyl bismuth and 100 ml of toluene were



be appropriately determ ned according to the kind of a desired 15 pol yner

and a reaction apparatus, and a range of from1l mnute to 20 hours can be
adopted. In order to control a nolecul agswei ght of an addition polymer, a
chain transfer agent such as hydrogen nay be added. 20 Exanpl es The present

' ' ' h id lLystrat in detail . according to Exanpl es and
coroar 1 SPREASAPErL Y LA I3 ek PR Mt SRR
LT {; iV, :
Toasur o e BT D bR BB Sfinb T B s Rl SSonign s
unit in copolipeenl cEhos Lushaivahsanel arngs £se ; Tﬁ@_@ea%f?@h%%jd?{uﬁg a

-olefin unit in an obtained polymer 30 was determned froman

absor pt i onwapest turpdwifereil’s .tshéhdifrs neaSHS GAEBEmpRE aG &l AtHON, WehE
carried out by using characteristic absorptions derived fromthe ca
-oleftn, TRAGFUPRGVAS gamidiesd Qs chd befor n4 " Boerbhkindend ecul are Cheni e,
177, 449 (1976) MRa M. A, Madams, W F.", and the IR 5 absorption
spect rum vﬁ%l%%?%Tﬁ%ngifl&gnﬁé’%%' usthl Bar iLEf haved adperoonet er ( FT-

10 1t vas eaRtra6EEe VLA T EeR O Mandl liqefln Berngnesramietitde
ver o dot o et et R A, 0 7 ngRE A ol s Eiker o iPmed pe
per neat i oryeliraowmneedleapi ey sta wadl £DI bR ,CAK Y B4R PLERRNEL HS, NI
standard pol ystyrenes.
10 at room temperature, thereby obtaining 12.6 g of a yellow
) crystal.
Next, into a 100ml four-necked flask purged with argon,
0.978 g (1.15 mmol) of said yellow crystal and 30 ml of toluene
were charged. Thereto, 0.250 g (1.18 mmol) of
15 pentafluorophenylboric acid and 10 ml of toluene were charged
at room temperature. The mixture was stirred for 3 hours under
arefluxing condition. By allowing the mixture to stand without
stirring, awhite precipitation was formed, and the supernatant

liquid was a yellow clear liquid. A white crystal was obtained

20 by distillingout volatile components under vacuum, and drying.

(2) Production of addition polymer
After drying under vacuum an autoclave reactor having
an inner volume of 400ml equipped with a stirrer, and replacing
25 the atmosphere thereof with argon, 190 ml of hexane as a solvent
and 10 ml of l-hexene as a comonomer were charged, and the
reactor was heated to 70 C. Then, ethylene was fed while
adjusting at an ethylene pressure of 0.6 MPa. After the system
was stabilized, 0.25 ml (250 4mol) of triisobutylaluminum (1

30 mmol/ml, toluene solution) was charged, successively, 0.5 ml



Mol ecul ar wei ght distribution was evaluated by a ratio, (Mv M), of a

wei ght average nol ecul ar weight (Mw) to a number average nolecul ar weight
(M1): 20 equi pnent: 150C type, manufactgged by MIlipore Waters Co., Ltd.
col um: TSK-GEL GWHHT, 7.5 X 600 X 2 columms, neasurenent tenperat ur5e: e
140" C, sol yeny: I &hl NEAS nt .concentratiqn: ny
n . Exanplg§1h€¥$tg#ggé€g€?gﬁﬁgpg€#gﬁg¥ﬁg€8npéﬁﬁgﬂﬁﬂtglgﬂgﬁﬁlﬁf ﬁ%hﬁénecked
flask purgesllymlh 86008ne9:88utddm @%%‘%HHF&QdFﬁaﬁd'iﬁﬁwyl7§!§g¥6ho€nd

100 M of toluene were 65 charged, and the m xture was stirred room

tenper at urghe Wiitetayystsblabiamnel iR. 6hg 468v& MPlladfcharged. The
pent af | uorophenol in 100 mM of toluene was added dropw se. Thereafter, the

mxture \RBL¥I¢Fization w8s5chvmisdabutoatn 7enferfdmrd mihaites hender
reaction was rried out (i) for 4 hours under a toluene-refluxing
%45

conditi on, ng tthyleBar tat kte&ﬂnd (_tl’t%rﬁfw?'%@ﬁ;‘é, t?t?ﬂ-) pﬂ-‘@rstszrf;;rzfugdeg a
tol uene-r | g ditLon an |vg_ or our at room ] :
f or med ygite%éo{’\z/(\;@n'eeldﬁ)g’[1 i%% ¥ _l_ L}F’g"e?%d;owe;ﬂ?z\;é\'lﬁﬁ?rﬁd&astawl Eﬁﬁll\;)r(r][ 10
at room t eRe R Ynfer £ 4168 L DY 4R 6 M 2 stal . :
into a 100n ou?(t necked er%s p%(g% vmgttz% éﬁb@ﬁ‘,éﬁ%{ %‘78’356(% fSi;n'?z'r‘gi)) of
said yel | gmlysd®fhene, 306 Tt , Ok slo@louena 2vef e f@gﬁggg}v'g‘?%r_et o, 0. g
(1.18 mml) of 15 pentafl uorophenylboric acid and of “t'ol uene were
charged at roomtenperature. The m xture was stirred for 3 hours under
| 10 Comparative Example 1
Example 1 was repeated except that 73.9 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

ethylene-1l-hxene copolymer was obtained.

15
Comparative Example 2
Example 1 was repeated except that 73.9 mg of the white
crystal used in Example 1 (2) was changed to 60.9 mg (71.6
“mol) of the yellow crystal prepared in Example 1 (1). As a
20 result, only a trace of an ethylene-1l-hxene copolymer was
obtained.
Comparative Example 3
(1) Preparation of bismuth compound
25 Into a 100 ml four-necked flask purged_ with argon, 0.957

g (1.13 mmol) of the yellow crystal prepeared in Example 1
(1)and30mloftoluenewerecharged. Thereto, 0.120g (0.568
mmol) of pentafluorophenylboronic acid and 10 ml of toluene
were charged at room temperature. The mixture was stirred for

30 three hours under a refluxing condition to obtain a toluene



a refluxing condition. By allowing the mxture to stand without stirring,
a white precipitation was forned, and the supernatant [|iquid was a yell ow
clear liquid. A white crystal was obtaiged 20 by distilling out volatile
conponent s under vacuum and drying. (2) Production of addition polyner

Af t dryi t,ocl t hayi i | f
200m. equi PaeaCEeh, B2 EHE, BE SRR U SRR i d®h, B8 a0 dran ther cof
Wi th argongod@&dnttadliol@Ee 8S sthui@ c‘!@lﬂfyo&ﬁg ok d 5 %m(}%hgéeiﬂxﬁ.éﬁv%zg?rhyl ene

conmononmer were charged, and the reactor was heated to

was fed whidrecentiasibigvas @l ebhuteRes PHASEHE CciirQe8 MounthtSE ﬁl@
system was stabilized, 0.25 m (250 Jinol) of triisobutylalumnum 30
mmol / M, tedmpowendsl uti on) was charged, successively, 0.5 mM 66 (1 ,u nol)
of et hyl enebi s(indenyl)ziconiumdichloride (2 /2 nol/m, toluene solution)
was charged, and then, 73.9 ng of the white crystal obtained in the above
(1) was cggggﬁd. The E‘Ol ynmerjization was carried out at 70 C for 30 m nutes
under 5 fEedi h§PePAyIeRe Ofo adddf 49 ROR¥MEAt total pressure. As a result,

1.97 f -1-h | bt aj . Th | i i
et v?; g %?;is,et BfeRRTeLL ?vﬁ?ﬁé’%%p% “%fll e Rrtk Shatoda 9231. a?:f%&éx}fg;gtﬂd
1, peﬁhﬁ@lclégsjt%lcﬁgga @ﬂéi‘@ﬁ%&@ &Jréééﬁp’qge%lﬂl%‘gf TS tluQid)r{ Op

that 73.9 ng of the white crystal used iIn was~ change

49.8 ny ( bbEdine®l|in ofhd rapseay (Ri)SMilsh.a A dul€sUbhiy08! ¥rack 3¢ Hf an
et hyl ene-| - hxene copol yner was obtai ned. 15 Conparative Exanple 2 Exanple 1
was Yepeaeddiydereptl ttretnd cOpoymbrt hasvutdtsmined.
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crystal used in Exanple 1 (2) was changed to 60.9 ng (71.6 LI nol) of the
yel l ow crystal prepared in Exanple 1 (1) . As a 20 result, only a trace of
an ethyl ene-1-hxene copol ymer was obtagged. Conparative Exanple 3 (1)
Preparation of bisnmuth conmpound 25 Into a 100 m four-necked flask purged
with argong %.m357 g (1.13 mmol) of the yellow crystal prepeared in
Exanple 1 % f and 30 m of toluene were charged. Thereto, 0. 120 g (0. 568
mol ) of pentafl uorophenyl boronic acid and 10 ml of toluene were charged
at roomtenperature. The m xture was stirred for 30 three hours under a

refl uxi ng conditiionat me&ﬁlaidbrﬁadlﬂi&e@EtQZneaob?t 20 fedde LbRPHiBing
conpound, which solution had a concentration of the bisnmuth conpound”of
28.2.,u noth@i ¢hep ofi chntechdent thei do Masyiosd cdrseded t o &hetshaeged
amounts of the conpounds. 5 (2) Production of addition polyner Exanple 1
(2) was reprarednekeemmeynt of3 thengospanient i)t eootpsitald isefirbmedelln was
changed to_5 €1 OL the solution obtained in the above (1). As a result,
only a trat® 3"ah- 20%LHe aneuntehetheperprerends (sHt slankrceed Clai s
1. A netal 0 ibned by a pro S conprising, the step of

cont act i ngflfﬁe f'ﬁ?gﬁhélcﬁ%ﬁﬁeﬁ?g ?fal)%%teoc‘(“gg?ngn\ﬁh%? bi FRIRESHBURLY of t he
conponent (b) cophycd Rbrigodd @R i t
conmponent (c) cothctedié? froﬁggﬁ%%éﬁ%ﬁ#ﬁ?%hgggg&iﬁgﬁﬂg?ggﬁgaggngg%ent
(a) , respectively:

10 BiL', [11,
(b) a compound represented by the following formula [2]

R, ,TH (2], and
15

(c) a compound represented by the following formula [3],
R*3_nJ(OH), (31,

20 wherein r is a valence of Bi; L! is a hydrogen atom, a halogen
atom, a hydrocarbon group or a hydrocarbon oxy group, and when
two or more L!'s exist, they may be the same or different from
one another: T is a non-metal atom of the Group 15 or 16 in
the periodic table; s is a valence of T; R! is an

25 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 2 or 3;
J is an atom of the Group 13 in the periodic table; and R? is
a hydrocarbon group, and when two or more R2?'s exist, they may

30 be the same or different from one another.



( a) a conmpound represented by the following fornula [ 1 ] 10 BiLlr 15 (b)
a conpound represented by the followwng formula [ 2] Rs-1TH[ 2] , and
(c) a conpound represented by the folloggng formula [ 3] , R23-nJ(CHn
[3], 20 wherein r is a valence of Bi; L1 is a hydrogen atom a hal ogen
atom a hydrocarbon group or a hydrocarbon oxy group, and when two or nore
L1's exist, they may be the sane or different from one another; T is a

non-netal atom op.thgeCnataileotpothid Reddta ey i ofiE % rgﬁéﬁﬁP%é?fny | ence

of T, RLis an 25 electron-w thdraw ng group or~ an el'e aw ng
group- cont & nangigerogen atdrvian dnVo0fgdRr 8BRS exist, they nay be the
sane or different fromone another; ni1s 2 or 3; Jis an atomof the Goup
13 in the periodic table; and R2 is a hydrocarbon group, and when two or
nore R2' s exist, they may 30 be the same or different from one another. 69
2. The metal conﬁodﬁﬁedﬁé 2di agnpoutfapacordingr gonCIaimsla wheredanRat om
or an oxygen ato 5 3. .The netal caonmpound according to Claim1l, wherein Rl
is a halo %aﬁé%g%QE?BEQFGOHxﬁQQﬁirQRH1§EP%EtaI conmpound according to
Claim1, wherein the conponent (b) is a fluorinated phenol. 10 5. The
metal conpound according to Claim1, wherein the conponent (b) is

pent af | uor ophenoj , 'lﬁlse Mt AP CRmpoWRPURE BN S 14391816 B MrardETELD B

15 has a val ence of
component (b) is a fluorinated phenol.

10
' 5. The metal compound according to Claim 1, wherein the

component (b) is pentafluorophenol.

6. The metal compound according to Claim 1, wherein Bi

15 has a valence of 3.

7. The metal compound according to Claim 1, wherein J

is a boran atom.

20 8. A catalyst component for addition polymerization

comprising a metal compound according to Claim 1.

9. A catalyst for addition polymerization obtained by
aprocesscomprisingthestepofcontactingacatalystcomponent

25 foradditionpolymerizationaccordingtoClahnswithacompound
(B) of a metal selected from the group consisting of metals

of Groups 3 to 12 and lanthanide series, and optionally an

organcaluminum compound (C).

30 10. The catalyst for addition polymerization according



7. The metal conpound according to Claim1l, whereinJ is a boran atom 20
8. A catal yst conponent for addition polynerization conprising a netal
conpound according to Claim1. 9. A catgahyst for addition polymerization
obtained by a process conprising the step of contacting a catal yst

conponent 2 . addi L lywnerizatio ording to. daim8 with a
conmpound (%)éfo%lnggr're ﬂé‘?gggﬁe%i}eegof@&ﬁnt%hgﬁgr]tﬁjﬁ @%ﬁ%?‘%?\"ﬁ@ecﬁo'?@?‘a‘l@- of
Goups 3 to 12 and | anthani de series, and optionally an organoal un num
conmpound (C). 30 10. The catalyst for addition polynerization according 70

to aim9, wherein hherowEbs BrésudiAgt ah! fa‘aa&%iw{%%e%l- A
(0]

process for producing an addition polynmer conprising the ste

pol yner i zi @gmBRiadngttlon siwp vErpabiher Sz IMyaRaddl € 1n Poasaie b fe

catal yst for addition polynerization according to Claim9. 12. The process

for p? oducTPRPBEAT ai@i thenppeisgnse oft corah halyst CEarmatiiitwfear ei n t he

addition polynerizable 10 nononer is an olefin. 13. The process for

produci ng B Wf?%ﬁlﬁﬂl PFSOTAAND IR fglaBn Pai m 11, wherein the addition

pol ynmeri zabl e nononer is a conbination of ethylene and an a-olef in. 15
12. The process for producing an addition polymer

according to Claim 11, wherein the addition polymerizable

10 monomer is an olefin.

13. The process for broducing an addition polymer
according to Claim 11, wherein the addition polymerizable

monomer is a combination of ethylene and an Q@ -olefin.

15



