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BUCKGROUND OF THE INVENTION

Field of ﬁh Invention

| The present invention relates to an olefin
polyherization catalyst component, an olefin polymerization
catalyst and a process for producing an olefin polymer.

In more particular, the pfeSent invention relates to a
process for producing an olefin polymer, particularly a
linear low density polyethylene by using a transition metal
complex having a cyclic structure where two oxygen atoms are
bonded with:the transition metal atom and further containing
a hetero atom in a substituent not contained in the cyclic

structure as a main catalyst component for the olymerlzatlon

of olefln,

Prior Art _ :
Many reports have been already published about methods

for producing a olefin polymer with a metallocene complex.
For example, in Japanese Unexamined Patent ?qblication Sho
No.$8-19309, a'process for producing an olefin-poiymer with
a metallocene complex and an aluminoxane is reported.
However, there was a problem that the molecular weight of

the olefin polymer obtained was low when an olefin was -
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of ol efin: Prior Art Many reports have been al ready published
about nethods for prooducing a olefin polyner with a nmetal | ocene conpl ex.
For exanple, in Japanese Unexam ned Patent Publication Sho No.58-19309, a
process for producing an olefin polynmer with a netallocene conplex and an
al um:noxane is reported. However, there was a problemthat the nol ecul ar
wei ght~of the ol efin polymer obtained was | ow when an ol efin was

- 2- pol ynmeri zed with the system using hj s(cycl opentadi enyl) zirconium

di chl'ori de and net hyl al um noxane. ) i nprove this problem in WO
Publ i cati on No.87/02370, the usage of a reaction product of an organic

compound | o BemarAFechrel FRE SRS M b1k fey PO AL Y F)
et hyl al Ui R T hat l t hough

, probl em that al though its
nol ecul ar wei ght s inpxeard \thiisgipratblem adim WG ghathiksicataidn on t enperature
nan ?ndusugj§7/0237o’ the usage of a reaction product of an organic
compound having at least two hydroxy groups with a
transition metal compound is reported.
But, in the system using |
2,2'-thiobis(6~-tert-butyl-4-methylphenoxy)titanium
dicﬁloride and methylaluminoxane in the report, there was a
problem that although its molecular weight was properly high.
at ‘an advantageous reaction temperature in an indust:ial
process, the activity was low.

' In Japanese Unexamined Patent Publication Hei No;
5-230133, a process for polymerizing propylene or ethylene
by using 2,2'-thiobis(6-tert-butyl-4-methylphenoxy)titanium
dichloride, triisobutylaluminum and |
triphenylmethyltetrakis(pentafluorophenyl)borate is
disclosed, but the polymerization temperature is too low
from the viewpoint of an industrial process.

on the other hand, in Japanese Unexamined Patent
Publication Hei No.6-192330, there is disclosed a process
for copolymerizing ethylene with an «a -olefin at 80°C with
2,2}-thiobis(Gftertfbutyl-4-methylphenoxy)titanium
dichloride, triisobutylaluminum and
dimethylaniliniumtetrakis(pentafluorophenyl)borate, but

there was a problem that a large amount of

triisobutylaluminum was used.



process, the activity was | ow. I n Japanese Unexam ned Patent

Publ i-ce{ i on Hei No. 5-230133, a process for polynerizing propyl ene or

et hyl ene by using 2,2'-thiobis(6-tert-butyl-4-nethyl phenoxy)titanium

di chliort de, triisobutylal umi num and "
tri phenyl methyl tetraki s(pentafl uorophenyl)borate is disclosed, but the
pol yrreri-zation tenperature is too low fromthe viewpoint of an |ndustr|al
pr ocess. On the other hand, in Japgnese Unexam ned Pat ent

Publ i-cati on Hei No.6-192330, there is diS8l osed a process for

copol ynerizing ethylene with an a-olefin at 80[err]C with

2,2"-thiobis(6-tert-bu -4- enoxy)titani um di chl ori de,
trllsobutyI§ nP? éﬁg'iggﬁygihﬁhiniuntetrakis(pentafluorophenyl)borate,
but there was a pagbhgfetiabeathel ge-e%%n&n%ntt&bhsqlautﬂd PG IaEN d\afew
used. SUMVARY THE | NVENTI ON

An obj ect OEathiyéte&e Fonénentbanpb&ymernzdngdanaomeﬁlnc&ma&msuxqpmponent
for polynerizing an olefin exibiting a high activity at an advantageous

reaction tehpghaaatevmnyantlnnugﬂvaataﬁﬁeﬂés§eaCthQAﬁﬁﬂmﬁrqﬂﬂHQHFQﬁaQrm

present invention is_to 8FOVIde
industrial process.

Another object of the present invention is to provide
a catalyst making the reduction of the amount used of an
organoaluminum poséible and giving an olefin polymer with a
high molecular weight. '

Other objects and advaﬁtages of the present invention
will be apparent from the'déscription below.

The present inventors have intensively studied an

" olefin polymerization catalyst component and a catalyst

using the component. As a result, the present inventors
found a transition metal complex having a cyclic structure
where two okygen atoms are bonded with the transition metal
and further containing a hetero atom in a substituent not
contained in the cyclic structure as a catalyst component
for polymerizing an olefin, and completed the present
invention. ' )

That is, the present invention provides an olefin
bolymerization catalyst component represented by the

general formula (1):

/ \
Y-B ,M< (1)
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a catal yst nmaeking the reduction of the anount used of an organoal um num

possi ble and giving_an olefin polyner with a high nolecul ar wei ght.

Q her~gbj ects and advantages of the present invention wll be apparent

from the descri pti dhisBkdethus Been Repldda@ present i nven{Gffs RANET | ) WEl Y
u

studi-ed an ol efin pof atal yst conponen{ and ggabghys 51 Ng
t he component. As a I cl £ +
conpl ex having a cyclic struc

esent inventors ftoumrd—a—t+ears+++oer! net al
: wher e tjw oxygen atoms are bonded with

the transition netal and further containing a hetero atomin a substituent

not contained in the cyclic structure as a catal yst conponent for

pol ymer | 21 NqwaRe@lisf 1 15230 eamRlieiah Wakal S nd MM 'dRAp or tdal s,

t he- present ‘i nvention provides an ol efin polynerization catal yst conponent

r epr esent edranthan idenSexliesoinuithe( Perioddkr [rable. 0 is an oxygen

-4- (wherein Mis a transition netal of the 4th G oup or the Lanthanide

Series in tB&omer Eagihc ofaBl @ndOA's ign aphygaecarbon or halogenated

hydrocarbon group having 1 to 50 carbon atoms, or a

hydrocarbon or halogenated hydroc&rbon group having a
substituent containing an oxygen atom, and having 1 to 50
carbon atoms, and A and A' may be the same or different. B
is the residual group of the 13th to 15th Groups capable of
forﬁing bonds at three positions.) .

. EBach of X and X' is a halogen atom or a hydrocarbon group

" having 1 to 20 carbon atoﬁs'and X and X' may be the same or

different. Y represents a hydrocarbon or halogenated
hydrocarbon group containing at least one or more of hetero
atoms and having 1 to 20 carbon atoms. In the above formula,
O represents an oxygen atom.

Moreover, the present invention provides an olefin
polymerization catalyst comprising using said catalyst
component above and at least one compound (A) selected from.
an organoaluminum compound indicated by the general formula
ElaA123:. (Al), a cyclic aluminoxane having a structure
indicated by the general formula {-Al(E2?)-0-}» (A2) and
a linear aluminoxane having a structure indicated by the
generél formula E’(E*-Al-0)cAlE*:(A3), wherein each of E?,
E?* and E? is a hydrocarbon group having 1 to 8 carbon atoms,
and in the above-mentioned general formulae all of E!, all
of E? and all of E* may be the same or different. 2

represents a hydrogen or halogen atom and 2 or more kinds of



atom Each of A and A is a hydrocarbon or hal ogenated hydrocarbon group
havi-ng.1 to 50 carbon atoms, or a hydrocarbon or hal ogenated hydrocarbon
groug-having a substituent containing an oxygen atom and having 1 to 50
carpen atons, and A and A' may be the sane or different. B

/ iﬁgthe Periodic Table is the residual group of the 13th to 15th

G oups/ capabl e of formng bonds at three positions.) Each of X and X is
a hal ogen atom or a hydrocarbon group hg@ ng 1 to 20 carbon atons and X

and X may be the same or different. Y represents a hydrocarbon or

hal ogenat ed hydrocarbon group containing at | east one hetero atons and

having 1 t0;3029" B8N cBhARI el 1hENEOAKICLHIEN 3 1a0a HigBRAL S an oxygen

atom r, resent 1 nvention provides an olefin

pol ymer i zat gqRis#yahyst 0cOEIE BSi,np vepresents aat dhyegerovifoRent moxes and
at | east one conmpound (A) selected from an organoal um num conpound

i ndi cat ed bgnidhe gepresenter anl dAnEpger] of 1] oxr poraAl-), a cyclic al umi noxane:

having a structure indicated b% t he general fornula 3—A1(E[err -OQllerr]
(A2) and a |ineaFu&FBfFmokBRe FS§FR§ invention: preyifes: a4 Py & er al

fornula ElerobCELGE by OhiG" PLAVRCE! GCHl GRk) cablgygn cach of Eferr].

E[err] and rocarpon-group having 1 to carbon atons, and in

the above-menti onggegppesahtf eavehegon! isobxpllainkd ahl detakfiebelloand al
of E[err] may be the sane or different. Z represents a.hydrogen or hal ogen

atomand 2 or nore kinds of -
' DETAILED DESCRIPTION OF THE INVENTION
| In the catalyst component for polymerizing an olefiﬁ
represented by the above-mentioned general formwla (1), M is
a transition metal element of the 4th Group or the
Lanthanide Series of the Periodic Table of the Elements (the
revised edition of IUPAC nomenclature of inorganic
chemistry, 1989), and examples include a titanium atom, a
zirconium atom, a hafnium atom, a samarium atom and the
like. A titanium atom, a zirconium atom or a hafnium atom is
preferred.

Each of A and A' in the above-mentioned general
formula(l) is a hydrocarbon or halogenated hydrocarbon group
having i to 50 carbon atoms, or a hydrocarbon or halogenated
hydrocarbon group having a substituent containing an oxygen
‘atom and 1 to 50 carbon atoms. Examples of A and A' include,
for example, an alkylene grbup(formnla(z)), a vinylene
group(formula(3)), a phenylene group (formula(4)), a
néphthalene group(formula(5)) represented by the following
general formulae (2)-(5), and ahy combinations thereof, but

they are not restricted thereto.



Zs may be contained in the nolecule. a is.a nunber satisfying O<a[err]3,
b represents an integer of 2 or nore, and c represents an integer of 1 or
nor ez’ Further, the present invention provides a process for
produci ng an ol efin polynmer with said catal yst. The present invention
is explained in detail bel ow. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

In the catal yst conponent for polynerizing an olefin represented by the
above-nentioned general fornmula (1), Mis . a transition nmetal elenment of the
4th Group or the Lanthanide Series of t i@ Peri odi ¢ Table of the El ements
(the revised edition of |IUPAC nonencl ature of inorganic chemstry, 1989),
and exanpl es include a titaniun1aton1-anL coniumatom a hafniumatom a
samarium atom and the like. A titaniumdt {n a zirconiumatomor a hafnium
atomis preferred. Each of A and Al in the dbove-nentioned genera
formul a(l) is a hydrocarbon or halog%gat Bydrocarbon group having 1 to 50
carbon atons, or a hydrocarbon or hallogerfat dn drocarbon gr(@)p having a
substituent containing an oxygen atomanll 1 to 50 carbon atons. Exanpl es of
A and A include, for exanple, an alkylgqe group(formula(2)), a vinylene
group(fornul a(3)), a phenylene group (fdrv@l a(4)), a naphthal ene
group(fornul a(5)) represented by the follow ng general formulae (2)-(5),
and any conbi nations thereof, but th@ﬂi?re R, restricted thereto.
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(R7)x (RB)Y.
(35)

Bach of R:, Rz, Rs, Re, Rs, Re, Ry and Rs is a hydrogen
atom, a hydrocarbon or halogenated hydrocarbon gréup having
1 to 20 carbon atoms, a hydrocarbon group having a '
substituent containing oxygen, aﬁd having 1 to 20 carbon
atoms or a halogen atom, and they may be the same or

 different. Each of ni, na:, ns and ns is an integer of 1 to



[err]
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5, preferably 1 to 3, more preferably 1. Each of 1 and m is

- ':P/'

I

an integer of 0 to 4 satisfying 051+m%4, x is an integer
of 0.to 2, and ¥y is an integer of 0 to 4. |

As examples of R:, Rz, Ri, Rs, Rs, Rs, Rs and Rs,
hydroéarbon groups include methyl, ethyl, n-propyl,

" isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-
pentyl, neopentyl, n-hexyl, n-octyl, pheﬁyl, 2-methylphenyl,
3-metpylphenyl, 4-methylphenyl, 2,3-dimethylphenyl,
2,4-dimethylphenyl, 2,5-diméthylphenyl, 2,6-dimethylphenyl,
2,3,4-trimethylphenyl, 2,3,5=trimethylphenyl,
2,3,6-trimethylphenyl, 2,3;4;S-tetramethylphenyl,
2,3,4,6-tetramethylpheny1, pentamethylphenyl, a fluoromethyl
group, a difluoromethyl group, a flubroethyl group,
1,1-difluoroethyl, 1,2-difluoroethyl, 1,1,2-trifluorcethyl,
tetrafluoroethyl, chloromethyl, dichloromethyl, chloroethyl,
1,1-dichloroethyl, 1,2-dichloroethyl, 1,1,2-trichloroethyl,
tetrachloroethyl, bromomethyl, dibromomethyl, bromoethyl,
1,1-dibromoethyl, 1,2-dibromoethyl, 1,1,2-tribromoethyl,
tetrabromoethyl ethyl, 2-f1uorogheny1, 3-fluorophenyl,
4-fluoropﬁeny1, 2,3-difluorophenyl, 2,4-difluor6pheny1,
2,5-difluorophenyl, 2,6-difluorophenyl,
2,3,4-trifluorogheny1,'2;3,5-trif1uoropheny1,
2,3,6-trifluorophenyl, 2,3,4,5-tetrafluorophenyl,
2,3,4,6-tetrafluorophenyl, pentafluorophenyl}
2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl,
2,3-dichlorophenyl, 2,4-dichlorophenyl, 2,5-dichlorophenyl,
2,6-dichlorophenyl, 2,3,4—trichlofophenyl,



Each of Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr] and Rerr]
Is a hydrogen atom a hydrocarbon or hal ogenated hydrocarbon group havi ng
-1 to20 carbon atonms, a hydrocarbon group having a substituent containing
oxygen, and having 1 to 20 carbon atons or a hal ogen atom and they may be
the sane or different. Each of n[err], n[err], n[err] and n[err] is an
integer of 1 to -7- 5,
preferably 1 to 3, nore preferably 1. Eggp of 1 and mis an integer of O
to 4 'satisfying O[err] 1+nferr]4, x is an integer of 0 to 2, and y is an
i nteger of 0 to 4. As exanples of Rerr], Rerr], Rerr], Rerr],

, 2 3h i ncl ud :
Rlerr] R[ﬁrj’p’]ﬁ_,ﬂféﬁio pé?ghﬁig L?&F,’%%ngﬂéﬁﬂl' ncl ude net hyl

et hyl, n-pro I'SOpro c-butyl, tert-butyl, n-
pentyl, nqm§¥1)dqtétf@%ulorﬂ?ﬁéhylw plgiay)4 , &-tethgchberpbhenyl,

3- nmet hyl phenyl , 4- net hyl pheny 2, 3-di net hyl phenyl ,
pentachlorophenyl, 2-bromophenyl, 3-bromophenyl,
4-bromophenyl, 2,3-dibromophenyl, 2,4-dibromophenyl,
2,5-dibromophenyl, 2,6-dibromophenyl, 2,3,4-tribromophenyl,
2,3,5-tribromophenyl, 2,3,6-tribromophenyl,
2,3,4,5-tetrabromophenyl, 2,3,4,6-tetrabromophenyl,
pentabromophenyl and the like.

.Hydrocarbon groups having a substituent containing
oxygen include methoxy, ethoxy , n-propoxy, isopropoxy, n-
butoxy, sec-butoxy, tert-bﬁtbxy, isobutoxy, phenoxy,
2-methylphenbxy, 3-methylphenoxy, 4-methylphenoxy and the
like, and halogen atoms include a fluorine atom, a chlorine
atom, a bromine atom and an iodine atom.

Among these, each A and A' is preferably a phenylene
group represented by the general formula(4). Rs and Rs
include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-
butyl, tert-butyl, phenyl, methoxy, ethoxy, a chlorine atom
and a bromine atom, and as A and A', 1,2-phenylene, '
1,2—(6-me£hylphenylene),.1,2-(6-tert-butylphenyléne),
1,2-(4,6~-dimethylphenylene), .
1,2-(4,6-di-tert-butylphenylene), 1,2-(6-tert-butyl-4-methyl
phenylene), 1,2-(6-tert-butyl-4- methoxy phenylene) and
1,2-(6-tert-butyl-4-bromophenylene) are more preferred.

B in the above-mentioned general formula(l) is the
residual group of the element of the 13th to 15th Groups

capable of bonding at three positions, and concrete examples



- di et hyl phenyl, -2, 5-di net hyl phenyl, 2, 6-di net hyl phenyl, 2,3,

ri met hyl phenyl, 2,3,5-trinethyl phenyl, 2,3,6-trinethyl phenyl,

3, 4, 5- tetranethylphenyl 2,3,4,6-tetranet hyl phenyl, pentanet hyl phenyl ,
oranet hyl group, a difluoronethyl group, a fluoroethyl group,
-difluoroethyl, 1,2-difluoroethyl, 1,1,2-trifluoroethyl,

etr & | uoroet hyl, chloronethyl, dichloronethyl, chloroethyl,
|chloroethyl 1, 2-di chl oroet hyl , <9<, 2-tri chl or oet hyl ,

rachl oroet hyl, brononet hyl, dibronmonethyl, bronoethyl,
ro

o -

| bromoet hyl, 1, 2- dlbronDethyI 1,1, 2- trlbronDethyI tetrabronmethyl

-d
-d
| uor opleeiyg J.t&!ltidarpﬁuenpkampdefpl mrrummg/en atom, daf bQ@P@bWé?BR a
-d
-di
-d

i tl uorophenyl, 2, 65-difluor uor o
,4-tri mhesehtialy atong an P#&E’a&%&%rﬂﬁ oup %%“???Exddr Spohenyl ,
4
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chl q]éi@ﬁwl form®?1di ahHoeaRhaiKe, Dift dird|wsvphesyricted

tri chl or ophenyl , 2,3,5-trichl orophenyl,

tr i dilexethenyl , 2,3,4,5-tetrach|orophenyl

nophenyl , 2, 3-di bronmophenyl, 2, 4-di bronophenyl, 2,5-di bronophenyl,
|bronDphenyI 2,3, 4-tribronophenyR, 2,3,5-tribronophenyl, 2,3,
ri bronophenyl , . : ' 9 .

—+C-)-r']—5- (6)

03RJ£>thJthJthJDJthJFA"*F*”}A'*hjbdv
"’CDC)'OOOO(DJ}-O woo-b-—“lé'"'l—\'-*pc oor—r_p
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Each of Ry and R:o is a hydrogen atom or a hydrocarbon
group or hélogenated hydrocarbon group having 1 to 20 carbon
atoms, and each of nsand ne¢ is an integer of 1 te 20.
Examples of Ry and Rio incluae methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-
pentyl, neopentyl, n-hexyl, n-octyl,'phenyl, 2-methylphenyl,
3-methylpheny1,'4-methylpheny1, 2,3-dimethy1phenyl,
2,4-dimethylphenyl, 2,5-dimethylphenyl, 2,6-dimethylphenyl,
2,3,4-trimethylphenyl, 2,3,5-trimethylphenyl, |
2,3,6-trimethylphenyl, 2,3,4,5-tetramethylphenyl,

a

4 -
, 4, 6- tetrachlorophenyl, pent achl or ophenyl , 2-bronDphenyI, 3- br onophenyl ,



2,3,4,5-tetrabronophenyl, 2,3,4,6-tetrabronophenyl, pentabronophenyl and
the like. Fwdrocarbon groups having a substltuent cont ai ni ng oxygen

i ncl ude met hoxy, ethoxy , n-propoxy, isopropoxy, n- butoxy, sec-butoxy,
tert-butoxy, isobutoxy, phenoxy, 2-nethyl phenoxy, 3-nethyl phenoxy,

4- et hyl phenoxy and the |ike, and hal ogen atons include a fluorine atom a
chl ofi ne atom a brom ne atom and an iodi ne atom Anmong these, each A
and A is preferably a phenylene groupjpepresented by the general

formula(4). Rerr] and R err] include nethyl et hyl, n-propyl,

i sopropyl,

n- butyl , sec- butyI tert-butyl, phenyl nethoxy, ethoxy, a chlorlne atom
and a bro h 1?&& Ighenyl, fluoromethyl
1, 2-(6- net eny %ﬁggmé% ? %gt butylpheny?e%e ¥ !

1,2-(4, 6(Hitiﬁb%éméﬂhyﬁmeflub:be@hji;hkaﬁdlﬁhuyrpb&hyﬂene)

1,2-(6-tert-butyl-4- nethﬁ phenyl ene), 2-(6-tert-butyl-4- nethox
yl ¥ﬁﬁﬁ;

phenylemﬂleﬂ&ﬂiﬁkﬂ@ﬁaet buﬂyﬂaﬂﬂﬁﬁiﬁkﬂﬁ¥9¢ﬁh¥ }rate

yaRaeh vk,

B th b t ' dual f th
ol enent ofcHHeraRPERYDs 181A PGPSR o AP EBEREYRG ot 1 hr ae posi ti ons.
o Concr%bﬁlqgﬂgﬂ*géogtﬁygfo én-diChlorimwo%l' 1;1,2-trictiorodtnfl,

I ncl ude exanpl e atom a

atom 'a phosphor us aton1 an

a'ky|ldym%éﬂf&&ﬁi@fﬁ&tﬁ&@h)br@mdﬂéﬁhyﬁ;ﬂdibgonométhy&ula@ﬁmoethybsented

by the foll ow ng

1,1-dibromoethyl, 1,2-dibromoethyl, 1,1, 2-tribromoethyl,

tetrabromoethyl, 2-f1uoropheny1, 3-fluorophenyl,

4-fluorophenyl, 2,3-difluorophenyl, 2,4-difluorophenyl,

2,5-difluorophenyl, 2,6-difluorophenyl, =
2,3,4~trifluorophenyl, 2,3;5;trif1uorophény1,
2,3,6-trifluorophenyl, 2,3,4,5-tetrafluorophenyl,
2,3,4,6-tetrafluorophenyl, pentafluorophenyl,
2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl,

2,3-dichlorophenyl, 2,4~-dichlorophenyl, 2,5-dichlorophenyl,

2,6-dichlorophenyl, 2,3,4~-trichlorophenyl,
2,3,5-trichlorophenyl, 2,3,6-trichlorophenyl,

2,3,4,5-tetrachlorophenyl, 2,3,4,G-tetrachlorophenyl,

pentachlorophenyl, 2-bromophenyl, 3-bromophenyl,

4-bromophény1, 2,3-dibromophenyl, 2,4-dibromopheﬁyl,

2,5-dibromophenyl, 2,6-dibromophenyl, 2,3,4-tribromophenyl,

2,3,5-tribromophenyl, 2,3,6-tribromophenyl,

2,3,4,5-tetrabromophenyl, 2,3,4,6-tetrabromophenyl,

pentabromophenyl and the like. Among these, a hydrogen atom,

methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,

tert-butyl and phenyl are preferred.

Each of X and X' in the transition metal complex



general formula and the like, but are not restricted thereto. [err]

Each of R err] and Rerr] is a hydrogen atom or a hydrocarbon group or

hal ogenat ed hydrocarbon group having 1 to 20 carbon atons, and each of
nferr] and n[err] is an integer of 1 to 20. Exanples of Rlerr] and Rlerr]
i nclude nethyl, ethyl, n-propyl, isoprepyl, n-butyl, isobutyl, sec-butyl,
tert=butyl, n- pentyl, neopentyl, n-hexyl, n-octyl, phenyl, 2-nethylphenyl,
3- et hyl phenyl , 4-nmet hyl phenyl , 2,3-dinﬁhgylphenyl, 2, 4- di met hyl phenyl ,

2, 5-di.net hyl phenyl, 2, 6-di net hyl phenyl ,”=-2, 3, 4-tri net hyl phenyl ,

2, 3,5-trinmethyl phenyl,

represented by the above-mentioned general formula (1) is a
halogen atom or a hydrocarbon group having 1 to 20 carbon
atoms. Examples of the halogen atom include, for example,
a fluorine atom, a chlorine atom, a bromine atom and an
iodine atom, and examples of the hydrocarbon group having 1
to 20 carbon atoms include methyl, ethyl, n-propyl,
isopropyl, n-butyl, phenyl, benzyl and the like. Among
these, a chlorine atom, methyl and benzyl are preferred.

| 'Y in the transition metal complex represented by the
above-mentioned general formula (ljlis a hydrocaxrbon or
halogenated hydrocarbon gréup containing at least one hetero
atom and having 1 to 20 carbon atoms, and examples of the Y
include a cyclic group containing a hetero atom, an alkoxy
group, a (substituted)phenoxy group, a hydrocarbyl thio
group, a hydroéarbyl amino group, a hydrocarbyl phosphino
group or a hydrocarbon or halogenated hydrocarbon group
having at least one of these group as a substituent.

The cyclic substituents containing a hetero atom
include furyl, thienyl, benzothienyl, pyrrolyl, pyridyl,
tetrahyaréfuryl and tetrahydrothienyl, and thienyl or
pyridyi is preferred.

The alkoxy groups include methoxy, ethoxy, propoxy,
butoxy and the like, and methoxy or ethoxy is preferred.

The (substiﬁuted)phenoxy group in the present

' specification represents a non-substituted or substituted
phenoxy group and examples include phenoxy, a methylphenoxy

group, an ethylphenoxy group, a dimethylphenoxy group, a



-2, 3,6-trinmethyl phenyl, 2,3, 4,5-tetranet hyl phenyl,

- 10- 2,3,4,6-tetranet hyl phenyl, pentanethyl phenyl, fluoronethyl,

di fl voronet hyl, fluoroethyl, 1,61-difluoroethyl, 1,2-difluocroethyl

' 1,1,2-trif|uor—'fhy| tetrafl uoroethyl, chloronethyl, (THIS SHERAeH AS BEEN
chl or oet hyl , %@&Qh@gmﬁhgplagsedl 2~ di chl or oet hyl, 1,[1, 2-t REBAGHDet hy|
tetrachloroethyl |bronnnethyl bronDethyI

1, 1- di br onoet hyI m Me‘lw 1, Ly _{ ri bronmoet hyl, tetrabronoethyl,
| uor ophenyl , 4- quoro enyl 2, 3- dlfluorophenyl,

iquorophenyI 2, 5-di fl uorophenyl, 2, 6-dif|uoropheny|,

trif | h h ' h I,
5-1 # Fpgﬂﬁop er)l‘? %I%%ﬂ 45%&1?%?€afglﬂﬁgro§#e%rﬁﬁy Ipéeéﬁgl?ﬁo?g%henyl,

d

4-

4,

| or ophgeyhylphehoxyopjroug .are gptefepiedyl , 2, 3-dichl orophenyl, 2
chlorophenyl 2, 5- dlchlor?fhen yl, 2,6- dICh|O ophenyl ,
4-
4,
ro
d

~ch
I .
trichl or ppEbey hydrocarby r#h#@o@@ﬁﬁ?ﬁyﬂnci Q}QQ§h¥ﬂ¥Ph®henyl
5- tetrachlorop en 3.4, 6-tet bl.or ophen Jpent achl.oroph nyI
rophcRpRY LSB5Pe B RBRA IR & TR EEHERYP; BRSARASIID Aih TS Like!
'broqgﬂaeﬂ¥£hylthlo, ethylthio and phenylthio are preferred.

The hydrocarbyl amino groups include dimethylamino,

2-f
2, 4-
2,3
2,3
2-C
4- di
2,3
2,3,
2- br
2, 4-

diethylamino, dipropylamino, dibutylaminb, diphenylamino and
the like, and dimethylamino, diethylamino and diphenylamide
are pfeferred. _

fhe hydrocarbyl phosphino groups include =
dimethylphosphino, diethylbhbsPhino, dipropylphosphino,
dibutylphosphino, diphenyl phosphino and the like, and
dimethylphosphino, diethylphosphino and diphenylphosphino
are preferred.

The hydrocarbon group having a hetero atom-containing
cyclic hydrocarbon group, an alkoxy group, a B
(substituted)phenoxy group, a hydrocarbyl thio group, a
hydrocarbyl amino group or a hydrocarbyl phosphino group as
a substituent ;nclude a furfuryl group, a thienyl group,
methoxymeéhyl,\ethoxymethyl, phenoxymethyl, methylthiomethy,
ethylthiomethyl, phenylthiomethyl, dimethylaminomethyl
group, diethylaminomethyl, diphenylaminomethyl,
dimethylphosphinomethyl, diethylphosphinoﬁethyl,
diphenylphosphinomethyl and the like.

Concrete examples of the transition metal complex
represented by the general formula (1) include, for example,

2,2'~-(2-thienylmethylene)bisphenoxy titanium dichloride,



2, 5-di br onophenyl, 2, 6-di bronophenyl, 2,3, 4-tribronophenyl,
2,3,5-tribronmophenyl, 2,3,6-tribronophenyl, 2,3,4,5-tetrabronophenyl,

2,3, 4, 6-tetrabronophenyl, pentabronophenyl and the |ike. Anbng these, a
hydrogen atom nethyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
tert-butyl and phenyl are preferred. Each of X and X' in the
transition netal conplex represented by the above-nenti oned
general formula (1) is a halogen atom_grz.a hydrocarbon group having 1 to
20 carbon atons. Exanples of the hal ogen atominclude, for exanple, a
fluorine atom a chlorine atom a bromne atomand an iodine atom and

exanmpl es o4 she hy ?}Hh' i 806 lmbehyd phenoxy RithEandemude
met hyl , et%Q?, ﬁ?pgggﬁﬁ?aaFggfrop;??yn-gutvl, ghgﬁyl, bgﬁzyl and the like.

Among  t hegéchdoelider,i ne atom nethyl and benzyl are preferred. Yin
the transition metal conplex represented by the "abqve-nentioned general
formul a (12,25-42hybienylmethylene)bis(6~tert-butylphenoxy) titanium

dichloride, N
2,2'-(2-thienylmethylene)bis(4,6~dimethylphenoxy) titanium
dichloride,
2,2'~(2-thienylmethylene)bis(4,6~-di-tert-butylphenoxy)
titanium dichloride,
2,2'-kz—thienylmethylene)bis(6-tert-buty1-4-methylphenoxy)
titanium dichloride, - | -
2,2'-(2-thieny1methylene)bis(G-methyl-4-tert-bu£ylphenoxy)
titanium dichloride, |
2,2'—(2-thiénylmethylene)bis(3-tert—buty1-4,6—_
dimethylphenoxy) titanium dichloride,
2,2'=-(2-thienylmethylene)bis(4,6-di-tert-butyl-3-
methylphenoxy)titanium dichloride,
2,2'-(2-thienylmethylene)bis(6-tert-butyl-4-
fluorophenoxy)titanium dichloride,
2,2'~(2-thienylmethylene)bis(6-tert-butyl-4-
chlorophehoxy)titanium dichloride,
2,2'-(2-thienylmethylene)bis(6-tert-butyl-4-
bromophenoxy)titanium dichloride,
2,2'-(2-thienylpethy1ene)bis(6-tert-buty1-4-
methoxyphenoxy)titanium dichloride,
2,2'-(2-thienylmethylene)bis(6-tert-butyl-4-
ethoxyphenoxy)titanium dichloride,

2,2'-(2-thienylmethylene)bis(6~tert-butyl-4-



hal ogenat ed hydrocarbon group containing at |east one hetero atom and
having 1 to 20 carbon atoms, and exanples of the Y include a cyclic group
containing a hetero atom an al koxy group, a (substituted)phenoxy group, a
hydrocarbyl thio group, -a hydrocarbyl am no group, a hydrocarbyl phosphino
~group or a hydrocarbon or hal ogenated hydrocarbon group having at |east '
one of these group as a substituent. The cyclic substituents
containing a hetero atom include furylLjgathienyl, benzothienyl, pyrrolyl,
pyridyl, tetrahydrofuryl and tetrahydrothienyl, and thienyl or pyridyl is

preferred. ~ The al koxy groups include nethoxy, ethoxy, propoxy,
b“toxy.am${éfﬁé9%§gnéﬂdx EReAn i A EhYor £dej ef erred. The
(substi t ut'ed) phen group”in the present specification represents a

non- subst iz \g ed( DrthibnyLhethylene)bds (F-oueresbutidmples incl ude phenoxy,

a met hyl phenoxy group, an ethyl phenoxy group,  a dinethyl phenoxy group, a

-12- isopropoxyphenoxy)titanium ‘dichloride,
2,2'-(3-methyl-2-thienylmethylene)bis(6~tert-butyl-4-
methylphenoxy)titanium dichloride, |
2,2'-(4-methyl-2-thienylmethylene)bis(6~-tert-butyl-4-
methylphenoxy)titanium dichloride,
2,2'-(5-methy1—2-thienylmethylene)bis(GQtert-buty1-4-
methyiphenoxy)titanium dichloride,
2,2'-(3,4~dimethyl-2-thienylmethylene)bis(6-tert-
buty1-4;methylphenoxy)titaﬁidm dichloride,
2,2'-(3,5-dimethyl-2-thienylmethylene)bis(6-tert-
butyl-4-methylphenoxy)titanium dichloride,
2,2'-(3,4,5-trimethy1-2-thienylmethylene)bis(G-tert-
butyl-4-methylphenoxy)titanium dichloride,.
2,2'-(2,5-dimethyl-3-thienylmethylene)bis(6~-tert-
butyl-4-methylphenoxy)titanium dichloride,
2,2'-(2,4,5-trimethyl-3-thienylmethylene)bis(6-tert-
butyl-4-methylphenoxy)titanium dichloride,
2,2'-(2-benzothienylmethylene)bis(6-tert-butyl-4-

' methylphenoxy) titanium dichloride,
2,2'-(2-fury1methy1ene)bis(phenoxy)titanium dichloride,
2,2'-(z-furYIme;hylene)bis(G-methylphenoxy)titanium
dichloride, 2,2'-(2-furylmethylene)bis(6-tert-
butylphenoxy)titanium dichloride,
2,2'—(Z—furylmethylene)bis(4,6-dimethylphenoxy)titanium
dichloride, 2,2'—(2-fury1methylene)bis(4,6-di—tert-'



di et hyl phenoxy group and the |Iike. Phenoxy and the nethyl phenoxy group are

preferred. The hydrocarbyl thio groups include nethylthio, ethylthio,
propyl t hio, butylthio, phenylthio and the |ike, and nmethylthio, ethylthio
and phenylthio are preferred. The hydrocarbyl am no groups include

di net hyl am no, diethyl am no, dipropylam no, dibutylam no, diphenylam no and
t he IFi ke, and di net hyl am no, diethylam no and di phenyl am no are preferred.
The hydrocarbyl phosphino groups includggdi met hyl phosphi no,

di et hyl phosphi no, di propyl phosphi no, dlbutylphosphlno di phenyl phosphino -
and the |ike, and di nethyl phosphi no, diethyl phosphi no and di phenyl phosphi no
are prefer r&g&h having a hetero atom containing
cyclic hydﬁﬁggrgoenofiﬁ%lhﬁﬁ{a oxy ggﬁﬁ%?ea (substi t ut ed) phenoxy group, a
hydr ocar by, ¢ hi p2g£anylme thydiemsybis ( 6rteotgbutyled-a hydrocar byl

phosphi no group as a substituent include a furfuryl group, a thienyl group,
nethoxynetmqthybphenyﬂvﬂmwtaQﬂﬂnuﬂgﬂhi@QLdenethyIth|onethyl

et hyl t hi onet hyl nyl.t hi group,
(Cjil et Ey: ahm %o%et' T‘ JK’&H’@E& g'rﬁ C?" %tﬁ%:]l"}ﬁgméd tﬁhl Inorknst hyl ,

i ethylp yl an e like
Concrete g%%ﬁ%?éﬂghpxbﬁtqtran3|tlon neta? compl ex represented by the
general fogpabag ﬁ1turgqma$nyﬂéﬂefb&smﬂéte£t2buty1-4 , 6=

-(2- thlenylnethylene) i sphenoxy titaniumdichloride
- 13- dimethylphenoxy)titanium dichloride,

' 2,2'-(2-furylmethylene)bis(6-tert-butyl-4-

fluorophenoxy)titanium dichloride,

[}

2,2'=(2-furylmethylene)bis(6~-tert-butyl-4-
chlorophenoxy)titanium dichlbride,
2,2'~(2-furylmethylene)bis(6-tert-butyl-4-
bromophenoxy)titanium dichloride,
2,2'=(2-furylmethylene)bis(6~-tert-butyl-4-
methoxyphenoxy)titanium dichloride,
2,2'=-(2=-furylmethylene)bis(6~-tert-butyl-4-
ethoxyphenoxy)titanium dichloride,
2,2'-(2-furylmethylene)bis(6-tert-butyl-4-n-
propoxyphenoxy)titanium dichloride,
2,2'-(2-furylmethylene)bis(6-tert-butyl-4-

- isopropoxyphenoxy)titanium dichloride,
2,2'-(3-methyl-2-furylmethylene)bis(6-tert-butyl-4-
methylphenoxy)tltanlum dichloride,

2, 2'-(4-methy1 -2- furylmethylene)bls(6-tert-buty1 -4-
methylphenoxy)titanium dichloride,
2,2'-(5~-methyl-2~furylmethylene)bis(6-tert-butyl-4-

methylphenoxy)titanium dichloride,



- (2-t hi enyl net hyl ene) bi s(6- net hyl phenoxy) titani um dichlori de,
-(2-thienyl net hyl ene) bi s(6-tert-butyl phenoxy) titaniumdichloride,
;(2-thieny|nethylene)bis(4,6-dinethylphenoxy) titani um di chl ori de,
- (2-thi enyl net hyl ene) bi s(4, 6-di -tert-butyl phenoxy) titaniumdichloride,
2,2 -(2-thienyl met hyl ene) bi s(6-tert-butyl -4-methyl phenoxy) titanium
di chlcoride, 2,2'-(2-thienylnethyl ene)bis(6-nethyl-4-tert-butyl phenoxy)
titaniumdichloride, 2,2'-(2-thienylnetlygene)bis(3-tert-butyl -4, 6-
di et hyl phenoxy) titaniumdichloride, 2,2
-(2-thienyl nethyl ene) bi s(4, 6-di-tert-butyl-3- nethyl phenoxy)titanium
di chl ori dep  22.23; @2difietMy el bk ppER@tEf SenenbisieHtert-butyl-4-
fIuorophenoxy)tltanlun1d|chlor|de
- (2- t hnety kphleyloarye)tiitriumerd ishlgride, chl or ophenoxy) tit ani um

dichloride, 2,2 t hi enyl net hyl ene) bj s(6-te
bronnpheno%y?frﬂénﬁgﬁAHQQhﬁiT y Athyiene)%ls(%—tert-buty1-4-

LB O e BRI ) o o

Ethonghfﬂ?ggi%'§?E;F§E§ﬁ§%ﬂf¥{%ﬁtfﬁf lmethylene)bls(6-tert-butyl -4-
methylphenoxy)titanium dlchlorlde,
2,2'=(2,5-dimethyl-3-furylmethylene)bis(6-tert-butyl-4-
methylphenoxy)tltanlum dichloride,
2,2 —(2 4,5-trimethyl-3- furylmethylene)bls(6-tert--butyl 4-
methylphenoxy)titanium dichloride, - |
2,2 '-(2-benzofurylmethylene)bis(6-tert-butyl-4-
methylphenoxy)titanium dichloride,
2,2'~-(2-pyridylmethylene)bis(phenoxy)titanium dichloride,
2,2'-(2-pyridylmethylene)bis(6-methylphenoxy)titanium
dichloride, 2 2‘-(2-pyridylmethy1ene)bis(6-tert¥
butylphenoxy) titanium dichloride,
2,2'=(2-pyridylmethylene)bis (4, 6—d1methylphenoxy)tltanlum
dlchlorzde, 2,2'-(2-pyridylmethylene)bis(4,6-di-tert-
butylphenoxy) titanium dichloride,
2,2'—(2-p§ridy1methy1ene)bis(G-tert-methylphenoxy)titanium
dichloride, 2,2'-(2-pyridylmethylene)bis(6-methyl-4-tert-
butylphenoxy)titanium dichloride, -
2,2'-(z-pyridylmgthylene)bis(3—tert-buty1-4,6-
dimethylphenoxy)titanium dichloride,
2,2'~(2-pyridylmethylene)bis(6~tert-butyl-4-~
fluorophenoxy)titanium dichloride,

2,2'-(2-pyridylmethylene)bis(6-tert-butyl-4-



-14- n- pr opoxyphenoxy)titani um di chl ori de,
2,2"-(2-thienyl methyl ene)bi s(6-tert-butyl-4- isopropoxyphenoxy)titani um
di chl.oride, 2,2'-(3-methyl-2-thienyl nethylene)bis(6-tert-butyl-4-

met hyl phenoxy) ti tani um dichl ori de,

2,2 -(4-nethyl -2-thienyl met hyl ene) bi s(6-tert-butyl-4-

nmet hyl phenoxy) ti tani um di chl ori de,

2,2 - (5-met hyl - 2-thi enyl net hyl ene) bi s(G@1qtsert - butyl - 4-

met hyl phenoxy) titani umdi chl oride, 2,2

- (3, 4-di net hyl - 2-t hi enyl net hyl ene) bi s(6-tert-

but yl - 4- me¢RybpEpRGNGKY)! HLHHA it M shI6ride,

2,2 -(3,5-dinethyl-2-thienyl met hyl ene) bi s(6-tert-

but yl - 4- me2 hgt ph2rpyyjidylmethyléns) bis (é-tert-butyl-4-
-(3,4,5-trinmethyl -2-thienyl net hyl ene)bis(6-tert-
butyl-4-nébﬁ?ﬂ%ﬁbﬁﬁﬁyyﬂMﬁ%ﬁﬂﬁﬂ@%qiﬁ&ia (,e'

2,2 -(2,5-gigethyl -3-thi ) bj ~1.er i A

bt y1 4. et 1) PRERBN PERARN TR B CakEbbuey1 -
2,2'-(2,4vﬁééﬁbﬂZbﬂého%yh%ﬁﬁaﬂﬂ&ﬁ'Hdéﬁ@&ﬁ&ééﬁ-tert-'

but yl - 4- met hyl phenoxy) titani um di chl ori de,

2, 2" - (2- bedzpt A 2Rpyrddylimethyiienen)h s ( 6 bteyt-butyde=idy phenoxy) titani um

dichloride, 2,2'- 2-fury|qethxlen§ipis( henoxy) titani um di chl ori de,
2, 2" - ( 2- f LBYhaBYRDPRARYY L tanidm, ﬁﬁh%é%&??vtaniun1dich|oride,

2 2 (i1 Ao et AvpERa e e L REERRE pRERERRT T T e

2, 2" - (2- T g Yp PEpB¥Y BRENBAY) L it ivrP'd ichloride, | |
2,2'-(2-pyridylmethylene)bis(6-ter£-buty1-4- =
isopropoxyphenoxy)titaniuﬁ dichloride,
2,2'-(3-methyl-2-pyridyl methylene)bis(6-tert-butyl-4-
methylphenoxy)titanium dichloride,
2,2'-(4-methyl-z-pyridylmethylene)bis(6-tert—buty1-4-
methylphendxy)titanium dichloride,
2,2'=-({5-methyl-2-pyridylmethylene)bis(6~tert-butyl-4~
methylphenoxy)tifanium diéhloride,
2,2'-(3,4-dimethyl-2-pyridylmethylene)bis(6~-tert-
butyl-4-me£hjlphenoxy)titanium dichloride,
2,2'-(3;S;dimethyl-z-pjridylmethylene)bis(6-tertl
butyl-4-methylphenoxy)titanium dichloride,
2,2'-(3,4,5-trimethyl-2-pyridylmethylene)bis (6-tert-butyl-4-
methylphenoxy)ti;anium dichloride,
2,2'-(3-pyridyi methylene)bis(6-tert-butyl-4-
methylphenoxy)titanium dichloride,
2,2'-(2-methy1-3-pyridylmethylene)bis(6-tért-butyl—4—

methylphenoxy)titanium dichloride,



- 15- but yl phenoxy)titani um di chl ori de, _
2,2"-(2-furyl methyl ene) bi s(6-tert-butyl-4- nethyl phenoxy)titani um
di chl-oride, 2,2'-(2-furyl nethyl ehe)bis(6-nmethyl-4-tert-

but yl phenoxy)titani um di chl ori de,

2,2 -(2-furyl methyl ene) bi s(3-tert-butyl -4, 6- dinethyl phenoxy)titanium
di chlcoride, 2,2'-(2-furyl nethyl ene)bis(6-tert-butyl-4-

f 1 uor ophenoxy) titani um di chl ori de, -18-

2,2 -(2-furylmethyl ene) bi s(6-tert-butyl-4- chlorophenoxy)titanium
dichloride, 2,2 -(2-furyl nethylene)bis(6-tert-butyl-4-

br omophenozy}t Li drmethyilcid<pyribdylmethylene)bis(6-tert-butyl-4-
2,2"-(2-furyl methyl ene)bis(6-tert-butyl-4- nmethoxyphenoxy)titanium
dich|oridemeghy1p¥gnnmxmtﬁaa34wmm9%ﬁ teridey- butyl - 4-

4 ) ) : ; .
g? zil.x{é’f‘f:l?%;%%ré{( ﬁ?&éﬁ@v&i-ﬁ}ﬁ%ﬂfvmwﬂeﬂ?>5Es¢gfgfaf&-&w+m um
. ) LY Py YRnenoryt
sopr opoxyBRERSIpREneE KA ER i il Srlak) - bulY
2, 2" - (3- mep hyk = 22f, ity I By gy 51 dy 1met hpliepe) bis(E-temhemoty) £ 4+ani um

dichloride, 2,2'-(4-nethyl-2-furyl nethylene)bis(6-tert-butyl-4-
met hyl phermephylphenoayditéiianiug dichloride,

a2 o e gl 2o WL TR )y A S Rty Bus TR A ARy Ly Lan um

' methylphenoxy)titanium dichloride,
2,2'-(2,4,5-trimethyl-3-pyridylmethylene)bis(6-tert-butyl-4-
methylphenoxy)titanium dichloride, -
2,2'-(2-quinolylmethylene)bis(6-tert-butyl-4-
methylphenoxy)titanium dichloride,
2,2'-(3-quinolylmethylene)bis (6-tert-butyl-4-
methylphenoxy)titanium dichloride,
2,2'~-(2-thienylmethylene)bis(naphthyloxy)titanium
dichloride, 2,2'~-(3-thienylmethylene)bis(naphthyloxy)
titanium dichloride, - _ |
2,2'~(5-methyl-2-thienylmethylene)bis(naphthyloxy)titanium
dichloride;
2,2'-(5-methyl-3-thienylmethylene)bis(naphthyloxy)titanium
dichloride, |
2,2'-(2,5-dimethy1-3-thienylmethylene)bis(naphthyloxy)
titanium dichloride, _
2,2'-(2-benzotﬁi§nylmethy1ene)bis(naphthyloxy)titanium
dichloride,'2,2'-(2-benzothienylmethylene)bis(naphthyloxy)
titanium dichloride, |

2,2'-(3-benzothieny1methylene)bis(haphthyloxy)titanium



2,,2"-(3,4-dimethyl -2-furyl net hyl ene) bi s(6-tert-butyl-4-

nmet hyl phenoxy) titaniumdi chloride, 2,2"-(3 :

, 5-disrret hyl - 2-f uryl net hyl ene) bi s(6-tert-butyl-4- methyl phenoxy)titani bm
dichloride, 2,2'-(3,4,5-trinethyl-2-furyl nethyl ene)bis(6-tert-butyl-4-

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

2,2"#(2,5-di methyl -3-furyl net hyl ene) bi s(6-tert-butyl -4-

met hyl phenoxy)titani umdichloride, 2,2 2194

5-trimethyl -3-furyl net hyl ene) bi s(6-tert--butyl-4- nethyl phenoxy)titani um
dichloride, 2,2 '-(2-benzofuryl nethylene)bis(6-tert-butyl-4-

met hyl phengpgshllidraiiaim di chl ori de,

2,2" -(2-pyridyl met hyl ene) bi s(phenoxy)titani um di chl oride ) .

2, 2" - ( 2- pyRi, @y H{2-BHieny imety hena )b paé Aompthylndnht Ry Loxy) fdtanium
2,2 -(2-pyridyl.methyl ene)bi s(6-tert- butyl phenoxy) titaniumdichloride,
2,2'-(2-py§ﬂéﬁ. 4@%@me)bis(4,6-dinethylphenoxy)titaniunldichloride,

2,2 -(2-pygi dyl ' ~di Rt -_@Ml}ﬂﬁ;mg@ ' '
dichIoride?'%,§ﬂ§%§¥§§$ﬁ%§#%%¢%§$%%z?%?é?GFtert-nethyIp %%%gg?kyplanium
di chl ori de¢i2as ivm?-dDHXD1dd hyl ene) bi s(6-net hyl -4-tert-

but yl phenoxy)titani um di chl ori de, . .

2, 2" - (2- py 2i, @y l-(2-bH ienylnetliylene) bisy . S ¢ imathRIRapIMeRBIGXY ) t ani um

di chloride, 2,2 -(2-pyridyl pethyl ene)bis(6-tert-butyl-4-
fIuorophenﬁiﬁfﬁhﬁﬂﬂdiﬁhﬁ%%ﬁ i de,

2,2" - (2-pygl QuLpet i Sl iy 1 Ehd jBYEY B=tert-butyl-4-
methyinaphthyloxy) titanium dichloride,
2,2'-(2-fury1methy1ene)bis(naphthyloxy)titanium,dithoride,
2,2'-(3-furylmethy1ene)bisknaphthyloxy)titanium dichloride,
2,2'-(5-methyl-2-furylmethylene)bis(naphthyloxy)titanium
dichloride, 2,2'-(5-methy1-3-furylmethylene)bis(naphthyloxy)
titanium dichloride, 2,2'-(2,5-dimethyl-3-furylmethylene)
bis (naphthyloxy)titanium dichloride, 2,2'-(2-
benzofurylmethyiene)bis(naphthyloxy)titanium dichloride,
2,2'-(3-benzofurylmethylene)bis(naphthyloxy)titanium
dichloride, 2,2'-(2-furylmethylene)bis(8-methylnaphthyloxy)
titanium dichloride, 2,2'-(2~furylmethylene)bis(8-tert-
butylnaphthyloxy)titanium dichloride, §
2,2'-(2-fury1methy1ene)bis(4;8-dimethy1haphthyloxy)titanium
dichloride, 2,2'-(2—fury1methy1ene)bis(8-tert-buty1-4-
methylnaphthyloxy)titanium dichloride,
2,2'-(2-pyridylﬁethylene)bis(naphthyloxy)titanium
dichloride, 2,2'-(3-pyridylmethy1ene)bis(haphthyloxy)
titanium dichloride, 2,2'-(5-methyl-2-pyridylmethylene)bis
(naphthyloxy)tiéanium dichloride, 2,2'-(5-methyl-3-



-17- chl or ophenoxy) titaniumdichloride,

,2' - (2-pyridyl met hyl ene) bi s(6-tert-butyl-4- bronophenoxy)titani um
di chl:oride, 2,2'-(2-pyridylnethylene)bis(6-tert-butyl-
met hoxyphenoxy) titani um di chl ori de,

, 2" -(2-pyridyl met hyl ene) bi s(6-tert-butyl-4- ethoxyphenoxy)titanium
di chl-oride, 2,2'-(2-pyridylnethylene)bis(6-tert-butyl-
n- propoxyphenoxy) titani um di chl ori de, 2,2-
-(2~pyridy|nethylene)bis(6-tert-buty|-4- isopropoxyphenoxy)titanium
dichloride, 2,2'-(3-nethyl-2-pyridyl nethylene)bis(6-tert-butyl-

”Ethy|phen€g¥la¥lﬁét gm@néﬁbﬂsahag)thyloxy)tltanlum dlchlorlde,
pyri dyl met hyl ene) tert-butyl

nethylphenzxg)P(2aﬁhdam@thﬁknﬂ1ﬂ¥rllemethYlene)bls(naphthleXY)
2,2 -(5-nethyl -2-pyr.idyl_nmeth Iene)bls(6 tert-butyl -
nethylpheh%*é?ﬂ#?&n o849 de,

bgfyﬁ Q'”E §E§ %ﬁtqyﬁﬁ%ﬁgiygﬁﬁ gﬁ&bhthyloxy)tltanlum

- (3, 5- éieﬁibfhd% pmrud%ummdudﬁﬁm&rmetﬁynenéabls(napnthyloxy)
butyl 4- nethylphenoxy)tltanlun1d|chlor|de

- (3, 4, bitahiemhylichlpypiideyl @iyt tirepyridydmeshylone)bis (8-
nEthylphenox%%;ihigh%ﬁ;%&%gf%léinlum dichloride,
2,2'-(2-pyridylmethylene)bis(8-tert-butylnaphthyloxy)
titanium dichloride, 2,2'-(2-pyridylmethylene)bis(4,8-
dimethylnaphthyloxy)titanium- dichloride," -
2,2'a(z-pyridylmethylene)bis(8-tert—buty1-4-'
methylnaphthyloxy)titanium dichloride,
3-(2-thienyl)-1,5-pentamethylenedioxytitanium dichloride,
3-(3-thienyl)-1,5-pentamethylenedioxytitanium dichloride,
3-(2-benzothienyl)-1,5-pentamethylenedioxytitanium
dichloride, 1,5-dimethyl-3~(2-thienyl)-1,5~- _
pentamethylenedioxytitanium dichloride, 1,5-di-tert-butyl-3-
(Z;thienyl)-l,5-pentamethylenedioxytitanium dichloride,
1,2,4,5-tetramethyl-3-(2-thienyl)-1,5-
pentameth&lenedioxytitanium'dichloride,,
1,5-di-tert-butyl-2,4-dimethyl-3-(2-thienyl)~-1,5-
pentamethylenedioxytitanium dichloride, '
3-(2-fury1)-1,5-pentamethylenedioxytitanium dichloride,
3-(3-furyl)-1,5;pentamethylenedioxytitanium dichloride,
3-(2-benzofﬁry1)—1,5-penﬁamethylenedioxytitanium dichloride,
3-(2-furyl)-1,5-dimethyl-1,5-pentamethylenedioxytitanium
dichloride, 1,5-di-tert-butyl-3-~(2-~furyl)-1,5-



: -(37pyr|dyl met hyl ene) bi s(6-tert-butyl-4- methyl phenoxy)titani um
di chl ori de, - (2- met hyl - 3- pyridylnethylene)bis(6-tert-buty|-
nethylphenoxy)tltan|un1d|chlor|de

- (4- et hyl - 3- pyri dyl met hyl ene) bi s( 6- tert but yl -
nethylphenoxy)tltanlun1d|chlor|de
2,2" #(5-nmet hyl -3-pyridyl net hyl ene) bi s(6-tert-butyl -
nethylphenoxy)tltan|un1d|chlor|de

-(2, 4-di net hyl - 3- pyrldylnethylene)bls(G tert-butyl -
nethylphenoxy)titan|un1d|chlor|de

nethyfﬁhiﬁgéﬂﬁéﬁ¥ hy184e Hﬁgﬁyﬂéfﬂém@ibaféﬁlb@iaebutyl-4-

-(2, 4, 3= pLraEhih =3 Ry 4, S tetirametiey b3 B-t er't - but yl - 4-
nethylphenoxy)tltanlun1d|chlor|de
- (2- qupentgheﬁhyiEBQQNQKKQlﬁaﬂxu%n@§¢hlorﬁéﬁhyIphenoxy)tltanlum

ﬂgfELFLLgﬁ%xygrpygﬁpﬂﬁhS?hﬁHﬁa le”“%ﬁ@féne&?&%y%i%%hiﬁm dichloride,

-(2-thie LR I

(21 SpYLIGLRAGSLY SRR O shbasbUP LSO dotonionide,

- (5- nesh(t gnablgmyngsmgeﬂﬁaﬂaﬁﬁymehéﬂxbnyyitmmmmmudxhhiwrmdde,

(5 met hyl - 3- t hi enyl nethylene)bls(naphthyloxy)tltanlum
3-(2-pyrrolyl)-1,5~-dimethyl-1 , 5-pentamethylenedioxytitanium
dichlor;de; 1,5-di-tert-butyl-3-(2-pyrrolyl)-1,5-

‘pentamethylenedioxytitanium dichloride,

(]

1,2,4,5-tetramethyl-3-(2-pyrrolyl)-1,5-
pentamethylenedioxytitaniﬁm dichloride,
1,5-di-tert-butyl-1,5-dimethyl-3-(2-pyrrolyl)-
pentamethylenedioxytitanium dichloride,
3-(2-pyridy1)-1,5-§entamethylenedioxytitanium dichloride,
3-(3-pyridyl)-1,5-pentamethylenedioxytitanium dichloride,
3-(2-quinolyl)-1,5-pentamethylenedioxytitanium dichloride,
3-(2-pyridy1)-1,5-dimethyl—1,5-pentamethylenedioxytitanium _
-dichloride, 1,5-di-tert-butyl-3-(2-pyridyl)-1,5-
pentamethylenedioxytitanium dichloride,
1,2,4,5-tetramethyl-3-(2-pyridyl)-1,5-
pentamethylenedioxytitanium dichloride,
1,5-di-tert-butyl-1,5-dimethyl-3-(2-pyridyl)-1 ,5-
pentamethylened;oxytitanium dichloride and the like.

. The transition metal complex can be synthesized for
example, by the following methods. There are illustrated a
method for obtaining the transition metal complex comprising

treating a phenol compound with a Grignard reagent under an



dichloride, 2,2'-(2,5-dinethyl-3-thienyl nmet hyl ene)bi s( napht hyl oxy) tltanlum

di chloride, 2,2'-(2-benzothi enyl net hyl ene) bi s(napht hyl oxy)titani um

di chl-ori de, 2,2' 2-(2-benzothienyl nethyl ene) bi s(napht hyl oxy) titani um

di chloride, 2,2'-(3-benzot hienyl net hyl ene)bi s( napht hyl oxy)titani um

-19- di chl ori de,

2,2' #(2-thienyl methyl ene) bi s(8-net hyl napht hyl oxy) titani um di chl ori de,

2,2'-(2-thienyl methyl ene) bi s(8-tert-butyganapht hyl oxy) titanium dichloride,
-(2-thieny|nethylene)bis(4,8-dinethylnaphthyloxy) titani umdi chl ori de,

-(.2- thienylnethylene)bis(8 tert-butyl-4- methyl napht hyl oxy) titani um

d' C,h' oridesp ﬁéﬁoﬁ phe ”i:\édiﬁﬁ)dlj stmépbrbitedynaittali with cvori de,
2,2 -(3- fury net erne)bls napht hyl oxy) titani um di chl ori de,

2,2 - (5 neaigéh@déuoy! ketloples mompoi(nch pin hg:noawuns:anﬁumfcmquimlent
2,2 -(5-nmethyl - 3- furylnethylene)bls(napht on titanium di oyide,
2,2'-(2,5- mmgyphsnp&r FPFFPL‘W}! dwsed; & Bﬁtﬁ%ﬁﬁﬂ‘ﬂ‘itt 519 dﬁ? 1 3ri de,

R R e e

i ey e, e

. obtaining the transition metal complex comprising treating a

phenol compound of Wthh hydroxy group is protected with a

proper functional group with an alkyl lithium under an inert

' atmoséhere, reacting the treated matter with a dihalogenated
phosphorus compound in an amount of half equivalent to the
phenol compound used in the treatment to obtain a bisphenol
derivative, and after treating the the bisphenol derivative
with a Grignard reagent, reacting thus treated matter with a
a-transition metal compound, and the like.

fhe compounds (A) used in the present invention are

_either of (Al): the organcaluminum compound represented'by
the general formula; E!.AlZs-a. , (A2): the cyclic
aluminoxang having a structure représented by the general
formula; {-Al(E2?)-0-}» , (A3): the linear aluminoxane
having a structure represented by the general foimulé;
E3(E®-Al-0)c:AlE3: (wherein each of E?, E? and E® is a
hydrocarbon group having 1 to 8 carbon atoms, and all of E?,
all of E? and all of E* may be the same or different. Z |
represents a hy&rogen atom or a halogen atoﬁ and may contain
2 or more kinds of Zs in the molecule. a is a number
satisfying 0<a=<3 , b represents an integer of 2 or more

and ¢ represents an integer of 1 or more.) or a mixture of



but yl napht hyl oxy)titani um di chloride, 2,2'-(2-furyl nmethyl ene)bi s(4,
8- d|nethylnaphtthgxylLLLan+un+drthTor|de
2,2 «(2-furyl met hyl ene) bi s(8-t rﬁab ityl -4- et hyl naphthylaxy)titani um

dichloride, 2,2 - (Im gt ne)bls(naphthyloxy)tlﬂ@mSHBBmeggﬁg g,
2,2 -(3-pyridyl met h ‘\ hyl oxy) titani um di qhl.ori BEPLACED
2 2 =(5- nethyl 2 py

-(5-net hyl - 3- - 20-

bIS (naphthyloxy)tltanlun1d|cn|or|u ;
-23-
r|dyInethylene)bls(naphthyloxy)tltanlun1d|chlor|de
2' - (.2, 5-di met hyl - 3- pyri dyl met hyl ene) bi s(napht hyl oxy) titani um dichloride,
, 2" - (2- quipoh whiaRt e Rikdg@pht hyl oxy) titani um di chl ori de,
2'
2'

-(3- qU|nonInethylene)bls(naphthyloxy) titani um di chl ori de,

. (€2pyr|délrEthzﬁaaﬂpieﬁEbfr&AhylnﬁphhhyngﬁﬂQQIQNLnﬁml@Qﬂpﬂuad
, pyri dyl met hyl ene) hi s(8-tert-but ht h titani di chl ori de,
(2 pyFPBFFﬁEPFBﬂdeFPé’) tﬁ@@eﬁhfﬂhﬂig %% aﬂ'ﬁ ?chl ori de,

o S PR 4 1S e T 010

2 -
, 2
i ch
Eg thi en&leén?m%haw,yIﬁm&gyulﬁﬁmw ¢HidlFolutylaluminum,
5-
5-

benzot hi enyl') -1, 5- pent anet hyl enedi oxytitani um di chl ori de,
, 5- di met hgriRekglaluminum Brfd thet hikephydiadkydajumiminchlenidesde,
dl_ter;ugﬂtgg_glmethylalumlnum chloride, diethylaluminum chloride,
dipropylalumlnum chloride, diisobutylaluminum chloride,
¢ihex§1aluminum chloride and the like; alkylaluminum |
sesquichlorides such as methylaluminum sesquichloride,
ethylaluminum sesquichlori&e' and the like; alkylaluminum
dichlorides such as methylaluminum dichloride, ethylaluminum
dichlbride, propylaluminum dichloride, isobutylaluminum
dichloride, hexyl aluminum dichloride and the 1like;
dialkylaluminum hydrides such as dimethylaluminum hydride,
diethylaluminum hydride, dipropylaluminum hydride, |
diisobutylaluminum hydride, dihexylaluminum hydride and the
like, etc. Trialkylaluminums are preferred, and
triethylalﬁminum and triisobutylaluminum are more preferred.
Each of E? and E® in (A2) of the cyclic aluminoxane
having a structure represented by the general formula;
{~-A1(E?)-0-}» , and (A3) of the linear aluminoxane having a
structure represented by the.géneral formula;
E’(E’-AI-O)cAIEAz is a hydrocarbon group having 1 to 8
carbon atoms, and as the concrete examples, alkyl.groups
such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, n-pentyl, neopenyl and the like can be



(2-thienyl)-1, 5-pent anet hyl enedi oxytitani um di chl ori de,
1,2,4,5-tetranethyl -3-(2-thienyl)-1,5- pentanethyl enedi oxytitani um

di chkoride, 1,5-di-tert-butyl-2,4-dinethyl-3-(2-thienyl)-

pent amet hyl enedi oxytitani um di chl ori de, '

3-(2-furyl)-1, 5-pent anet hyl enedi oxytitani um di chl ori de,

3-(3=furyl)-1, 5-pent anet hyl enedi oxytitani um di chl ori de,
3-(2-benzofuryl)-1, 5-pent anet hyl enedi oxys4tani um di chl oride, 3-(2-furyl)-
, 5-di net hyl - 1, 5- pent anet hyl enedi oxytitani um di chl ori de,
1,5-di-tert-butyl-3-(2-furyl)-1, 5-

-21- penpaER Emwfiéaﬂ(BQ&stimlﬂﬂtdgéhlofldeor more and ¢ is an
3-(2-furyl)-1,2,4,5-tetranethyl -1, 5- pent.anethyl enedi oxytitani.um

di chl ori de;.nﬂe@érpy:rfrdl Nede -nlqﬁapent arret hyl enedi oxyt'i t ani um di chl ori de,

3-(3- pyrronI) pentanet | epedi |Lan|u dICh I de
3-(2- |ndoI?FF 9 dhed?B y |t&ﬁ| gesobutyl, b is 2

3-(2- pyrro q# %g¥l ntanethylenedloxytitanlun1d|chlor|de
135-di-ter %Pylag' gF r%j% ) - q 5- pent anet hyl enedi oxytitani um
dichloride, 1,2, ﬁﬁé‘dﬁdﬁﬁﬁﬁéhﬁiéhéé 2YamAi abyaheb Zan be prepared by

pentanethylenedloxytltanlunldlch oride

1, 5- d|-terbah&bub—héihbdsﬂrmheibtdcg§urelyb)n0¢ema§hxdgﬂa¥kwloxytltanium
dichloride, 3-(2-pyridyl)-1,5-pentangethylenedi oxytitan] un1d|chloiidﬁ

3- (3 pyri dya?t;m&eﬂentaawetﬂmbmckzwPF&HPEﬁquaaﬂ%“de hown

methods. For example, they are prepared by contacting a

solution dissolving a trialkylaluminum (for example, _
trimethylaluminum or the like) in a suitable organic solvent
(benzene, an aliphatic hydfocarbon or the like) with water.
As another method, there is mentioned a method for preparing
the aluminoxanes by contacting trialkylaluminum. {for
example, trimethylaluminum or the like) with a metal salt
containing crystal water (for example, a hydrate of cupric
sulfate or the like).

‘As a compound(B) in the p;ésent invention, a boron
compound (B1) represented by the general formula BQ!Q2Q?, a
boron compound(B2) represented by the general formula
Z*(BQ‘QéQEQ‘)', or a boron compound(B3) represented by the
general formula (L-H)* (BQ'Q2Q%Q*)".

In the boron compound(Bl) represented by the general
formula BQ'Q?*Q%, B is a tri-valent boron, each of Q!, Q% and
Q3 is a halogen.atom, a hydrocarbon group having 1 to 20
carbon.atoms; a halogenated hydrocarbon group having 1 to 20
carbon atoms, a silyl group having 1 to 20 carbon atoms, an -

alkoxy group having 1 to 20 carbon atoms, or an amide group



3-(2-quinolyl)-1, 5-pent anet hyl enedi oxytitani um di chl ori de,
3-(2-pyridyl)-1,5-dinethyl -1, 5-pent anet hyl enedi oxytitani um di chl ori de,
1,5-di-tert-butyl-3-(2-pyridyl)-1,5- pentanethyl enedi oxytitanium
dichloride, 1,2,4, 5-tetranethyl-3-(2-pyridyl)-1,5-

pent anmet hyl enedi oxyti-tani um di chl ori de,
1,5-di-tert-butyl-1,5-dinethyl-3-(2-pyridyl)-1,5-

pent amet hyl enedi oxytitani um dichl ori de 2%l the |ike. The transition
nmetal conpl ex can be synthesized for exanple, by the follow ng methods.
There.are illustrated a nethod for obtaining the transition nmetal conpl ex

conpri si Nghi¢ Al 10td RioeRArbul RGNS )i Ahd atReyymayd beagentsameeoran

-22- inert atnosphere, reacting the treated matter with an al dehyde or
ket one congpbffidrentan anount of half equivalent to the phenol conpound used

in the treatnment to obtain a bisphenal derivatiyv d . then reacting a
transition neLaITBSNﬁﬁéHPLﬂ%l?ﬂIF?QHQﬁﬁkﬁo?c&grﬁ§ishﬁ§° t hod for

obtai ning fhe transiti 5 onprising treating a phenol
conpound o rhﬁkBﬁ“ﬁ93?§§§ggﬁgﬁﬁﬁﬁ§9%ro %&ted wi th a proper functional group
with an aLﬁyisgﬁtgigqsun@g&fyfﬂdayapﬁﬁﬁympbefanegeacting the treated

a di

matter wt ﬁarogenated phosphorus conpound in an anmount of half
equi val entttbs{De3phgbetetaraflmatraphehnyh)bbraneegat nrent to obtain a

bi sphenol g§£;YgELythgg%iﬂgggéﬁé;¥¥;ggkégg'the bi sphenol derivative
tris(2[3,4-trifluoropheny1)hofane,
phenjlbis(pentafluorophenyl)borane and the like.
Tris(pentafluorophenyl)borane is most preferred.

In the boron.compouﬁd(BZ) represented by the general
fbrmﬁla.Z*(BQ’Q’Q’Q‘)', B is boron having a tri-valent
valence state, each definition of Q! to Q¢ is the same as
that of Q' in the boron compound(Bl).

As the examples of the compounds(B2) represented by
the general formula Z*(BQ!'Q2Q3Q*)- ', 2%* being an inorganic
cation includes a ferrocenium cation, an alkyl substituted
ferrocenium cation, a silver cation, etc., and %Z* being an
organic cation capable of extracting a ligand from the
transitioh metal compound formed in the reaction of the
transition metal compound represented by the above-mentioned
general formula (1) with the compound (A) inciudes a
triphenylmethyl cation and the like. The (BQiQ2Qs:Q4)"
includes tetrﬁkis(pentafluorophenyl)borate, '
tetrakis(2,3,5,6~-tetrafluordphenyl)borate,
tetrakis(2,3,4,5~-tetrafluorophenyl)borate,
tetrakis(3,4,5-trif1uorophepy1)borate,



with a Gignard reagent, reacting thus treated matter with a a-transition
netal conpound, and the |ike. The conpounds (A) used in the present

i nvention are either of (Al): theé organoal um num conpound represented by
the general fornula; Eferr]A Zerr] , (A2): the cyclic alum noxane having a
structure represented by the general formula; {-Al(Eerr])-o-}[err] , (A3):
t he i near al um noxane having a structure represented by the general :
fornmula; E[ferr](Eferr]-Al-Oferr]A Ef erJgglwherein each of E[ferr], Elerr]
and E[err] is a hydrocarbon group having 1 to 8 carbon atons, and all of
E[err], all of Eferr] and all of Eferr] may be the sane or different. Z

rgpresentstétpgﬂﬁgggg2@hq&&q&r&d§3 BjpSrate,my contain 2 or nore
kinds of Zs 1n the nolecule. a is a nunber satisfying O <a [err] 3, b

r epr esent sphenybbég¢pentaZlmoruphenyil) borabeesents an integer of 1 or
nore.) or a mxture of

| east tgn'@@tthb§§[3r5-bis(ﬂﬁéﬁ%&ﬂﬁﬂﬂ%?@ﬂl?hfyyéﬁ]PHEQ&%y%ﬂﬁﬂéﬁEnﬁﬁﬁé'
d by th - ' '
{71 Kyl ol SRFRRnROBHERES: PRETAH Rt e Fpafr FapEOeenaml  1¢! V¢
tripropylaége}ggﬂﬁfg&h&ggﬁu@fdﬁﬁgﬁ otat@exyl al um num and the like;
chlfori

di al kyl al um num es such as di net hyl al um num chl ori de,
di et hyl al upj husd SikehydEerdiooerndym| tetrakis (pentdfludiriophenyl Hemetem

chlori de, .
silver tetrakis(pentafluorophenyl)borate,
triphenylmethyl tetrakis(pentafluorophenyl)borate,
tripheﬁylmethyl'tetrakist3,5-bis(trifluoromethylphenyl)]
borate and the like, and triphenylmethyl =
: tetrakis(pentaflubrophenyl)borate is most preferred.
In the boron compound (B3) represented by the above-
mentioned generai formula (L-H)*(BQ!Q2Q%Q*)-, L is a neutral
Lewis base, (L-E)* is a Brdnsted acid and each definition of
Q! to Q* is the same as that of Q' in the above-mentioned
boron compound(Bl). As the examples of the compound
represented by the general formula (L-H)*(BQi1Q2Q3Q4)",
(L-H)* being a Brdnsted acid includes a substituted
trialkylammonium, a N,N-dialkylanilinium, a dialkylammonium,
a triarylbhosphoniuh and the like, and (BQ:iQ203Q4)"
includes the same anions described above. The examples of
these combinations include
triethylammonium ;etrakis(pentaflﬁorophenyl)borate,
tripropylammoniuﬁ tetrakis(pentafludrophenyl)borate,.
- tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate, tri
(n-butyl)ammonium tetrakis[3,5-bis(trifluoromethylphenyl)]

borate,'N,N-dimethylanilinium



di hexyl al um num chl oride and the |ike; al kylal um num sesqui chl ori des such
as net hyl al um num sesqui chl ori de, ethyl al um num sesqui chl ori de and the

| i ke al kyl al umi num di chl ori des such as net hyl al um num di chl ori de,

et hyl al um num di chl ori de, propyl al um num di chl ori de, isobutyl al um num

di chl oride, hexyl alum numdichloride and the |ike; dialkylal um num

hydr rdes such as di net hyl al um num hydri de, diethyl al um num hydri de,

di propyl al um num hydri de, diisobutylal wpywm hydride, di hexylal um num
hydride and the like-, etc. Trialkylalumnuns are preferred, and
triethylalum numand triisobutylalum numare nore preferred. Each of

E[lerr] andyBkeaklisi(pentdfldortdhenel ) boehtei, nek e iethybarisiniamur e
represented by the general formula; {-Al (E[err] -Cﬁ%éfrr] , and (Alerr]). of
t he |inear tetrakispentefivarophenyl)besatepr ddtitdt Ai-pertypathylanil

Lo B car bohndEBECERk e R wbherreheruly) Betaly  oroups such as -
neopentyl SAN-piaSeRRtang girdpy! 1Pyl sobuiyl, nopentyl, @ o,
oo Pret e Lo o B e T A ] e e Cobutyl b 1s 2
to 40, anddtibsptropyléimmonium ttrakispestafduneraphenyblierdtean be
Prepar ed béicyclohexylammonium tetrakis(pentafluorophenyl)borate,
triphenylphosphonium tetrakis(pentafluorophenyl)borate,
tri(ﬁethylphenYl)phosphonium tetrakis(pentafluorophenyl}
borate, _ - -
tri(dimethylphenyl)phosphdnium tetrakis(pentafluorophenyl)
borate and the like. '
Tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate or
N,N-dimethylanilinium tetrakis(pentafluorophenyi)borate is
most preferred.

In the present invention, the transition metal complex
represented by the general formula (1) and the compound (A)
or the transition metal complex, the compound (A) and the
compound (ﬁ) may be fed into a polymerization vessel with an
arbitrafy'order and be used. Moreover, the ;eacfion product
obtained by contacting the transition metal complex
represehted by the general formula (1) and the compound (A)
or the transition metal complex, the compound (A) and the
compound (B) iﬁ.any combinations thereof in advance may be
used.

Concerning the amount of each catalyst component used,

it'is'desirable to use each component in the molar ratio of



vari ous nethods. The procedure is not particularly restricted, and they
may be prepared according to well-known nethods. For exanple, they are
prepared by contacting a solution dissolving a trialkylalum num (for
exanple, trinethylalum numor the like) in a suitable organic solvent
(benzene, an aliphatic hydrocarbon or the |like) with water. As anot her
nmet hed, there is nentioned a nethod for preparing the alum noxanes by
contacting trialkylalum num (for exanpleggdrinethylal um numor the |ike)
with a netal salt containing crystal water (for exanple, a hydrate of
cupric sulfate or the like).. : As a conpound(B) in the present

i nventi on, tRebebApoud@ (W) tHe trmisitiondmeyalheopplenal fornul a
B err]err]derr], a boron conpound(B2) represented by the general

fornul a Z[ efr P¢BQter LJ0Q0dr dng orefErably-5 to 2088 omnch e BT

Irﬁp[ ﬁzeggsgﬁgéghg%u%%qﬁ&“lﬁﬂéﬁ@[E%rékég 'ei&lr err} aq err]Qerr])-.

L) LoGE] L3 ho, o7 b HpapbEpiaR 2008, 8208 Sistinglens) orc

rarne s PSSR DD tayde! dodfotsntoneuin 3 eolutionou:

) y group havin to 20 carbon atons,

or an ami dgtgteypit is desirable to use the transition metml comples 1 to

20 carbon atonms, and they may be the sane or different, .
represented by the general formula (1) at the concentration
of 0.0001 to 5 mmol/l and preferably 0.001 to 1 mmol/l, the
compoﬁnd (A) in terms of Al atom, at the concentration of
0.01 to 500 mmol/i and preferably 0.1 to 100mmol/l, and the
compound (B) at the concentration of 0.0001 to 5 mmol/l and
preferably 0.601 to 1 mmol/l.

In the'present invention, as the monomer constituting

the olefin polymer, any of olefins and diolefins having 2 to
20 carbon atoms and the like can be used and at the same
time two kinds or more of the monomers can be used. The
concrete examples include ethylene, propylene, butene-l,
pentene~1, hexene-1l, heptene-l1l, octene-1, nonene-l} decene~
1; 4-methyipentene-1, vinyl cyclohexene and the like.
However; the present invention should not be limited to the
above-mentioned compounds. The concrete examples of the
monomers constituting_a copolymer include
ethylene/propylene, ethylene/butene-1, ethylene/hexene-1,
propylene/butené-l and the like. However, the pfesent
invention should not be limited to the above-mentioned
compounds. |

The polymerization method should not particularly be



The exanples of the Lewis acid (Bl) include tris(pentafluorophenyl)borane,
tris(2,3,5,6- tetrafl uorophenyl)borane,

tris¢2,3,4,5-tetrafl uorophenyl)borane, tris(3,4,5-trifluorophenyl)borane,
tris(2,3,4-trifluorophenyl)borane, phenyl bi s(pentafl uorophenyl)borane and
the like. Tris(pentafluorophenyl)borane is nost preferred- In the
boron conpound(B2) represented by the general fornula
Z[err](BQerr]Qerr]Qerr] ), B is borgyhaving a tri-valent val ence
state, each definition of QL to Q4 is the same as that of Qerr] in the
bor on .conpound(Bl) . As the exanples of the conmpounds(B2) represented

by the gengimlitéal bz éxampleldxrsdlyent]| pbaympRization oZ[slutrpei ng an
i norganic cation includes a ferroceniumcation, an al kyl substituted
ferrocenlupntymeumzaalomlM@angﬂannaltnbatlﬁnBYEF@FFFh&Hrﬁ? &% gani c

?gﬁ rod | n BREAREacERBT A | MERARSIe HORFANE APCE éﬁ%ﬁbﬁr&%ﬁ@m HBby the
t i L
?r?gﬁeggrné?ﬁ@gtgg?ﬁgﬁkgkgr gﬁ%ﬁg&vﬁigb%ﬂﬁfggfp%Fggf err] errfﬁ?'

i ncl udes éft5ahhib?éﬁh%EHUﬁwaﬁbﬁaﬁﬁémrﬁteh as methylenedichloride or
tetrakis(2, 3,5, 6-tefrafl uorophenyl)borate,

t et r aki s( 2tBe4likeeasaftl solvendny|3 apee, phase polymerization in the

tetrak 3,4,5-trifl h I
-26- s gaseouglmoggagg egyéggnfgke is possible and either of a

continuous polymerization and a batchwise polymerization is
possible.
A polymerization temperature can be in the range of

' -50°C to 200 °C, in particular, the range of -20°C to 100°C
is preferred, and a polymerization pressure is preferably in
the rénge of from an atmospheric pressure to 60 kg/cm?. A
polymerization time is usually determined appropriately
according to the kind of a polymer aimed and a reaction
apparatus, and a range of 5 minutes to 20 hours can be _
adopted. A chain transfer agent such as hydrogen or the like
can be added in order to control the molecular weight of the

cépoiymer to be obtained.

EXAMPLE

The present invention is illustrated in detail
according to Examples and Comparative Examples as follows,
but the present'invention is not restricted thereto.

The properties of the polymers in Examples were
measured by the following methods.

(1) An intrinsic viscosity [ 7 ] was measured with an



tetrakis(2,2,4-trifluorophenyl)borate, phenyl bi s(pentafl uorophenyl)borate,
tetrakis[3,5-bis(trifluoronethylphenyl)]borate and the |ike. These concrete
conbinations include ferroceniumtetraki s(pentafl uorophenyl)borat e,

1,1 -di nethyl ferroceni umtetrakis(pentafl uorophenyl)borate, silver

tetraki s(pent afl uorophenyl )borate, triphenyl nethyl

tetraki s(pent af | uorophenyl )borate, triphenyl nethyl tetrakis|3,
5-bis(trifluoronethyl phenyl)] borate anggde like, and triphenyl methy

t et raki s(pent af | uorophenyl )borate is nost preferred. In the boron
conpound (B3) represented by the above- nentioned general formula

(L-H) [err]gbebeondel Q&gb%@.rsfddﬂéﬁéﬂ' )at 130%Cainegetzallianisohatsion(L-H) is
a Brlerr]nsted acid and each definition of Qerr] to Qerr] is the sane as
that of (@enérablyhetheohdghen iishctheonokeesipsiwedeht, Ahe Righekpiss

of the conpound, represented by th eneral fo I .
(L-H)[enﬁ%%ﬁqEFPFQPéFV]QFéA%QquiéEL?n(Egﬁb&H%eiﬂgeg &5 19 ngateeaefy
i ncludes a 2yzstituted trial kylLamonium a N, N-dialkylanilinium a
dialkyrannB lam a triaryl phosphoni umand the |ike, and

(BQerr]Q fﬁg | £heg Lol erih) contentdasas eetepinsioneceeddndab atwge. The

exanpl es o hese conbi nations include triethylamoni um .
t et r aki s( pelnanactierbghdcy apsorptdons i of cpthykenei and an a-olefin by
tetrakis(pen;afluorgghen | ) .bor at e,

tetraki s( peHEBE| 8Br SPREA Fﬁbeaaﬁarééﬁé%§£%%¥§??iﬁ%ﬁhﬂghﬁﬂaﬁéﬂﬁgfed by
3’5“b'S(trﬁiﬁﬂgﬁoﬁEEHXEpEﬁﬁ%&i&fyﬂfﬁfﬁ Aha*t Sk PELR¥LANAS ¥Hi number of

short branched-chains per 1000 carbon atoms(SCB).
(3) A melting point of the copolymer was determined under
the following condition by'Dsc (SSC-~-5200 manufactured by
Seikoh Ltd.). |
Raise of temperature: 40°C-150°C(10°C/min.), retaining for
5 minutes.

Cooling: 150°C-10°C(5°C/min.), retaining for 10 minutes.
Measurement: 10°C-160°C (5°C/min.) |
(4) A molecular weight and a molecular weight distribution
were determined with gel permeation chromatograph (150, C
manufac;uréd by Waters Company Ltd.) under the following
conditions. '

Column: TSK gel GMH-HT

Measurement temperature: set at 145°C

Measurement concentration: 10mg/10ml-ODCB

Example 1
(1) synthesis of 2-bis(2-hydroxy-3-tert-butyl-5-
methylphenyl)methylthiophene



-27- tetrakls(pentafluorophenyl)borate NN- di et hyl ani |'i ni um

tetraki s(pent af | uorophenyl )borate, N, N-2,4, 6-pentanethylanil inium

t et raki s(pent af | uor ophenyl) borate, N,N—dinethylanilinium
tetrakis[3,5-bis(trifluoronethylphenyl)] borate, diisopropylamoni um
tetraki s(pent afl uorophenyl ) borate, dicycl ohexyl anmoni um

t et raki s(pent af | uorophenyl ) borate, triphenyl phosphoni um

tetraki s(pentafl uorophenyl)borate, tri (Ugthyl phenyl)phosphoni um

t et raki s(pent af | uorophenyl) borate, tri (dinethyl phenyl)phosphoni um
tetraki s(pentafl uorophenyl) borate and the Iike. Tri(n-butyl)amonium

t et r aki t fI h hyl I
etraki s(penta rgR g%og%éaii%ﬁ ﬁ\n%lgflbg‘gg ymnuz&qymmol) of

tetrakls(pentafl roph erred In the present

i nvention, 2L€§r£Laﬂ%ylbﬂﬂmﬁﬁhylphéﬁdbXwaspdéssnmmédnmnfkﬂQmimnﬁJ formul a
(1) and the conmpound (A) or the transition nmetal conplex, the co ound &A)
and the codpethyl(Bthexy and 3¢ Imk ©f methyimagasssum bromide ¢ (1Qfmmo
arbitrary order and_be used. reover, the

contact|ng°fh€1?FHM§|?t8ﬁr Fiﬁﬂﬂé%a?eﬁﬁgg ;b3§p§99due ggﬁﬁﬁérgg p#ala
(1) and toﬁgﬁﬁﬁgo glgﬁ)tegr ”’ﬁﬁ‘ﬂ g%}?ﬁo%jéé?ﬁaﬁt a?: taePleo r?v}is?e caaaszamen(,A)

and the c i'nany CoO ereof in advance nmay be used
Concer ni ngxhEemFRiiRe Wase 3t rarsdl a5t 250 peoenl Ousdaiuties J Afipsr rthat,to

use each conponent in the nolar ratio of
‘the diethyl ether was evaporated under vacuum, and 150ml of
toluene was added to obtain a toluene solution of 2-tert-
buty1;4-methylphénoxymagnesium bromide. To the solution,
5.61g (50mmol) of 2-thiophenecarboxyaldehyde was- added
dropwise at 25°C. After stirring for 24 hours, 5% aqueous
hydrochlorlc acid solution was added and aqueous layer was
separated. After the organic 1ayer was washed w1th a
saturated aqueous sodium chloride solution, it was dried
with anhydrous magnesium sulfate and the solvent was removed
by evaporation. The residue was purified by a silicagel
column chroﬁatography (a developing solvent: hexane/ethyl
acetate = 30/1) to obtain 2-bis(2-hydroxy-3-tert-butyl-5-
methylphenyl)methylthiophene in a yield of 63%.
The 'H-NMR spectrum data of the compound is shown below.
& 1.37(18H), 2.20(6H), 4.94(2H), 5.85(1H), 6.67(2H),
6.83(1H), 6.97(1H), 7.05(lH), 7.26(1H)
(2) Synthesis of 2,2'-(2-thienylmethylene)bis(6-tert-
butyl- 4-methylphenoxy)t1tan1um dichloride

In an atmosphere of argon, 0.423g (1. Ommol) of 2-
bis(2-hydroxy-3-tert-butyl-Sfmethylphenyl)methylthlophene

synthesized in (1) and 10ml of toluene were charged in a



- 28- t he conpound (A)/the transition nmetal conplex of 0.1 to 10000 and
preferably 5 to 2000, and the nolar ratio of the conpound (B)/the
transition metal of 0.01 to 100 and preferably 0.5 to 10. Concerning the
concentration of each catal yst conmponent used in a solution state, it is
~desirable to use the transition netal conplex represented by the general
formala (1) at the concentration of 0.0001 to 5 nmol/| and preferably 0.001
to 1 mol /I, the conpound (A) in ternsigzju.aton] at the concentration of
0.01 to 500 nmmol /1 and preferably 0.1 to 100mmol /I, and the conpound (B) at
t he concentration of 0.0001 to 5 mml /| and preferably 0.001 to 1 nmol/I.
In the pre ' h QI r Shi kil h efp@ pol yner,
any of ol esl&ﬁ{sl gggigﬂlﬁq%f itﬁx}%gﬁ ngg towsz‘:gﬁcgr Egﬁtg?gﬁs%ﬁj tl?le | i ke can
be used angofttiba waEE k&pte dtve&iCuisTor ther sodfitiba,mdndimk ¢hnOkmoljed.
The concrete exanpl es include ethylene, propylene, butene-1, pentene-1, :
hexene- 1, dfptiébeniumotesmachlopidecwas glewhy- added with | HSYEHRIS:

be i it ccPRe BALUEGOPR: NAen SRRV bY L TRE. 2K 12 Bty BECRE { he
MoNOTer S Cg{-)i&k&gbi,gtﬂg% WAL WEd é&fﬁt‘ﬂ@nefaﬂifhiﬁéaphw |ifcentrated,

et hyl ene/ butrene- ene/ hexene-1, propylene/butene-1 and the |ike.
However, t4gdPtRecresideenwad wdshed withbhekanet €6 obtain arargeenti oned

conpounds. The pol ynerizati on net hod should not particularly be
crystals by filtration. After that, it was dried under
vacuum to obtain 0.339 g of an orange solid material.
The *H-NMR (CsDs) data of the solid material is shown below.
& 1.45 (18 H), 2.05 (6 H), 6.38 (1 H), 6.81 (1.H), 6.83 (1
H), 6.95 (2 H), 7.55 (2 H) |
According to the data, the orange solid material was
identified as 2,2'~-(2-thienylmethylene)bis(6-tert-
buty1—4-methylphenoxy)titanium dichloride represented'by the

formula below:

Me . Me
CH
tBu tBll
0 0-
~N .7
T1_
a’
ct Cl

(3) Polymerization
After an autoclave reactor having an inner volume of

400ml and a stirrer had been dried under vacuum and its



- 29- limted. For exanple, a solvent polynerization or slurry

pol yneri zation using an aliphatic hydrocarbon such as butane, pentane,
hexane, heptane, octane or the |like, an aromatic hydrocarbon such as
benzene, toluene or the like, or a halogenated hydrocarbon such as

met hyl enedi chloride or . the |like as a solvent, a vapor phase pol ynerization
in the gaseous nononer or the like is possible and either of a continuous
pol ymeri zation and a batchw se pol ynerigati on is possible. A

pol yneri zation tenperature can be in the range of -50[err]Cto 200 [err]C,
in particular, the range of -20C to 100[err]C is preferred, and a

pol yner | Zaéﬁeé'\seneﬁéuwasi subkefitiAid withtargonnoe 70mlf cEntwlwenesaseai c
pressure to 60 kg/cnferr]. A polynerization tine is usually determ ned
appr opr i atsd}vent candi Agmilooffhdexene-cf as pahy@rodefia wmere chargedn
appara us’ar?c? d;&erggggeggtgrrg g%t% et Orezé)c@ggrv%agagagged to 80°C. After
the raise of the temperature, ethylene was fed while
regulating an ethylene pressure at 6kg/cm? and after the
inner system was stabilized, 6.25mmol of triethylaluminum
was charged, and successively, 5.0 4umol of 2,2'-(2-thienylme
thylene)bis(G-tert-butyl-4—methylpheno$y)titaniﬁm dichloride
was charged. Successively, 15umol of triphenylmethyl
tetrakis (pentafluorophenyl)borate was charged. While
regulating the temperature'at 80°C, the polymerization was
carried out for 10 minutes. As a result of the
polymerization, 1.7X10%g of an ethylene-hexene-1 copolymer
having SCB of 19.8, [#7] of 1.61, a ﬁolecular weight (Mw) of
1.7X10%, a molecular weight distribution(Mw/Mn) of 2.6 and
a melting point of 107.4°C wés produced per 1lmol of
titanium. '
cOmparativg Example
(1) Polymerization
_ After an autoclave having an inner volume of 400ml and
a stirrer was dried under vacuum and its atmOSphere'was
replaced with argon, 170ml of toluene as a solvent and 30ml
of hexene-1l as an a -olefin were charged and the temperature
of the reactor Qas raised to 80°C. After the raise of the
{ temperature, ethylene was fed while regulating an ethylene
‘pressure at 6kg/cm? and after the inner system was

stabilized, 0.25mmol of triethylaluminum was charged, and



adopted. A chain transfer agent such as hydrogen or the |ike can be added
in order to control the nolecul ar weight of the copolyner.to be obtained.

EXAMPLE The present invention is illustrated in detail according to
Exanpl es and Conparative Exanples as follows, but the present invention is
not restricted thereto. The properties of the polyners in Exanpl es

were-nmeasured by the follow ng nethods. (1) An intrinsic viscosity [[err]]
was neasured with an -34- - 30-

Ubbel ohde type visconeter at 130C in tetralin solution. Generally, the

hi gher is the nol ecul ar weight, the higher is the viscosity of the solution

and the 'gg@écéési%l ! 8e 00f md1l F 13,2 (2khP6basqkeiertsont ent was
ac

determ ned-according To the characteristic absorptions of ethylene and -an a

-ol ef i n bybwyDe4amethylphehoxysdt itarminmndichloriidel repnasented doy byhe
Ni ppon Bunkou Industry Ltd.) and expressed as the nunber of
formula below was charged.

Me | Me |
tnujib\ SQ "
0 0o
~ . -
-Ti _ =

. .
[/
. / .,
' ) 4/ %

cl Cl

Successively, 15.0 umol of triphenylmethyl
tetrakis(pentafluorophenyl)borate was charged. While
regulating the temperature at 80°C, the polymerization was
carried out for 60 minutes. As a result of the _
polymerization, 2.9X10%g of an ethylene-hexene-1 éopolymer
having a SCB of 26.1, a [7n] of 3.78 and a melting point of
116;8%3.was produced per 1lmol of titanium. '
Example-2.

(1) Synthesis of 2-bis(2-hydroxy-3-tert-butyl-5-
methylphenyl)methylpyridine

In an atmosphere of nitrogen, 3.29g(20mmol) of
2-tert-buty1-4-ﬁethylphenol was dissolved in 10ml of diethyl
eﬁher and 6.7ml of methylmagnesium bromide (20mmol of
diethyl ether solution) was added dropwise to this at 0°C

for 5 minutes.



short branched-chai ns per 1000 carbon atons(SCB). (3) A nelting point of

t he copol yner was determ ned under the follow ng condition by DSC ( SSC-5200
manuf actured by Sei koh Ltd.). Raise of tenperature:

40[err] G 150[err] C(10[err]C/ mnn.), retaining for ' 5
m nutes. Cooling: 150C10[err]C(5[err]Cmn.), retaining for 10 m nutes.
Measurenment: 10[err]C160[err]C (5C/ mn.) (4) A nolecular weight and a

nol ecul ar wei ght distribution were detelggned with gel perneation

chromat ograph (150, C manufactured by Waters Conpany Ltd.) under the

foll ow ng conditions. Col um: TSK gel GVH HT Measur enment tenperature:
set at 145 et pl-CoompYadS\0if 'B¥ it i@ 'ELOpwabie0additiwn,0rehé ¥act Bsanpl e 1
(1) Synthesis of 2-DBis(2-hydroxy-3-tert-butyl-5-

met hyl phengliktarey walsi eiiored at 25°C for 10 mimites, subsequently,31-

In an atnnsgherq of nitrogen, 16.42g(100mml) of
2-t er t - but thesdiethylpleth@r as SEappraged, upden vacuum, and 30ml of

toluene was added to obtain a toluene solution of 2-tert-
butyl-4-methylphenoxymagnesium bromide. To the solution,
1.07g (10mmol) of picolinaldehyde waé added dropwise at 25°C
and it was reacted for 5 hours while refluxing; After
cooling, the reaction was stopped by adding aqueous 5%
hydroéhloric acid solution and successively, after
neutralizing it with aqueous- sodium hydrogencarhonate
solution, the organic layér obtained was washed with a
saturated agueous sodium chloride solution. After drying it
over anhydrous magnesium sulfate, the solvent was distilled
off. The residue was purified by a silicagel column
chromatography (a developing solvent: hexane/ethYl acetate =
20/1 - 1/1) to obtain 2-bis(2-hydroxy-3-tert-butyl-5- |
methylphenyl )methylpyridine. |
 The 'H-NMR spectrum data of the compound is shown
below. | |
& 1.33(18H), 2.20(16H), 5.32(1H), 6.73(2H), 7.00(2H),
7.25(1H), 7.41(1H), 7.61(1H), 8.36(1H)
(2) Synthesis of 2,2'-(2-pyridylmethylene)bis(6-tert-butyl-
' 4-methylphenoxy)titanium dichloride
Under an-atmosphere of argon, 0.209g (0.5mmol) of 2~
bis(2-hydroxy-3-tert-butyl-s-methylphenyl)methylpyridine'
synthesized in (1) and 5.0ml of toluene were charged in a .

50ml Schlenk's tube equipped with a stirrer, and the



di et hyl ether and 33.3m of nethyl magnesi um brom de (100nmol of di et hyl

et her solution) was added dro to this at O[err]C taking 5 m nutes.
Af t eF conpletigﬂﬁgithe/drﬁﬁﬁfﬁtseddition, the m xturewas stirred at
25[err]C for 1 nutes . AleteRerfirat, the diethyl ethe THS SHEEDHAStBEFNuhder

vacuum and 150 qyedsh added to obtain a tolluene BBILACEBN of

2-teft- butyl -4-net WY esi um bromi de. To the solution, 5.61g
(50mmol ) of 2-thiop yal dehyde wgps. added dropwi se at 25[err]C
After stirring for hours, 5% aqueous hydrochloric acid solution was

added. and aqueous | ayer was separated. After the organic |ayer was washed
with a satgpphedondwasUkeptdidtn 20¥0! | ¢le0$ St i( 01 Smrlo Yol £laniah

anhydr ous nmagnesi um sul fat'e and the sol vent was renoved by evaporation. The
resi due waseppachlletide was |slowky addedntohtbensodudpion (withval opi ng

sol vent: hexane/ethyl acetate = 30/1) to obtain

2-bi s( ﬁ hy8ysipge-t The gelptinn ﬁﬁsf]ﬁ?%mu?ﬁﬁ@ﬁyﬁtﬁi?%r@# 4 YPRFE - of
63% T H NVE t ' bel ow,

237 18r) KBEGE( BRErEAngy A et drowy sGEEB AR Gy Pe 00, L]

7. 05(1H) ’mjﬁé?%%@:aﬁ: ._S)ﬂzté‘%%zg(l gﬁo’m?' s&fiahhs;&émtlhx}a@ﬂeﬁﬁ@éﬁea ehhd

butyl - 4- enoxy)titani um ori de n an at nosphere of argon,
0.423g (1.9asnekd with hexane. Successively, it was dried under vacuum
bis(2-hydroxy-3-t¢rt-buty|-5-nethy|phenyl)npthxlthiophene synt hesi zed in
(1) and 10w® ebtadnulndede atha o't (4rpyridylmethylene)bis(6-

-32- 50”leE¥DLSE§1§41%%%H%Tﬂﬂéﬁ%§§¥éi%éhf&hr&%Enl%@%dé“aas a dark

brown solid material represented by the formula below.

- .,
-

Me - Me
ﬁﬁ o tBu
g .
N -
Ty
/ 2
cl Cl

(3) Polymé;ization

After an autoclave having an inner.volume of 400ml and
a stirrer was dried under vacuum and its atmosphere was
feplaced with argon, 170ml of toluene as a solvent and 30ml
of hexene-1 as an a-olefin weré charged and the temperature
of the reactor_waé raised to 80°C. After the raise of the
temperature, ethylene was fed while regulating an éthylene
pressufe at 6kg/cm? and after the inner system was
stabilized, 0.25mmol of triethylaluminum was charged, and

then, 5.04umol of 2,2'-(2-pyridylmethylene)bis(6-tert-butyl-



solution was kept at 20[err]C. To the solution, 0.11m (1.0mmol) of
titaniumtetrachl oride was slowy added with a syringe. The sol ution was
continuously stirred for 12 hours. After stirring, the wine red solution
obt ai ned was concentrated, and the residue was washed with hexane to obtain
orange crystals by filtration. After that, it was dried under vacuumto
obtakn 0.339 g of an orange solid material. The [err]HNVR (Clerr]Derr])
data of the solid material is shown belg#. [err] 1.45 (18 H), 2.05 (6 H),
6.38 (1 H, 6.81 (1 H, 6.83 (1 H, 6.95 (2 H), 7.55 (2 H According to the
data, .the orange solid material was identified as 2,2

- (2- t hi eny} DRéEN zpﬁéhbgéy@ttitra&rimtd/icmmﬁayl wasnehargeduni um di chl ori de

represented by the fornula below [err] (3) Polynerization

After an Smocessivedyet 35 Mmoln@fitriphenydmebbydi 400n and a stirrer

had been qééggéﬂgg?Lex%g%ggbgg%ﬂéﬁ§l)borate was charged. While
regulating the temperature at 80°C, the polymerization was
carried 6ﬁt for 30 minutes. '

| As a result of the polymerizatidn, 4.7X10%°g of an
ethylene-hexene-1 copolymer having SCB of 19.20, [ 7] of
1.26, a molecular weight(Mw) of 1.1X10° and a molecular
weighf distribution(Mw/Mn) of 8.8 was produced per 1lmol of
titanium and an hour. - -
R Example 3 '
(1) synthesis of 2-bis(2-hydroxy-3,5-di-tert-butyl-6-
methylphenyl)thiophene |
It was synthesized in the same manner as in Example 1
(1) ekcept the uée of 2,4-di-tert-butyl-5-methylphenol in .
place of 2-tert-butyl-4-methylphenol.
(2) Synthesis of 2,2'-(2-thienylmethylené)bis(4,6-di—
tert-butyl-3-methylphenoxy)titanium dichloride
Under an atmosphere of argon, 0.534g (1.0mmol) of 2- °

bis(2-hYdioxy-3,5-di-tert-butyl-G-methylphenyl) and 10ml of
hexane were charged in a 50ml Schlenk's tube equipped with a
stirrer, and the solution was kept at 20°C. To the solution,
0.11ml (1.0mmol) of titanium tetrachloride was slowly added
with a syringe.-ihe solution was continuously stirred for 12
hours. After stirring, a dark brown solid material was
precipitated. The dark brown solid material was filtered and

washed with hexane. Successively, it was dried under vacuum



- 33- at nosphere was substituted with argon, 170m of toluene as a sol vent
and 30m of hexene-1 as an a -olefin were charged and the tenperature of
the reactor was raised to 80[err]C. After the raise of the tenperature,

et hylene was fed while regulating an ethylene pressure at 6kg/cnferr] and
after the inner systemwas stabilized, 0.25mml of triethylal um num was
charged, and successively, 5.0 [err]nol of 2,2'-(2-thienylne '
thyl ene) bi s(6-tert-butyl -4-net hyl phenoxyggd t ani um di chl ori de was charged.
Successively, 15[ err]nol of triphenyl nethyl

tetraki s(pentafl uorophenyl)borate was charged. Wiile regulating the

t enper at ur goabbiafiar 0.8 ¢ f X)) 2ef2zehienylaethylene) s (£ o6-d-m nut es.
As a result of the polymerization, 1.7 X 10[err]g of an ethyl ene-hexene-1

copol yner navtngusw-@f-miglmlp[l{@m)*@itanw,n dighloxide akiyrdark) of
1.7 X10 , | i ght_di stributi Mh). of 2.6 |t
poi Nt of - 1BFOW e PPIAAMAB L BRI AREF oY, FRi SRR ERY e Examp!

(1) Polynerization After .an autocl ave having an inner vol une of 400n
and a stirrer was dried under vacuum and its atnosphere was replaced with
argon, 170m of toluene as a solvent a m of hexene-1 as an a -olefin
were charged and the tenperature gf the acttor was raised to 80[err]C
After the raise of the tenperatureﬁmﬁkllene Wis fed while regulating an

et hyl ene pressure at 6kg/cnferr] and cie t ne i nner system was stabilized,
0. 25mmol of triethyl al um num was ‘

(3) Pdlymerization

After an autoclave having an inner volume of 400ml and
a stirrer was dried under vacuum and its atmosphere was
replaced with argon, 170ml of toluene as a solvent and 30ml
of hexene-l as an a-olefin were charged and the temperature
of the reactor was raised to 80°C. After the raise of the
temperaturé, ethylene was fed while regulating én ethylene -
pressure at 6kg/cm? and after the inner system wis
stabilized, 0.25mmol of triethylaluminum was added, and
successively, 5.0 4umol of 2,2'-(2-thienylmethylene)bis(4,6-d
i-tert-butyl-3-methylphenoxy)titanium dichloride was added.
Successively, 15}Lmol of triphenylmethyl
tetrakis(pentafluorophenyl)borate was added. While
regulating the temperature at 80°C, the polymerization was

carried out for 60 minutes.



- 34- successively, 5.0[err]nol of 2,2 -thiobis(6-tert-

but yl - 4- met hyl phenoxy) titani um-di chlori de represented by the fornula bel ow
was charged. [err] Successively, 15.0 [err] nol of
tri phenyl net hyl tetrakis(pentafluorophenyl)borate was charged. Wile
regulating the tenperature at 80[err]C, the polynerization was carried out
for 60 mnutes. As a result of the polynerization, 2.9X 10[err]g of an

et hyl ene- hexene-1 copol ymer having a SeB9ef 26.1, a [[err]] of 3.78 and a
melting point of 116.8[err]C was produced per 1lnol of titanium Exanple 2
(1) Synthesis of 2-bis(2-hydroxy-3-tert-butyl-5-

met hyl pherys ) aerégubyr ofi the polymerization, 2.4X10°g of an

ethylene-hexene—l copolymer having SCB ‘of 34.64, [7] of
3.23, a molecular weight(uw) of 3,0X10°% and a molecular
weight distribution(Mw/Mn) of 13.8 was produced per 1lmol of
titanium.

Example 4

(1) Synthesis of 2-bis(2-hydroxy-3-tert-butyl-5-
methylphenyl)methyl-5-methylthiophene

_ It was synthesized in the same manner as in Example 1
(1) except the use of 5-methyl-2-thiophenecarboxyaldehyde in
place of thiophenecarboxyaidehyde .

(2) Synthesis of 2,2'-(5-methyl-2-thienylmethylene)bis(6-
tert-buty1-4-methylﬁhéndxy)titanium dichloride

| Under an atmosphere of argon, 0.837g (2.0mmol) of 2-
bis(2-hydroxy-3-tert~-butyl-5-methylphenyl)methyl-4-
methylthiophene and 20m1lof toluené were charged in é 50ml1
Schlenk's tube equipped with a stirrer, and the solutioﬁ was
kept at 20°C. To the solution, 0.22ml (2.0mmol) of titanium
tetrachloride was slowly added with a syringe. The solution
was continuously stirred for 12 hours. After stirring, a
pale orange solid material was precipitated; The pale orange
solid material was filtered and washed with hexane.
Successively,.it was‘dried under vacuum to obtain 0.2 g of
2,2'-(5-methyl-2;thienylmethylene)bis(6-di-tert- |
butyl-4-methylphenoxy)titanium dichloride'as a pale orange

solid material represented by the formula below.



In an at nosphere of nitrogen, 3.29g(20mmol) -of 2-tert-butyl-4-nethyl phenol
was dissolved in 10m of diethyl ether and 6.7m of nethyl magnesi um brom de
(20mrol of diethyl ether solution) was added dropwise to this at Oferr]C
for 5 m nutes. - 35- After
conpletion of the dropw se addition, the reaction mxture was stirred at
25C for 10 m nutes, subsequently, the diethyl ether was evaporated under
vacuum and 30m of toluene was added t-@oebtain a toluene sol ution of
2-tert- butyl -4-net hyl phenoxynmagnesi um brom de. To the solution, 1.07g
(10mol ) of picolinal dehyde was added dropwi se at 25[err]C and it was
reacted for 5 hours while.refluxing. After cooling, the reaction was

st opped by addi ng aqueous 5% hydrochl oriMe aci d sol ution and successively,
after neutralizing it wth aqueous-sodi upjn hyqy ogencarbonate sol ution, the
organi c | ayer obtai ned was washed & t h sat Uf*at ed aqueous sodi um chl ori de
solution. After drying it over anhydr gnesi um sul fate, the sol vent was

distilled off. The residue was .p e i cagel col umm
hiexang
W o ﬁ%

"chromatography (a devel opi ng sol yl acetate = 20/1 - 1/1) to
obt ai n 2- bi s(2-hydroxy-3-tert bt phemyt ) et hyl pyri di ne.

The [err] H NVR spectrum data oButh¢ conpound §js sh bel ow. [err]
1.33(18H), 2.20(16H), 5.32(1H), 6.63&?%0, 7.80(2H), 7.25(1H), 7.41(1H
7.61(1H), 8.36(1H) n -

{ ™a

(3) Polymerization - . ;

' . After an autoclave_héving an inner volume of 400ml and
a stirrer was dried under vacuum and its atmosphere was
replaced with argon, 170ml of toluene as a solﬁent and 30ml
of hexene-1 as an a -olefin were charged and the temperature
of the reactor was raised to 80°C. After the raise of the
temperature, ethylene was fed while regulating an ethylene
pressure at 6kg/cm? and after the inner system was
stabilized, 0.25mmol of triethylalumihum was added, and
successivély, 5.0umol of 2,2'-(5-methyl-2~
thienylmethylene)bis(6-tert-butyl-4-methylphenoxy)titanium
dichloride was added. Successively, 15umol of
tfiphenylmethyl tetrakis(pentafluorophenyl)borate was
charged. While regulating the temperature at 80°C, the
polymerization was carried out.for 60 minutes.

As a result of the polymerization, 1.6><16’g of an
ethylene-hexene-1 cbpolymer having SCB of 22.50, [ 7] of
3.37, a molecular‘yeight(uw)-of 2.9X10%, a molecular weight



(2) Synthesis of 2,2'-(2-pyridylnethylene)bis(6-tert-butyl-

4- met hyl phenoxy) ti-tani um di chl ori de ' Under an atnosphere of argon,
0.209g (0.5nmol ) of 2- '

bi s(2- hydroxy-3-tert-butyl-5-nethyl phenyl ) net hyl pyri di ne synthesized in (1)
~and 5.0mM of toluene were charged in a 50m Schlenk's tube equi pped with a
stirrer, and the -3 6- sol ution was kept at’
20[err] C. 0.055m (0.5mmvl) of titaM|un4fgrachloride was slowy added to
the solution with a syringe. The solution was continuously stirred for 12
hours. After stirring, a dark brown solid material was precipitated. The

dark brown §.91t5:'?.b\%?51%r r(ﬂw(ﬂﬁ@ dfdf t£4 o4 aaﬂdwasm@qﬁmx%i; Sieee €f 117.3°C

Successive er vacuumto obtain O
-(2- DYﬁHQYbEBHhﬁeaﬂﬁdrSﬂﬁbltatttbuanhuﬁ met hyl phenoxy)titani um

dlchlorlde as a dark brown solid material represented by the fornula bel ow.
[err] Example 5

(1) Synthesis of 2-bis(2-hydroxy-3,5-dimethylphenyl)-
methylthiophene

It was synthesized in the same manner as in Example 1
(1) except the use of 2,4-dimethylxylenol in place of 2-
tert-butyl-4-methylphenol.
(2) anthesis of 2,2'-(2-thienylmethylene)bis (4,6~
dimethylphenoxy)titanium dichloride ' =
Under an atmosphere of argbn; 0.713g (2.0mmol) of 2-bis(2-
hydroxy-3,5~-dimethylphenyl)methylthiophene and_20m1 of
toluene were charged in a 50ml Schlenk's tube equipped with
a stirrer, and the solution was kept at 20°C. To the
solution, 0.22ml (2.0mmol) of titanium tetrachléride was
slowly added with a syringe. The solution was continuously
stirred for 12 hours. After sfi:ring, a brick-colored solid
material was precipitated. The brick-colored solid material
was filtered and washed with hexane. Successively, it was
dried under vacuum to obtain 0.3 g of 2,2'-(2-~
thienylmethylene)bis(4,6-dimethylphen6xy)titanium dichloride

as a brick-colored solid material.



(3) Polynerization After an autoclave having an inner volune of 400nl
and a stirrer was dried under vacuum and its atnosphere was replaced with
argon, 170m of toluene as a solvent and 30m of hexene-1 as an a-olefin
were charged and the tenperature of the reactor was raised to 80[err]C.
After the raise of the tenperature, ethylene was fed while regulating an

et hyt ene pressure at 6kg/cnferr] and after the inner systemwas stabilized,
0. 25mmol  of triethyl al um num was charged42_gnd then, 5.0 [err]nol of 2,2
-(2-pyridyl met hyl ene) bi s(6-tert-butyl- ~

-37- _ 4-met hyl phenoxy)titani umdi chl ori de was charged. Successively,
15[err]mol of triphenyl nmethyl tetrakis(pentafl uorophenyl)borate was
charged. Wiile regulating the tenperature at 8Q[lerr]C, the polynerization
was carried out for 30 mnutes. As -eresu of ‘t%he’ pol ynerization, 4.7 X

I hg SCB of 19.20, [[err]] of
a nol ecul ar wei ght

f titanium and an hour.

1.26, a nolecul ar meight(NMo of 1.4
di stribution(Mv M) of 8.8 was prd
Exanpl e 3

Me Me
0 0
~N 7
T1.
7 ™
cl Cl
(3) Poiymerization - =

After an autoclave héving an inner volume of 400ml and
a stirrer was dried under vacuum and its atmosphere was
replaced with argon, 170ml of toluene as a 501vent and 30ml
of hexene-1 as an a-olefin were charged and the temperature
of the reactor was raised to 80°C. After the raise of the
temperature, ethylene was fed while regulating an ethylene
pressure at 6kg/cm? and after the inner system was
stabilized( 0.25mmol of triethylaluminum was added, and
successively, 5.0 4mol of 2,2'-(2-thienylmethylene)bis(4,6~d
imethylphénoxy)titanium dichlpride was added. Then, 15iumol
of triphenylmethyl tetrakis(pentafluorophenyl)borate was '
charged. While regu;ating the temperature at 80°C, the
'polymerization was carried out for 60 minutes.
As a result of the polymerization, 1.1><1039 of an
ethylene-hexene-1 copolymer having SCB of 17.32, [n] of
4.67 and a melting point of 115.1°C was produced per 1lmol of

titanium.



(1) Synthesis of 2-bis(2-hydroxy-3,5-di-tert-butyl-6-

nmet hyl phenyl ) t hi ophene It was synthesized in the same manner as in
Exanmple 1 (1) except the use of 2,4-di-tert-butyl-5-nethyl phenol in place
of 2-tert-butyl-4-nethyl phenol. (2) Synthesis of

2,2 -(2-thienyl met hyl ene) bi s(4,6-di- tert-butyl-3-nethyl phenoxy)titani um
di chtoride Under an atnosphere of argon, 0.534g (1.0mol) of 2-

bi s(2-hydroxy-3,5-di-tert-butyl-6-nethylphenyl) and 10m of hexane were
charged in a 50m Schlenk's tube equipped with a stirrer, and the 5ol ution
was kept at 20[err]C. To the solution, 0.11m (1.O0Omol) of titanium
tetrachlor#g mﬁi omﬁy added with a syringe. The sol ution was

cont i nuous rred for 12 hours. After stirring, a dark brown solid

material wag)pEgRithdsie bt Thd il k-hydroxyeSi-thetitiplenoky filtered and
washed with hexane Successively, it was dried under vacuum
- 38- t o methydlthidphesfe 2, 2' - (2-t hi enyl nmet hyl ene) bi s(4, 6-di -

tert-butyl-3-nmeth Iphenox titani umdichloride as a dark _brpo
mat eri al represe hesize b@lghﬁ Safg manner as £ eR8nble 1

(1) except the use of p-cresol in place of 2-tert-bu;y1—4-
methylphenol. |
(2) Synthesis of 2,2'e(2-thieny1methy1ene)bis(4-
methylphenoxy)titanium dichloride

'Under an atmosphere of argon, 0.621g (2.0mmol) of 2-
bis(2~hydroxy-5-methylphenoljmethylthiophene and- 20ml of
toluene_were-charged in a §0ml_Schlenk's tube equipped with
a stirrer, and the solution was kept at 20°C. To the
solution 0.22ml1 (2.0mmol) of titanium tetrachloride was
slowly added with a syringe. The solution was continuously
stirred for 12 hours. After stirring, a brick-colored solid
material was precipitated. The brick-colored solid material
was filtered and Qashed with hexane. Successively, it was
dried under vacuum to obtain 0.2 g of 2,2'-(2- |
thienylmethylene)bis(4-methylphenoxy)titanium dichloride as

a brick-colored solid material represented by the formula

below.
Me : Me
CH
0 0
~N 7
Ty
/ “,

cl Cl



(3) Polynerization After an autoclave having an inner volune of 400n
and a stirrer was dried under vacuum and its atnosphere was replaced with
argon, 170m of toluene as a solvent and 30m of hexene-1 as an a -olefin
were charged and the tenperature of the reactor was raised to 80[err]C.
After the raise of the tenperature, ethylene was fed while regul ating an
et hyt ene pressure at 6kg/cnferr] and after the inner system was
stabilized, 0.25mmmol of triethylaluningqhwps added, and successively,
5.0[err]mol of 2,2'-(2-thienylnethylene)bis(4,6-d -

i -tert-butyl -3-met hyl phenoxy)titaniumdichloride was added. Successively,,

wni e ogu Sl i ROLPRERYZZEISE | 21T IErrI G, the pol yrelization vas

carried out for g@t&rndheautoclave having an inner volume of 400mBoand
"a stirrer was dried under vacuum and its atmosphere was
replaced with'argon,‘170m1 of toluene as a sblvent and 30ml
of hexene-l as an a-olefin were charged and the temperature
of the reactor was raised to 80°C. After the raise of the
temperature, ethylene was fed while reqgulating an ethylene
pressure at 6kg/cm? and after the inner system was
stabiiized, 0.25mmol of triethylaluminum was added, and
successively, 5.0 u4mol of 2,2'-(2-thienylmethylene)bis(4-met
hylphenoxy)titanium dichlofide was charged. Then, 154mol of
triphenylmethyl ﬁetrakis(pentafluorophenyl)borate was added.
While regulating the temperature at 80°C, the polymerization
was carried out for 60 minutes.

As a result of the polymerization, 9.7X10‘g of an
ethylene-hexene-1 copolymer having SCB of 15.89, [77] of
5.55, a molecular weight(Mw) of 2.7X10°, a molecular weight
distribution(Mw/Mn) of 18.1 and a melting point of 123.1°C
was produced pei 1mol of titanium.

Example 7-
(1) Syﬁthesis of 3-bis(2—hydroxy-3-tertfbutyl-5-
methylphenyl)methyl-2,5-dimethylthiophene

- It was synthesized in the same manner as in Example 1
(1) except the use of_2,5-dimethyl-3-
thiophenecarboxyaldehyde in place of 2-
thiophenecarboxyaldehyde. |
(2) sSynthesis of 2,2'-(2,5-dimethyl-3-thienylmethylene)bis(



As a result of the polynerization, 2.4 X 10[err]g of an ethyl ene-hexene-1
copol yner having SCB of 34.64, [[err]] of 3.23, a nolecular wei ght(Mv) of
3.0 X 10[err] and a nol ecul ar wei ght distribution(Mwv M) of 13.8 was
produced per 1nol of titanium Exanple 4 (1) Synthesis of

2- bi s(2- hydroxy-3-tert-butyl -5- nethyl phenyl) net hyl -5-net hyl t hi ophene

It was synthesized in the sane manner as in Exanple 1 (1) except the use
of 5-nethy|-2-thiophenecarboxyaldehyde_h%_place of thi ophenecarboxyal dehyde
(2) Synthesis of 2,2 -(5-nethyl-2-thienyl"nethyl ene) bi s(6-
tert-hbutyl-4-nmethyl phenoxy)titaniumdichloride Under an at nosphere of

argon, 0.837 : 0 : 3 i i
bi s(2- hydr &‘geégfgmgﬁ#yf“eﬁh%ﬁ?ﬁ“&’%ﬁ’5%%?1%‘91“ 2}crlr%ﬂf;'lqtehi ophene and
20nm of tol uene ygaerchar atshospher® Bt hgenk' 0.000g qQuiommel Wiofi 3-

stirrer, and the solution was kept at 20C. To the solution, 0.22ni
(2. 0nmmol ) Iefs {2+ hydnoxyeS-aertehuty vi-nebhyipheayd )methyd Ar3nge. The

IR T T RGN U R A e e L
(1) o120 ShgedoShedol Bl aafihy. SUSERADL VP! Kookl oS pliPUsaie Vacuum Lo
DU THPALREECgA U BTG Wk a0 onee e oTut s
0.22ml (2.0mmol) of titanium tetrachloride was slowly added
with a syringe. The solution was continuously stirred for 12
hours; After stirring, the wine-red solﬁtion obtained was
concentrated and the residue- was washed with hexane to
obtain orange crystals by filtration. Successively, they
were dried under vacuum to obtain 0.80 g of an orange solid
material. The *H-NMR (CsDs) data of the solid material is
shown below.
éd 1.47 (18 H), 2.02 (é H), 2.08 (3H), 2.11 (3H),
4.99 (1 H), 6.87 (1 H), 6.91 (2 H), 7.45 (2 H)
Accofding to the data, the orange solid material was
identified as 2,2'-(2,5-dimethyl—3-thienylmethylene)bis(6-
tert-butyl-4-methylphenoxy)titanium dichloride represented

by the formula below.

Me Me

Me Me
t CH t
Bu Bu
0
'~ -~
N 5 1 )
/ ",



-40- [err] (3) Polynerization After an autocl ave
havi ng an inner volunme of 400m and a stirrer was dried under vacuum and
its atnosphere was replaced with argon, 170m of toluene as a solvent and
30m of hexene-1 as an a -olefin were charged and the tenperature of the
reactor was raised to 80[err]C. After the raise of the tenperature,
ethytene was fed while regulating an ethylene pressure at 6kg/cnferr] and
after the inner systemwas stabilized,_ £ 25mmol of triethylal um num was
added, and successively, 5.0 [err]mol of 2,2 -(5-nethyl-2-

t hi enyl met hyl ene) bi s(6-tert-butyl -4-nmet hyl phenoxy)titani um

3) Polymerization

After an autoclave having an inner volume of 400ml and"
a stirrer was dried undef vacuum and its atmosphere was
replaced with argon, 170ml of toluene as a solvent and 30ml
of hexene-l as an a -olefin were charged and the temperature
of the reactor was raised to 80°C. After the raise of the
temperature, ethylene was fed while regulating an ethylene
pressure at 6kg/cm? énd-after thé inner system was
stabiiized, 0.25mmol of triethylaluminum was added, and
successively, 5.0 u4mol of 2,2'~(2,5~-dimethyl-3- =
thieﬁylmethylene)bis(6-terf-butyl-4-methylphenoxy)titanium
dichloride was addgd. Successively, 15umol of
triphenylmethyl tetrakis(pentafluorophenyl)borate was added.
While regulating the temperature at 80°C, the polymerization

- was carried out for 30 minutes. As a result of the o

polymerization, 5.5X10°g of an ethylene-hexene-1 copolymer
haﬁing SCB of 7.87, [7] of 2.72, and a melting point of
122.7°C was produced per 1lmol of titanium. '
Example 8
(1) Synthesis of 2-bis(2-hydroxy-3-tert-butyl-5-
methylphenyl )methylbenzothiophene

It was synthesized in the same manner as in Example 1
(1) except the use of 2-benzothiophenecarboxyaldehyde in
place of 2-thiophenecarboxyaldehyde.
(2) sfnthesis of 2,2'-(2-benzo[b]thienylmethylene)bis(6-
tert-butyl-4-methylphenoxy)titanium dichloride

Under an atmosphere of argon, 0.473g (1.0mmol) of 2-



di chl ori de was added. Successively, 15[ err]nol of triphenyl nethyl

t et raki s(pent af | uorophenyl )borate was charged. Wile regulating the
tenperature at 80[err]C, the polynerization was carried out for 60
mnutes. As a result of the polynerization, 1.6X 10[err]g of an

et hyl ene- hexene-1 copol yner having SCB of 22.50, [[err]] of 3.37, a

nol ecul ar wei ght (My) of 2.9X 10[err], a nol ecul ar wei ght

-41- di stribution(Mv Wn) of 23.4 and.jhfgﬂtﬂ ng point of 117.3[err]C was
produced per 1nol of titanium Exanple 5 (1) Synthesis of

2- bi s(2- hydr oxy- 3, 5-di et hyl phenyl ) - et hyl t hi ophene It was

>3 di et npAR)P NG RRTS AN By (o RRRLE, 1 Lol U Dol - (2) Synthesis

of 2,2 - (2nbBhglphERyl)nRtnylisdrzéth iophehyl pyntiiegizedninn( i) candri de

Under an at nosphere of argon, 0.713g (2.0muol) of 2-bis(2-

: 10ml of toluene were charged in a 50ml Schlenk's tube
equipped with a stirtrer, and the solution was kept at 20°C.
To the solution, 0.11ml (1.0mmol) of titanium tetrachloride
was slowly added with a syringe. The solution was
continuously stirred for 12 hours. After stirring, the wine-
red solution obtained was concentrated and the residue was
washea with hexane to obtain orange crystals by filtration.
Successively, they were dried under.vacuum to obtain 0.1 g
of an orange solid materiai.'
The !H-NMR (CsDs) data of the solid material is shown below.
§ 1.50 (18 H), 2.06 (6 H), 6.59 (1 H), 6.98 (2 H),
6.99-7.10 (3H), 7.39-7.44 (2H), 7.58 (2H)
According to the data, the orahge solid material was
identified as 2,2'-(2-benzo[b]thienylmethylene)bis(6-
tert;butyl-4-methylphenoxy)titanium dichloride represented

by the formula below.

i t
ﬁm Bu
0 0
~N . 7
Ti .
/ "’/
cl Cl

(3) Polymerization



hydr oxy- 3, 5- di net hyl phenyl ) net hyl t hi ophene and 20m of tol uene were charged
in a 50mM Schlenk's tube equipped with a stirrer, and the solution was kept
at 20[err]C. To the solution, 0.22m (2.0mmol) -of titaniumtetrachloride
was slowy added with a syringe. The solution was continuously stirred for
12 hours. After stirring, a brick-colored solid material was precipitated.
The brick-colored solid material was filtered and washed w th hexane.
Successively, it was dried under vacuumgga obtain 0.3 g of 2,2'-(2-

t hi enyl et hyl ene) bi s(4, 6-di net hyl phenoxy)titaniumdichloride as a
brick-colored solid material . -42-
[err] After an autoclave having an inner volume of 400ml and

a stirrer was dried under vacuum and its atmosphere was
replaced ‘with argon, 170ml of toluene as a solvent and 30ml

- of hexene-1 as an a=olefin were charged and the temperature
of the reactor was raised to 80°C. After the raise of the
temperature, ethylene was fed while regulating an ethylene
pressure at 6kg/cm? and after the inner system was-
stabilized, 0.25mmol of triethylaluminum was added, and
succeésively, 5.0umol of 2,2'-(2-benzo[blthienylmethylene)b
is(6-tert-buty1-4-methylphenoxy)titanium dichloride was

‘ added. Then, 15umol of triphenylmethyl

tetrakis(pentafluorophenyl)borate wés added. While
regulating the temperature at 80°C, the polymerization ﬁas
carried out for 30 minutes. As a result of the

. polymerization, 2.3X10%g of an ethylene-hexene-1 copolymer
having SCB of 17.33 and [7] of 2.22 was produced per lmol
of titanium and 1 hour. -
Example 9
(1) 5ynthe§is of 2-bis(2-hydroxy-3-tert-butyl-5-
bromophen&l)methylthiophene

It was synthesized in the samé manner as in Example 1
(1)except the use of 2-tert-butyl-4-bromophenol in place of
2-teft-butyl-4-me;hylphenol. |
(2) Synthesis-of 2,2-(2-thieny1methylene)bis(6-
tert-buty1-4-bromophenoxy)titanium'dichloride
Under an atmosphere of argon, 1.10g (2.0mmol) of 2-

bis(2-hydroxy;3-tert-buty1-5-bromophenyl)methylthiophene



(3) Polynerization After an autoclave having an inner volune of 400n
and a stirrer was dried under vacuum and its atnosphere was replaced with
argon, 170m of toluene as a solvent and 30m of hexene-1 as an a -olefin
were charged and the tenperature of the reactor was raised to 80[err]C.
After the raise of the tenperature, ethylene was fed while regulating an

et hyt ene pressure at 6kg/cnferr] and after the inner systemwas stabilized,
0. 25mmol of triethylal um numwas added-.g4®ad successively, 5.0[err]nol of
2,2' - (2-thienyl net hyl ene) bi s(4, 6-d i met hyl phenoxy)titani um dichloride was
added.. Then, 15 [err]nol of triphenyl nethyl

tetraki s( papiehésoeeaheny i 1hoande 20al oirgeliueilki werecghariged) imea
tenmperature at 80[err]C, the polynerization was carried out for 60 m nutes.
As a resul30ml Schlenkysetubet equippedk™ithragstirspret Apdeddexene- 1

115, 17 or r 1RO YRELRR CHABHeBE: AEg0 G- 1§ 2#lihnd 2-Omiol} of tiAdbu’

it SRR AR B R Bling

(1) exceptgdhengés PhePs6lfitdbn Watl Fontindow€1y- Bulivredt for 12 hours.
After stirring, an orange solid material was precipitated.
The orange solid material was filtered and washed with
hexane. Successively, it was dried under vacuum to obtain
0}31_§ of the orange solid material.
The !H-NMR (CsDs) data of the solid material is shown below.

‘ & 1.26 (18 H), 6.26 (1 H), 6.55 (1 H), 6.69 (2H), 7.33

(2H), 7.86 (2H) '
According to the data, the orange solid material was
identified as 2,2-(2-thienylmethylene)bis(6-
tert-butyl-4-bromophenoxy)titanium dichloride represented by

the formula below.

Br : Br
H t
ﬁm Bu
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(3) Polymerization
After an autoclave having an -inner volume of 400ml and
a stirrer was dried under vacuum and its atmosphere was

replaced with argon, 170ml of toluene as a solvent and 30ml



met hyl phenol . (2) Synthesis of 2,2'-(2-thienylnethyl ene)bis(4-

nmet hyl phenoxy) ti tani um di chl ori de Under an atnosphere of argon, 0.621g
(2. 0mmol ) of 2- bis(2-hydroxy-5-nethyl phenol ) net hyl t hi ophene and 20m of

tol uene were charged in a 50mM Schlenk's tube equipped with a stirrer, and
the solution was kept at 20[err]C To the solution 0.22m (2.0mvol) of
titahiumtetrachloride was slowy added with a syringe. The sol ution was
continuously stirred for 12 hours. AftergglLirring, a brick-colored solid
material was precipitated. The brick-colored solid material was filtered
and washed w th hexane. Successively, it was dried under vacuumto obtain

0.2 g of 2o% hiekerdikrys nan hyl cobebin( ¢eiel Harysdxand i thei tamperhitureale
as a brick-colored solid material represenged by the formula below. [err]
-44-  (3) offoitheemeagtam was rajsedr tan88(Coc Rfikem Lhe graksenasr thel une

oo oot AR oA Faa BAYR S BogPaB Sy SR
pressure at 6kg/cm? and after the inner system was
stabilized, 0.25mmol of triisobutylaluminum was added, and
successively, 5.04mol of 2,2-(2-thienylmethylene)bis(6-
tert-butyl-4-bromophenoxy)titanium dichloride was added.
Successively, 154umol of triphenylmethyl
tetrakis(pentafluorophenyl)borate was added. While
regulaﬁing the temperature at 80°C, the polymerization was
carried out for 30 minutes. As a result of the
polymerization, 1.4X10%g of an ethylene-hexene-l copolymer
having SCB of 32.97 and [ 7] of 2.70 was produced per 1lmol
of titanium and 1 hour.

Example 10
(1) Synthesis of 2-bis(2-hydroxy-3-tert-butyl-5-
methoxyphenyl)methylthioéheﬂe |

It was synthesized in the same manner as in Example 1
(1).except.the use of 2-tert-buty1-4-methoxyphenol in place
of 2-tert-butyl-4-methylphenol. | -
(2) Synthesis of 2,2-(2-thienylmethylene)bis(6-
tert-butyl-4-methoxyphenoxy)titanium dichloride

Under an a;mosphere of argon, 0.91g (2.0mmol) of 2~
bis(2-hydroxy-B;tert-butyl-S-methoxyphenyl)methylthiophene
'synthesized in (1) and 20ml of toluene were charged in a
50ml Schlenk's tube eQuipped-ﬁith a stirrer, and the

solution was kept at .20°C. To the solution, 0.22ml (2.0mmol)



of hexene-1 as an a -olefin were charged and the tenperature of the
reactor was raised to 80[err]C. After the raise of the tenperature,
ethylene was fed while regulating an ethyl ene pressure at 6kg/cnierr] and
after the inner systemwas stabilized, 0.25mol of triethylal um num was
added, and successively, 5.0 [err] ol of

2,2"'=(2-thienyl methyl ene) bi s(4-net hyl phenoxy)titani um dichl ori de was
charged. Then, 15[err]nol of triphenylgthyl
tetrakls(pentafluorophenyl)borate was added. Wiile regulating the
temperature at 80[err]C, the polymerization was carried out for 60

mnutes. of titéﬁiﬁmrQé%khch&diﬁaéﬂﬁaﬁmﬁiéﬁlgoadd&dYwﬁtﬂﬂ&ﬁsﬁtﬁﬂéean
et hyl ene- hexene-1 copol ynmer having SCB of 15.89, [[err]] of 5.55, a

mol ecul ar Tiee gholdvbionf was7 cepdimudusly nstbruedr fai §Rt hours. After

di stribution(Mdv M) of 18.1 and a nmltin 0|nt of 123.1]er
produced pEeinrbngefat Argki HFe éL e1jalyWefePre E&pﬂtatgg' The

D 8o e R SR FYLLERD ok e WAGH, prere
of 2,5-di ngdyhe3- successively, it was dried under vacuum to obtain

0.3 g of the dark brown solid material.

The !H-NMR (CsDs) data of the solid material is shown below.

& 1.44 (18 H), 3.28 (6H), 6.57 (1 H), 6.66 (1 H), 6.80

(3H), 6.92 (1H), 7.29 (2H) |

According to the data, the dark brown solid material was
identified as 2,2-(2-thieﬂylmethy1ene)bis(6-

tert-butyl- 4-methoxyphenoxy)tltanlum dichloride represented

by the formula below.
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(3) Polymerization

After an autoclgve having an inner volume of 400ml and a
stirrer was dried under vacuum and its atmosphere was
replaced with argon, 170ml of toluene as a solvent and 30ml
of hexene-1 as an a-olefin were charged and the temperature

of the reactor was raised to 80°C. After the raise of the



t hi ophenecar boxyal dehyde in place of 2- thiophenecarboxyal dehyde. (2)
Synthesis of 2,2 -(2,5-dinethyl-3-thienyl net hyl ene) bi s(

-45-.  6-tert-butyl-4-methyl phenoxy)titani umdichloride - Under an
at nosphere of argon, 0.901g (2.0mmol) of 3- bis
(2-hydroxy-3-tert-butyl-5-nmet hyl phenyl ) net hyl - 2, 5- di net hyl t hi ophene
syinthesized in (1) and 30m of toluene were charged in a 50m Schlenk's
tube equipped with a stirrer, and the s@bution was kept at 20C. To the
solution, 0.22m (2.0mml) of titaniumtetrachloride was slowy added wth
a syringe. The solution was continuously stirred for 12 hours. After
stirring, L dEared \ R opegiilading aid dtlfylene
resi due- vvasé%%#léelgu\i/‘méf héﬁggg'ﬁg% o} obtﬁ %!?gl%lgeﬂgrgyst al s@by fi Imt i on.
Successi vgipessiies atr 6kgvicad amderafitzenruthe oinhexi aySteé® yas an orange

solid material. The [err]H-NVR (CJerr]Dferr])_data,of the soljd terjal
shown bel @talBilized¢ 10 -Llﬁme.lOQ% 6:44])1,8@'0%;1433-311}112!1&11"@5%4% %115 H) ,

mator | ai incsegattelka §s05bo1 b LAtk a lebn indEh 1 L SR B¢
tert-butyly LBl iv PLEDREEhbiPHHB ] O f6m" §PERIBREAE was added.
Then, 15;;mol of triphenylmethyl

S

tetrakis(pentafluorophenyl)borate was added. While

regulating the temperature at 80°C, the polymerization was

carried out for 30 minutes. As a result of the

polymerization, 6.9X10%g of-an ethylene-hexene-l copolymer
" having SCB of 23.04, [77] 6f'1.15 and a melting.point of
'100.4 °C was produced per lmol of titanium and 1 hour.

The rééults of the above-mentioned Examples and Comparative

Examples were collectively shown in Tables 1.



by the formul a bel ow [err]
- 46- 3) Pol ynerization After an autocl ave having an inner vol une of

400 and a stirrer was dried under vacuum and its atnosphere was repl aced
wi th argon, 170m of toluene as a solvent and 30m of hexene-1 as an a
-olefin were charged and the tenperature ggsthe reactor was raised to 80C
After the raise of the tenperature, ethylene was fed while regulating an

et hyl ene pressure at 6kg/cnferr] and after the inner systemwas stabilized,
0. 25mmol of triethylal um num was added, and successively, 5.0 [err]nol of
2,-2"-(2,5-dinmethyl - 3-

t hi enyl met hyl ene) bi s(6-tert-butyl -4-nmet hyl phenoxy)titani umdichloride was
added. Successively, 15 [err]nmol of triphenyl nmethyl :

t etraki s(pent af |l uor ophenyl ) borate was gdy Wiile regul ating the
tenperature at 80[err]C, the polynerization was carried out for 30 m nutes.
As a result of the polynerization, 5 5X 1059 of an ethyl ene-hexene-1

copol yner havrﬂg—fffrn+—?Ingffterrrr-U-—2T72., et Ty pornt—of
122. 7C was "produced per 1jdictaVityt ani u TSCExarrpw el®11) JynMedtingof
2-b|s(2-hyd’oxy-3-tert-bu1}Sl/ingll.iHr point °C
| Example 1 1.7x10° 19.8 |1.61 107.4
Example 2 4.7x10°% 19.20 1.26
Example 3 2.4x10° 34.64 |3.23
Example 4 '1.6x10° 22.50 |3.37 117.3
Example 5 1.1x105 17232 | 4.67 11521
Example 6 9.7x10* 15.89 |5.55 123.1
Example 7 5.5x10° (7.87  |2.72 122.7
Example 8 2.3x10° 17.33 2.22
Example 9 1.4x10° 32.97 |2.70
Example 10 6.9x10° 23.04 1.15
Comparative |2.9x10* 26.1 |3.78 116.8
Example |




met hyl phenyl ) met hyl benzot hi ophene It was synthesized in the sane
manner as in Exanple 1 (1) except the use of

2- benzot hi ophenecar boxyal dehyde in place of 2-thi ophenecarboxyal dehyde. (2)
Synt hesis of 2,2'-(2-benzo[b]thienyl net hyl ene) bi s(6-

tert-butyl-4-nethyl phenoxy)titaniumdichloride Under an at nosphere of
argon, 0.473g (1.0mol) of 2- -47-

bi s(2-hydroxy-3-tertiary-butyl-5- nethysghenyl) et hyl benzot hi ophene
synthesized in (1) and 10m of toluene were charged in a 50m Schlenk's
tube equi pped with a stirrer, and the solution was kept at 20[err]C. To the
solution, 0.11m (1.0mml) of titaniumtetrachloride was slowy added with
a syringe. The solution was continuously stirred for 12 hours. After
stirring, Exempleellred sol uti on obtained was concentrated and the residue

tas vasned i Bheransy a0pah As eyt ale Rty pration. |

e shown ke LpnaRd T ke By Ry ChPhosuneRb®, 7 670,% 05 |y ™ e

6.99-7.10 (3H), fn38n7aéﬁoéﬁﬁbré7d¥3diﬁﬂodﬁﬁprﬂbﬂﬂngsbﬁﬁdi¥Ebfth? or ange

solid material was identified as 2,2'-(2-benzo[b]thienyl met hyl ene)bi s(6-

tert - but yl2<teetibupptardrpethydphenal ocrasrdiesotyedsdént d00ml tafe fornul a

bel ow tetrahydrofufan diethyl ether and 31.1lml of n-butyl lithium
(1.6M n-hexane solution) was added dropwise to this solution
at -75%3. Thereafter, the temperature was elevated to room
temperature and the reaction-mixture was stirred. for 12

o hours. 10 ml of hexamethylbhosPhorid triamide was added to

the the resulting slurry for obtaining a homogenous
solution; and then, after cooled to -78°C, 5.22g(25mmol) of
dichloro(methoxyphenyl)phosphine was added. Subsequently,
after elevating to room témperature, the solution was
refluxed for 30minutes. After natural cooling, 100ml of
water was added to terminate the reaction.and then an
extracting treatment was carried out using toluene (100ml,
three timeé). The organic layer was washed with a saturated
aQueous'sédium hydroxide solution and was dried with
anhydrous sodium sulfate, and then the solvent was distilled
off. The residue was purified by a silicagel column _
chromafography'(g developing solvent: hexane/ethyl acetate =
30/1) to obtain-bis(2-hydroxy-3-tert-butyl-5-methylpheny1)
(4-methoxy§henyl)phoébhine of colorless crystal with the
yield of 14%. The melting point was 122.5-123.5°C.

The 'H-NMR spectrum data of the compound is shown



[err] (3) Polynerization

-48- ' After an autocl ave having an inner volune of 400m and a
stirter was dried under vacuum and its atnosphere was replaced wth argon,
170m of toluene as a solvent and 30m of hexene-1 as an a -olefin were
charged and the tenperature of the reactor was raised to 80C. After the

rai sé of the tenperature, ethylene was fed while regulating an ethyl ene
pressure at 6kg/cnjerr] and after the i@ps& systemwas stabilized, 0.25movl
of triethylalum numwas added, and successively, 5.0 [err]nol of

2,2 -(2-benzo[ b] t hi enyl net hyl ene)b i s(6-tert-butyl-4-nethyl phenoxy)titani um
di chl ori depgdowadded. Then, 15[ err]nol of triphenyl nethyl

6 1.38(s,18H), 2.18(s,6H), 3.81(s,3H), 6.16(d,2H, J=8.6,
1.3Hz), 6.67(dd,2H,J=6.3,1.7Hz), 6.88(dd,2H,J=8.6,1.3Hz),
7.13(d,2H, J=1.7Hz),”7.24(dd,2H,J=8.6,8.6Hz) e

- (2) synthesis of 2,2'?(4-methoxyphenylph6éﬁhzgég{is(6-tert-b
utyl-4-methylphenoxy)titanium dichloride -

Under an atmosphere of argon, to a solution of 0.233g
(0.5mmol) of 2-bis(2-hydroxy-3-tert-butyl-5-
methyiphenyl)methylphosphine synthesized in (1) dissolved in
10ml of toluene, 0.33ml of 3M methyl magnesium hromide
diethyi ether solution was added dropwise and the reaction
mixture was continuously stirred for 12 hours. The reaction
liquid was cooled to -78°C, and subsequently 0.5ml of 1M
titanium tetrachloride toluene solution was added dropwise.
After elevating to room temperature, further the reaction
mixture was continuously stirred for 12 hours. Thus obtained
mixture was filtered to eliminate a toluene-insoluble matter
and the solution obtained was concentrated to obtain 0.206g
of a brick;color solid material.

(3) Polymerization

After an autoclave having an inner volume of 400ml and
a stirrer was dried under vacuum and its atmosphere was
repiaced with argon, 170ml of toluene as a solvent and 30ml
of hexene-1 as éﬁ a -olefin were.charged and the temperature
of the.reacto: was raised to 80°C. After the raise of the
temﬁerature, ethylene was fed while regulating an ethylene

pressure at 6kg/cm? and after the inner sYstem was



t et raki s(pent af | uor ophenyl ) borate was added. Wile. regulating the
tenperature at 80[err]C, the polynerization was carried out for 30 m nutes.
As a-result of the polynerization, 2.3 Xl10[err]g of an ethyl ene-hexene-1
copol ymer having SCB of 17.33 and [ [err]] of 2.22 was produced per 1nvol of
titaniumand 1 hour. Exanple 9 (1) Synthesis of

2- bi 3( 2- hydroxy-3-tert-butyl-5- bromophenyl)nmethylthi ophene It was
synthesized in the same manner as in Exagle 1 (1)except the use of
2-tert-butyl -4-bromophenol in place of 2-tert-butyl-4-nethyl phenol. (2)
Synt hesi s of 2, 2-(2-thienyl nethyl ene) bi s(6-

tert-butylg ea%ffg;ﬁgg;\ag;kg@aanufme#fé%wisfmnum VaEeLhAT RIdPSRRg e Of

argon, 1.10

bi s(2- hydrghen 3- 5eotcehulybezbaomqwma&nmpuénjﬂlpnbsphme)bJ.s(s-tert-
- 49- synthesized in (1) and 20m of toluene were charged in a 50m

Schlenk5;QQREJ1ﬁwmﬁbbﬂlnh§ﬁ°§Yéﬁ#ﬁﬁaiuﬂuﬁl¢hb°§bdetWéﬁ rhergesk. at

the. sol ut iFagPeRTabTa 15 ngt  oF s EatRtbiettyLont  nuously stirred for

o ance” S U S EOREANLOEOPREAT 1 oSk B ALy AniEReRL Mg o, e

was dri ed newirtatving uthé otemperatiral ax @00 e thengslymerization Was
carried out for 30 minutes. |

As a result of the poiymerization, 2.2X10%g of an
ethyléne-hexene-l copolymer having SCB of 32.7, [7] of 0.68
and a melting point of 99.8°C was produced per 1lmol of |
titanium and an hour. ' |

As described above in detail, according to the present
invention, there is provided a transition metal complex
having a cyclic structure where two oxygen atoms are bonded
with the traﬁsition metal, further containing a hetero atom
in a substituent group not contained in the cyclic struqture
and having an excellent thermal stability.

An olefin polymer having a high molecular weight and a
narrow coméosition distribution; particularly a linear low
density polyethylene can be efficiently produced at an
industrially advantageous reaction temperature with an
olefin polymerization catalyst wherein the said complex is a
main catalyst component for polymerizing an olefin. Besides,
‘the amount used Sf aluminoxane which is expensive and must

be used in a large amount can be reduced.



The'[err]H-NMQ(gierr]E{err]) data of the solid material is shown bel ow
[err] 1.26 (18 H), 6.26 (1 H), 6.55:(1 H), 6.69 (2H), 7.33 (2H), 7.86 (2H

Accordi ng to the dHiieShedt Hies MepRGBcO! i d material was i S
g Riépac ﬂ%%{ﬁ ngg BEEN

2, 2- (2-t hi enyl met hyl t-butyl - 4- br onopheno
di chl oride represen la below. [err] £3)
Pol yrreri zati on | ave having an inner_vaolunme of 400nm and

a stirrer was dried under vacuum and itsgft mosphere v ith
argon, 170m of toluene as a solvent and 30m Wh'e"“ﬂ 'lJ”",

- 50- of WRAENgsl cdaimed isd efin were charged and t

1. An olefin polymerization catalyst component

represented by the general formula (1)

Al '®) X

(wherein M is the transition metal element of the 4th Grotp
or thé Lanthanide Series in the Periodic Table and O is an
oxygen atom. Each of A and A' is a hydrocarbon or
halogenated hydrocarbon havipg 1 to 50 carbon atoms, or a
hydrocarbon or halogenated'hydrocarbon group having 1 to 50
carbon atoms and a substituent containing an oxygen atom,
and A and A' may be the same or different. B is a residual
group of an element of the 13th to 15th Groups capable of
forming bonds at three positions. Bach of X and X' is a -
halogen atom cr'a'hydrgcarbon group having 1 to 20 carbon
atoms and X and X' may be the same or different. Y ;
represents a hydrocarbon or halégenated hydrocarbon group

containing'at least one hetero atom and having 1 to 20

carbon atoms.)
2. An olefin polymerization catalyst component

according to Claim 1, wherein at least one of A and A' is an
alleene group, a vinylene group, a phenylene group, a '
naphthalene qrouﬁ, or an arbitrary combination thereof.

3. An olefin polymerization catalyst component

according to Claim 2, wherein at least one of A and'A'_is a

bhenylene group.



of the reactor was raised to 80[err]C. After the raise of the tenperature,
ethyl ene was fed while regulating an ethylene pressure at 6kg/cnferr] and
aftec the inner systemwas stabilized, 0.25mml of triisobutylalum num was

added, and successively, 5.0 [err]nol of 2,2-(2-thienylnethylene)bis(6-

tert:butyl -4-bronmophenoxy)titani umdichloride was ad ' '
15[err]mol of triphenyl nmethyl tetrakis(pentafl uoroph$ﬂﬂlllmﬁmﬂmmmded.
Wil e regul ating the tenperature at 80Cgglhe pol ynerizatkcontwas carr« ed out
for 30 mnutes. As a result of the polynerization, 1.4 X 10[err]g of an

et hyl ene- hexene-1 copol ymer having SCB of 32.97 and [[err]] of 2.70 was

produced per 1ng, Oint61éﬁiﬁﬁgaﬂ.9mbﬁ1@£tidix8¢@tslfl9t( &pmpymetsi s of

2-bi s(2-hydroxy-3-tert-butyl-5- methoxyphenyl)nethyl thiophene . It was
synt hesi zaddording stoeChaimel ,avheredm | s 1a (nitrzegep: atpm,use hgron
2-tert-butyl - 4-met hox enol in place of 2-tert-butyl-4-nethyl phenol. (2)
Synthesisﬁﬂ°@%:§(@ﬂ?%8£ﬂ§?ﬁe?ﬁ? n@Ppidd fléyne gfoup of a

tert-butyl-xkiﬁﬁ h )titani umdichloride Under dﬁ-atnnsphere
of argon, S g {?%m@??ééf 2-

bi s(2- lrydr oxy- 3-8 erjin byleEih- ﬁbl?ﬁérﬁ._fﬂt&ldm&iw&l?éﬁp{aampomﬁﬁme_s'réed in-
(1) and 20m of toluene were charged in a 50m Schlenk's tube equi pped with
a stirrer acoarding sbd €laimnds whereim 2@: lRaskconel afi Enand Xnjis a
(2'0nnnl)halogen_étom, a methyl group or a peﬁé%i group.

6. An olefin polymerization catalyst component
according to Claim 1, wherein Y is a cyclic hydrocarbon
group containing a hetero atom, an alkoxy group, _a
A (substituted)phenoxy groﬁp; a hydrocarbyl thio group, an

hydrocarb&l amino group, a hydrocarbyl phosphino group, or a
hydrocarbon or halogenated hydrocarbon group substituted
therewith.

7. An olefin pblymefization-catalyst component
according to Claim 1, wherein Y is a cyclic hydrocarbon
group'containing a hetero atom. |

8. An olefin poljmerizatioh catalyst comprising using
an olefin pblymerization catélyst component represented by -

the general formula (1);

,A—O X
4 \hn// (1)
Y-B M
\AI_O Xl
(wherein M is the transition metai element of the 4th Group

or the Lanthanide Series in the Periodic Table and O is an



of titaniumtetrachloride was slowy added with a syringe. The sol ution was
continuously stirred for 12 hours. After stirring, a dark brown solid

mat egi al was precipitated. The dark brown solid material was filtered and
washed wi th hexane. Successively, it was dried under vacuumto obtain 0.3 g
of the dark brown solid material. The [err]H NWR (

) err e of
the volid material is shown below. [err] 1.44 (18 'J '”mu-lm 7 (1
H, 6.66 (1 H), 6.80 (3H), 6.92 (1H), 7_39_(2H AccUiR I mﬂna, t he -
dark brown solid material was identified as 2, 2-(2-thienyl'nethylsene)bi s(6-
tert-butyl-4-nmet hoxyphenoxy)titani umdichloride represented by the formul a

bel ow. [egﬂzﬁeﬁd%%?méngaéﬁ)oEObV@ﬁHiﬁﬂiig‘é“ﬁfﬁré&aihbﬁpbﬁye having an

i nner vol unme a stirrer was dried under vacuumand its o
at nospher e Mgsodenatéddhydrbcarbon, hiidirg d twol3@rieanboa adomsay amd 30m

of hexene-1 as an a -olefin were charged and the tenperature of the reactor
was rai sed hysmirarbencert hhalggenadied thydrocarbon group having 1 to 50

carbon atoms and a substituent containing an oxygen atom,
and A and A' may be the same or different. B is a residual
group of an element of the 13th to 15th Groups capable of
forming bonds at three positions. Each of X and X' is a
halogen atom or a hydrocarbon group having 1 to 20 carbon
atoms.and X and X' may be the same or different. Y
represents a hydrocarbon or -halogenated hydrocarbon group
containing at least one heﬁero atom and having 1 to 20
carbon atoms.) énd the compound of (A) described below:
(A) éither of.the compounds (Al) to (A3) described below or
the admixture of those two or three kinds;

- (Al) an organoaluminum compound indicated by the general
formula E!aAlZs-a , |
(AZ) a cyclic aluminoxane having a structure indicated by
the general formula {-Al(E2)-0-}» , and
(A3) a linear aluminoxane having a structure indicated by
the genérél formula E3(E®-Al-0):AlE3:.
(wherein each of E!, E? and E® is a hydrocarbon group having
1 to 8 carbon atoms, and in the above-mentioned general

- formula, all of E!, all of E? or all of E* may be
independently tﬁe same or different. Z represents a hydrogen
atom or a halogen atom and may contain 2'orlmore kinds of Zs
in its molecule. a is a number satisfying 0<as3 , b

represents an.integer of 2 or more and c represents an



-*52- tenpeL_liuuér—e%hy%enE”"é fed while regulating an ethyl ene pressure

at 6kg/cnferr] and aft ﬂg lakdaner systemwas stabilized, 0.25mmmol of

triisobutylaldﬁv and successi vely, 5.0[ enqr}hn
2,2-(2- thienyl t-ert-butyl - 4- met hoxyphepoxy t %ﬁﬁmﬁBEmv
di chrori de mas [err]nDI of triphenyl netiryk ACED

tetrékls(pentafluorophenyl)borate was added. While regul ating the
tenperature at 80[err]C, the polynerlzaﬁbon was carried out for 30 m nutes.
As a result of the polynerization, 10[ err] g of -an et hyl ene- hexene-1
copol ymer having SCB of 23.04, [[err]] of 1.15 and a nelting point of

100. 4 err | e\ P 10 UC 68k PR ré ! of titaniumand 1 hour. The results of
t he above- nent’ oned Exanpl es azz Conpar ati ve Exanpl es were col |l ectively

shown in Tabl es9.. An olefin polymerization catalyst according- to
Claim 8, wherein a compound (B) selected from the group
consisting of boron ¢ompounds(Bl) represented by the general
formula BQ!Q2Q°, boron compounds(B2) represented by the
general formula Z*(BQ!Q2Q3Q*)- and boron compounds(B3)
represented by the general formula (L-H)*(BQ2Q2Q3Q*)-, i
further used. '

lb. An olefin polymerization catalyst according to
Claim 8, wherein the compound (a) is triethylaluminum,
triiéobutylalminum or methflaluminoxane.

11. A process for producing an olefin polymer which
comprises polymerizing an olefin with an olefin
poiymerization catalyst defined in Claim 8.

12. A process for producing an olefin polymer which
comprises polymerizing an olefin with an olefin .
polymerization catalyst defined in Claim 9.

13. A érocess.for producing an olefin polymer'according
to Claim 11, wherein said olefin polymer ia an ethylene-a
-olefin copolymer. )

14. A process for producing an olefin polymer according .
to Claim 12, wherein said olefin polymer ia an ethylene-a

-olefin copolymer.



g

Fabl'e 1 Activity SCB [[err]] Mel ting

g/ mol Ti Hr point [err]C Exanple 1 1. 7x10f err]
19. 8. 1.61 107.4 Exanple 2 4. 7x10[ err] 19.20 1.26
Exampl e 3 2.4x10[ err] 34. 64 3.23 Exanple 4 1. 6x10[err]
22.50 3.37 117.3 Exanple 5 1. 1x10[ err] 17: 32 4. 67
115.1 Exanple 6 9. 7x10[ err] 15. 89 5.55 123.1 Exanple 7
5.5x10[ err] 7.87 2.72 122.7 Exanple 8 2.3x10[ err]

17. 33 2.22 Exanple 9 1. 4x105 32. 97 2.70 Exanple 10

6. 9x10[ err] 23.04 1.15 Conparative 2.9x10[ err] 26.1

3.78 116. 8 Exanpl e ‘ :

ABSTRACT OF THE DISCLOSURE

OLEFIN POLYMERIZATION CATALYST COMPONENT, OLEFIN
POLYMERIZATION CATALYST AND PROCESS FOR PRODUCING OLEFIN

~

POLYMER

An olefin polymerization catalyst component

represented by the general formula (1);

- A—O0 -
v—g = M X (1)
NAL_ \X‘

(wherein M is the transition-metal element of the 4th Group
or the Lanthanide Series in the Periodic Table.and O is an
oxygen atom. Each.of A and A' is a hydrocarbon or
halogenated hydrocarbon having 1 to 50 carbon atoms, or a
hydrocarbon or halogenated hydrocarbon group haviﬁg 1 to 50
carbon atoms and a substituent containing an oxygen atom,
and A and A’ may be the same or different. B is a residual
group of an element ef'the 13th to 15th Groups capable of
forming bonds at three positions. Each of X and X' is a
halogen atom or a hydrocarbon group having 1 to 26 carbon
atoms and X and X' may be the same or different. Y
represents a hydrocarbon.or halogenated -hydrocarbon group
containing at least one hetero atom and having 1 to 20

carbon atoms.), an olefin polymerlzatlon catalyst contalnlng

the said catalyst component, and a process for produc1ng an ;

olefin polymer with the said catalyst.



-H4- Exanple 11 (1) Synthesis of bis(2-hydroxy-3-tert-butyl-

met hylphenyl’) (4- met hoxyphenyl ) phosphi ne In an at nosphere of ni trogen,

10.41g(50mml ) of 2-tert-butyl-4-nethyl phenol was di ssolved in 100”19@5
ane

t et rahydr of ur a
sol ution) was

the tenperatur
was stirred fo
to the the res
after cooled t
di chl oro( et ho

SCPAERTBIERRd 31 L Substitfie,shaeti-n? {; NqUereher]

M-S€ his solution at -78] ereafter,
has e Kﬁ%ﬁ% tp roomtenperature and the reaction-nixture
u221 f hexanet hyl phosphori ¢ trianm de was added
Im%gg slurry f btai nipg a honogenous: solution, and then;
lerr]C 5.22¢ 25mmol ) of ) L
was added. Subsequently, after. elevating

to roomtenperature, the solution was refluxed for 30m mutes. After natural

cool ing, 100n

of water was added to terminate the reaction and t hen ap™~

extracting trGHBREN WM%W? FURAENDOPLEFENee tines).

cotut 1 on Fa TR AR At BT o OGO TRKE R 0T o

was distilg
chronatogréﬁhy

The residue was purified by a silicagel colum
a devel opi ng sol vent: hexane/ethyl acetate = 30/1) to

obt ai n bi s(2- hydroxy-3-tert-butyl-5-nethyl phenyl)

(4- nethox»:r-~

el ting porasg

UNMBhosphi ne of colorless crystal with the yield of 14% The
B9 DFS THES INVENTION The 1H NMR spectrum data of the

conpound S igfw% ésﬁinventxon

The present invention relates to an olefxn

polymerization catalyst component, an olefin polymerization

catalyst and a process for producing an olefin polymer.

In more particular, the present invention relates to a

- process for producing an olefin polymer, particplarly a

linear low density polyethylene by using a t:ansition metal

complex having a cyclic structure where two oxygen atoms are

bonded with+the transition metal atom and further containing

a hetero atcm in a substituent not contained in the cyclic

structure as a main catalyst component for the olymerization

of olefin,

Prior Art

Many reports have been already published about methods

for praducing a2 olefin polymer with a metallocene complex.

For example, in Japanese Unexamined Patent Publication Sho

No.58

-19309, a process for producing an olefin polymer with

a metallocene complex and an aluminoxane is reported.

However, there was a problem that the molecular weight of

the olefin polymer obtained was low when an olefin was



-55- belom/ [err] 1. 38(5,18FD, 2.18(s,6H), 3.81(s,3H), 6.16(d,2H, J=8.6,
1. 3%&) 6. 67 ( dg—2H3- 7 . 88(dd, 2H)=8.6, 1. 3Hz), 7.13(d, 2H

J=1. 7Hz), 7. 24( MEMGEMEET&&T (2) . Synthesi s _of
2, 2" - (4- met hoxyplenyT phosphi ne} b} s(6-tert- SUDstyﬂutasheehﬂ!mbM t @HE6Im
dichl oride rg QNG 199605 phere of argon, to a soruation of 0.233g |
(0.5mmol ) of 2-bis( hydroxy 3ttert-butyl-5- nethyl phenyl) net hyl phosphi ne
synt hesi zed i n {( B—é+ssotved |Onll of toluene, 0.33m of 3Mnethyl
magnesi um br omjde di et hyl ether _gol uti eé=-was added dr opwj se—are—t+he—
reacti on mi xture—was—continuously stirred for 12 hours. [fhe reaction liqu

was cooled to -78[err] C, and subsequently 0.5m of 1M ti tamom
tetrachlchWRF#Q%%eﬁel§oFuF?%#F%%&P%dE%EaHrBSMFQG 4Kft GEOBPe @At tRG to room

nours, TdeaitdEh HfidF ﬁ%i%%&?“@a#"”t b 4323 PREHER, nsol ubi ¢
et andidie Slob s RN 69 46 oapessLisked be Shiakeadegly Of o

brick-color solid materi al mer zatlon an aut ocl ave

havi ng an nyﬂmcaarﬁomegmuglamﬁwol ketjoresrbon deomd,usgea vacuum and
Its atnosphere was replaced with argon, 170m of toluene as a solvent and

30m of hdwsRacREROMmPR balegena @mwgndqmept Bapbngtare of the
react or ed to err].C After the r i se of h eratur
et hyl enew%z? IR o ‘{a‘gﬁj‘r‘Ja‘r"r Feom, nd "fav ng 1%35" 50

‘carbon atoms, and A and A' may bevthet:a%e or different. B
in_the

'is the residual group of the 13th to roups/ capable of

\’Z

forming bonds at three positions.)-

Each of X and X' is a ha;pgen atom or a hydrocanbon group
havihg 1 to 20 carben ataﬁs'and X and X' may be the same or
different. Y represents a hydrocarbon or halogenated
hydrocarbon group containing at least one -em=meme=ef hetero
atoms and having 1 to 20 carbon atoms. In the above formula,
O represents an oxygen atom.

Moreover, the present anention provides an olefin
polymerization catalyst comprzszng using said catalyst
component above and at least one compound (A) selected from
an organoaluminum compound indicated by the general formula
s*;A1z;:. (Al), a cyclic aluminoxane having a sfiucﬁure
indicated by the general formula {-AL(E?)-O-}» (A2) and
a linear aluminoxane having a structure indicated by the
general formula E3(E3-Al-0).AlE*;(A3), wherein each_of-z‘,
E? and E?® is a hydrocarbon group having 1 to 8 carbon atoms,
and . in the above-mentioned general formulae all of E!, all
of E? and all of E® may be the same or different. Z "

represents a hydrogen or halogen atom and 2 or more kinds of



pressure ats 6kg/cn2 and after the inner system was " stabilized,
"0. 25mol- of "tri et py-etr oI \aST rged, and then, 5.0 [err]nol of 2,2
'-(4-nefhoxyphenylnnkaAﬁ%%AﬂmﬂS? F? t- butyl - 4- net hyl phe ﬁégtitani¥gb _

Vhr § qcCessi Vel i, (15] bpﬁﬁ!teoﬁhqqti-p%ni vigspbgy 1996
tetraki s(pentafl ugr WOV e 5 ‘charged. While regulating the
tenperature at 80[jernr] t he porype ilzation was carried out for 30 m nutes.
As a result of thd rzatton, 2.2 Xl0[err]g of an ethyl ene-hexene-1
copol ymer havi ng [[err of ‘0.68 and a nelting point of
99. 8[err] C was pr odt per 1Inol of titaniumand an hour. As
described aloverekedahdyl 1 86°9) thigel BrblErRbEPCN! £AENGEOD ahBoRCisS
provi ded a frafsition tal conpl ex ﬁa Ing a cyclic structure where two
oxygen at omanai@tlgededfwdt hot besataagyingnoielisahm S §urk hiss annistegery a
hetero atomin a substit entﬁgroup,not cont%iged in the cyclic structure -~
and havi ng 2% 8x&8l RenfREnEr ARl 28t 2BFPFEY. © Lo phe ol efin pol yner having a
hi gh ol ecul ar weiygh NagT C Lt y St rg butd o, icularly a
linear | ow donsi t SopSTaRpRIFcas RL: BEPORf RLnehS! o Rad oLl
I ndustri al | iyddeearbgaogsoupscinolude methyly cetyl, an-ptagyly,

pol yneri zation catal yst wherein, the sa%g conpl ex i s a nmain catalyst .

conponent be°§€P9§é¥i2rHBt§ ¢ oFRGBREY s??ﬁ%?“??ﬁ?zﬁﬁﬁﬁﬁb -
al um noxanepgm:ﬁ]’l ﬁeSﬁQEEfi)’enW?tnbé‘chfg éﬂbn%ﬂ;arﬂ&édﬂy-ifﬁnéﬁl,be

reduced. .
3-metpylphenyl, 4-methylphenyl, 2,3-dimethylphenyl,
2,4~dimethylphbenyl, 2,5-dimethylphenyl, 2,6-dimethylphenyl,

' 2,3,4-trimethylphenyl, 2,3,S-trimethylphenyl,
2,3,6-trimethylphenyl, 2,3;4;5-tetramethylphenyl,
2,3,4,6—tetramethylghenyl, pentamethylphenyl, a fluoromethyl

L

D

group, a difluoromethyl group, a fluoroethyl groué,
l,l-difluo;oethyl, 1,2-diflucroethyl, l,l,z—trifluoraethy;,
tetrafluorcethyl, chloromethyl, dichloromethyl, chloroethyl,
'l,l-dichldrgethyl, 1,2-dichloroethyl, 1,1,2-trichloroethyl,
.'teﬁrachloroethyl, bromomethyl, dibromomethyl, bromoethyl,
1,1-dibromoethyl, 'lL,2-dibromcethyl, 1,l,2-tribromoethyl,
tetrabromoethyl -ethed., z-fluorophenyl, 3-fluorophenyl,
4-fluoropﬁenyl,' 2,3—difiuorophenyl, 2,4-di£luoraphényl,
Z;S-difluorophenyl, 2,6-difluorophenyl, '
2,3,4-trifluorophenyl, 2,3,5-trifluorophenyl,
2,3,6-trifluorophenyl, 2,3,4,5-tetrafluorcphenyl,
2,3,4,6-tetraflucrophenyl, pentafluorcphenyl,
2-chlorophenyl, 3-chloropheayl, 4-chlorophenyl,
2,3-dichlorophenyl, 2,4-dichlorophenyl, 2,5-dichlorophenyl,
2,6-dichlorophenyl, 2,3,4-trichlorophenyl,.



What =i s clalned L S: -57- 1. An olefin polynerization catalyst
conporient repred genetal fornmula (1), [err] (wherein Mis
a transition netcgﬁgﬁgg Qﬁﬁgfs 4E'Dlth G oup . or, te Lant %Q§%§)Ser|es t he
Peri‘odi ¢ Tabl e affe{o—s atom ERUPSHLULE tx Ve ?Jggpbon
or hal ogenat ed hydrocﬁBd&ﬁVHﬁ 1ito 50 carbon atons, or a hydrocarbon or
hal ogenat ed hydrdcgrbon group ba img 1 to 50 carbon atons and a

subst it uent contqlr an oxygen atom a f8_A and A may be the same or
different. B is gjresidual . In the Periodic Table group of an
el enent ot the 13th to IStn GoupsT capable of formng bonds at three

posi tions. khidtinflphemakyX groupa antakbeed ikieamPtrena xlyy dinedc &hleon gr oup
having 1 to 20 carbon atons and X and X rmay be the sane-or different. Y
represents DIRRFIRISIY SRR Ggén&Fégeﬁyﬂcar bon group containing at

| east . one hetero ggﬂﬂ%npon g %h&g %g SgrqB %HQ”?eiWKlth;oz An ol efin

pol yneri zati on cata acco erein’at | east
one of A am&h&ltnﬁbiﬂpropyltnlo, butylthio, phenylthio and the like,

and methylthio, ethylthio and phenylthic are preferred.

The hydrocarbyl amino groups include dimethylamino,
diethylamino, dzpropylamlno, dibutylamino, d‘%??FYlﬁﬁﬁﬁg and
the like, and dimethylamino, diethylamino and'aighéﬁiiiiuio
are pfeferred.

The-h?drocarbyl phosphino groups include =
dimethylphosphine, diethyléhésghino, dipropylphosphino,
dibutylphosphino, diphenyl phosphino and the like, and
.dimethylphosphino, &iethylphosphino and diphénylphaspnino
are preferred. |

The hydrocarbon group having a hetero atom-containing
cyclic hydrocarbon group, an alkoxy group, a i
(su@stituted)phenoxy'group, a hydrocarbyl thio group, a
hydrocarbyl amino group or a hydrocarbyl phosphino group as
a substituent include a furfuryl group, a thienyl grou . '
-methoxymethyl, ethoxy'methyl, phenoxymethyl, %,
ethylthlgmethyl, phenylthiomethyl, dimethylaminomethyl
group, diethylaminomethyl, diphenylaminomethyl,
dimethylphosphinomethyl, diethylphosphinomethyl,
diphenylphosphinomethyl and the like.

Concrete examples of the transition metal complex
reprgsented by the general formula (1) include, for example,

'~ 2,2'=-(2-thienylmethylene)bisphenoxy titanium dichloride,



élkykene gfoup, a "‘PQIenp FoUR.r] phenyl ene group, a naphthal ene grbup,
or a conbfnationJﬁEE AGENﬁﬁ¢fS ElAn ol efin pol yneri zati on catal yst
conmponent accor di r¢ iefein at | east one o and TaSae
phenyl ene group. | | 99 NOV 1996 Substitute sheet - %.g_bi.\lovem’%er 1?9_96An
ol efin polymeri zat}i gn Catal yst conpqnent according to Caim1l, wherein B
Is a nitrogen ato phosphorus atom an al kylidyne group
Qlglli n pol yneri zation catal yst,

or a silanetolyl
conponent accordi erein at least one of X and X is a

‘hal ogen atom a nethyl group or a benzyl group. 6. An olefin
pol yneri zat agnleas&l gwo cfnpeset according to daiml, wherein Yis a

cyclic hydrocar boghegregggpfgsntc% nhﬁg) aopeéheer om._e};ta(%1 al%ie}xlug))@/o [oup, a -

represented by the general formula; E!.AlZ:.. include

trialkylaluminums suth as trimethylaluminum,
triethylaluminum, tripropylaluminum, triisobutylaluminmm,
trihexylaluminum and the like; dialkylaluminum chlorides
such as dimethylaluminum chloride, diethylaluminum chloride,
dipropylaluminum chloride, diiscbutylaluminum chloride,
§ihexf1aluminum chloride and the like; alkylaluminum
sesquichlorides such as methylaluminum sesquichlpride,
ethylaluminum sesquichlori&e' and the like; alkylaluminum
dichlorides such as methylaluminum dichloride, ethylaluminum
di;hlcride, propylaluminum dichloride, isobutylaluminum'
dichloride, hexyl aluminum dichloride and the like;
dialkylaluﬁinum hydrides such as dimethylaluminum hydride,
diethylaluminum hydride, dipropylaluminum hydride,
diiscbutylaluminum hydride, dihexylaluminum hydride and the
like, etc. Trialkylaluminums are preferred, and
triethylaluminum and triisobﬁtylaiuminum are more preferred.
Each of E® and E® in (A2) of the cyclic aluminoxane
having a structure represented by the general formula;
{~Al(E?)=0-}s , and (A3) of the linear aluminoxane having a
structure :epresgnted by the general formula;
E'(E'-Al-0).AlE?; is a hydrocarbon group having 1 to 8
carbon atoms, and as the concrete examples, alkyl groups

such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
) neopentyl
isobutyl, n-pentyl, 35%%35%1 and the like can be -



FAqar byl thio group, an hydrocarbyl am no
Jp, or a hydrocarbon or halogenated

($ubsHthed)p T -0t y
group, a hydrocar byRE END
hydr ocar bon gr oup lsupstiTotred Agr-gw 7. An o tion
gqugwmggg dl di m 1 Substitite sheef - %qu 'K?/’d gé rbon

0

cat al yst conponent
group cont ai ni ng aj het atom L; 8. An olefin polynerization catalyst
conprising using an igation catalyst component represented
by the general ffofrmula (1); .[err. 16— (wherein Mis the transition
nmetal el enent of t he [anthanlde Series in the Perlodlc
Table and O is "an

solution was kept at 20°C. 0.055ml1 (0.Smmol) of titanium

tetrachloride was slowly added to the Solution with a

syringe. The solution was continuously stirred for 12 hours.
After stirring, a dark brown solid material was
precipitated. The dark brown solid material was filﬁered and
washed with hexane. Successively, it was dried under vacuum
to obtain 0.077 g of 2,2'-(2-pyridylmethylene)bis(6-
. tert-butyl-4-methylphenoxy)titanium dichloride as a dark

brown solid material reﬁresented_by the formula below.

Me r/, | Me
N
|
gu tEu
0
< -
Tl’
7
cl Cl

(3) Polymerization

After an autoclave having an inner volume of 400ml and
a stirrer was dried under vacuum and its atmosp&éré was
replaced with argon, 170ml of toluene as a solvent and 30ml
of hexene-l as an & -olefin were charged and the temperature
of the reactor was raised to 80°C. After the raise of the
temperature, ethylene was féd thle regulating an ethylene
pressure at 6kg/cm? and after the inner system was
stabilized, 0.25mmol of triethylaluminum was cnaréed, and

then, 5.0 umol of 2,2'-(2—pyridylmethyiene)$is(S—tert-butyl-



- .59-- oxygen atom REE]QACEMENTaSHEE; i s a hydrocarbon or hal ogenat ed
hydr ocar bon havi ng 1't0—56—carbﬁﬁ“ tpns, or a hydrocarbon or hal ogenated

hydr ocar bon gro }rnon at ons, and subst, t i'ng
an exygen atom an a nay be {he s%%*éswt%lﬁﬁﬁﬁf'eﬁ héslgé‘b%?ﬁegs?@dual

group of an el ementf af—the. 13th-tell1bth G oups capable of forming bonds at
three positions. Egach of X and X' is{a halogen atomor a hydrocarbon group

having 1 to 20 ca —atoms—amd—X—grmd X nay be Y
represents a hydr nat et frydr ocar b mu‘“ g at
| east one hghgko ;at @7 dhgﬁl.ng 1 to 20 carbon at i’“‘“mm“m pound of
(A) describe beIomr f%? ei ther of the conpounds (A% tto (A3} described
bel ow or the adm xture of those two or three kinds; (Al') an organoal um num

' d indicat by th (rul E A2 I
e naane how: og-oket el RcEeh M oL uheuotl ECHl Hehennted) * oVl
{-AI(E[err]}ééﬁgggﬁgbd bgnghéﬁ?gnétélrfsgm am pxane having a structure

i ndi cat ed by e general " formu E[err](Eerr AI-C»[err]AIE[err]

(wherein each of E[err], E[err] and E[err] is a hydrocarbon group having 1

to 8 carbon atons, and in the abopes ned ggneral fornula, all of

- E[err], all of Eerr] or all ofZ/E err] na?}ﬁgﬂ ependently the sape or
different. Z represents a WydriDgen atom or hal ogen atom agpgl may-contai.n 2

" or nore kinds of Zs inits nnléb#%e. a_irs”a Hhﬂggr satisfying O <a [err]3 ,

b represents an integer ofa2 or re and™“c represents an
(wherein M is efe transition metal element of the 4%h Group

c:'the Lanthanide Series in the Perisdic Table and G is an
exygen atom. Eack of A and A' is a hydrocarbon or
halogenated hydrocarbon havipg 1 to 50 carzbon atoms, or a
hydrscarbor or ﬁalcgeﬁated'hydrcca:ban group having 1 ts 50
carbon atoms and a substituent containing an oxygen atom,
and A and A' may be the same or different. B..is a residual
- gzavp of an element of the 13tk ®o , upsj:apable -3 4
forming bonds at three pasitioms. Bach of X and X' is a -
halogen atam ar'a'nydroca:bon group kaviang 1 to 20 cazbon
atoms aand X and X' may be the same or different. Y '
represeants a hydrocarbon aor halogenated kydrocarbor gzoup

containing ‘at least one hetero atom and having 1 to 20

carbon atems.)
2. An olefin polyme:iz;tian catalyst component
according to Claim 1, wherein at least cne of A and A' is an
alkylene group, a vinylene group, a phenyleae group, a
naphthalene group, oz s combinacian thereot.
3. An olefin polymerizatioan catalyst componeat
accarding to Claim 2, wherein at least one of A and A' is a

phenylene graup.



_-60< |nteger of 1Lor nmore.) 9. An olefin polynerization catal yst

~according'to U ai quwﬁﬁmﬁgiéggigF ound (B) selected fromthe group

consisting of borjo ‘ epresented b

Bgerr]Qerr]Jerfr]f, . boron conpoyn s(BZ)SPEﬁ"‘é@éﬁbgat ?n,eﬂg genﬂg? or mul a
(B err]Qerr]q drr] RSNy 19%1d beron conpounds(B3) represented by the
gener al fornulﬁg LA [err](BC{err} err]Qerr])- Asfurther—used.

An ol efin pol yneqi zati on catat ccar ng to d ai

conpound (A) is tethylalum num f{riiso utyI al m nu::Hm“ mm‘“mﬁm)xane
11.. A process for produ0|ng an ol'érin pol ynmer which coan|Ses"poFyner|2|ng

an olefin Whtb?%& olcefli Brpmbyaeyi zati on catal yst defined in C aim8.
12. A process produci ng an ol efin polynmer which conprises pol ynerizing

—

an ol efin with afl-oRBf PhefARYREITBRF 1AL IR FIEALHRF | FEEOFALRY o 0.

roero b SCETACR, PUAICLR0N Cotlslad 06 EIecEED 00 L0 AR 1Y |,
process foecasmduﬁnggounbakcﬁlmﬁp&m(mpw@meﬂmﬂwmﬁé geeradl n
said olefin polynmer ia_an ethylene-a -olefin copolyne
formula BQ!Q?Q?, bofon compounds(B2) represented by the
general formula Z°(BQ*Q3Q3Q*)- and boron compounds(B3)
represented by the general formula (L-E)*"(BQ*Q32Q3Q*)-, is
further used.

16. An olefir polymerization catalyst according to
Claim 8, wherein the compound (A) is triethylaluminum,
triiecbutYIalminug or methylaluminoxane.

11. A process for producing an olefin polymer which
comprises polymerizing an olefin with an olefin
polymerization catalyst defined in Claim 8.

12. A process for producing an alefin polymer which

~ comprises polymeriz;ng an olefin with an olefin
pelymerization catalyst defined in Claim 9.

13. A érocess for producing an olefin polymer according
to Claim 11, wherein said olefin polymer ég-an ethylene— '
-0lefin copolymer. '

14. A process for producing an olefin polymer according .

to Claim 12, wherein said olefin polymer ia an ethylene-«

-olefin copolymer.:



