"S- 7 6 7 PCT 1 TITLE PROCESS FOR POLYMERI ZI NG OLEFINS TECHNI CAL FI ELD 5
The present invention relates to a process for“—pofyﬁee+z+ng_an_glefln
nore particularly, a process for polynerizing an finin the presence of
a specific catalyst under specific conditions. , RT As olefin
ol yneriz so-call ed Kam nsky cata known. The
gatglystsgﬁ ergaﬁq#gs Iy hi gh polynerlzatlon aCtIVIty””SB*that pol yners
havi ng a narrow nol ecul ar wei ght di strilbuti on can be 15 obtained. As the
transition nmetal conpounds used for the Kam nsky catal ysts, for exanple,
bi s(cycl opentadi enyl) zirconiumchloride (see, JP A 58(1983)-19309) or
et hyl enebi s(4, 5, 6, 7-t et rahydr oi ndenyI|T)ITZi&r coni um di chl ori de (see, JP A
61(1986)-130314) are known. 20 It is also known that olefin polynerization
activity and obtai ned progedef FOR ppOperEREZINGT beEFYESt |y depending on
the type of transition netal conpounds used for polynerization. Further,
as a new ol efin polynerization catalyst, a 25 transition netal conpound
having a |ligand chelate SF-7 6 7 PCT
TECHNICAL FIELD

5 The present invention relates to a process for
polymerizing an olefin, more particularly, a process for
polymerizing an olefin in the presence of a specific

catalyst under specific conditions.

10 BACKGROUND ART

As olefin polymerization catalysts; so-called
Kaminsky catalysts are well known. The catalysts have
extremely high polymerization activity, so that polymers
having a narrow molecular weight distribution can be

15 obtained. As the transition metal compounds used for the
Kaminsky catalysts, for example, bis(cyclopentadienyl)
zirconium chloride (see, JP A 58(1983)-19309) or
-ethylenebis(4,5,6,74tetrahydroindenyl) zirconium dichloride
(see, JP A 61(1986)-130314) are known.

20 It is also knowh that olefin polymerization activity
and obtained polyolefin properties differ vastly depending
on the type of transition metal compounds used for
polymerization.

Further, as a new olefin polymerization catalyst, a

25 transition metal compound having 'a ligand chelate-

T
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2 -coordinating with a hetero atomis recently proposed as described in JP
A 11(1999)-199592. Pol yol efins generally have excell'ent nechani cal
properties, and hence have wi dely been enployed i'n various 5 fields such
as nol ded products of all sorts. However, since the demands for physical
propertiegpof ol yelgfins have been diversified recently, polyolefins with
vari ous propertles have increasingly Reen desired. Further, in order to

i nprove productivity, the 10 increase ¢f polyolefin yield per catalyst
amount and the maintenance of catalytic activity are especially inportant
subj ects. The present invention has been made in view of the above

ci rcunst ahcesdbfathegpribh ar hetAmoobjtevt ief relreni’ ypresgnisdchwention is to
provi de a process for polynerizing an olefin with excellent polynerization
activity dssogibbeé ihradAshtilanleedal1665p8und proposed in JP A
11(1999)-199592. DI SCLOSURE OF THE | NVENTI ON 20 The process for

pol ymeri zi ng anpol ebiafofist fenpresept haiveverteQneaanpeicsas ipallymeri zi ng. an
olefin or copolynerizing olefins at a polynerization reaction tenperature

of 50 to R2POS=inithe pnesespecohaan ahekilp bpehyEei12atidon ncatalysts
conprising: SF-7 6 7 P CT 3
5 fields such as molded products of all sorts. However,
since the demands for physical properties of polyolefins
have been diversified recently, polyolefins with various
properties have increasingly been desired.
Further, in order to improve productivity, the
10  increase of polyolefin yield per catalyst amount and the
maintenance of catalytic activity are especially important
subjects.
The present invention has been made in view of the
above circumstances of the prior art. An object of the
15 present invention is to provide a process for polymerizing

an olefin with excellent polymerization activity using the

transition metal compound proposed in JP A 11(1999)-199592.

DISCLOSURE OF THE INVENTION

20 The process for polymerizing an olefin of the present
invention comprises polymerizing an olefin or
_copolymerizing olefins at a polymerization reaction
temperature .of 50 to 200°C in the presence of an olefin

polymerization catalyst comprising:



(A). atransition netal conmpound represented by the following formula (1),
(B-1) a conmpound having a reduction ability which reacts with the
transition netal conpound (A) to convert an 5 imne structure noiety to a
nmetal am de structure, and (B-2) a conpound which reacts with the

transiti ogp. Fegal ound (A) to forman ion pair; RSYRG 10 ....... MXn
.. RlLY %F @3 EZ@?%Q) wherein Mis transition netal atom of G oups 3
to 15 11 of the periodic table, mis integer of 1 to 6, Y is an oxygen

atom a sulfur atomor a seleniumatom or a nitrogen atom having a
substituent R7, R1 to R7 may be the sane or different, they are each 20 a
hydr ogen at om dAhakogernstidmona meyerlocamysrurgt olgn regentoxy gen-coat ai ni ng
group, a nitrogen-containing group, a boron-containing group, a

sul f ur - cofitdilpiwvagggrfoupula pHdsphor us-cont ai ni ng group, a heterocyclic
conmpound residual group, a silicon-containing group, a germanium 25

cont ai ni ng groupBe)aat cemponhal hiavg ngl @Uredudt in MAYE 6fy which

reacts with the transition metal compound (A) to convert an
5 imine structure moiety to a metal amide structure, and
(B-2) a compound which reacts with the transition

metal compound (A) to form an ion pair;

5
0 N

wherein M is a transition metal atom of Groups 3 td
15 11 of the periodic table, |
m is ah integer of 1 to 6,
Y .is an oxygen atom, a sulfur atom or a selenium atom,
or a nitrogen atom having a substituent R7,
R! to R? may be the same or different, they are each
20 a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxygen-containing group, a nifrogen—containing group, a
boron-containing group, a sulfur-containing group, a
phosphorus-containing group, a heterocyclic compound
residual group, a silicon-containing group, a éermanium—
25 containing group or a tin-containing group, two or more of

them may be bonded to each other to form a ring except for



t hem may be bonded to each other to forma ring except for SF-7 6 7 PCT 4
the case where R1L and R5 or Rl and p6 are bonded to each other to form an
aromatic ring, and when mis 2 or greater, one group of RlL to R7 contai ned
in one ligand and one group of Rl to R7 contained in other |igands may be
bonded, agg. % Risp Rgs, Ras, R4s, R5s, R6s and R7s may be the sane or

-different, n i1s a nunber satisfying a‘yalence of M and X is a hydrogen
atom a hal ogen atom a hydrocarbon group, an oxygen-containing group, a

nitrogen-containing 10 group, a boron-containing group, a
sul fur-cont ai ni ng group, a phosphor us-cont ai ni ng group, a
hal ogen- cbRtaFasggwgesepR? andaRunPault comd akhiane granwged & dhetaciocycl i c
conpound residual group, a silicon-containing group, -a germani um -
cont ai ni ngt§rsupooiLcant iep- eewr@itiing igrpumndanchashen is i35 & restgreat er,
plural groups indicated by X nmay be the sane or different, and they may be
bonded t oceachrotiberft 8'f bpnRa connginéd thi snenvégthdnantihentr arsiutd on
metal compound (A) is preferably a conpound in which R4 in the above
formula @0 R})tésRa daltogemedt om oghdydt bganbenmayodp, bandedygand
cont ai ni ng group, a nitrogen-containing group, a boron- containing group, a
sul fur> coRtsy R4y @3ayp,Ra, pREsphrfsisand ORtAInM NGO, s@ndred erocyclic
conpound residual group, a _
-different,
n is a number satisfying a valence of M, and
X is a hydrogen atom, a halogen atom, a hydrocarbon
group, an oxygen-containing group, a nitrogen-containing
10  group, a boron-containing group, a sulfur-containing group,
a phosphorus-containing group, a halogen-containing group,
an aluminﬁm—containing group, a heterocyclic tompound
residual group, a silicon-containing group, a germanium-
containing group or a tin-containing group, and when n is 2
15 or greater, plural groups indicated by X may be the same or
different, and they may be bonded to each other to form a
ring.
In this invention, the transition metal compound (A)
is preferably a compound in which R? in the above formula
20 (I) is a halogen atom, a hydrocarbon group, an oxygen-
containing group, a nitrogen-containing group, a boron-
containing group, a sulfur-containing group, a phosphorus-
containing group, a heterocyclic compound residual group, a

silicon-containing group, a germanium-containing group or a

25 tin-containing group.



silicon-containing group, a germani umcontaining group or a 25
tin-containing group. SF-767PCT 5 The olefin. polynerization catalyst
used in the invention may further conprise a carrier (C, in addition to
the transition netal conpound (A), the conpound (B-1) having a reduction

ability i.C t ith the conpound 5 (A) to convert an imne structure
noi ety tggg'ﬁéﬁjﬁﬁéiﬂM‘ structure, and a conpound (B-2) which reacts with

the compound (A) to forman ion pair. SAccording to the process for
polynerizing an olefin of the invention, the yield of polyolefin per 1 nol
of a 10 transition nmetal atomcontained in the transition netal . conpound
(A) and 1 hour Ofheaopekynepbghicen zbiri®ni $£at@QY kg Wedmore.c BRI EF

DESCRI PTION OF THE DRAWNG 15 Fig. 1 is an explanatory di agram show ng the

prepar at i Onvepracasmaof rantokef icompeliyern zatdrar cat@l ysitn 448ed-idh t he
present invention. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON 20 The process

for polynmesi zhagtaanekefibn aeeandicopbend @ )pr esRN:dnPeeMHd ofs-i5) descri bed
below in nore detail. The term "polynerization" used herein nmeans not only

honopol yngaizagi anrbuticalisa 68RALYKELNZAH QRacdRd A0 e cdnefdindol yer”
used herein neans not only honopol ynmer but
5 (A) to convert an imine structure moiety to a metal amide
structure, and a compound (B-2) which reacts with the
compound (A) to form an ion pair.
According to the process for polymerizing an olefin
of the invention, the yield. of polyolefin per 1 mol of a
10 transition metal atom contained in the transition metal

compound (A) and 1 hour of a polymerization time is 1000 kg

Or more.

BRIEF DESCRIPTION OF THE DRAWING

15 Fig. 1 is an explanatory diagram showing the
preparation.process of an olefin polymerization catalyst

used in the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

20 The process for polymerizing an olefin according to
the present invention is described below in more detail.
The term “polymerization” used herein means not only
homopolymerization but also copolymerization, and also the
term “polymer” used herein means not only homopolymer but

25 also copolymer.



25 al so copolyner. SF-767PCT 6 The process for polynerizing an ol efin of
the present invention conprises polynerizing an olefin in the presence of
an olefin polynerization catalyst conprising: (A a transition netal
compound represented by the 5 following formula (1), (B-I1) a conpound

havi ng a %egr%;5qp(?ﬁility which reacts with the transition netal conpound
(A) to convert  an Tmne structure noiety to a netal am de structure, and

(B-2) a conpound which reacts with the®ransition 10 metal conmpound (A) to
forman ion pair. First, each of conponents formng the olefin
pol ymeri zation catalyst used in the present invention is explained. 15 (A
Transition met alheoppoaadsThert pahginbirarimet aln odrgduwnd f( Ahe $rae szonpound
represented by the following formula (I); R R6 _ -MX 20R Y R R4 3 M
(1) whereimvéhtibdhi sogpnésakl poflgkenias ngoandioiatfiion,irbuthe presence
of an olefin polymerization catalyst comprising:
(A) a transition metal compound represented by the
5 following formula (I),
(B-1) a compound having a reduction ability which
reacts with the transition metal compound (A) to convert an
imine structure moiety to almetal amide structuré,'and
(B-2) a compound which reacts with the transition
10 metal compound (A) to form an ion pair.
First, each of components forming the olefin

polymerization catalyst used in the present invention 1is

explained.

15 (A) Transition metal compound

The transition metal compound (A) is a compound

represented by the following formula (I);

| Riz(Ri&

20 R a

wherein N---M is generally taken as coordination, but

25 it is not necessarily the case for this compound.



25 it is not necessarily the case for this conpound. SF-7 6 7 PCT 7 1In the
formula (1), Mis a transition netal atomof G oups 3 (including

| ant hanoid) to 11 of the periodic table, preferably a transition netal
atomof Goups 4 to 11, nore preferably a transition netal atom of G oups

4 to 6 agg 5 Q§9“f to 11, particularly preferably a transition netal

at om of gu% oup 5. Exanpl es of such netal atonms include scandi um
yttrium |anthanoid atom titanium zi’rconi um hafni um vanadi um ni obi um
tantal um chrom um nol ybdenum tungsten, nmanganese, rhenium iron,

rut henium 10 cobalt, rhodium nickel and palladium Preferable are
titanium zircobnuttheh&bnmuie anadiMums Bi alrawmi ttiant alet®]l clmomum iron,
cobalt, rhodium nickel, palladiumand copper. Mre preferable are

titani umGzoupsnBuminbabdium 1aviahadiodd) ricokilums trait fdimodiy ardwmg, i ron,
cobalt and 15 rhodium Particularly preferable are titanium zirconium and

haf ni um préseanbilpt egeragbitiba Betpnebewabloy Erodpd amare 1107 efsrably 1
to 2. Y is an oxygen atom (-0-), a sulfur atom(-S-) or a 20 selenium atom

(-Se-), %r@f@k&b@?eﬂ atgRshavbRgmd t a3Uhsbint Uenlc Bids M RD ¢ aRL to R7 may
be the sane or different. They are each a hydrogen atom a hal ogen atom a
hydr ocar b@Ro@p8eUR, t8N11, particularly preferably a transition metal
atom of Group 4 or Group 5. Examples of such metal‘atoms
include scandium, yttrium, lanthanoid atom, titanium,
zirconium, hafnium, vanadium, niobium, tantalum, chromium,
molybdenum, tungsten, manganese, rhenium, iron, ruthenium,
10 cobalt, rhodium, nickel and palladium. Preferable are
titanium, zirconium, hafnium, vanadium, niobium, tantalum,
chromium,'iron, cobalt, rhddium, nickel, paliadium and
copper. More preferable are titanium, zirconium, hafnium,
vanadium, niobium, tantalum, chromium, iron, cobalt and
15 rhodium. Particularly preferable aré titanium, zirconium
and hafnium.
m is an integer of 1 to 6, preferably 1 to 4, more
preferably 1 to 2.

Y is an bxygen atom (-0-), a sulfur atom (-S-) or a

20 selenium atom (-Se-), or a nitrogen atom having a

substituent R’ (—N(R7)—).

Rl to R’ may be the same or different. They are each
a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxygen-containing group, a nitrogen-containing group, a

25 boron-containing group, a sulfur-containing group, a



oxygen-cont ai ni ng group, a nitrogen-containing group, a 25 boron-containing
group, a sulfur-containing group, a SF-767PCT 8 phosphorus-containing
group, a heterocyclic conmpound residual group, a silicon-containing group,
a germani um containing group or a tin-containing group, and two or nore

of them to each other to forma ring except 5 for the case
wher e R,"§§693%Qggq;§~and R6 are bonded to form an aromatic ring. The

hal ogen atomis fluorine, chlorine, br &vi ne or i odine. Exanpl es of the
hydr ocar bon groups include straight- 10 chain or branched al kyl groups of 1
to 30 carbon atons, preferably 1 to 20 carbon atons, such as nethyl,

et hyl, n-pppepiibrussopnopyhing- buioylp, iasblittetocsacd-ddadpodres t - but yl |
neopentyl and n-hexyl; straight-chain or branched al kenyl groups of 2 to
30 carbonratodsalpyebepabhy s21tec20 coarkaom ity oW, SUGr@EMbuy., ally
and isopropenyl; straight-chain or branched al kynyl groups of 2 to 30

carbon atesetaiptiefegably 3rta ZQAncaLheR ialions qraig)) asEtHtWWHr sk
propargyl; cyclic saturated hydrocarbon groups of to 30 carbon atons,

preferabl yf3them2@agapboBoatiedd £ oSEekhas 2@ oY e GRIaPY riGYCl oWy,
cycl opentyl, cyclohexyl and adamantyl; cyclic unsaturated "hydrocarbon
groups of £8rt end0casar hABrat RBangUrRh s ©Yehepent adlenyhaekndgny,, and
" an aromatic ring.
The halogen atom is fluorine, chlorine, bromine or
iodine.
Examples of the hydrocarbon groups include straight-
10 chain br branched alkyl groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms, such as methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, ﬁert—butyl,
neopentyi and n-hexyl; straight-chain or branched alkenyl
groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon
I5 atoms, such as vinyl, allyl and isopropenyl; straight-chain
or branched alkynyl groups of 2 to 30 carbon atoms,
preferably 2 to 20 carbon atoms, such as ethynyl and
propargyl; cyclic saturated hydrocarbon groups of 3 to 30
carbon atoms, preferably 3 to 20 carbon-atoms, such as
20 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl; cyclic unsaturated hydrocarbon groups of 5 to 30
carbon atoms, such as cyclopentadienyl, indenyl and
fluorenyl; aryl groups of 6 to 30 carbon atoms, preferably
6 to 20 carbon atoms, such as phenyl, benzyl, naphthyl,

25 biphenylyl, terphenylyl, phenanthryl and anthryl; and



fluorenyl; aryl
atonms, such as

groups of 6 to 30 carbon atons, preferably 6 to 20 carbon
phenyl, benzyl, naphthyl, 25 biphenylyl, terphenylyl,

phenant hryl and anthryl; and SF-767PCT 9 al kyl-substituted aryl groups,

such as tolyl,

i sopropyl phenyl, tert-butyl phenyl, dinethyl phenyl, di-tert-

but yl phen n i hyl phenyl . TH above hydrocarbon groups may be ones
k<7 a byent

in which

atomis substituted with a hal ogen atom Exanpl es

t her eof include hal ogenat ed hydrocarbor groups of 1 to 30 carbon atons,
preferably 1 to 20 carbon atons, such as trifluoronethyl,

perfluoro-tert-

butyl, pentafluorophenyl, chlorophenyl and

trifluorogekhylphesylitutt@ Euriiheiroude ahewe Sydrocar bon groups may be

ones wherein a hydrogen atomis substituted with other hydrocarbon group.
Exanpl es tbepeepyipekuge , anyl-t -substidndred aldiwle 19 Qsn SuCh as: benzyl and
cunyl . Furthernore, the above hydrocarbon groups may have 15 heterocyclic

conpound kgel,dHaLNGNOURS; tO%X%@eRAQRAI NG groups, such as an al koxy
group, an aryloxy group, an estef group, an ether group, an acyl group, a

car boxyl group,
car boxylic anhydride group; nitrogen-con

Tﬁ_aﬁ@@@oﬂ§59095953n %r@%?%pﬁﬁhggkaﬁmfﬁjggﬁﬁﬁyyQQPUp and a

ai ni gr oups, such as an amino

group,s anhgm_éggagr 2B 28 LALLM WAn ATl YR G MY ELARIIR 97 OUP:

a hydrazon

thereof include halogenated hydrocarbon groups of 1 to 30

carbon atoms, preferably 1 to 20 carbon atoms, such as

trifluoromethyl, perfluoro-tert-butyl, pentafluorophenyl,

chlorophenyl and trifluoromethylphenyl.

10

Further, the above hydrocarbon groups may be ones

wherein a hydrogen atom is substituted with other

hydrocarbon group. Examples thereof include aryl

substituted alkyl groups, such as benzyl and cumyl.

Furthermore, the above hydrocarbon.groups may have

15 heterocyclic compound residual groups; oxygen—cohtaining

groups, such as an alkoxy group, an aryloxy group, an ester

group, an ether group, an acyl group, a carboxyl group, a

carbonato group, a hydroxyl group, a peroiy group and a

carboxylic anhydride group; nitrogen-containing groups,

20  such as an amino group, an imino group, an amido group, an

imido group, a hydrazino group, a hydrazono group, a nitro

group,

a nitroso group, a cyano group, an isocyano group, a

cyanic ester group, an amidino group, a diazo group and an

ammonium salt group derived from an amino group; boron-

25 containing groups, such as a boranediyl group, a



group, a nitroso group, a cyano group, an isocyano group, a cyanic ester
group, an am di no group, a diazo group and an ammonium salt group derived
froman am no group; boron 25 containing groups, such as a boranediyl
group, a SF-7 6 7 PCT 10 boranetriyl group and a di boranyl group;

sul fur-containin roups, such as a nercapto group, a thioester group, a
di t hi oest¥f- 79503?)‘? (’grlll‘ al kylthio group, an arylthio group, a thioacyl
group, a thioether group, a thiocyanicllster group, 5 an isothiocyanic
ester group, a sulfonic ester group, a sulfonam do group, a thiocarboxyl
group, a dithiocarboxyl group, a sulfo group, a sulfonyl group, a sulfinyl

group ansbsasét fepyl gg6OYPanAhesENBEESNGANE2bAPLAY sUNEURS cosi#eR g a
phosphi do group, a phosphoryl group, a thiophosphoryl 10 group and a

phosphat oy g5 @, shbhc8-50RLALALRE gLEURS: a 98K PABRIUR gOBLAI Niang groups;
or tin-containing groups. O these, preferable are straight-chain or

branched 8l kyle SFOHPSrOfipl £R 39kGaER9B 8L00B, Rheherakhy 140,20 carbon
atons, such as nethyl ] et%yl, n- propyl, iSopropyl, 157 n-butyl’, iscbutyl,

sec- but ylthf@ééypu&y&ﬁﬁ gegpﬁﬂwétagg ggﬁnggyg: tﬂ%kx%%p%s@ferfig&% 0

carbon atons, prefera to 20 car ons, such as phenyl, “napht’hyl,

b Dhesyl M 4 SttonyLyle pieoan biyb, o0 Tt DL 00 Subgifvpec
SUbStitl“%ﬁlﬁ%ﬁ%ﬁ?dé“&@o@ﬁ,hglnggcg£88§ylaggghpgrgugﬁthiocarboxyl
group, a sulfo group, a sulfonyl group, a sulfinyl group
and a sulfenyl group; phosphorus-containing groups, such as
a phosphido group, a phosphoryl group, a thiophosphoryl
10 group and a phosphato group; silicon—contéining groups;
germanium—éontaining groups; or tin-containing groups.
Of these, preferable are sﬁraight—chain or'branched
alkyl groups of 1 to 30 carbon atoms, preferably 1 to 20
carbon atoms, such as methyl, ethyl, n-propyl, isopropyl,
15 n-butyl, isobutyl, sec-butyl, tert-butyl, nebpentyl and n-
hexyl; aryl groups of 6 to 30 carbon atoms, preferably 6 to
20 carbon atoms, such as phenyl, naphthyl, biphenylyl,
terphenylyl, phenanthryl and anthryl; and substituted aryl
groups wherein the above aryl groups are . substituted with 1
200 to 5 substituent groups such as halogen atoms, alkyl groups
of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms,
alkoxy groups of 1 to 30 carbon atoms, preferably 1 to 20
carbon atoms,” aryl groups of 6 to 30 carbon atoms,

preferably 6 to 20 carbon atoms, and aryloxy groups of 6 to

25 30 carbon atom, preferably 6 to 20 carbon atoms.



of 1 to 30 carbon atons, preferably 1 to 20 carbon atons, al koxy groups of
1 to 30 carbon atons, preferably 1 to 20 carbon atons,-aryl groups of 6 to
30 carbon atons, preferably 6 to 20 carbon atonms, and aryl oxy groups of 6
to 25 30 carbon atom preferably 6 to 20 carbon atons. SF-7 6 7 P CT 11
Exanpl es of the ox en-contai ni ng groups, nitrogen- containing groups,

bor on- con§grﬁ|@ Jbs sul fur- containing groups and

phosphor us- contalnlng groups indicatellby RL to R7 include those

previ ously described as 5 substituents which may be contained in the

hydr ocarbon groups. The heterocyclic conpound residual groups are cyclic

groups having lpkamp1Bet 850 tAkOMKy gBHCR A% 200 iNg %rcf)_}ﬁ@d Bt r g oyabl e
are nonocyclic rings and polycyclic rings of 4 I0 nbers pref erably

5 to 6 mepbgersinExamkespel bhe onheleneeyalil LR H%Jdl%xdﬂal gr oups
i ncl ude residual groups of ni trogen-containing conpo s (e.g., pyrrole,

pyri dine, cpytLahdhae s Lol T@e A AL Ry 15681 %ﬁadrr Hups of

oxygen- cont ai ni ng conpounds , furan an pyr si dual groups of

sul fur - contgh BLAGACRIPRUNGS i elrgcluw%gg u%tﬁggggg%gglsg phepgyn khese

het er ocycl | conmpou resi dual groups are

SUbSt“%ueQE sﬁggneﬁg PEXEhghg P 0 P%{a%n%% %arQQP %}%ﬁgkx1ﬁgeferably 1 to

.20 carbon ato oXy gr ups 0]

groups.
The heterocyclic compound residual groups are cyclic
groups having 1 to 5 hetero atoms, such as O, N, S, P and B.
Employable are monocyclic rings and polycyclic rings of 4
10 to 7 members, preferably 5 to 6 members. Examples of the
heterocyclic compound residual groups‘include residual
groups of nitrogen-containing compounds (e.qg., pyfrole,
pyridine,'pyrimidine, guinoline and triazine), residual
groups of oxygen-containing compounds (e.g., fuian and
15 pyran), residual groups of sulfur—containiné compounds
(e.g., thiophene), and groups wherein these heterocyclic
compound residual groups are further substituted with
substituents such as alkyl groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms, and alkoxy groups of 1 tol
20 30 carbon atoms, preferably 1 to 20 carbon atoms.
The silicon-containing groups include a silyl group,
a siloxy group, a hydrocarbon-substituted silyl group and a
hydrocarbon-substituted siloxy group. Examples of the
silyl éroups include methylsilyl, dimethylsilyl,

25 trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,



20 30 carbon atons, preferably 1 to 20 carbon atons. The silicon-containing
groups include a silyl group, a siloxy group, a hydrocarbon-substituted
silyl group and a hydrocarbon-substituted siloxy group. Exanples of the
silyl groups include nmethylsilyl, dinmethylsilyl, 25 trinethylsilyl,
ethylsily iethyl silyl, triethylsilyl, SF-7 6 7 PCT 12
diphenylnéfhgﬁgﬁréﬁfﬁiriphenylsiIyI, di met hyl phenyl si |yl ,

di methyl -tert-butylsilyl and di met hyl (p&nt af | uorophenyl)silyl. O these,
preferable are nethylsilyl, dinmethylsilyl, trimethylsilyl, ethylsilyl, 5
diethylsilyl, triethylsilyl, dinmethylphenylsilyl and triphenylsilyl.

Paiti cul adiphpneteeabl@sanel,t tirmehlkylQislivlyl, WinetdhyigHady1 diiphenyl sily
and di net hyl phenyl silyl. Exanples of the hydrocarbon-substituted sil oxy

groups areiméthipetbgksi-baxylandythenki ke. 10 Exanpl es of the
ger mani um cont ai ni ng groups and the tin-containing groups include those

wher ei n silheeRy0fipthearabeyepsihiyG9R1a9Nt ai HENGHEEEUPpFE FEYRBE it létrgd with
germaniumor tin. Exanples of Rl fo R nentioned above are describe 15

below i n peteydstaih, Gimbhay0XYIeN- CORL AT sidKAUPSRNEfgred al koxy
groups are net hoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, ~isobutoxy and
tert-butoxyecpyeberyed arybexy195oyps difethylphenylsilyl and
triphehylsilyl. Parﬁicularly preferable are trimethylsilyl,
triethylsilyl, triphenylsilyl and dimethylphenylsilyl.
Examples of the hydrocarbon-substituted siloxy groups are
trimethylsiloxy and the like.

10 Examples of the germanium-containing groups and the
tin-containing groups include those wherein silicon of the
above silicon-containing group is substituted with
germanium or tin.

Examples of R' to R’ mentioned above are described

15 Dbelow in more detail.

Of the oxygen-containing groups, preferred alkoxy
groups are methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy and tert-butoxy; preferred aryloxy groups are
phenoxy, 2,6-dimethylphenoxy and 2,4, 6-trimethylphenoxy;

20 preferred acyl groups are formyl, acetyl, benzoyl, p-
chlorobenzoyl and p-methoxybenzoyl; and preferred ester
groups.are acetyloxy, benzoyloxy, methoxycarbonyl,
pheﬁoxycarbonyl and p-chlorophenoxycarbonyl.

Of the nitrogen-containing groups, preferred amido

25 groups are acetamido, N-methylacetamido and N-



phenoxy, 2, 6-di et hyl phenoxy and 2, 4, 6-tri nmet hyl phenoxy; 20 preferred acyl
groups are fornyl, acetyl, benzoyl, p- chlorobenzoyl and p-nethoxybenzoyl;
and preferred ester groups are acetyl oxy, benzoyl oxy, methoxycarbonyl,
phenoxycar bonyl and p-chl orophenoxycarbonyl. O the nitrogen-containing
groups, preferred amdo 25 groups are acetam do, N nethylacetam do and N
SF-7 6 7 $G17 £37 W6t Byl benzani do; preferred amino groups are dimethyl am no,
et hyl met hyl ami no and di phenyl am no; prEferred imdo groups are acetimdo
and benzim do; and preferred i mno groups are nethylimno, ethylimno,
propylimno, butylimno and 5 phenylimno. O the sulfur-containing groups,

preferre i up hyl t hi,o t hyl.t hizo- . prefer.red
Byl Ehi o e e g DT B 57 et Byl bReRyT TR 0 and TSt Hel L i o
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N net hyl - p-. t o]l uenesul f ppam do. 15 Rl to.R7 are preferably a hydrogen atom
Pa Rgm 9 Bk

a hal oger® B0 "5 Ry dF oear bon gf obBpC A T hat BPoc YR & TESHS0GRE T esi dua

groupSaagggggfﬁ%ng:substltuted silyl group, a

Of the sulfur-containing groups, preferred alkylthio
groups are methylthio and ethylthio; preferred arylthio
groups are phenylthio, methylphenylthio and naphthylthio;
preferred thicester groups are acetylthio, benzoylthio,

.10 methylthiocarbonyl and phenylthiocarbonyl; preferred
sulfonic ester groups are methylsulfonato, ethylsulfonato
and phehylsulfonato; and preferred sulfonamido groups are
phenylsulfonamido, N-methylsulfonamido and N-methyl-p-
toluenesulfonamido.

15 R' to R’ are preferably a hydrogen atom, a halogen
atom, a hydrocarbon group, a heterocyclic compound residual
group, a hydrocarbon-substituted silyl group, a
hydrocarbon—subétituted siloxy group, an alkoxy group, an
alkylthio group, an arylthio group, an acyl group, an ester

20 group, a thioester group, an amido group, an imido group,
an amino group, an imino group, -a sulfonic acid amido group,
a cyano group, a nitro group, a carboxyl group, a sulfo
group, a mercapto group or a hydroxyl group.

Wheh Y is én oxygen atom, a sulfur atom or a selenium

25 atom, R! is preferably a substituent other than hydrogen.



hydr ocar bon-substituted sil oxy group, an al koxy group, an al kylthio group,
an arylthio group, an acyl group, an ester 20 group, a thioester group, an
am do group, an imdo group, an am no group, an inmno group, a sulfonic

acid am do group, a cyano group, a nitro group, a carboxyl group, a sulfo

group, r 0 p or a hydroxyl group. Wien Y is an oxygen atom a
.sul fur aggnfgfgvpgé I"enium 25 atom R9 is preferably a substituent other

t han hydrogen. SF-7 6 7 PCT 14 Specifitally, R4 is preferably a hal ogen
atom a hydrocarbon group, an oxygen-containing group, a nitrogen-
contai ning group, a sulfur-containing group, a boron- containing group, a

het er ocycbpeceopaund, r e$i dyabrgeredgb1@ & Bhlibeen- @Bkl gi ng group, a
germani um containing group or a tin-containing group. R4 is particularly

pref erabl yyarohakpegangabap), anhyaroearRem tarouRg & RRLET QL Wil o gopound
resi dual group, a hydrocarbon-substituted silyl ‘group, a

hydr ocar besnsgbat hiuhedusi | aX%udrowncoaR aalkewy A 2k Al kyl thio
group, an arylthio gfoup, an aryloxy group, an "acyl group, an ester group,

a thi oest@asngs@rrpn? aRrafhdo, gEQURoc3R 13 OBl AL iidfdo gy
i mno group, a fonic ester group, a sul e group, a cya o group, a

nitro sgrogpbresnacaxég%zhgggger By e %rragéluﬁl gfam% %981, rpa SHl fur

atomor a selenium atom Xanpl es O rocar groups as R4

tin-containing group. R? is particularly preferably a
halogen atom, a hydrocarbon group, a heterocyclic compound
residual group, a hydrocarbon—substitutéd silyl group, a
hydrocarbon-substituted siloxy group, an alkoxy group, an

10 alkylthio group, an arylthio group, én aryloxy group, an
acyl group, an ester group, a thioester group, an amido
group, an amino group, an imido group, an imino.group, a
sulfonic ester group, a sulfonamide group, a cyano group, a
nitro group, or a hydroxyl group.

15 When Y.is an oxygen atom, a sulfur atom or a selenium
atom, preferable examples of hydrocarbon groups as R*
include straight-chain or branched alkyl groups of 1 to 30
carbon atoms, preferably 1 to 20 carbon atoms, such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyi, sec-

20  butyl, tert-butyl, neopentyl and n-hexyl; cyclic saturated
hydrocarbon groups of 3 to 30 carbon atoms, preferably 3 to
20 carbon atoms, such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and adamantyl; aryl groups of 6 po
30 carbon atoms, preferably 6 to 20 carbon atoms, such as

25 phenyl, naphthyl, biphenylyl and terphenylyl; and



i ncl ude straight-chain or branched al kyl groups of 1 to 30 carbon atons,
preferably 1 to 20 carbon atons, such as nethyl, ethyl, n-propyl,

i sopropyl., n-butyl, isobutyl, sec 20 butyl, tert-butyl, neopentyl and

n- hexyl; cyclic saturated hydrocarbon groups of 3 to 30 carbon atons,

preferably_3_t 0 rbon atons, such as cycl opropyl, cyclobutyl,
cyclopentéF‘7c§éﬁ§h@§§I and adamantyl; aryl groups of 6 to 30 carbon

atons, preferably 6 to 20 carbon atonslSsuch as 25 phenyl, naphthyl,
bi phenylyl and terphenylyl; and SF-7 6 7 PCT 15 these groups may be
further substituted with substituents such as an alkyl group of 1 to 30

carbon at emesepreierabisy bd G120 Hear hath AL 0N e Ny Al K0XYL G OUP9f s 1 to 30
carbon atons, preferably 1 to 20 carbon, a hal ogenated al kyl group 5 of 1

to 30 carboenabeman RNehar iipl 4o 12Q Sayd ey A5, ¢ ol ;r%é[f@fa%lf of 6 to

30 carbon-atons, preferably 6 to 20 carbon atons and an oxy gr%up of 6

to 30 carhoRoabeMe, rRheherAll y 6 ta@.l%@}g%{ﬁﬁ{be?%far%itw - fk?or‘?? oxygen

atom. a sulfur atomor a selenium 10 at e exanples o

Do RSP LBt ) et B TR B SN s,
G B BTN 2L b TR L YA e e
PartiCU|a5hyaB§§f8Eggbeof 6 to 30 carbon atoms, preferably 6 to 20
carbon atoms and an aryloxy group of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atoms.
When Y is an.oxygen atom, a sulfur atom or a selenium
10 atom, preferable exaﬁples of hydrocarbon-substituted silyl
groups as R® include methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl,
dimethyl-tert-butylsilyl and
15 dimethyl (pentafluorophenyl)silyl. Particularly preferable
are trimethylsilyl, triethylsilyl, diéhenylethylsilyl,
isophenylsilyl, dimethylphenylsilyl, dimethyl-tert-
butylsilyl, and dimethyl (pentafluorophenyl)silyl.
Two or more groups of R! to R7, preferably adjacent
20 groups, may be bonded to each other to form an aliphatic
ring, an aromatic ring or a hydrocarbon group containing a
hetero atom such as a nitrogen atom except for the case
where Rl and R> or R! and R® are bonded to each other to
form an aromatic ring, ahd these rings may further contain

25 a substituent.



are trimethylsilyl, triethylsilyl, diphenylethylsilyl, isophenylsilyl,

di met hyl phenylsilyl, dinethyl-tert- butylsilyl, and

di et hyl (pent af | uor ophenyl )silyl. Two or nore groups of Rl to R7,
preferably adjacent 20 groups, may be bonded to each other to form an
aliphatic ring, an aromatic ring or a hydrocarbon group containing a
hetero at®m Bk BL d nitrogen atom except for the case where RL and R5 or
R1 and R6 are bonded to each other to 16orman aromatic ring, and these
rings may further contain 25 a substituent. SF-7 6 7 PCT 16 Wen mis 2
or greater, one group of RL to R7 contained in one |igand and one group of

Rl to R7 contaipgdn hnigthep | jgandes) BRY ?%oggn@%dR1thnRR58, R6s or R7s
are bonded to each other, the main chain of the bond is 5 preferably

composed OlndaOheOiG 8hATE GEHE! BRE oBLO 0 BES: ocRas. (BAR: E55csRRSaOr RS

may be the sane or erent.” nis a nunb satisfying a valence o

speci fi caulyotge;olggaﬁa%frﬁgygbéygenéedmﬁh%e&% ablys Ll g3 Xds a

hydr ogen atony "a hal ogen at om rocar bon group, an "

oxygen- coplai,DiingoOLOUR. 8,01 T 0gEN; oNt ilng o [01.QUPy, 3 baron- cont ai ni ng
group, a sultur-contarni Ag group, = & phosphorus-contaim ng ‘group, a

el 00S cEPLALILID, OLBR.o TGB! UTLOULSANLALALNO. roup.a L ergEyc i o
R3s, R%s, R%s, R®s or R’s may be the same or different.
n is a number satisfying a valence of M, specifically
0 to 5, preferably 1 to 4, more preferably 1 to 3.
X is a hydrogen atom, a halogen atom, a hydrocarbon
10 group, an oxygen-containing group, a nitrogen-containing
group, a boron-containing group,'a sulfur-containing group,
a phosphorus-containing group, a halogen—contéining group,
an aluminum-containing group, a heterocyclic compound
residual group, a silicon-containing group, a germanium-

15 containing group or a tin-containing group.

The halogen atoms include fluorine, chlorine, bromine
and iodine.

Examples of the hydrocarbon groups include the same
groups as previously described with respect to R! to R7.

20 Specifically, there can be mentioned alkyl groups, such as
methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl
and eicosyl; cycloalkyl groups of 3 to 30 carbon atoms,
such as cyclopéntyl, cyclohexyl, norbornyl and adamantyl;
alkenyl groups, such as vinyl, propenyl and cyclohexenyl;

25 arylalkyl groups, such as benzyl, phenylethyl and



15 containing group or a tin-containing group. The hal ogen atons incl ude
fluorine, chlorine, bromne and iodine. Exanples of the hydrocarbon groups
i nclude the sane groups as previously described with respect to RL to R7.
20 Specifically, t here can be nentioned al kyl groups, such as nethyl,

et hyl, g; butyI hexyl, octyl, nonyl, dodecyl and eicosyl; cycloal kyl
gr oups of ?65§dpéh bon atons, such as cyclopentyl, cycl ohexyl, norbornyl
and adamantyl; al kenyl groups, such ak/vinyl, propenyl and cycl ohexenyl ;

25 aryl al kyl groups, such as benzyl, phenylethyl and SF-767PCT 17
phenyl propyl ; and aryl groups, such as phenyl, tolyl, dinethyl phenyl,

trinethylphenyl prebhyt pheayhbrypr geylipBen¥licn BisPReRYly1  naRh
nethylnaphtth paﬁ%% and pKengnthry The hygrocgrbon g%gﬁps may al so

i ncl ude h@ir@&@ﬁﬁiﬁﬁeéf\gbydlé9§ﬁé999195@H9§ speghbhealhy, JResa plend o 20

carbon atons in | east ©One hyd rogen |s substltuted wi th ~hal ogen.

O these,y, %ﬁrfblﬁa H€n ydrH8§59?HagEQH? %h& 1 %%d? o AtanE. 10
group ncIu S

- Exanpl es 0o € oxyge - coht ai ni ng gr oups

g;ﬁr:gﬁzgfggﬁigé%ggng6ﬁh%ESEQECRa% aﬁéothcﬁldesﬂﬁﬁ &%&Eﬁ1 there can be
yl group; koxy groups, such as oxy, et hoxy,
Propoxy QQﬂdP&££§Mon groups, specifically, those of 1 to 20 carbon
atoms in which at least one hydrogen is substituted with
halogen.
Of these, preferable are hydrocarbon groups of 1 to
20 carbon atoms.

10 Examples of the oxygen-containing groups include thé
same groups as previously described with respect to R! to
R7. Specifically, there can be mentioned a hydroxyl group;
alkoxy groups; such as methoxy, ethoxy, propoxy and butoxy;
aryloxy groups, such as phenoxy, methylphenoxy,

15 dimethylphenoxy and naphthoxy; arylalkoxy groups, such as
phenylmethoxy and phenylethoxy; an acetoxy group; and a
carbonyl group.

Examples of the nitrogeﬁ—containing groups include
the same groups as previously described with respect to R!

20 to R’. Specifically, there can be mentioned an amino
group; alkylamino groups, such as methylamino,
dimethylamino, diethylamino, dipropylamino, dibutylamino
and dicyclohexylamino; and arylamino or alkylarylamino
groups, such as phenylamino, diphenylamino, ditolylamino,

25 dinaphthylamino and methylphenylamino.



aryl oxy groups,
napht hoxy;

such as phenoxy, nethyl phenoxy, 15 di et hyl phenoxy and

aryl al koxy groups, such as phenyl net hoxy and phenyl et hoxy; an

acet oxy group; and a carbonyl group. Exanples of the nitrogen-containing

groups i nclude

the sane groups as previously described with respect to R1

20 to R7. Specifically, there can be nentioned an am no group; al kylam no

groups, S &s
di butyl am no
groups,

aryl

Exanpl es pﬁ
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group which may have a substituent, a ha
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10

15

7B hyl ami no, di et hyl ami no, diethyl amino, di propyl am no,

and di cycl ohexyl am no; ar8l aryl am no or al kyl aryl am no

such as phenyl am no, di phenylam no, ditolylamno, 25
di napht hyl am no and net hyl phenyl anmino. SF-7 6 7 PCT 18 Exanples of the
bor on- cont ai Ni NG« HHOLLOS wctugebg%n—&gntgihmPogeeupaniﬁk&ﬁbegrgwp, an

il

ogen atomor the like).
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R7.

cri espe

Specifically, there can be mentioned sulfonato groups,

such as methylsulfonato, trifluoromethanesulfonato,

phenylsulfonato, benzylsulfonato, p-toluenesulfonato,’

trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-

chlorobenzenesulfonato and pentafluorobenzenesulfonato;

sulfinato groups, such as methylsulfinato, phenylsulfinato,

benzylsulfinato, p-toluenesulfinato,

trimethylbenzenesulfinato and pentafluorobenzenesulfinato;

and alkylthio groups.

Examples of the phosphorus-containing groups include

trialkylphosphine groups, such as trimethylphosphine,

tributylphosphine and tricyclohexylphosphine;

triarylphosphine groups, such as triphenylphosphine and

tritolylphosphine; phosphite groups (phosphido groups),

such as methylphosphite, ethylphosphite and

phenylphosphite; a phosphonic acid group; and a phosphine

group.

Examples of the halogen-containing groups include

fluorine-containing groups, such as PFg and BF4; chlorine-



trimet hyl benzenesul fi nat o and pent af |l uorobenzenesul fi nato; and al kylthio
groups. 15 Exanpl es of the phosphorus-containing groups include
trial kyl phosphi ne groups, such as. trinethyl phosphine, tributyl phosphine
and tricycl ohexyl phosphine; triaryl phosphi ne groups, such as

tri phenyl phosphi ne and tritolyl phosphi ne; phosphite groups (phosphido
groups), g@'gd%ﬁ:gézﬂbthylphosphite, et hyl phosphite and phenyl phosphite; a
phosphoni ¢ acid group; and a phosphi nel9group. Exanples of the

hal ogen-cont ai ni ng groups include fluorine-containing groups, such as PF6
and BF4; chlorine SF-767PCT 19 containing groups, such as Cl104 and Sbd 6;

and i odi neoneanhahgi BgogpeypPsuciucl @3 ol04ndExannlesanfl tB&ine-
al um num cont ai ning groups include AIR4 (Ris hygrogen, an al kyl group, an

aryl groupombhehing BB¥ubavesacsubstiftgjent, a hal ogen atomor the Iike).
Exanpl es of the heterocyclic conpound residual groups include the sane

O DUpS 2% ot oV Rk desch brd MiLARLASERH L RY e BAMRIES of the

silicon-contai ning groups inc same gr preV|ou§iy

descri bedyyiy h espestat o Bl ten Ry, $PECLLLCALLY - Lhere gan he menti oned
hydr ocar bon- substltu%ed Silyl group%, guch as phengH5|?yl,

5 may have a substituent, a halogen atom or the like).

_Examples of the heterocyclic compound residual groups
include the same groups as previously described with
respect to R! to R7.

Examples of the silicon-containing groups include the

10 same groups as previously described with respect to Rl to
R7. Specifically, there can be mentioned hydrocarbon-
substituted silyl groups, such as phenylsilyl, |
diphenylsilyl, trimethylsilyl, triethylsilyl,
tripropylsilyl, tricyclohexylsilyl, triphenylsilyl,

15- methyldiphenylsilyl, tritolylsilyl and trinaphthylsilyl;
hydrocarbon-substituted silyl ether groups, such as
trimethylsilyl ether; silicon-substituted alkyl groups,
such as trimethylsilylmethyl; and silicon-substituted aryl
groups, such as trimethylsilylphenyl.

20 Examples of the germanium-containing groups include
the same groups as previously described with respect to R!
to R7. Specifically, there can be mentioned groups wherein

silicon in the aforesaid silicon-containing groups is

substituted with germanium.



di phenylsilyl, trimethylsilyl, triethylsilyl, tripropylsilyl,
tricyclohexylsilyl, triphenylsilyl, 15 nethyl di phenylsilyl, tritolylsilyl

and trinaphthylsilyl; hydrocarbon-substituted silyl ether groups, such as
trimethylsilyl ether; silicon-substituted al kyl groups, such as
trimethylsil Inethyl and silicon-substituted aryl groups, such as

trimet hyl 8Ft (16&HeRy T 20 Exanpl es of the germani um cont ai ni ng gr oups
include the sane groups as previously2@lescribed with respect to Rl to R7.
Specifically, there can be nentioned groups wherein silicon in the
aforesaid silicon-containing groups is substituted with germanium SF-7 6 7

PCT 20 Exanpl egxghptbe biEnthantahnicBg+qn 194RY gRelugde ithe ,Ra T oups ad
previ ously descrlbed with respect to Rl t 7. SpeC|f|cafﬁ ere can be

ment i oneds gpQu %}ﬂ?grsgnpréb 'o%%@y' 'aets%%l%f Qr esakd 5ld i ~%0%a' g

groups is 5 substituted wth When nis 2 or rea p ural groups

i ndi cat edzby % e@%ﬁ%fgﬁ %{Eerteorcadr{ fierent. ; %p ]%/u be_bonded to

each other to forma rin ransition me %Serepresented by

the 10 fgiiw 8'n(£)“1 3&\4’:}8[‘ g'f? % stO $EQC neC%r gugnolfngﬁ(]%t%rp%7l g%‘ugggt g:, 26d in

one |igand and one group O cont ai ne
bonded; i s, .£,0 ; £XNR! §1¢3 eQppOUNd

When n is 2 or greater, plural groups indicated by X
may be the same or different, and they may be bonded to
each other to form a ring.

The transition metal compound (A) represented by the

10 formula (I) wherein m is 2 and one group of R! to R7
contained in one ligand and one group of R! to R7 contained
in another ligand are bonded is, for example, a éompound

represented by the following formula (I-a).

15
RS
R"
R2,
(I-a)
20
In the above formula (I-a), M, Y, R! to R? and X have
the same meanings as those of M, Y, R! to R7 and X in the
formula (I).
Y’ may be the same as or different from Y, and is an
25 oxygen atom (-0-), a sulfur atom (-S-), a selenium atom (-

Se-) or a nitrogen atom having a substituent R7" (-N(R'")-).



represented by the following formula (I-a). 15 RRE R~ sR | YY, I R
RR R4 R4, R, 33( Il-a) 20 In the above formula (l1-a), M Y, RlL to RY
and X have the sanme neanings as those of M Y, RL to R7 and X in the
formula (1). Y may be the sane as or different fromY, and is an 25
oxygen ataom a sulfur atom( - S- ) , a seleniumatom( - S e -
) or a nlﬁFoééh7dF haV|ng a substituent R7* (-N (R7" ) -) SF-7 6 7 PCT 21
R1" to R7' may be the sanme or differenland have the sane neani ngs as
those of RL to R7. Two or nore groups of -R1l" to R', preferably adjacent
groups, may be bonded to each other to forman aliphatic ring, an aromatic

ring or a 5 hydrocay hon fibpgpeonhai Bizpg @rhetﬁrf%&trﬁma%lécma% g U trogen
atom except for the case where Rl' and R5' or and R6' are bonded to

each ot heg.t@ ﬁeémaesagemhbeer bRd r1i Pot Re fOﬂ & (nlogél Zog’;sao bonding
group for linking at | east one group 10 selected from 1 to at Ieast
one groupgselected fXpMeraply adjacent groups, may be bonded to
each other to form an aliphatic ring, an aromatic ring or a
5 hydrocarbon ring containing a hetero atom such as a
nitrogen atom except for the case where R and R5 or RY
and R® are bonded to each other to form an aromatic ring
in the formula (I-a).
Z is a bonding group for linking at least one group
10 selected from R! to R7 to at least one group selected from
R" to R” or a single bond. The bonding group is not
specifically limited, but it preferably has a structure
eontaining the main chain composed of 3 or more atoms,
preferably 4 to 20 atoms, particularly preferably 4 to 10
15 atoms. The bonding group may have a substituent.

The bonding group 'Z is specifically a group
containing at least one element selected from oxygen,
sulfur, carbon,_nitrogen, phosphorus, silicon, selenium,
tin and boron. Examples of such groups include chalcogen

20 atom-containing groups, such as -0-, -5- and -Se-; nitrogen
or phosphorus atom-containing groups, such as -NH-,
-N(CH3) -, -PH- and -P(CHj3)-; hydrocarbon groups of 1 to 20
carbon atoms, such as -CHy-, -CHy-CHy- and -C(CHj3),-; cyclic
unsaturated hydrocarbon residual groups of 6 to 20 carbon

25 atoms, such as benzene, naphthalene and anthracene;



R1' to R7' or a single bond. The bonding group is not specifically limted,
but it preferably has a structure containing the main chain conposed of 3

or nore atons,

preferably 4 to 20 atons, particularly preferably 4 to 10

15 atons. The bonding group may have a substituent. The bonding group Z is

specifically a
sul fur, cSFbo6r®

%E contai ning at |east one el enent sel ected from oxygen,
nPt&¢ dgen, phosphorus, silicon, selenium tin and boron.

Exanples of such groups i ncl ude chal cogzn 20 at om cont ai ni ng groups, such
as -0-, -S and -Se-; nitrogen or phosphorus atom containing groups, such
as -NH, -N(CH3) -, -PH and -P (CH3) -; hydrocarbon groups of 1 to 20

car bon at9§§1d§g§hg§§up§Hgf h?gggogy%ll%n@o %@2 s of %y%k;% gﬂ%@&ﬂgated

hydr ocar bon residual groups o

to 20 carbo 5 atons, such a nzene,
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containing groups, such as -BH-, -B(CH3)- and -BF-. Z can

also be a single bond.

Examples of the transition metal compound represented

by the formula (I) are mentioned below, but not limited to

10 thereto.

In the specific examples, M is a transition metal

atom of Groﬁps 3 to 11 of the periodic table. Examples

thereof include scandium, yttrium, lanthanoid atoms,

titanium, zirconium, hafnium, vanadium, niobium, tantalum,

15 chromium, molybdenum, tungsten, manganese, rhenium, iron,

ruthenium, cobalt, rhodium, nickel and palladium. Of these,

preferable are titanium, zirconium, hafnium, vanadium,

niobium, tantalum, chromium, iron, cobalt and rhodium.

More preferable are titanium, zirconium and hafnium.

20

X is halogen such as Cl and Br, or an alkyl group

such as methyl. When plural Xs are present, they may be

the same or different.

n is decided by a valence of the metal M. For

example, when two kinds of mono-anionic species are bonded

25 to a metal, n = 0 in the case of a divalent metal, n = 1 in
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10 thereto. In the specific exanples, Mis a transition netal atom of

G oups 3 to 11 of the periodic table. Exanples thereof include scandi um
yttrium |lanthanoid atons, titanium zirconium hafnium vanadi um

ni obi um tantalum 15 chrom um nolybdenum tungsten, manganese, rhenium
iron, ruthenlun1 cobalt, rhodium nickel and palladium O these,
preferabl%Fa7é5t|Pé%|un1 zirconium hafnium vanadium niobium tantalum
chromum iron, cobalt and rhodium MZ22® preferable are titanium zirconium
and hafnium 20 X is hal ogen such as C and Br, or an al kyl group such as
met hyl . When plural Xs are present, they may be the sane or different. n

is deci degdaby arval epeea09tnihaecatal ;M- Borp %%r@a%e whien, two kinds of

nono- ani oni ¢ speci es are bonded 25 to a metal, n =0 in the case of a
di val ent H@E@Eva@eﬁtlmb9a§F £84PET = %31nC%%% Qf <2 %&'%aE fd WE}%% gN=21n
the case of a tetravalent netal, and n = 3 in “he case of & pent aval ent

netal . NQﬁ@t§PeC'ﬁdféaiﬁécfﬁlcgll tﬂe?ﬁg tpﬁé EFEEPE% k thSSEe%Ig)7PCT

2 in the case of caseé o

is Ti(IV), n = 2 in the case of Zr(IV), and n = 2 in the

5 case of Hf(IV).
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In the above exenplified conpounds, Me denotes a nethyl group and Ada
denotes a l1l-adamantyl group. The transition netal conmpounds (A) can be used
singly or in conbination of two or nore kinds. The transition 5 netal
conpounds (A) can be used in conmbination with transition netal conpounds
ot her than the conpounds (A), e.g., conventionally known transition netal
compoundsSFcérfpri Ei@d a |igand containing a hetero atom such as nitrogen
oxygen, sulfur, boron or phosphorus. 180Such transition metal conpounds (A)
can be prepared, for exanple, by the follow ng process. A conpound (ligand
precursor) which is aligand formng the transition netal conpound (A) can

be obtained, fep %%@U@b%web%xk,%ﬁqqquni%Hﬁ%ﬁ%ﬁL;W%“déﬁgé%§”5anine 15

noiety of a raw material (starting conpoun S 0- am nophenol

compoundsyiigg) Volrsudn 06 68 AAM: & ATNOL gAY, Gapounds when ¥ i's

a sulfur atonj o - phenyl enedi am ne conpoun cont ai ns nitrogen.

Enpl bl to. - it t 20 al dehyd
ot onbe. Spoci FESI 15 BACR By "ENE S LTI Foriburid malf LIRET Syahl r o

G o venyd PSS U S gl Mmuserhip Lot (EREL o o
25 hyd{OC%g 8? %8%%%8%%3 ?%9”%%%Cb@y%%%%aﬁgp%d%ﬂfﬁ?gf%§”¥§§§L767 PCT
transition metal compounds other than the compounds (&),
e.g., conventionally known transition metal compounds
comprising a ligand containing a hetero atom such as
nitrogen, oxygen, sulfur, boron or phosphorus.
10 Such transition metal compounds (A) can be prepared,
for example, by the following process.
A compound (ligand precursor) which is a ligand
forming the transition metal compound (A) can be obtained,
for example, by introducing a substituent into an amiﬁe
15 moiety of a raw material (starting compound) such as o-
aminophenol compounds when Y is an oxygen atom, o-
aminothiophenol compounds when Y is a sulfur atom, or o-
phenylenediamine compounds when Y contains nitrogen.
Embloyable agents to introduce the substituent are
20 aldehydes and ketones.
.wﬂspecifically, both.of the starting compound and the
agent are dissolved in a solvent. Usual solvents can be
used in this reaction, and examples thereof include

alcohols, ethers, nitrile compounds, halogenated

25 hydrocarbon solvents, aromatic hydrocarbon solvents and



31 saturated hydrocarbon sol vents. Subsequently, the resulting solution
is stirred at any tenperature selected fromO Cto reflux tenperature for
about 1 to 48 hours, to thereby obtain a corresponding |igand precursor.
In the 5 reaction, if an acid or a base is used according to necessity, a
product can be obtained with a good yield. Then, by allow ng the obtained
| i gand pr8Euf o P& deact with a nmetal conpound, a corresponding transition
nmet al compound can be synthesized. 10 pecifically, the synthesized |igand
precursor is dissolved in a solvent, and is brought into contact with a
base according to necessity to prepare a salt such as phenoxide,

t hi ophenoxi dg,.28d agLdecaThen, sb@%eﬁit%s.m yﬁgseapsﬁeigwth mxed wth a
h I ide, a am

met al compound such as a netal 15 ha nmet a e and an al kyl netal

at a low  tenperatuce, (and, the abtaiened mxture ig stirred at 78 C to
I T A ﬁ%ual

roomtenperature or unaer re ux condi tions-for to hour's.

solvents £ag, bg usedoi pLhig Leaction, O 20 Lhese pref grably used are

pol ar sol vents such as e etrahydrof uran and hydrocarborn sdl vent s

such as tp| uene. t he_base used in _preparing a salt, preferable are
e al sl PErTey obPal e ARRr e R PP nkleR J3RRr Ff R ad &Y S0 um sl
such hydr ogenat ed_sodi um.and_a_pept assi.um 25 salt such as hydrogenat ed
potasgfun¥e%ﬁgl%?gahFCaBaggégsaéha gase 1s used according to

necessity, a product can be obtained with a good yield.

Then, by allowing the obtained ligand precursor to
react with a metal compound, a corresponding transition
metal compound can be synthesized.

10 Specifically, the synthesized ligand precursor is
dissolved in a solvent, and is brought into contact with a
base accdrding to necessity to prepare a salt such as
phenoxide, thiophenoxide, and amide. Then, the dissolved
precursor 1s mixed with é metal compound such as a metal

15 halide, a metal amide and_an alkyl metal at a low
temperature, and the obtaiened mixture is stirred at -78 °C
Lo room temperature or under reflux conditions for 1 to 48
hours.

Usual solvents can be used in this reaction. Of

20  these, preferably used are polar solvents such as ether and
tetrahydrofuran and hydrocarbon solvents such és toluene.
As the base used in preparing a salt, preferable are metal
salts (e.g., a lithium salt such as n-butyllithium, a
sodium salt such as hydrogenated sodium and a potassium

25 salt such as hydrogenated potassium) and organic bases such



SF-7 6 7 PCT 32 as triethylam ne and pyridine. The nunber of |igands to be
contained in the obtained transition nmetal conpound can be controlled by
changi ng the | oading proportion of the netal conpound and the |igand
precursor. 5 Further, depending on the properties of a ligand precursor
and netal conpound used in the reaction, a corresponding transition netal
conpound €Bn7He s¥feHesi zed by allowing the ligand precursor to react
directly with a netal conpound withouB2preparing a salt such as phenoxi de,
10 t hi ophenoxi de and am de. Still further, the transition netal in the

synt hesi zed transition netal conmpound can be replaced with another

transitionsmetakthy13mgaRYand Rali dBiodr Whannary -ene ehnBL & RLis a
hydrogen atom a substituent other 15 than a hydrogen atomcan b

i ntroduced,at ;aRear Bt LARY op3hage ©f: Ahe iscﬁ%tnh‘?rﬁaitijln%o%pﬁﬁﬁ'&? 4P
the trans

e
Compound having a reduction ability which reacts wth itron nmeta

compound (& £8130AVEL! ABNLTLAC B SIAIIY QMK &0 & LAl £, A de

structure m ne stracture nol'ety” use n°“means a structureé noliety

710 LogBohHSh 18" JAIRIE MRk oL ool () R e
structyre" UsedFG§EEEQ,”8%B%n%ing on the properties of a ligand
precursor and metal compound used in the reaction, a
corresponding transition metal compound can be synthesized
by allowing the ligand precursor to react directly with a
metal compound without preparing a salt such as phenoxide,
10 thiophenoxide and amide.

Still further, the transition metal in the
synthesized transition metal compound can be repléced with
another transition metal by a conventional method. When
any one of R! to R is a hydrogen atom, a substituent other

15 than a hydrogen atom can be introduced at an arbitrary

stage of the synthesizing process.

(B-1) Compound having a reduction ability which reacts with

the transition metal compound (A) to convert an imine

20 structure moiety to a metallic amide structure

"Imine structure moiety"”" used herein means a
structure moiety included in a structure of the transition
metal compound (A), in which nitrogen and carbon atoms are

bound by a double bond.

25 ' "Metallic amide structure"” used herein means a



SF-767PCT 33 structure in which nitrogen and carbon atons are bound by a
single bond and further netallic atons are bound with nitrogen atons by a
coordi nate bond or ionic bond. As the compounds (also referred to as
"reducing 5 agent" hereinafter) used herein (B-1) having reduction
ability which reacts with the transition netal conpound (A) to convert an
i mne str8Ftdr@e mBikily to a netallic amide structure; the follow ng
conpounds are specifically used. (B-1a}30 ganoal um num conpound represent ed
by the 10 following fornula: RamAl (ORb) nHpXq (B-la) wherein Ra is a

hydr ocarbon group of 2 to 15 carbon atons, preferably 2 to 4 carbon atons

and Rb issarhydueeasBonhi@hown t@bglnt @nkb GAREN AL .2 ¥ f&1ably, L to 4
carbon 15 atons, and they may be the sanme or different; Xis a habf ogen

at om andsﬂhgme Boﬁedagda%ﬁr@H@Qe%%t%QHﬁ%f%&%%gjg%e(HHHH&' of 0<m 3,

0-<p-<_3, 0:Q:3 and mrn+p+q = (B-1'b) Al kyI conpl ex corrpoun of a netal
of Goup 1;:apdedl uri hi r.e ql lowi ng 20 forml a:
M2Al Ra4 (Bﬂcb gevvherelﬁlﬁ! (&Iao,rﬁllh%r% angnmialrn}sl%a épocar bon group of

2 to 15 carbon gLopE, geﬁ%gjﬁ%y@lge Lrle%%rrl%%@i Ao EXEmLesof the

or ganoal um num conpounds

5 agent” hereinafter) used herein (B-1) having reduction
ability which reacts with the transition metal compound (A)
to convert an imine structure moiety to a metallic amide

structure, the following compounds are specifically used.

(B-1la) Organoaluminum compound represented by the
10 following formula:
Ra Al (ORP) nHpXg (B-la)
wherein R is a hydrocarbon group of 2 to 15 carbon atoms,
preferably 2 to 4 carbon atoms and RP is a hydrocarbon
group of 1 to 15 carbon atoms, preferably 1 to 4 carbon
15 atoms, and they may be the same or different; X is a
halogen atom; and m, n, p and g are numbers satisfying the
conditions of 0<m=3, 0=p=3, 0=g=3 and m+n+p+g = 3.
(B-1b) Alkyl complex compound of a metal of Group 1
and aluminum, which is represented by the following
20 formula:
M2A1R3, (B-1b)
wherein M? is Li, Na or K; and R2@ is a hydrocarbon group of
2 to 15 carbon atoms, preferably 2 to 4 carbon atoms.
Examples of the organocaluminum compounds (B-1la)

25 include:



25 include: SF- 7 6 7 PCT 34 an organoal um num conpound represented by the
followi ng fornula: RamAl (ORb) 3-mwherein Ra is a hydrocarbon group of 2
to 15 carbon atonms, 5 preferably 2 to 4 carbon atons, Rb is a hydrocarbon
group of 1 to 15 carbon atons, preferably 1 to 4 carbon atons, and Ra and
Rb may be the sane or different, and mis preferably a nunber satisfying

t he condi 8Foh ®f7 X.GT m :3; an organoal unmi num conpound represented by the
10 followi ng formula: RamAl X3-m whereB# Ra is a hydrocarbon group of 2 to
15 carbon atons, preferably 2 to 4 carbon atons, X is a hal ogen atom and
m is preferably a nunber satisfying the condition of 0<nx3; 15 an

or ganoal uni num ganpeynd LeRkesent e e rJald QM ng fh%ne'ﬂea: Ram Al H3-m

wherein Ra is a hydrocarbon group of "2 to 15 carbon ato preferably 2 to

4 carbon atems,:aRd sl Rr-eferably a 20 nunmber satisfying the condition of
'2-:5nk3; and an organoal um num conpound represented by the follow ng

formul a: Ra Al (ORP) 3_-
wherein R2 is a hydrocarbon group of 2 to 15 carbon atoms,
5 preferably 2 to 4 carbon atoms, RP is a hydrocarbon group
of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms,
and R2 and RP may be the same or different, and.m is
preferably & number satisfying the condition of 1.5=m=3;
an organoaluminum compound represented by the
10 following formula:
ReAlX5
wherein R® is a hydrocarbon group of 2 to 15 carbon atoms,
preferably 2 to 4 carbon atoms, X is a halogen atom, and m
is preferably a number satisfying the condition of 0<m<3;
15 an organoaluminum compound represented by the
following formula:
Ra3,AlH3_
wherein R2& is a hydrocarbon group of 2 to 15 carbon atoms,
preferably 2 to 4 carbon atoms, and m is preferably a
20 number satisfying the condition of 2§m<3;
and
an organoaluminum compound represented by the
following formula:

R3gAL (ORP) nXo



RamAl (ORb) nXgq. SF-7 6 7 PCT 35 wherein Ra is a hydrocarbon group of 2
to 15 carbon atons, preferably 2 to 4 carbon atons, Rb is a hydrocarbon
group of 1 to 15 carbon atons, preferably 1 to 4 carbon atons, and Ra and
Ro may be the sanme or different, Xis a halogen 5 atom and m n and q are
nunbers sati sf the conditions of O<nk_3, O<n<-3, 0:9<3 and mtn+q =
Parti cul abFex Ig§36T t he organoal um num conpounds (B-1a) include:

tri-n-al kylal um nunms, such as trietxylasumnum tri- 10 n-butylal um num
tripropylalum num tripentylalumnum trihexylalumnum trioctylalum num
and tridecyl al um num branched-chain al kyl al um nuns, such as

triiSOprOQME§E§FLﬁHn15t5'h§898& BEFH&F%HF P%rb $6¢7 QUE%&%%%mgygﬁs,

tri-tert-butylalumnum 15tri-2-ne alunlnum
tri-3-net u m r th Ip t IaIu
tri-3-net E}f%?gﬁﬁ% 2| ?m@%ur% Cgr'b"% s Wi %gngL | 8 W%Hﬁoﬁ]arbon group

tri-2-nmethyl he r|-3 net th I n1and
tri-2- ethy?hgxéﬁa?unfﬁﬁnj rP@yélgaF i %ﬁﬁiﬁ %§ SUGH R atoms,
trlcyclohexglﬁgum ricycl oocty m num glalk I al um num

dt
hydri des, “Stic %llSé%ﬂ% q?éﬁ?ﬁn UhT %§d?f% SHRA di Fsobutylar GArRum

hydri rlalke Ialunln hose represented by the
y q? om n ognum%ers satgsfylng thg/condltlons

q
of O<m=3, 0<n=3, 0=g<3 and m+n+g = 3.

Particular examples of the organocaluminum compounds
(B-1a) include:
tri-n-alkylaluminums, such as triethylaluminum, tri-

10 n-butylaluminum, tripropylaluminum, tripentylaluminum,

trihexylaluminum, trioctylaluminum and tridecylaluminum;
branched—chain alkylalumihums, such as

triisopropylaluminum, triisobutylaluminum,

tri—sec-butylaluﬁinum, tri-tert-butylaluminum,

15 tri-2-methylbutylaluminum, tri-3-methylbutylaluminum,
tri-2-methylpentylaluminum, tri-3-methylpentylaluminum,
tri-4-methylpentylaluminum, tri-2-methylhexylaluminum,
tri-3-methylhexylaluminum and tri—2—ethylhegylaluminum;

tricycloalkylaluminums, such as tricyclohexylaluminum

20 and tricyclooctylaluminum;

dialkylaluminum hydrides, such as diisopropylaluminum
hydride and diisobutylaluminum hydride;
trialkenylaluminums, e.g., those represented by the

formula (1-C4Hg)xAl,(CsHig), (wherein x, y and z are each a

25 positive number, and z=22x), such as triisoprenylaluminum;



formula (i-C4H9) xAly (C5H10) Z (wherein x, y and z are each a 25 positive
nunber, and z>2x), such as triisoprenylalumnum SF-7 6 7 PCT 36

al kyl al um num al koxi des, such as isobutyl al um num et hoxi de,

i sobutyl al um num et hoxi de and i sobutyl al um num i sopropoxi de;

di al kyl al um num al koxi des, such as diethyl al um num 5 ethoxi de and

di but yl al 8K Alm7b8t@Xi de; al kyl al umi num sesqui al koxi des, such as

et hyl al um num sesqui et hoxi de and but yB@&@l um num sesqui but oxi de; partially
al koxyl at ed al kyl al um nuns, such as those having an average conposition
represented by Ra2.5A (ORb)0.5 10 (wherein Ra and Rb may be the sane or

different and a n f : t : ferably 2
to 4 carbon at%%é???igﬁgﬁgglg?&%?ﬁ?ﬁ?ér%ﬁ%ﬁﬁ%%qugﬁénggﬂ' ﬁétrﬁlaluninum

phenoxi de, _15_di gLhyk al uni _di - t-hut vl - 4- et hyl phenoxi-de).,
e L B s S T
dii sobutyl al um nupt( 2, 6-di -t-butyl -4-net hyl phenoxi de) and
isobutylaf%%?ﬁﬁﬁ%gE%EIG-di-t-butyl-4-nethy|phenoxide); di al kyl al um num

i et hy Bl o nuntbf oy B CRRACEh PLE80E JFar uCRimeanioor e Syt S nu
yl al umi num i I ufi-Tam=EhCoritde’ 2l K uni num
Sesqu%ﬁalégggkiagcgngsdibutylaluminum butoxide; '
alkylaluminum sesquialkoxides, such as ethyléluminum
sesguiethoxide and butylaluminum sesquibutoxide;
partially alkoxylated alkylaluminums, such as those
having an average composition represented by R2, sAl1 (ORP)g g

10 (wherein R® and R°® may be the same or differént and are
hydrocarbon groups of 2 to 15 carbon atoms, preferably 2 to
4 carbon atoms.);'

dialkylaluminum aryloxides, such as
diethylaluminum phenoxide,

15 diethylaluminum(2, 6-di-t-butyl-4-methylphenoxide),
ethylaluminumbis (2, 6-di-t-butyl-4-methylphenoxide),
diisobutylaluminum(2, 6-di-t-butyl-4-methylphenoxide) and
isobutylaluminumbis (2, 6-di-t-butyl-4-methylphenoxide) ;

dialkylaluminum halides, such as diethylaluminum

20 chloride, dibutylaluminum chloride, diethylaluminum bromide
and diisobutylaluminum chloride;

alkylaluminum sesqguihalides, such as

ethylaluminum sesquichloride, butylaluminum sesquichloride

and ethylaluminum sesquibromide,



et hyl al um num sesqui chl ori de, butyl al um num sesqui chl oride and

et hyl al um num sesqui brom de, SF- 7.6 7 PCT 37 partially hal ogenated

al kyl al um nuns, such as ethylal um num di chl ori de, propyl al um num

di chl ori de and butylaluninun1dibronide di al kyl al um num hydri des, such as
5 di ethyl al um num hydri de and di butyl al um num hydride; partially

hydr ogenabEd’ éiﬁyPéfﬂhlnunB e.g. al kyl al um num di hydri des, such as

et hyl al um num di hydri de and propyIaIuETnun1dihydride; and partially

al koxyl at ed and hal ogenated al kyl al um nuns, 10 such as et hyl al um num

et hoxychl ori de, butyl al um num but oxychl ori de and ethyl al um num

et hoxybr oni de. g%§91§ml,oxé%§e%%eeogm%%auéml UREOUS (L@ the

or ganoal um num conpound” ( For exanple, there can be 15 ment i oned |
or ganoal ugi RYI. ¢ QRPALACS: PREGel e (e, il BamgHnds, pre bonde
through a nitrogen atom such as 3 &I (@§L§§'Rl FQ%E%) . Exanpl es
of tﬁg COgHPgE%§U&§PLE)d&B% HgﬁeLIAI(C2H5)4 and Li Al (C7H15) 4 20

Conpounds "ca orm ng above-nenti oned organoal um num conpounds

in the p0|yner'5?5igy1§¥§%?ﬁhm hgdrldgsconblga%gon of hal ogenat ed al um num
and al kyl I'i t hi um

5 diethylaluminum hydride and dibutylaluminum hydride;
partialiy hydrogenated alkylaluminums, e.g.,
alkylaluminum dihydrides, such as ethylaluminum dihydride
and propylaluminum dihydride; and
partially alkoxylated and halogenated alkylaluminums,
10 such as ethylaluminum ethoxychloride,
butylaluminum butoxychloride and
ethylaluminum ethoxybromide.
Also employable are compounds analogous to the
organocaluminum compound (B-la). For example, there can be
15 mentioﬁed organocaluminum compounds wherein two or more
aluminum compounds are bonded through a nitrogen atom, such
as (CyHg) 2A1N(CoHg) AL (CyHs)
Examples of the compounds (B-1b) include LiAl (CyHg),
.and LiAl (CyHqg) 4
20 Compounds capable of forming the above-mentioned
organocaluminum compounds in the polymerization system, e.g.,
a combination of halogenated aluminum and alkyllithium and
a combination of halogenated aluminum and alkylmagnesium,

are also employable.

25 Also, other compounds which can be used as reducing



a conbi nation of hal ogenated al um num and al kyl magnesi um are al so

enpl oyabl e. 25 Al so, other conpounds which can be used as reducing SF-7 6
7PCT 38 agents (B-1) include hydrides such as Li Al H4r Li BH4, NaBH4,
NaBH3CN, (BH3) 2, dibutyl tin hydride, tributyl tin hydride, PhSeH and the
i ke; H2; Raney nickel; metals with zero val ence such as samarium

ytt er bi undFz7 ft 7aBC ilhe |i ke; 5 silane conpounds such as diethylsil ane,

di phenyl silane and the |ike. The effed8s of the reducing agent (B-1) can
be confirmed by observing that the imne structure noiety of the
transition netallic conpound (A) is convertéed to the 10 netallic am de

structurea§ynasr eact onnwitiBet RediridRs tem xetalniegnpoyvad, ( Aasihe
met hods to confirmit include nucl ear magnetic resonance spectra under

condi ti ong;BEGAN di ngQ, th@lb@@;!,yn@mzagaQngonékabee 1. 80d A a'rﬁ
magnetlc resonance :|.53 spectra and mass spectra of org nic co oun

extr act edonuélinaalicohol 10 Lhe ggachi ARCPLXLURe: 2 0L Lheyr edugi ng “agent s

(B-1), the organoal um num conpounds re pre era u0|ng agents

(B-1) rren&m_g 3619@3& senagﬁﬁmﬁ g0 lBaL% Orm% %%@'t%%t Ror e or

nor e ki nds npoun ich feacts mnt ‘thé transition

5 silane compounds such as diethylsilane, diphenylsilane and
the iike.

The effects of the reducing égent (B-1) can be
confirmed by observing that the imine structure moiety of
the transition metallic compound (A) is converted to the

10 metallic amide structure by a reaction with the transition
metal compound (A).

The methods to confirm it include nuclear magnetic
resonance spectra under conditions according to the
polymerization conditions, and nuclear magnetic resonance

15 spectra and mass spectra of organic compounds extracted
with alcohol from the reaction mixture.

Of the reducing agents (B-1), the organocaluminum
compounds are preferable.

The reducing agents (B-1) mentioned above can be used

20 singly or in combination of two or more kinds.

'(B—2) Compound which reacts with the transition metal

compound (A) to form ion pair

The compound (B-2) which reacts with the transition

25 metal compound (A) to form an ion pair (referred to as



compound (A) to formion pair The conpound (B-2) which reacts with the
transition 25 netal compound (A) to forman ion pair (referred to as
SF-767 PCT 39 "ionizing ionic conpound” hereinafter) i's a conmpound which
reacts with the aforesaid transition netal compound (A) to forman ion
pair. Any conpound which fornms an ion pair by the contact with the
transiti oW netall Rénbound (A) is 5 enployable. As exanpl es of such
conpounds, there can be nentioned Lew% acids, ionic conpounds, borane
compounds and carborane compounds described in Japanese Patent Lai d- Qpen
Publ i cati ons No. 501950/1989, No. 502036/1989, No. 10 179005/ 1991, No.

179006/ 199151 Noi nd074Q3L 188dp80HdNOhe r20446461991s andokpauniat.entcHNo.
5,321,106. A heteropoly conpound and an isopoly conpound can al so be

mentioned..Jhes Lo g agLdsrabesafar  Xa9RES onCRBRAUNS npeRies@Nt d, by BR3
(Ris a phenyl group which may have a 15 substituent such as fluorine, a

met hyl greypy, of l&ﬁl$%99ro%¥§hyéor%&'ﬂrpd v%:b&llU%frﬁé’)anE{é‘H%%roEySUCh

conpounds i nclude trifluoroboron, triphenylboron

L1 S(4-1) uor ophenyl) bo on <A1 53,51 s Lhuncophenylpharan g, 5.

tris(4-fluor enyl )boron, tris(pentafluorop oron
trls(g tol%ﬁigoggfe tris(o-tolyl)boron and tris(3,5- dlnethylphenyl)boron

As examples of such compounds, there can be mentioned
Lewis acids, ionic compounds, borane compounds and
carborane compounds described in Japanese Patent Laid-Open
Publications No. 501950/1989, No. 502036/1989, No.

10 179005/1991, No. 179006/1991, No. 207703/1991 and No.
207704/1991, and U.S. Patent No. 5,321,106. A heteropoly
Compound and an isopoly compound can also be mentioned.

The Lewis acids are, for example, compounds
represented by BR3 (R is a phenyl group which may have a

15 substituent such as fluorine, a methyl group or a
trifluoromethyl.group, or fluorine). Examples of such
compounds include trifluoroboron, triphenylboron,
.tris(4—fluorophenyl)boron, tris(3,5—difluorophenyi)boron,
tris(4-fluorophenyl)boron, tris(pentafluorophenyl)boron,

20 tris(p-tolyl)boron, tris(o-tolyl)boron and
tris (3, 5-dimethylphenyl)boxon.

The ionic compounds are, for example, compounds

represented by the following formula (II):

25



The ionic conpounds are, for exanple, conpounds represented by the
following formula (I1): 25 SF-767 PCT 40 RIO RBORO 1 G - R11 ... 5112
(') In the above formula, R8 is H+, carboniumcation, oxoniumcation,
ammoni um cati on, phosphoni um cation, cycloheptyltrienyl cation,
ferroceniumcation having a 10 transition netal, or the like. RO to R12 may
be the séife 06 diH Lefent, and are each an organic group, preferably an
aryl group or a substituted aryl grou®. Exanples of the carbonium cations
include tri- 15 substituted carbonium cations, such as triphenyl carboni um
cation, tri(nethyl phenyl)carboniumcation and

tri (di met hyl phenyl ) carboni um cation. .Exanples of the amoni um cati ons

i nclude 20 trial kyl anmoni um cati ons, such as trimethyl ammoni um cati on,
triettylammoni um cation, tRi%ropyl anmoni um cation, tributylamonium cation
and tri(n-butyl)amo@ um catgon; ~~N, N-di al kyl ani l'i ni um cations, such as

N, N- di et hyl ani | i nRbm 8&t+8m—R{' N- di et hyl ani | i ni um cati on

5 - R12 (11)

In the above formula, R® is HY, carbonium cation,

oxonium cation, ammonium cation, phosphoﬁium cation,
cycloheptyltrienyl cation, ferrocenium cation having a
10 transition metal, or the like.

R? to R!?2 may be the same or different, and are each
an organi; group, preferably an aryl group or a substituted
aryl group.

Examples of the carbonium cations include tri-

15 substituted carbonium cations, such as
triphenylcarbonium cation,
tri(methylphenyl)éarbonium cation and
tri(dimethylphenyl)carbonium cation.

.Examples of the ammonium cations include

20 trialkylammonium cations, such as trimethylammonium cation,
triethylammonium cation, tripropylammonium cation,
tributylammonium cation and tri(n-butyl)ammonium cation:;
N,N-dialkylanilinium cations, such as
N, N-dimethylanilinium cation, N,N-diethylanilinium cation

25 and N,N-2,4, 6-pentamethylanilinium cation; and
dialkylammonium cations, such as

di{(isopropyl)ammonium cation and



25 and N, N2, 4, 6-pentanet hyl aniliniumcation; and dial kyl anmoni um cati ons,
such as di (i sopropyl)amoni umcation and SF-767PCT 41

di cycl ohexyl ammoni um cati on. Exanpl es of the phosphoni um cations include
triaryl phosphoni um cations, such as triphenyl phosphonium cation, 5
tri(meth h I honi um cation and tri (dinmethyl phenyl)phosphoni um
cat§on. éépigq%géggfjgly carboni um cati on or amonium cation, particularly
preferably triphenyl carbonium cation, 4N, N-di met hyl ani | i ni um cation or

N, N-di et hyl ani linium cation.. 10 As exanples of the ionic conpounds, there
can be nentioned trialkyl-substituted anmmoni um salts, '

N, N-di al kykaptlbneupisambsii uddi akkybanmoni um salts or triaryl phosphoni um
salts. Exanples of the trial kyl-substituted anmonium salts 15 include

triethyl ammoni upkehpaéphenyt hBopaBsphbhi RRORYaBHRNI; Wt eldea( phenyl ) bor on,
tri(n-butyl) ammoniuntetra(phenyl)boron,

trimet hyl apmepl uphetpabRitAl ¥hERBHAN, such as
trimet hyl anmoni untetra(o-tolyl)boron, 20

tri(n-butyl)snoeRpiyatebhahPent aktugrophenyl ) bor on,
tri propyl anmoni unt et r a( o, p- di met hyl phenyl ) bor on,
5 tri(methylphenyl)phosphonium cation and
tri(dimethylphenyl)phosphonium cation.
| R8 is preferably carbonium cation or ammonium cation,
particularly preferably triphenylcarbonium cation,
N,N-dimethylanilinium cation or N,N-diethylanilinium cation.

10 As examples of the ionic compounds, there can be
mentioned trialkyl-substituted ammonium saltsf
N,N-dialkylanilinium salts, dialkylammonium salts or
triarylphosphonium salts.

Examples of the trialkyl-substituted ammonium salts

15 include triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetra (phenyl)boron,
tri(n—butyl)ammoniumfetra(phenyl)boron,
trimethylammoniumtetra (p-tolyl)boron,
trimethylammoniumtetra(o—tolyl)boron,

'20 tri(n-butyl)ammoniumtetra (pentafluorophenyl)boron,
tripropylammoniumtetra (o, p-dimethylphenyl)boron,
tri(n-butyl)ammoniumtetra(m,m-dimethylphenyl)boron,
tri(n-butyl)ammoniumtetra (p-trifluoromethylphenyl)boron,
tri(n-butyl)ammoniumtetra(3,5-ditrifluorophenyl)boron and

25 tri(n-butyl)ammoniumtetra(o-tolyl)boron.



tri(n-butyl)ammoniuntetra(m m di net hyl phenyl ) boron
tri(n-butyl)amoniuntetra(p-trifl uoronethyl phenyl)boron,
tri(n-butyl)ammniuntetra(3,5-ditrifluorophenyl)boron and 25 tri(n-butyl)
ammoni untetra(o-tolyl)boron. SF- 7 6 7 PCT 42 Exanples of the

N, N-di al kyl ani l'i nium salts include

N, N- di met$KH @l VilhiCult et r a( phenyl ) boron, N, N-

di et hyl ani |l i ni um etra(phenyl ) boron and2

N, N- 2, 4, 6- pent anet hyl ani | i ni unt etra( phenyl )boron. 5 As exanpl es of the

di al kyl ammoni um salts, there can be nentioned di (I

propyl ) ammoni ur%;@éﬁ%@gnééftH@rl@ﬁgeayl)aipymgﬂmmHium salts include

di cycl opent ahexyl a ni um etra( phenyl )boron. Further enployable as the

ionic co n i pk i i taf | oph )b te,
NN i mor b T LR e R b RaR e | orophenyl Jhorate

ferroceniaan’étgﬁ}gfg9?93@%959;)93@%%@&g €on and

tri phenyl ¢ar beni unpent aphenyf ¢ renyl conpl ex,
NI ot ety g [ nburpent apbepyL el opent ool endl hompgx atd 18 a boren,
o3 45 20 MherQAQ gia&élgg gEhgﬁeg&QgEkylammonium salts, there can
be mentioned di(1-
propyl) ammoniumtetra (pentafluorophenyl)boron and
dicyclopentahexylammdniumtetra(phenyl)boron.
Further employable as the ionic compounds are
10 triphenylcarbeniumtetrakis (pentafluorophenyl)borate,
N,N—dimethylaniliniumtetrakis(pentafluorophenyl)borate,
férroceniumtetra(pentafluorophenyl)borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complex,

N,N-diethylaniliniumpentaphenylcyclopentadienyl complex and

15 a boron compound represented by the formula (III) or (IV):

CF3
H(Et,0), B (IITI)

CFy /4
20

wherein Et is an ethyl group,

CF,

Na B (IV)



CF3 Na B (I1V) 25 CF3 4 SF-767P CT 43 Exanples of the borane conpounds
i nclude: decaborane(14); anion salts, such as 5 bis[tri(n-butyl)
anmoni unj nonaborate, bis[tri(n-butyl) anmoni um decaborate,
bis[tri(n-butyl) anmoni un undecaborate, bis[tri(n-butyl)
ammoni unj dodecaborate, bis[tri(n-butyl) amoni unmi decachl oroborate and 10
bi s[tri (rSHuf ¥ Ydmbohi unj dodecachl oroborate; and netallic borane anion
salts, such as tri(n-butyl)amoni unbi4¥ dodecahydri dododecabor at e)cobal tate
(1) and bis[tri(n-butyl)anmoni unibis-

(dodecahydri dododecaborate) ni ckelate(l11). 15 Exanples of the carborane
conpounds include: anion salts, such as 4-carbanonaborane(14), 1, 3-

di car banonabor ane(13), 6, 9-di carbadecaborane(14),

dodecahydri do- | = -1, 3-di a : }
dodecahydri do- |P5’?re$lt&2jy%s- |°§%f%g’§ %@%aﬁ%@ﬁgf}diomd”de'

undecahydrido-Idé%éggggggqigyg-dicarbanonaborane,

anion salts, such as
5 bis[tri(n—butyl)ammonium]ﬁonaborate,
bis[tri(n-butyl)ammonium]decaborate,
bis[tri(n-butyl)ammonium]undecaborate,
bis[tri(n-butyl)ammonium]dodecaborate,
bis[tri(n-butyl)ammonium]decachloroborate and

10 bis[tri(n-butyl)ammonium]dodecachloroborate; and

metallic borane anion salts, such as
tri(n—butyl)ammoniumbis(dodecahydridododecaborate)cobaltate
(ITII) and bis[tri(n-butyl)ammonium]}bis-
{dodecahydridododecaborate)nickelate (I11).

15 Examples of the carborane compounds include:

anion salts, such as 4-carbanonaborane(l4), 1,3-
dicarbanonaborane (13), 6, 9-dicarbadecaborane(14),
dodecahydrido-1l-phenyl-1, 3-dicarbanonaborane,
dodecahydrido-1-methyl-1, 3-dicarbancnaborane,

20 undecahydfido—l,3—dimethyl—l,3—dicarbanonaborane,
7,8-dicarbaundecaborane(13), 2,7-dicarbaundecaborane(13),
undecahydrido-7, 8~-dimethyl-7, 8-dicarbaundecaborane,
dodecahydrido-11-methyl-2, 7-dicarbaundecaborane,
tri(n-butyl)ammonium-l-carbadecaborate,

25 tri(n-butyl)ammonium-l-carbaundecaborate,



7, 8- di car baundecabor ane(13), 2, 7-di carbaundecaborane(13),
undecahydri do- 7, 8- di net hyl - 7, 8- di car baundecabor ane,
dodecahydri do- | 1- et hyl - 2, 7- di car baundecabor ane,
tri(n-butyl)ammoni um|-carbadecaborate, 25
tri(n-butyl)anmniun| -carbaundecaborate, SF-7 6 7 PCT 44
tri(n-but% j%ﬁ%ﬁh?ﬁﬁg]-carbadodecaborate
tri(n-butyl)amoni um|-trinethylsilyl-44carbadecabor at e,
tri(n-butyl)ammoni unbrono-| - car badodecabor at e,
tri(n-butyl)ammoni um 6-carbadecaborate(14), 5

tri(n-butyt) asmpot ym SmeahbagdecabarBhebcdraborate,
tri(n-butyl)ammoni um 7- car baundecabor at e(13),

tri(n- butyii@ﬂnp@tymyZmﬁoﬁhgﬁtbaEBqﬁ@@hgnéaq(&Zhrcarbadecaborate,
tri(n-butyl)ammoni um 2, 9-di car baundecaborate(12), tri(n-butyl)

anﬂvnlunﬂ@ﬁf@ﬁhygfy@paﬁmaﬁaﬁmbrzmg 110.di.capbaundecaharate, tri(n-butyl)

anmoni unundecahydri do- 8- et hyl - - dlcarbaundecaborate tri(n-butyl)

a””““'“”“@f??ﬁhﬁgfyﬁPaﬁ@ %Mﬁ % 8argg %§Q§%%399fate 15

tri(n-butyl)amoni unun rido-38 i carbaundecabor at e,

tri(n-souty utyI n%#gyggﬁgggggr daz 8%§%E§%§¥|%I|Xb%7 8- di carbaundecabor at e

and tr|(n ni umundeca y Brono-

trl(n—butyl)ammon1um—7—carbaundecaborate(13),
tri(n-butyl)ammonium-7, 8-dicarbaundecaborate (12),
tri(n-butyl)ammonium-2, 9-dicarbaundecaborate(12),
tri(n¥butyl)ammoniumdodecahydrido—8—methyl—7,9—

10 dicérbaundecaborate,
tri(n-butyl)ammoniumundecahydrido-8-ethyl-7, 9-
dicarbaundecaborate,
tri{n-butyl)ammoniumundecahydrido-8-butyl-7, 9-
dicarbaundecaborate,

15 tri(n-butyl)ammoniumundecahydrido-8-allyl-7,9-
dicarbaundecaborate,
tri(n-butyl)ammoniumundecahydrido-9-trimethylsilyl-7,8-
dicarbaundecaborate and
tri(n-butyl)ammoniumundecahydrido-4, 6-dibromo-7-

20 carbaundecaborate; and

metallic carborane anion salts, such as
tri(n-butyl)ammoniumbis (nonahydrido-1, 3-
dicarbanonaborate)cobaltate(III),
tri(n-butyl)ammoniumbis (undecahydrido-7, 8-

25 dicarbaundecaborate) ferrate (III),



20 car badndecaborate; and netallic carborane anion salts, such as
tri(n-butyl) anmoni unbi s(nonahydri do-1, 3- di carbanonaborate)cobaltate(lll),
tri(n-butyl) amoni unbi s(undecahydri do-7,8 25

di car baundecaborate)ferrate(l11), SF-767PCT 45 tri(n-butyl)
amoni unbi s(undecahydri do- 7, 8- di car baundecaborate) cobaltate(lll),
tri(n-butyF)7 &rolliudbi s(undecahydri do- 7, 8- di car baundecabor at e)

ni ckelate(lll), 5 tri(n-butyl) amoni Wi s(undecahydri do-7, 8-

di car baundecaborate)cuprate(l1l), tri(n-butyl)

ammoni unbi s(undecahydri do- 7, 8- di car baundecaborate)aurate(lll),

tri(n- bUté!H@ﬂgBG%&)W&%QRD?ﬁ(?)&i(QHa&Qh%Ef%B%;§h8 10

di carbaundecaborate)ferrate : _
(7o but ) apmentugt o(ponalbt goa7.8:iet vl -7,
R R T TS s 10, o
R A
Carba%ndeggf?g_tg Q?ngﬂgﬁg&$BQE(undecahydrido—7,8—
dicarbaundecaborate)cuprate(III),
tri(n-butyl)ammoniumbis (undecahydrido-7,8-
dica%baundecaborate)aurate(III),
tri(n-butyl)ammoniumbis (nocnahydrido-7,8-dimethyl-7, 8-

10 dicarbaundecaborate) ferrate (III1),
tri(n-butyl)ammoniumbis (nonahydrido-7,8-dimethyl-7, 8-
diéarbaundecaborate)chromate(III),
tri(n-butyl)ammoniumbis(tribromooctahydrido-7, 8~
dicarbaundecaborate) cobaltate (III),

15 tris[tri(n-butyl)ammonium]bis (undecahydrido-7-
carbaundecaboratejchromate(III),
bis[tri(n-butyl)ammonium]bis (undecahydrido-7-
carbaundecaborate)manganate (IV}),
bis{tri(n-butyl)ammonium]bis (undecahydrido~-7-

20 carbaundecaborate)cobaltate(III) and
bis[tri(n-butyl)ammonium]bis (undecahydrido-7-
carbaundecaborate)nickelate (IV).

The heteropoly compound comprises an atom selected

from silicon, phosphorus, titanium, germanium, arsenic and

25 tin and one or more atoms selected from vanadium, niobium,



bis[tri(n-butyl) anmonium bis(undecahydrido-7 20

car baundecabor ate)cobaltate(ll1) and

bi s[tri(n-butyl)amoni um bi s(undecahydri do-7-

car baundecabor at e) ni ckel ate(1V). The heteropoly conpound conprises an atom
selected fromsilicon, phosphorus, titanium germanium arsenic and 25
tin and o5k 06 Wdr € &t ons sel ected from vanadi um ni obium SF-767PCT 46
nol ybdenum and tungsten. Exanples of saéch conpounds include phosphovanadic
aci d, germanovanadi c acid, arsenovanadic acid, phosphoniobic acid,

ger manoni obi ¢ acid, silicononolybdic acid, phosphonol ybdic acid, 5

L1t anomolybelGa a2 48T IRROBLY Ddiie AR ks B¢ sENONOLYAGS (ALt d,

st annonol y c acid, phosphotungstic acid, gernmanotungstic acid,

tannoml ybaf ¢"ac . g UTC aoid,
e, gerEnb a g B e AR BB uRb  Rovanad ¢ aci o,

ger manonol bdotyggg ggqggﬂ%c cig h ghogggoggk bdo%ungg%ig ggidac.
phosphonﬁ?%%ﬁgﬁloblc*aC|d, r SRTPEPRPItRRSE dcids Wt RoABIAPS 8f,-%§v

exanple Go 1 or f the periodic table such_as lithium sodium
potasﬂlﬂﬁlggk??ﬁW?ﬁé#éa%eﬁ?hﬁ1 %%??P??ﬂﬂ#yﬂabﬁegFﬁﬁr cal cium strontium
and barium organjc salts of the above cigfcsgggdas triphenyl ethyl salt,
and i Opd}yt%ﬁ)' ic acid, germanomolyb ,
arsenomolybdic acid, stannomolybdic acid,
phosphotungstic acid, germanotungstic acid,
stannotungstic acid, phosphomolybdovanadic acid,
phosphotungstovanadic acid, germanotungstovanadic acid,
10 phosphomolybdotungsﬁovanadic acid, |
germanomolybdotungstovanadic acid,
phosphomolybdotungstic acid, phosphomolybdonioﬁic acid,
salts of these acids with metals of, for example Group 1 or
2 of the periodic table such as lithium, sodium, potassium,
15 rubidipm, cesium, beryllium, magnesium, calcium, strontium
and barium, organic salts of the above acids such as
triphenylethyl salt, and isopoly compounds.
These heteropoly compounds and isopoly éompounds may
be used singly or in combination of two or more kinds.
20 The ionizing ionic comﬁounds (B-2) may be used singly
or in combination of two or more kinds.
Further, in the olefin polymerization catalyst of the

invention, a carrier (C) described below can be used

according to necessity, in addition to the above-mentioned



These heteropoly conpounds and isopoly conpounds may be used singly or in
conbi nation of two or nore kinds. 20 The ionizing ionic conpounds (B-2) nmay
be used singly or in conmbination of two or nore kinds. Further, in the

ol efin polynerization catalyst of the invention, a carrier (C) described
bel ow can be used according to necessity, in addition to the

above- ner¥li-on&d7 IEC767 PCT 47 transition nmetal compound (A), the reducing
agent (B-1) and the ionizing ionic cot¥pound (B-2). (C) Carrier 5 The
carrier (C) optionally used in the invention is an inorganic or organic
compound in the formof granular or fine particle solid. As the inorganic

conpounds, p@§oﬁme@§1 LOREgaRkC (ahal tdesregliayn CE@¥nH‘Q%L§|

i on-exchangeable lanellar 1 conpounds are preferabl e’ Exanpl es o the

por ous og%ggéﬁ%?giygﬁ { 591 9api & og%ﬁogé §ych al Si02r A1203, MgO ZrQ

Ti 02, B2 BaO a and conposites or m xtures
cont ai ni ng these OXIdeS, such as natural or synthetic zeolite, Si02-MO
15 Si 02- A1203, Si02-Ti @2, Si02. V205, Si02-CrAB and Si02-Ti2-Mgo. O

these, preferable are conposites E& n&xturgs containing Si02 and/or A1203

as the main conponent(s). The in es may contain small anmounts of

5 The carrier (C) optionally used in the inventiocn is
an inorganic or organic compound in the form of granular or
fine particle solid.

As the inorganic compounds, porous oxides, inorganic
halides, clay, clay minerals or ion-exchangeable lamellar

10 compounds are preferable.

Examples of the porous oxides include inorganic
oxides such al SiO,, Al,053, MgO, ZrQ, TiO,, 8203{ GQQLLZhO,
BaO and ThO,, and composites or mixtures containing ehese
oxides, such as natural or synthetic zeolite, S10,-MgO,

15 S10,-A1,03, S10,-TiOp, Si0,-V,05, S10,-Cr0O3; and Si0,-Ti0,-MgO.
Of these, preferable are composites or mixtures containing
Si0, and/or Al,03 as the main component(s).

The inorganic oxides may contain small amounts of
carbonates, sulfates, nitrates and oxide components, such

20 as Na,COj, K,CO;, CaCOj, MgCO;, Na»SOs, Al,(SO4)3, BaSO,, KNO,
Mg (NO3) o, ALl(NO3)3, NaO, K;0 and Li,O.

The carrier preferably used in the invention has a
particle diameter of 10 to 300 um, preferably 20 to 200 um,
a specific surface area of 50 to 1,000 m?/g, preferebly 100

25 to 700 m?/g, and a pore volume of 0.3 to 3.0 cm3/g, though



carbonates, sulfates, nitrates and oxi de conponents, such 20 as Na2CQ3,
K2CO3, CaC03, MyC03, Na2SO4, Ale (SO4) 3, BasO4, KNO3r My (NO3) 2, Al (NO3)
3, Na20, K20 and Li20. The carrier preferably used in the invention has a

particle dianmeter of 10 to 300 pm preferably 20 to 200 pm-

a

specific

surface area of 50 to 1,000 nR/g, preferably 100 25 to 700 n2/g, and a pore
vol ume ofSIB.B6t6 B0TcnB/ g, though SF- 7 6 7 PCT 48 the porous oxides
differ in their properties depending a8 the type and the preparation
process thereof. According to necessity, the carrier may be cal ci ned at
100 to 1,000 C, preferably 150 to 700 C, prior to use. 5 Exanples of the

\nor gani G el 4 8es, JSedid st@ffféf'ngrgtm@iknﬁkags,rgg%faeygﬁazngwegZ and

MhBr2. The i'norgani c halides may used as

IS, may be Udse

after

pul ver | 2&c DY L OTo SXARL & S22l MBI b0k 80 cREELLEAL NG M alng THE

i norgani c halides may als used n the formo

obtained by di ssol ving. the, . 007 gapi g hal i de.in g.sebyent, sugho

and then precipitating. using a pfecipi ay enp

bya

fine particles

ascalcohol
|l e”as a

carrier is ner.al | onpo. inly.of clay mnerals. The
ion-exchéﬁﬁﬁ%ﬁ%ﬁﬁﬁﬁl?ghgglZggcgﬁbo%%ﬁ%re ol%?%ble assa carrier are

ds havi tallj t t wh ' I f
bondi g or the FFRE S § arf Hat BT 90 b al 161 97D Rach 17 ©

invention include MgCl,, MgBr,, MnCl, and MnBr,. The

inorganic halides may be used as it is, or may be used

after pulverized by, for example, a ball mill or an

ogged by ionic

oscillating mill. The inorganic halides may also be used

10 in the form of fine particles obtained by dissolving the

inorganic halide in a solvent such as alcochol and then

precipitating using a precipitant.

The clay employable as a carrier is generally

composed mainly of clay minerals. The ion-exchangeable

15 lamellar compounds employable as a carrier are compounds

having a crystalline structure wherein planes formed by

ionic bonding or the like are laminated in parallel to each

other with a weak bond strength, and the ions contained

therein are exchangeable. Most of clay minerals are ion-

20 exchangeable lamellar compounds. AS the clay, clay

minerals and ion-exchangeable lamellar compounds, not only

natural ones but synthetic ones can also be used.

Examples of such clay, clay minerals and ion-

-exchangeable lamellar compounds include ion crystalline

25 compounds having a lamellar crystal structure such as



other with a weak bond strength, and the ions contained therein are
exchangeabl e. Most of clay mnerals are ion 20 exchangeabl e | anell ar
conmpounds. AS the clay, clay mnerals and ion-exchangeable |anell ar
conpounds, not only natural ones but synthetic ones can al so be used.

Exanpl es C , clay mnerals and ion- exchangeabl e |anell ar
conpoundéﬁiﬂigdgggtgﬁ crystalline 25 conpounds having a | anellar crystal
structure such as SF-7 6 7 PCT 49 heﬁ§gonal cl osest packing type, antinony
type, CdCl2 type and Cd12 type. Specific exanples of the clay and clay

m nerals include kaolin, bentonite, kibushi clay, gairone clay, 5

al | ophanéexigimgerdiesepy roptyd g t eypai cant manpotybeonCdEl, vepaiculite,
chlorite, palygorskite, kaolinite, nacrite, dickite and halloysite.

Speci fi c saxarmqpd Bs tofoet.he i on- exchangeabl e | anel | ar conpounds i ncl ude
crystalline acid salts of polyvalent netals, such as a-Zr(HASO4)2H20, a 10

Zr (HPA) 2, a-HedikR@)eamPBEO oeccHd (HPPANA, cLEy ThihEASDd) 2 H20
a-Sn (HPOM) 2- H2O, y-Zr (HPO4) 2, y-Ti (HPO4) 2 and y-Ti (NHAPOZ) 2 H20

The clay,; fd@aadn nes s, adkhd o exchangeaht ecl appl §aL rofeMpOHpds are
preferably those having a pore volunme, as 15 neasured on poreS having a

[ﬁginug 2fan11r!%pﬂaer§é, thads 20 A DY, B PBERYUTYi Penehr aki onoHeRRed 1 10h iRt | ess
vermiculite, chlorite, palygorskite, kaolinite, nacrite,

dickite and halloysite. Specific examples of the ion-

exchangeable lamellar compounds include crystalline acid

salts of polyvalent metals, such as a-Zr (HAsO4), * HyO, o-
10 Zr (HPO4)», o—-Zr (KPO4)p = 3H,0, a-Ti(HPO4),, a-Ti (HAsO4), * H;0,
oc—S_n (HPO4) 2 ° H»O, 'Y—ZI (HPOy) 2 "{—Ti (HPO4) 2 and ‘Y—Ti ('NH4PO4)_2 *

H,0.
The clay, clay minerals and ion-exchangeable lamellér
compounds are preferably those having a pore volume, as
15 measured on pores having a radius of not less than 20 A by
a mercury penetration method, of not less than 0.1 ml/g,
particularly preferably 0.3 to 5 ml/g. The pore volume is
measured on the pores having a radius of 20 to 3x104 A by a
mercury penetration method using a mercury porosimeter.
20 When a compound having a pore volume, as measured on
pores having a radius of not less than 20 A, of less than
0.1 ml/g is used as the carrier, there is a tendency that

high polymerization activity is hard to obtain.



particularly preferably 0.3 to 5 m/g. The pore volune is neasured on the
pores having a radius of 20 to 3x104 A by a nercury penetration nethod
using a nmercury porosineter. 20 Wien a conpound having a pore volune, as
measured on pores having a radius of not |ess than 20 A, of less than 0.1
m/g is used as the carrier, there is a tendency that high polynerization
activity Sls/hard R € bbtain. SF-7 6 7 PCT 50 The clay and clay minerals are
preferably subjected to chemical tre@nents. Any of chemical treatnents,
for exanple, a surface treatnent to renove inpurities attached on the
surface and a treatnent to influence a crystal 5 structure of the clay, can

be adopted. Exaiples Af Sueh.1ghencala s eatueglseLghyge.aghdctLat rent,

al kali treatnment, treatment and organi c substance treatnent. The
acid treatJrent, e i o] \ j{n i i.ties omthe
surface gCLt alesngl e E%\%é%@%'uchﬁ%ys%?o CA{e, Ilgeéllagcdr prﬁeésée’ntfﬁg% t he
crystal structure to increase the surface area..The_alkali ea nt can
dest r oy fﬁﬁﬁeﬁe’sﬁrﬁﬂﬁlﬁ%f()r%ﬁggﬁ?% ?i?ﬁp%.%u%mgﬁgﬁ%ée?nafﬁgcéggucture
of the CkﬁﬁﬁlThef%ﬂé treatment nd O{ganic fgbstance trea%ngnt can
produce, For- Ekath s T it TomposiTess 1% hot edularf Coftp8Ertds, or organic

derivatives tq chan t.he urface area or the distance between |ayers. The
i on- exchdgesbiE T dfrel 11 Cc%?%bouﬁf%ﬁ %‘go%teg' Examples of such

chemical treatments include acid treatment, alkali
treatment, salt treatment and organic substance treatment.
The acid treatment can contribute to ﬁot only removing
impurities from the surface but also eluting ions such as

10 Al, Fe and Mg present in the crystal structure to increase
the surface area. The alkali treatment can destroy crystal
structure of clay té bri;g about change in the structure of
the clay. The salt treatment and organic substance
treatment can produce, for example, ionic composites,

15 molecular composites, or organic derivatives to change the
surface area or the distance between layers.

The ilon-exchangeable lamellar compound may be a
lamellar compound in which the exchangeable ions between
layers are exchanged with other large and bulky ions

20 utilizing ion exchangability to enlarge the distance
between the layers. The bulky ion plays a pillar-like roll
to support the léyer structure and 1is generally called a
"pillar". Introduction of other substances between layers
of a lamellar compound 1is called "intercalation”. Examples

25 of the guest molecules to be intercalated include ionic



| anel | ar conpound in which the exchangeabl e i ons between |ayers are
exchanged with other large and bul ky ions 20 utilizing ion exchangability
to enlarge the distance between the |ayers. The bulky ion plays a
pillar-like roll to support the layer structure and is generally called a
"pillar". Introduction of other substances between layers of a lanellar
conpound SIK T8l YdC'Tntercal ati on". Exanples 25 of the guest nolecules to
be intercalated include ionic SF-7 6 %{PCT 51 inorganic conmpounds, such as
Tid4 and Zrd 4; netallic al koxides, such as Ti (OR) 4, Zr (OR) 4, PO (OR)
3.and B (OR) 3 (R is a hydrocarbon group or the like); and netallic

hydr oxi d‘é'aéfé‘%iiéué FSub 13044 A 24c] 7é"nd[2;zf(fll{/o_rget’|a4lﬂ &+ and 5 [

Fe30 ( e compounds rrentl oned above be used SI ngly or in
conbi nat i o] r : cal of_ t unds may
be carri egﬂ( éél’(\ér)l t egi:c?)r%Sscl:"rné:]géf2 &53 s‘;’obpt%aq(ﬁﬂd3 amﬂ%z( 5| % of 10
metallic al ko s such as Si (OR ( s ,a hydr ocarbon
group or the y‘m%%?rwt%% éarﬂ&@d O Kebr | Brdate Fﬁé#é,anhf oEBih6Ends

h Si 02. Ex | d db
?ﬁtcerg:tl at?'omr o?&f &S E%%/@toﬂgﬂﬁ 6 ed m£ §I"Ig§ h%jdzggﬁpagoi lcj)(rig be%/ween

Iayerg, 1§%fol | owed lg y.dehydration under heating. The clay, clay minerals
and ion-e anel | ar

The compounds mentioned above may be used singly or
in combination of two or more kinds.

Thé intercalation of these compounds may be carried
out in the presence oflpolymers obtained by hydrolysis of

10 metallic alkoxides such as Si(OR)4, BAl1(OR)3 and Ge(OR),4 (R
is a hydrocarbon group or the like) or in the presence of
colioidal inorganic compounds such as Si0O,. Examples of
the pillars include oxides produced by intercalation of the
above-mentioned metallic hydroxide ions between layers,

15 followed by dehydration under heating.

The clay, clay minerals and ion-exchangeable lamellar
compounds mentioned above may be used as they are, or may
be used after they are subjected to a treatment of ball
milling, sieving or the like. Moreover, they may be used

20 after they are subjectéd to water adsorption or dehydration
under heating. The clay, clay minerals and ion-
exchangeable lamellar compounds may be used singly or in
combination of two or more kinds.

Of the above-mentioned carriers, preferable are the

25 clay and clay minerals, and particularly preferable are



conpounds nentioned above may be used as they are, or may be used after
they are subjected to a treatnent of ball mlling, sieving or the I|ike.

Mor eover, they nay be used 20 after they are subjected to water adsorption
or dehydration wunder heating. The clay, clay mnerals and ion-
exchangeabl e | anel | ar conpounds may be used singly or in conbination of
two or noSke kbnd¥ GO t he above-nentioned carriers, preferable are the 25
clay and clay minerals, and particulard2y preferable are SF-7 6 7 PCT 52
nontnorillonite, vermculite, hectorite, tenorite and synthetic mca. The
organi ¢ conpound is, for exanple, a granular or fine particulate solid
conpound i i cl ] 5 tp_30 .Exanpl.es of such
conpoundgmﬁﬁgﬁgrelfgﬁé%%1s%%%@fgégéh%édgégﬁgﬁigﬁ'agg g}%EéogRg to 14 carbon
at ons sucg agheép Igngé propyl ene, 1-butene or 4-nethyl-1- pentene as a
nain.ingréﬁ?eﬁ?, %coﬁpolyners produced using  vinylcycl ohexane or styrene
as a nmain ingrg@gent and 10 nodified products thereof. The glefin

pol ymeri zati on o4t at I USSP TR RS 7 nvERT | SRRyt uft REFBoRPr PEe t he
bel ow descri bed s eciLic orﬁanic conpo ng conponent gt» accordin% to
necessi t y- 1% P T F oA E o° T he t TARRPETON ABLBY 2oRpOaAGLEAS 2PRESFeduci ng

15 agent (B-1) and e ionizing.onic compound (B-2), and. the
g% éf 18 to 36@ pm. Examples of such coméoun s include

(co)polymers produced using an oa-olefin of 2 to 14 carbon
atoms such as ethylene, propylene, l-butene or 4-methyl-1-
pentene as a main ingredient, (co)polymers produced using'
vinylcyclohexane or styrene as a main ingredient, and

10 modified products thereof.

The olefin polymerization catalyst used in the
invention may further comprise the below-described specific
organic compound component (D) according to necessity, in
addition to the transition metal compound (A), the reducing

15 agent (B-1) and the ionizing ionic compound (B-2), and the

optionally used carrier (C).

(D) Organic compound component

In the present invention, the organic compound
20 component (D) is used according to necessity in order to
improve polymerizability and properties of the produced
polymer. Examples of the organic compounds include
alcohols, phenolic compounds, carboxylic acids, phosphorus

compounds and sulfonates.



optionally used carrier (C. (D) Organic conpound conponent In the present
i nvention, the organic conpound 20 conponent (D) is used according to
necessity in order to inprove polynerizability and properties of the
produced polyner. Exanples of the organic conpounds include alcohols,
phenol i c coggounds, carboxylic acids, phosphorus conpounds and sul f onat es.
SF- 767 PAF-536 AL (hé al cohol s and phenolic conpounds, those represented
by R13-OH (R13 is a hydrocarbon groupSf 1 to 50 carbon atons or a

hal ogenat ed hydrocarbon group of 1 to 50 <carbon atons) are general ly used.
Preferabl e al cohols are 5 those wherein R13 is a hal ogenated hydrocarbon

group. Preferagbl e phennddico COMPOYNSSe 36 €1 & hesRoWheAS] NthBgea, @' - positions
of the hydroxyl group are substituted with hydrocarbon groups of 1 to 20

carbon atons.. Asn{He CArROXWH qraci ds, 2t RO§EoEEPHERCRLEHARPY rRI4+ 41Q (COOH
are generally used. R14 is a hydrocarbon group of 1 "to go carbon atons or

Lo TSP i b Q1 | ,00cEgsbon, aLaTm, B pl ey o

hal ogenat e group car bon at e phosphorus
compounds, . phasPhorke) aglds, having, , 19. 85 0- b hoad. o phosphat s, hayj og P- OR
- phosphi ne oxitle conpounds are preferably used.
5 those wherein R!3 is a halogenated hydrocarbon group.

" Preferable phenolic compounds are those wherein the ao,a'-
positions of the hydroxyl group are substituted with
hydrocarbon groups of 1 to 20 carbon atoms. |

As the carboxylic acids, those represented by Rl4-

10 COOH are generally used; R4 is a hydrocarbon group of 1
to 50 carbon atoms or a halogenated hydrocarbon group of 1
to 50 carbon atoms, preferably a hélogenated hydrocarbon
group of 1 to 50 carbon atoms.

As the phosphorus compounds, phosphoric acids having

15 P-0-H bond, phosphates having P-OR bond or P-O bond and
phosphine oxide compounds are preferably used.

The sulfonates are those represented by the following

formula (V):

20 0

In the above formula, M is an element of Groups 1 to

14 of the periodic table.



The sul fonates are those represented by the followwng formula (V): 20
(Xmn)-MnS -R15 ( V) O In the above formula, Mis an elenent of Goups 1
to 14 of the periodic table. SF-767 PCT 54 R15 is hydrogen, a hydrocarbon
group of 1 to 20 carbon atons or a hal ogenated hydrocarbon group of 1 to
20 carbon atons. X is a hydrogen atom a hal ogen atom a hydrocarbon 5
group of SF-7o6 Z0Fc@rbon atons or a hal ogenated hydrocarbon group of 1 to
20 carbon atonms. mis an integer of 1540 7, and n is 1n7. Fig. 1 shows a
process for preparing an olefin polymnerization catalyst of the invention.
10 Next, the process for polynerizing an olefin is described. Process for

pol yneri zi ng gﬁsokgfﬁndggge§£8§3§?dgggaQggxngggékggfa@.Qge ion aGeyding to

15 the invention conpfise yneri zi ng inin the presence of
e ot B A SO AR MRl AR B - B9V £ L3285 aphBR of der
atoms.
X is a hydrogen atom, a halogen atom, é hydrocarbon
5 group of 1 to 20 carbon atoms or a haloéenéted hydrocarbon
groﬁp of 1 to 20 carbon atoms.
m is an integer of 1 to 7, and n is 1=n=7.
Fig. 1 shows a process for preparing an olefin
polymerization catalyst of the invention.

10 Next, the process for polymerizing an olefin is

described.

Process for polymerizing an olefin

The process for polymerizing an olefin according to
15 the invention comprises (co)polymerizing an olefin in the
presence of the olefin polymerization catalyst described
above.
A usage and an order to add the components are of an
arbitrary choice. The following are examples.

20 (1) The component (A), and the reducing agent (B-1)

and the ionizing ionic compound (B-2) (hereinafter referred
to as simply “component (B)”) are fed to the polymerization

reactor in an arbitrary order.



arbitrary choice.

the reducing agent (B-1) and the ionizing ionic conmpound (B-2)

(her ei naf

ter referred to as sinply "conponent (B)") are fed to the

The follow ng are exanples. 20 (1) The conponent (A),

and

pol ynmeri zation reactor in an arbitrary order. SF- 76 7 PCT55 (2) A

catal yst obtai ned by previously contacting

t he conmponents (A) and (B)

is

fed to t F-pobyfdt CzAtion reactor. (3) A catal yst conponent obtained by

previ ousl
are fed t

wherein t

y 5 contacting the conponent (A) and (B), and the conponent

(B)

o the polynerization reactor in an arbitrary order. In this case,
t he conponents (B) nay be the sane or different. (4) A catal yst conponent

he conponenta (Ataikfsd SOSUPRRES 88y AP d PEo 6T {1 86nksdriARd the

conponent (B) are fed to the polynerizati'on reactor 1n an arbitrary order.
Carrior (O TR TEE n) palymar] 260 OhC Bact of . PIb T 6y A catal yst
conponent vg}:e{g}.n the conponents (A) and (B) are supported on the carrier
(O, and e conponent (B) are fed to the polynerization reactor in an
arbitrary ordery) Infhi3 o358 JRHGUMONSN LB SRYp e, 166529 of
| 5 contacting the components (A) and (B), and the component
(B) are fed to the polymerization reactor in an arbitrary
order. In this casé;.the components (B) may be the same or
different.
(4) A catalyst component wherein the component (A)
10 is supported on the carrier (C), and the component (B) are
fed to the polymerization reactor in an arbitrary order.
(5) A catalyst wherein the components (A) and (B)
are supported on the carrier (C) is fed to the
polymerization reactor.
15 (6) A catalyst component wherein the components (A)
and (B) are supported on the carrier (C), and the component
(B) are fed to the polymerization reactor in an arbitrary
order. In this case, the components (B) may be the same or
different.
20 (7) A catalyst component wherein the component'(B)
is supported on the carrier (C), and the component (A) are
fed to the polymerization reactor in an arbitrary order.
(8) A catalyst component wherein the component (B)
is supported on the carrier (C), and the components (A) and
25 (B) are fed to the polymerization reactor in an arbitrary



20 (7) A catalyst conponent wherein the conponent (B) is supported on the
carrier (C, and the conponent (A) are fed to the polynerization reactor
in an arbitrary order. (8) A catalyst conponent wherein the conponent (B)
is supported on the carrier (C, and the conponents (A) and 25 (B) are fed
to the polynerization reactor in an arbitrary SF-7 6 7 PCT-56 order. In
this cas8F-/he tohpdhents (B) may be the same or different. (9) A
conponent wherein the conponent (A) i$6 supported on the carrier (C) and a
conponent wherein the 5 conponent (B) is supported on the carrier (C) are
fed to the polynerization reactor in an arbitrary order. (10) A conponent

wher ei n toggj SOMPoRent ;6 %a%é $HEPQL g)gn%@lttshwawéffbe(%e & Lmoenent

wherein t nponent support on the carrirer (C) and the 10
conponent, efaeheC fed to the pol ymeri zation reactor in an arbitrary order.
In this case e corrponents (B) may be the sane or different. (11) The

comonents (2, @2 (2 sl e, UG YT, wre fed to
gg%ggggﬁ%&p%’g :‘JOZ{jy con({%g%g? ??zg |02€C?err2%§?ér@|%aﬁé g% b?gpgr;hgr der.
5 component (B) i1s supported on the carrier (C) are fed to
the polymerization reactor in an arbitrary order.

(10) A component wherein the component (A) is
supported on the carrier (C), a component wherein the
component (B) is supported on the carrier (C) and the

10 component (B) are fed to the polymerization reactor in an
arbitrary order. In this case, the components (B) may be
the same or different.

(11) The components (A) and (B), and the organic
compound component (D) are fed to the polymerization

15 reactor.in an arbitrary order.

(12) A component obtained by previously contacting
the components (B) and (D), and the component (A) are fed
to the polymerization reactor in an arbitrary order.

(13) A component wherein the components (B) and (D)

20 are supported on the carrier (C), and the component (A) are
fed to the polymerization reactor in an arbitrary order.

(14) A catalyst component obtained by previously
contacting the components (A) and (D), and the component

(D) are fed to the polymerization reactor in an arbitrary

25 order.



(13) A conponent wherein the conponents (B) and (D) 20 are supported on
the carrier. (C, and the conponent (A) are fed to the polynerization
reactor in an arbitrary order. (14) A catal yst conponent obtai ned by
previously contacting the conponents (A) and (D), and the conponent (D)
are fed to the polynerization reactor in an arbitrary 25 order. SF-767 PCT
57 (15) SE-(?a@afPs@ Tonponent obtained by previously contacting the
conponents (A) and (B), the conponent 5fB) and the conmponent (D) are fed to
t he polynerization reactor in an arbitrary order. 5 (16) A catalyst
conmponent obtai ned by previously contacting the conmponents (A) and (B),

and a conponent bt ai I @Il ah € YH @@L N K& copponents (B) and
(D) are fed to (t1h5§ p%l 3%3??)295% on reactor I n an arbi}?fpary order. 10 (17) A

comonents SSAIhd N LURADENL (M) il aRuPRar{ ethonciisoaie ! £8) (O the

conponent's o0 the polynerization reactor I1n an

)
a
bi t : 8 ' ' ted
on the cH G PR Cponant bt ot ned By e r oot bty SRR i g
t he corrponents(aBL)b(i%g(;ial( D) are fed to the polynerization reactor in an

r.

ar bi t rar y"or'de A Catai'yst conponent obt ai ned by previously
5 (16) A catalyst component obtained by previously

contacting the components (A) and (B), and a component
obtained by previously contacting the components (B) and
(D) are fed to the polymerization reactor in an arbitrary
order.

10 (17) A component wherein the component (A) is
supported on the carrier (C), the componentsl(B) and (D)
are fed to the polymerization reactor in an arbitrary order.

(18) A component wherein the component (A) is
supported on the carrier (C), and a component obtained by

15 previously contacting the components(B) and (D) are fed to
the polymerization reactor in an arbitrary order.

(19) A catalyst.component obtained by previously
contacting the components (A), (B) and (D) is fed to the
polymerization reactor.

20 (20) A catalyst component obtained by previously
contacting the component (A), (B) and (D), and the
component (B) are fed to the polymerization reactor in an
arbitrary order. In this case, the componenté.(B) may be

the same or different.



contacting the conponents (A), (B) and (D) is fed to the polynerization
reactor. 20 (20) A catal yst conponent obtained by previously contacting

t he conponent (A), (B) and (D), and the conponent (B) are fed to the

pol yneri zation reactor in an arbitrary order. In this case, the conponents
(B) may be the sane or different. SF-7 6 7 PCT 58 (21) A catal yst wherein
the conpssternt & TACTB) and (D) are supported on the carrier (C is fed to
the polynerization reactor. (22) A ca&gal yst conponent wherein the
conponents (A), 5 (B) and (D) are supported on the carrier (C, and the
conponent (B) are fed to the polynerization reactor in an arbitrary order.

In this case, COMpQ ) e gre solid
cat al yst corrpon vmr%r%e{%lzysg%n%{(%en t(r%' %g&g %&i%) ar 2 bpo ed on
the carri (C repol yneri zed. vvrth n.olefin, The process for

pr oduci ng%aen ao’l) ef?‘%p %‘%% és{ ht 2T hiveht i 6h prodtdes® EE& efin polyner by
pol yneri zi ol efr n or CrE:ol ynmeri zing olefins in the presence of the

15 above %Cfrﬁgfr?%mpﬁyjn%?r’i%??% tatalyst. In the present i nventr on, the

ol rrerrzatroncnbe carried out by both |iquid phase nerizations,
EUCK as %2 A catalyst compogg r]hergyn the com on nts (A),

5 (B) and (D) are supported on the carrier (C), and the
component (B) are fed to the polymerization reactor in an
arbitrary order. 'In this case, the components (B) may be
the same or different.

The solid catalyst component where the components (A)

10 and (B) are supported on the carrier (C) may be
prepolymerized with an olefin.

The process for producing an olefin of the present
invention produces an olefin polymer by polymerizing an
olefin or copolymerizing olefins in the presence of the

15 above olefin polymerization catalyst.

In the present invention, the polymerization can be
carried out by both liquid phase polymerizations, such as
solution polymerization or suspension polymerizatioﬁ, and
gas phase polymerizations.

20 Examples of inert hydrocarbon media for use in the
liquid phase polymerization include aliphatic hydrocarbons,
such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane and kerosine; alicyclic hydrocarbons, such
as cyclopentane, cyclochexane and methylcyclopentana;

25 aromatic hydrocarbons, such as benzene, toluene and xylene;



sol ution polynerization or suspension polynerization, and gas phase

pol yneri zati ons. 20 Exanples of inert hydrocarbon nedia for use in the

| i qui d phase pol yneri zation include aliphatic hydrocarbons, such as
propane, butane, pentane, hexane, heptane, octane, decane, dodecane and
kerosine; alicyclic hydrocarbons, such as cycl opentane, cycl ohexane and
met hyl cy@Bpebt afeC T25 aromati ¢ hydrocarbons, such as benzene, tol uene and
xyl ene; SF-7 6 7 PCT 59 hal ogenated mgdrocarbons, such as ethyl ene
‘chloride, chlorobenzene and dichl oronet hane; and mni xtures of these
hydrocarbons. The olefin itself can be used as the solvent. In the

(co)pol yrr} 2ot o o1y QL 1105100 Lhe, oL ef i, Popol wepzag] on catal yst,
A e P

t he conponen an anount 0 usual to 10-2 nol,
referabl nl liter of e Le t I I
Ehe pres éR&Qﬁ?%ﬁla%3e lé?P Omeoh %%eh?“?p&l ﬁ a% {8” ¥g|§??ve|3

| ow conc atio an oI . oI riz 10 w
polyner|§HF§ %ék?v?ty e%%?%ﬁ”ﬁ%@ ﬁi% gnghgg%vﬁﬁﬁunt

that the nDIar rati o of the co onent B-1) to_.the transjtion tal atom
(M in the conpdhemite (K§°IRB- HW? %é ?1% °£%§h%|11§/169050?o°i8g9600
preferably 0.05 to 50,000. 15 The conponent (B-2) _may be used in _such an
amount HﬁﬁyW?ﬁ#?ﬂﬂ%ﬁnr%ﬁ??ﬂ¥ﬁtth%h%o%%%ﬂ%%?n?Biéj gYthe used 1in

an amount of usually 10712 to 1072 mol, preferably 10710 to
10-3 mol, based on 1 liter of the reaction volume. In the
present invention, even 1f the component fA) is used in a
relatively low éoncentration, an olefin can be polymerized

10 with a high.pplymerizatibn activity.

The component (B-1) may used in such an amount that
the molar ratié of the component'(B—l) to the trahsition
metal atom (M) in the component (4) ((B—l)/(M)).becomes
usually 0.01 to 100,000, preferably 0.05 to 50,000.

15 The component (B-2) may be used in such an amount
that the molar ratio of the component (B-2) to the
transition metal atom kM) in the cémpoent (A) ((B=2)/(M))
becomes usually 1 to 10, preferably 1 to 5.

The component>(D) may be used in such an amount that

20 the molar ratio of the component (D) to the total of
component (B) ((D)/(B)) becomes usually 0.01 to 10,
preferably 0.1 to 5.

The polymerization temperature may be in the range of
usually 50 to 200 °C, preferably 50 to 170 °C, more

25 preferably 75 to 170 °C.



transition netal atom (M in the conponent (A ((B-2)/(M) becones usually
1 to 10, preferably 1 to .5. The conponent (D) may be used in such an
anount that 20 the nolar ratio of the conponent (D) to the total of
conponent (B)((D)/(B)) beconmes usually 0.01 to 10, preferably 0.1 to 5.
The pol ynerization tenperature may be in the range of wusually 50 to 200 C,
pr ef er abB¥- B0 toP1Z0 C, nore 25 preferably 75 to 170 C. SF-7 6 7 PCT 60
When ol efin polynerization is carriedédut in the presence of the olefin
pol yneri zation catalyst and within the tenperature ranges as descri bed
above, an olefin can be polynerized with a polypol ynerization activity of

more than 5 10y E%gegl@§éﬁoggﬁ§%@”@zaQuofOrs@%%m@fédtéﬁg of @ne

pol ymeri zation at aroun When the pol ymarl zation tenperature is 50 C

or hlgherés%%ce o%a%%et%le%qQV?bﬁsa%wl é%] gbéH(HﬁE”W&tHPQUStr'a

wat er. TRat it7i s possible ntro e 10 po ymerization tenperature

using a %b éeerr}%%aé}‘rg%réo\ya% deV| %%chve%d fa%q]aé qgt;vllé'l@lrgeé/érqebgaw ng

t he sane pro uctl Vi £y can be |rrpr0\/e nventive process.

~Further, because of a .hi ghe o rature in the tio | ution
vi scosi t ¥ °ddBETHSE bé’&(.rf'r]?e ?) YYIF A Cput‘%/?grsl ng@pomrg$ @%%Qb

| ower ed even  at
? 10 times as compared with, for example, that of a

polymerization at around 20 °C.

When the polymerization temperature is 50 °C or
higher, it is easy to remove reaction heat using ordinary
industrial water. That is, it is possible fo control the

10 polymerization temperature using a simple heat-removing
device. Even if heat-removing device having the same size
is used, productivity can be improved by inventive process.
Further, because of a higher temperature in the
polymerization, a solution viscosity does not become so

15 high and also a stirring power can be lowered even at
higher polymer concentration, leading to improvement of
productivity.

The polymerization pressure is in the range of
usually atmospheric pressure to 100 kg/cm?, preferably

20 atmospheric pressure to 50 kg/cm?. The polymerization
reaction can be carried out by any of batchwise, semi-
continuous and continuous processes. The polymerization
can also be conducted in two or more stages under different

reaction conditions.



hi gher pol yner concentration, |eading to i nprovenent of productivity. The
pol yneri zation pressure is in the range of usually atnospheric pressure to
100 kg/cnm2, preferably 20 atnospheric pressure to 50 kg/cnR. The

pol yneri zation reaction can be carried out by any of batchw se, sem -
continuous and continuous processes. The pol ynerization can also be
conduct efFi /i @ WoPd? Thore stages under different reaction conditions. SF-7
6 7 PCT 61 Wen the olefin pressure 66 in the range of atnospheric
pressure to 50 kg/cn2 and the polynerization tenperature is in the range
of 75 to 170 C, the yield of an olefin polyner per 1 nol of a transition

metal atom5 CQBEgi@gg eEQﬁdEQ%%%SE'0&3”%%@%h%9@£9ﬁﬁﬂcﬁA) and 1 hour of

pol ymeri zation tinme can- nor e pr ef erably 5000 kg or

mor e. Thea%§§p§%#ganﬁplggér%f Lhe OpmggQﬁgdagge{hQ ngyﬁg izG@RoRe.

control | & rogen to e into t polymerization system

or ChangL gehe ROLVISIZ24A 00 Lperat e, o Furg her, L0P il sgular velgnt
io:’lgr IUSZ: ta(r)1 % I%glnyg%r Iyrzn%q* %)e/art € rlOC%s a tlrSaHfS(%_rtlpr anectaqg a%norrpl efin
5 contained in the transition metal compound (A) and 1 hour
of polymerizatidn'time can be made 1000 kg or more,
preferably 5000 kg or more.
The molecular weight of the produced olefin polymer
can be controlled by allowing hydrogen to exist into the
10 polymerization system or changing the polymerization
temperature.
Further, the molecular weight can be controlled by
using the different components (B).
Examples of olefins to be polymerized.by the process
15 for producing an olefin include:
a-olefins of 2 to 20 carbon atoms, such as ethylene,
propylene, l-butene, l-pentene, 3-methyl-l-butene, l-hexene,
4—methyl—1—pentene, 3-methyl-1-pentene, l-octene, 1—decene,
l1-dodecene, l-tetradecene, l-hexadecene, l-octadecene and
20  l-eicosene;
cycloolefins of 3 to 20 carbon atoms, such as
cyclopentene, cycloheptene, norbornene, 5-methyl-2-
norbornene, tetracyclododecene and 2-methyl-1,4,5, 8-
dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene; and

25 vinylcyclohexane, dienes and polyenes.



a-olefins of 2 to 20 carbon atons, such as ethylene, propylene, 1-butene,
1-pentene, 3-nethyl-I-butene, 1-hexene, 4-nethyl-I-pentene,
3-nmethyl -1 -pentene, 1l-octene, 1-decene, 1-dodecene, 1l-tetradecene,

1- hexadecene, 1-octadecene and 20 1-eicosene; cycloolefins of 3 to 20
carbon atons, such as cyclopentene, cycl oheptene, norbornene, 5-nethyl-2-
nor bor ne®¥- 7t 6tF &¢cl ododecene and 2-nethyl -1, 4,5, 8-

di net hano-1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr os2pht hal ene; and 25 vi nyl cycl ohexane,
di enes and pol yenes. SF-767PCT 62 The dienes and the pol yenes are cyclic
or chain conpounds having 4 to 30 carbon atons, preferably 4 to 20 carbon

atons, and havi t :ﬁ;Q%Q%§. ;xg, conpounds

i ncl ude butadigﬂgiC%%%%%E%@??iggygét yl - ,é?%entggigieggléggggntadiene,

1, 4- pent adi ene -__hexadj ene,, A, 4- hexadj - | en

1, 3-oct acﬁoénr?g,un%s, z“-aovc]t%a(%lioﬂeﬁce? 319153-510%%& éeﬁ%,% '1,1%‘?%%;%%%?% ejE io 7? 8ct adi ene,
et hyl i dene norbo%pene, vkpx{\pq{bqaﬂ§ng[andr dig¥g opent giene; 10

7- met hy| “ETEFt e, 2 @RI HNE bRyt -40 72 honddiene and

5,9-dinmet hyl -1, 4, 8-decat.ri ene; arpmatic. vinyl conpounds,including,nono- or

pol yal ky PR O it s SR BT G et 45 81 T ORE e m - OO RS St y# ane.
p- met r5]y| Srrlteytrheynle-’l,%—%edritrgec}ihgrles,t ylr,eéq—eéergjtadiene, 1,4-pentadiene, 1,5-
hexadiene, 1,4-hexadiene, 1, 3-hexadiene, 1,3-octadiene,
1,4-octadiene, 1,5-octadiene, 1,6-octadiene, 1,7-octadiene,
ethylidene norbornene, vinyl norbornene and
dicyclopentadiene;
10 7-methyl-1, 6-octadiene, 4-ethylidene-8-methyl-1,7-
nonadiene and 5, 9-dimethyl-1,4,8-decatriene;

aromatic vinyl compounds including mono- or
polyalkylstyrenes, such as styrene, o-methylstyrene, m-
methylstyrene, p-methylstyrene, o,p-dimethylstyrene, o-

15 ethylstyrene, m-ethylstyrene and p-ethylstyrene; and

3-phenylpropylene, 4-phenylpropylene and
a-methylstyrene.

The process for polymerizing an olefin of the
invention can produce an olefin polymer with a high

20 polymerization activity, or a polymer having a narrow

molecular weight distribution. When two or more kinds of

‘olefins are copolymerized, an olefin copolymer having a

narrow composition distribution can be obtained.



15 et hyl styrene, methyl styrene and p-ethyl styrene; and 3-phenyl propyl ene,
4- phenyl propyl ene and a-nethyl styrene. The process for polynerizing an
olefin of the invention can produce an olefin polymer with a high 20

pol ynmeri zation activity, or a polynmer having a narrow nol ecul ar wei ght

di stribution. Wien two or nore kinds of olefins are copolynerized, an
olefin cygmI7?y6er Fh@ving a narrow conposition distribution can be obtained.
SF-7 6 7 PCT 63 The process for polymgarizing an olefin of the invention
can al so be used for copolynerization of an a- olefin and a conjugated

di ene. Exanpl es of the a-ol efins enployable herein include 5 the sane

strai ght-chain branched ol ef.i ns of Cc rbon atons, preferably 2
to 20 carbon at PIESCe S5y |0L§>sq]3yrr53ers]c7r‘irb%aanc? These f priéferabl e are

et hyl ene, ro erne 1- but e tene, 1-hexene yl -1- pent ene
and 1- octéhé&n ialt &SP g?eef%? O%r%é%?m%ﬁezﬁﬁl%rﬁdogr%‘by?‘ene These

a-ol efins can be used singly or conbi nation or two or nore Kkinds.
Exanpl es Vfeiife %J%g%ﬁf@dl%feﬁ%é%%? ude aliphatic conjugated dienes of 4
to 30 carbon atons, preferably 4 to 20 carbon atons, such as

1, 3- but adi ene, HSFRIER 15 HhI%Grofenes TRleyRPbhdxatt bhelnclude

1, 3- pentadlene 4- et hyl -
the same straight-chain or branched a-olefins of 2 to 30

carbon atoms, preferably 2 to 20 carbon atoms, as
previously described. Of these, preferable are ethylene,
propylene, l-butene, l-pentene, l-hexene, 4-methyl-1-
pentene and l-octene. Particularly preferable are ethylene

10 and propylene. These a-olefins can be used singly or in
combination or two or more kinds.

Examples of the conjugated dienes include aliphatic
conjugated dienes of 4 to 30 carbon atoms, preferably 4 to
20 carbon atoms, such as 1,3-butadiene, isoprene,

15 chloroprene, 1,3-cyclohexadiene, 1,3-pentadiene, 4-methyl-
1,3-pentadiene, 1,3-hexadiene and 1,3-octadiene. These
conjugated dienes can be used singly or in combination of
two or more kinds.

In the invention, an a-olefin can also be
20 copolymerized with the conjugated diene or polyene.
Examples of the conjugated dienes and polyenes
include 1,4-pentadiene, 1,5-hexadiene, 1,4-hexadiene, 1, 4-
octadiene, 1,5-octadiene, 1,6-octadiene, 1, 7-octadiene,

ethylidene norbornene, vinyl norbornene, dicyclopentadiene,



1, 3- pent adi ene, 1, 3-hexadi ene and 1, 3-oct adi ene. These conjugated di enes
can be used singly or in conbination of - two or nore kinds. In the
invention, an a-olefin can also be 20 copol yneri zed with the conjugated

di ene or polyene. Exanples of the conjugated di enes and pol yenes include
1, 4- pent adi ene, 1, 5-hexadi ene, 1, 4-hexadi ene, 1,4- octadiene,

1, 5- oct a@Fedef A PeCoct adi ene, 1, 7-oct adi ene, ethylidene norbornene, vinyl
nor bor nene, dicycl opent adi ene, SF-767BLT 64 7-methyl -1, 6-octadi ene,

4- et hyl i dene-8-net hyl -1, 7- nonadi ene and 5, 9-di met hyl -1, 4, 8-decatri ene.
[Effect of the Invention] 5 According to the process for polynerizing an

olefin qf—mte!%%a/?f—qs,%modt%@@ﬂeﬁgﬁawerp’cl_ Bl ddh L VHBEH $RM DL REQLYEEH. W th a

hi gh pol ynerizdtion activity. 10 The present 1 nvention Is

further g%%F&h?ﬁgyﬁ%%@yfj¥‘3f§“§%5§%§f§hépllo“jng exanpl es, but it should

be constrtue e’imvéntionis in no way limted to those exanples.
The structures of the conpounds obtained in the 15 synthetic exanples were
determ ned by 270 MHz ' H NMR (Japan El ectron Optics Laboratory GSH 270

Model ), ﬁ%%@%%% c%p%S£JQﬂRkLXj&%ﬁpan El ectron Optics Laboratory SX-102A

5 According to the process for polymerizing an olefin
of the present invention, an olefin polymer can be produced

with a high polymerization activity.

[EXAMPLE]

10 The present invention is further described with
reference to the following examples, but it should be
construed that the invention is in no way limited to those
examples. -

The structures of the compounds obtained in the

15 synthetic examples were determined by 270 MHz lH-NMR (Japan
Electron Optics Laboratory GSH-270 Model), FD-mass
spectrometry (Japan Electron Optics Laboratory SX-102A
Model), metal content analysis (analysis by ICP method
after dry ashing and dissclution in dilute nitric acid,

20 device: SHIMADZU ICPS-8000 Model), and elemental analysis
for carbon, hydrogen and nitrbgen (Helaué CHNO Model). The
intrinsic viscosity (n) was measured in decalin at 135 °C.

Hereinafter, synthetic examples of the transition
metal compound according to the present invention are

25 described.



Model ), nmetal content analysis (analysis by ICP nethod after dry ashing
and dissolution in dilute nitric acid, 20 device: SH MADZU | CPS-8000
Model ), and el enental analysis for carbon, hydrogen and nitrogen (Hel aus
CHNO Model ). The intrinsic viscosity (n) was neasured in decalin at 135 C
Hereinafter, synthetic exanples of the transition netal conmpound according
to the piS¥sén® 7 Bfenkion are 25 described. SF-7 6 7 PCT 65 Synthetic
Exanple 1 Synthesis of ligand precurséf (1) To a 200-ml reactor thoroughly
purged with nitrogen, 5 5.0 g of 2,4-di-t-butyl phenol and 50 m of acetic
acid were added. To the m xture, 3.0 ml of concentrated nitric acid was
rapi dly added dropwi se while ice-cooling. After the dropw se addition was
conpleted, the resultant mi xture was stirred at the same tenperature for 1

m nute ard poed Q. dphe 200 ni of water. The organic phase extracted with
di et hyl etter—was wastted wth water and concentrated. The concentrate was

purified by a colum t to i g yel l ow crystal s
(yield: 840). 1 5 'Hmﬁ%ﬂﬁhﬂ——wﬁ—és——w&”&%%& s 98] ., 7.94 (d, 1H

the. obtai ned COMoGG, B0 15" 5T SRSl T arLin E Bor At 100 0T et hanol

were §dd%q0t% of 2,4-di-t-butylphenol and 50 ml of acetic acid were
added. To the mixture, 3.0 ml of concentrated nitric acid
was rapidly added dropwise while ice-cooling. After the
dropwise addition was completed, the resultant mixture was
stirred at the same temperature for 1 minute and poured

10 into 200 ml of water. The organic phase extracted with
diethyl ether was washed with water and concentrated. The

concentrate was purified by a column chromatography to

obtain 5.1 g of yellow crystals (yield: 84%).

15 'H-NMR(CDC13.8): 11.41(s,1H), 7.94(d,1H,2Hz),
7.63(d,1H,2Hz), 1.43(s,9H), 1.29(s, 9H)

Then, the total amount of the obtained compound, 50 mg

of 5% palladium carboﬁ and 100 ml of ethanol were added to

a 200-ml reactor, and the mixture was stirred for 48 hours

20  under hydrogen of 1 atmospheric pressure. The reaction
solution was filtered.through Celite, and then the solvent

was distilled off to obtain 4.1 g of white crystals (yield:

25 'H-NMR(CDC1l3.d): 6.92(d,1H,2Hz), 6.82(d,1H,2Hz), 5.70(s,1H),
3.19(br1H), 1.41(s,9H), 1.28(s,9H)

Subsequently, 2.83 g of the obtained compound (the

white crystals) and 50 ml of ethanol were added to a 100-ml



a 200-nml reactor, and the m xture was stirred for 48 hours 20 under

hydr ogen of 1 atnospheric pressure. The reaction solution was filtered
through Celite, and then the solvent was distilled off to obtain 4.1 g of
white crystals (yield: 89 o) . 25 'H NWR(CDC13,6): 6.92(d, 1H, 2Hz),
6.82(d, 1H, 2Hz), 5.70(s,1H), 3.19(brlH), 1.41(s,9H), 1.28(s,9H)
Subsequedf-y, 6 77 83Cdl of t he obtai ned conpound (the white crystals) and 50
m of ethanol were added to a 100-m $b-7 6 7 PCT 66 reactor thoroughly
purged with nitrogen, and 1.63 g of benzal dehyde and 1.0 ml of acetic acid
were further added to the reactor. The m xture was stirred at room

tenperat yre, Jo, %d}%v%vfaggupymﬁﬁg:eg&t&% %ﬁ&&éﬁ yesn £0pgent s al ed, and

then the concentrate by a colum chromat ogr ap y to obtain a
3200 of Farton Sehi At i tH Bog SR el oot O Bete 1y, °
7170, IR TEoGCE o) T F3SCE Fal e Ta IR (D) F &t het | ¢ Exanpl e 2
20 Syﬂth%%ﬁ%é?aé&éé%&ﬂgj%%%%ﬁfgv %%% reaction solution was

5 concentrated, and then the concentrate was purified by a

column chromatography to obtain a compound (ligand

precursor (1)) corresponding to the following formula as

o\

3.2 g of yellow crystals (yield; 80%).
10  'H-NMR(CDC13.8): 8.70(s,1H), 7.96-7.92(m.2H), 7.73(s,1H),

( H
7.48-7.43 (m,3H), 7.25(d,1H,2Hz), 7.17(d,1H,2Hz), 1.46(s,%9H),
1.35(s, 9H)

15

Z

Synthetic Example 2

20 Synthesis of a ligand precursor (2)

According to the method in Synthetic Example 1, using
2,5—dimethylphenylcarboxyaldehyde'in place of benzaldehyde,
a compound (ligaﬁd precursor (2)) correspoﬁding to the
following formula was yield as.2.1 g of yellow crystal

- 25 (yield; 46

o

).

'H-NMR (CDC1l5, § ) :
8.95(s,1H),7.88(s,1H),7.70(m,1H),7.23(bs,1H),7.18-
7.08(m,3H),2.60(s,3H),2.35(s,3H),1.55(s,9H),1.34 (s, 9H)



According to the nethod in Synthetic Exanple 1, using

2, 5-di met hyl phenyl car boxyal dehyde i n place of benzal dehyde, a conpound

(l'igand precursor (2)) corresponding to the following formula was yield as

2.1 g of yellow crystal 25 (yield; 46%. 1H NWR (CDCl13, 6 )

8.95(s,1H), 7.88(s,IH,7.70(m 1H), 7. 23(bs, 1H), 7. 18-

7.08(m 319F-7. 60( ¥, G, 2. 35(s,3H), 1.55(s,9H), 1. 34(s,9H) SF-7 6 7 PCT 67 5

INH(2) 10 Synthetic Exanple 3 Syntlsgsis of a |igand precursor (3)

According to the nethod in Synthetic Exanple 1, using

2,3,4,5, 6-pent af | uor ophenyl car boxyal dehyde in place of 15 benzal dehyde, a

conpound (ligand precursory (3)) corresponding to the follow ng fornula was

yield as 1.1 g of yello rystal (yield; 310). 1HNWR (CDC 3, 6 ) 20

8.82(s, 1H) . 7. 75(s, 1H), 7. ,1H,2Hz),7.22(s,1H,2Hz),1.43(s, oH) , 1. 34(s, 9H)
5 N

F5S 25

10

Synthetic Example 3

Synthesis of a ligand precursor (3)

According to the method in Synthetic Example 1, using
2,3,4,5,6—pentafluorophenylcarbOxyéidehyde in place of
15 beﬁzaldehyde, a compound (ligand precursor (3))
correéponding to the following formula was yield as 1.1 g
of yellow crystal (yield; 31%).
"H-NMR (CDCl3, §) :

20 8.82(s,1H),7.75(s,1H),7.35(d,1H,2Hz),7.22(s,1H,2Hz),1.43 (s,
9H) ,1.34 (s, 9H)

Synthetic Example 4

Synthesis of a ligand precursor (4)

To a 300 ml reactor thoroughly purged with nitrogen,



N OH (3) 30 Synthetic Exanple 4 Synthesis of a ligand precursor (4) To a
300 M reactor thoroughly purged with nitrogen, SF-767 PCT 68 10.0 g of

2- (I -adamant yl ) - 4- net hyl phenol and 200 ml of acetic acid were added, and
4.0 g of sodiumnitrite was added in five portions over 12 hours at room
tenperature wth stirring. The reaction solution was stirred at the 5 sane
t enperat (8 7 6r7&diTi onal 12 hours and poured into 200 ml of water. The
organi ¢ phase extracted with diethyl ggher was washed with water,
concentrated, and separated and purified by a col umm chronmat ography to
obtain 2.62 of yellow crystal (yield; 220). 10 1H NWR (CDC13, 6 )

g
11.42(s, IH) ,+¥. 78 H. R -
2.10(m 9I—1)|_@1078%(§15n8%|(_|(n% 6{3%%{@5% sedu@%????%gnégt 3Pda%88n¥do?ft he
obtained . compound, s S0 1 ofq 230 palagl ymy cap bogy ; gad, 100,01 of o et hanol
were addeéd in a - reactor,’ and stirred under Ilr'nlyarogen at “One
at nosphere ours. The reaction, ,solution_was trated, through

or 48 fi
Celite, ST He t V%xﬁQﬁﬁﬁons over 127Hours at rodoom temperature

with stirring. The reaction solution was stirred at_the
5 same temperature for additional 12 hours and poured into
200 mi of Qatér. Thé organic phase extraéted with
. diethylether was washed with water, concentrated, and
separated and purified by a column chromatography to obtain

2.62 g of yellow crystal (yield; 22%).

10
'H-NMR (CDCl3, §) :
11.42(s,1H),7.78(m,1H,),7.25(m, 1H),2.30(s,3H),2.15~
2.10(m,9H),1.82-1.80(m, 6H)

15 _ Subsequently, the total amount of the obtained
compound, 50 mj of 5% palladium carbon, and 100 ml of
ethanol were added in a 200-ml reactor, and stirred under
hydrogen at one atmosphere for 48 hours. The reaction
solution was filtrated through Celite, and then the solvent

20 was distilled off, and 50 ml of ethanol was added. The
resultant mixture was transferred into a 100-ml reactor
thoroughly purged with nitrogen, further 4.50 g of
benzaldehyde and 0.5 ml of acetic acid were added thereto.
The mixture was stirred at room temperature for 24 hours.

25 The reaction solution was concentrated, and then separated
and purified by a column chromatography to obtain a

compound (ligand precursor (4)) corresponding to the



20 was distilled off, and 50 nl of ethanol was added. The resultant

m xture was transferred into a 100-nl reactor thoroughly purged wth
nitrogen, further 4.50 g of benzal dehyde and 0.5 m of acetic acid were
added thereto. The mxture was stirred at roomtenperature for 24 hours.
25 The reaction solution was concentrated, and then separated and purified
by a col @m 7carpieCopr aphy to obtain a conpound (ligand precursor (4)) -
corresponding to the SF-767PCT 69 f@blowing fornula as 1.66 g of yellow
crystals (yield; 530). 1H NWR (CDC13r 6) : 8.83 (s, 1H) , 7. 92-
7.85(m2H),7.81(m1H),7.50 5

7.39(m 3 7. 02( (49 1Hg . 8, 1w 287 (¢ . 5 1-2.08
(m 3H) @df.lg%ﬁ%g?%rﬁlﬁll%)églol ~6%\1€12c§ mlSCg“éyﬁt%gé%%%s Exnié%rgt% 5 %y%t hesi s
of conpl ex conpound (C) The follow ng reaction was carried out in an argon
20 at nosphénenM®18p0D;,06 )the. 8B gantHpy 2caksor (1) was dissolved in 10 nl

of tol uenge,gand Aihe 1 apult anty sol4dion was dropw se
S 7.39(m,3H),7.02(m,1H),6.92(m,1H),2.32(s,3H),2.22-
2.15(m, 6H),2.11-2.08(m, 3H),1.82-1.80 (m, 6H)

15 <

Synthetic Example 5

Synthesis of complex compound_(CI)

The following reaction was carried out in an argon
20 atmosphere.
618 mg of the ligand precursor (1) was dissolved in
10 ml of toluene, and the resultant solution was dropwise
added to 10 ml of a toluene solution of titanium chloride
(0.1 mol/l) at room temperature with stirring. After the
25 stirring was carried out at the same temperature for 24
hours, the reaction mixture was filtered through a glass
filter. To the resultant filtrate, 10 ml of n-hexane was
added, and the mixture was allowed to stand at -40 °C for 5
hours to obtain a solid. The solid was filtered to obtain

30 a compound (complex compound (Cl)) corresponding to the



added to 10 ml of a toluene solution of titaniumchloride (0.1 nol/1) at
roomtenperature with stirring. After the 25 stirring was carried out at
the sane tenperature for 24 hours, the reaction mxture was filtered
through a glass filter. To the resultant filtrate, 10 m of n-hexane was
added, and the m xture was allowed to stand at -40 Cfor 5 hours to obtain
a solid. SFhé 801 PdCwas filtered to obtain 30 a conpound (conpl ex conpound
(d)) corresponding to the SF-767PCT 700 following fornmula (d) as 241 ny
of reddish brown crystals (yield: 33 %9 5 FD-M5 (mz) : 734 (intensity
100% M+), 307 (intensity 12% ligand fragment) 10 ~N........ TiCl2 2
(d) 15 i fxanp y ' CONRA £3n COPPONNGL {£241s -
Accor di néf%%igto?ﬁté{ggane proage(((;tulr%e;gﬂ?di% n?yn(t?fheti o J{aéléxak?rpl e 5, %si ng the

I'i gand pr(s,g_%rl%qr 3(32)%)as a raw material, a conpound -(conplex conpound
(C2)) corresponding to the 20 following fornula was yield as 748 ng of
reddi sh crystals (yield; 68%. FD-MS (nmz): 790(Intensity 100% M),

336( 1 5t engi s 4%, ) Ligand fragmBnt )100s, M*), 307 (intensity 12%,

ligand fragment)

10

15 Synthetic Example 6

Synthesis of a complex compound (C2)

According to the same procedures as in Synthetic
Example 5, using the ligand precursor (2) as a raw material,
a compound T(complex compound (C2)) corresponding to the
20 following formula was yield as 748 mg of reddish crystals
(yield; 68%).

+

FD-MS (m/z): 790 (Intensity 100% M*), 336 (Intensity 4%,
Ligand fragment)




25 (4N- - ----

-~ TIC2 (C2) 2 30 SF-767PCT 7 1 Synthetic Exanple 7

Synthesis of a conplex conpound (C3) According to the sanme procedures as
in Synthetic 5 Exanple 5, using the ligand precursor (3) as a raw nmateri al,
a conpound (conpl ex conmpound (C3)) corresponding to the followng formula
was yield as 1.09 g of reddish crystals (yield; 820). 10 FD-M5 (mz) : 914
(Intensi 8¥-10M% R T 399 (Intensity 46% Ligand fragnent) 5 15 N.....:

T02 (C3)

2 Synthetic Exanple 8 Tynthesis of a conplex conmpound (C4)

20 According to the sanme procedures as in Synthetic Exanple 5, using the
| igand precursor (4) as a raw material, a conpound (conplex conmpound (C4))
corresponding to the followng fornula was yield as 412 ng of reddish

crystals

Synthetic Example 7

Synthesis of a complex compound (C3)

According to the same procedures as in Synthetic

5 Example 5, using the ligand precursor (3) as a raw material,

a compound (complex compound (C3)) corresponding to the

following formula was yield as 1.09 g of reddish crystals

(yield; 82%).

10 FD-MS(m/z): 914 (Intensity 100% M"), 399 (Intensity 46%,
Ligand fragment)

15

Synthetic Example 8

20

Synthesis of a complex compound (C4)

According to the same procedures as in Synthetic

Example 5, using the ligand precursor (4) as a raw material,

a compound (complex compound (C4)) corresponding to the

following formula was yield as 412 mg of reddish crystals

(yield; 62%).

25

FD-MS (m/z): 806 (Intensity 62% M'), 343(Intensity 100%,
Ligand fragment)



(yield; 62% . 25 FD-M5 (mz): 806(Intensity 62% Mt), 343(Intensity 100%

. Ligand fragnent) SF-7 6 7 PCT 72 (jJ'N"Tid2 (C4) 5 2 Next, the exanples

in which olefins were polynerized
t he above synthetic exanples are described. In the follow ng exanpl es,

and 10 TIBA are used for the abbreviations of triphenyl carbenium

t et r axi sSFert &f T kb€SPhenyl ) borate and trii sobutyl al um ni um

usi ng the conpl ex conpounds obtained in

TrB

respectively.

Conparative Exanple 1 15 To a 500-nl ghass autocl ave thoroughly purged with
250 m of toluene was introduced, and the Iiquid phase and the
gas phase were saturated with ethylene. Thereafter, 0.25 nmmol of

ni t rogen,

triisobutylalfnum (
(d) obtained in 20
tri phenyl carbeni ym t¥&trgk
initiate polyner zation. lTh

in

10

15

20

25

t heXi ¢ Exanple 5 and 0.006 nmol of -

Ne..|
=TiC,

Next, the examples in which olefins were polymerized
using the ‘complex compounds obtained in the above synthetic
examples are described. In the following examples, TrRBR and
TIBA are used for the abbreviations of triphenylcarbenium

tetraxis (pentafluorophenyl)borate and triisobutylaluminium,

respectively.

Comparative Example 1

To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid
phase and the gas phase were saturated with ethylene.
Thereafter, 0.25 mmol of triisobutylalminum (TIBA), and
then 0.005 mmol of the complex compound (Cl) obtained in
Synthetic Example 5 and 0.006 mmol of triphenylcarbenium
tetrakis(pentafluorophenyl)borate (TrB) were added to
initiate polymerization.

The reaction was conducted at 25 °C for 30 minutes in
an ethylene gas atmosphere at atmospheric pressure. After

the polymerization was completed, the reaction product was

8A), and then 0.005. mol of t he conplex conpound

(pent af | uor ophenyl )borate (TrB) were added to
reacti on was conducted at 25 C for 30 m nutes



an et hyl ene gas atnosphere at atnospheric pressure. After 25 the

pol yneri zati on was conpl eted, the reaction product was SF-7 6 7 PCT 73
introduced into a | arge anount of nethanol to precipitate a total anount
of polymer. Then, hydrochloric acid was added, and the m xture was
filtered through a glass filter. The resultant polyner was vacuumdried at
80 C forSEO7h@wr P € 5 obtain 171 ng of pol yethylene (PE). The

pol ymeri zation activity was 68 g-PE/ myol -Tihr. Conparative Exanple 2

Pol ynmeri zation of ethylene was carried out under the 10 same conditions as
those in Cbnparative Exanpl e 1, using 0 005 mmol of the conpl ex conpound

(C5) of stryc A Becudi od
describegg%ro C%\éﬂ'fngglécoP%t gn:rlérLeal Open No 199592?1%%95%&%%5{:%%% t he

conpl ex compqun q(uglt) %8;%&9% outrthe ST SRS aéé‘ied‘gﬂalghéédéa

Conpar at i ve poI yet’ hy ne ta| ne

polynerlza n act t z%ﬂ% hf‘ triisic
vi scosi t %)h ltx;/? I)r/ees It;f(r%@t%r ;E{Fﬁryqu&he e Ed]l gé]p T%SZ
- (C5) 25 T|O 2 °

resultant polymer was vacuum dried at 8O C for 10 hours to

5 obtain 171 mg of polyethylene (PE). The polymerization

activity was 68 g-PE/mmol-Ti-hr.

Comparative Example 2

Polymerization of ethylene was carried out under the

10 same conditions as those in Comparative Example 1, using
0.005 mmol of the complex compound (C5) of the following
structure synthesized according to the method described in
Japanese Patent Laid-Open No. 199592/1999 in place of the
complex compound (Cl). Carrying out the same post-treatment

15 as in Comparative Example 1, 250 mg of polyethylene was
obtained. The polymerization activity was 100 g-PE/mmol-
Ti-h, and the intrinsic viscosity (m) of the resultant

polyethylene was 8.3 dl/g.

20
©
N\\ N (C5)



O SF-7 6-7 PCT 74 Exanple 1 Polymerization was carried out under the sane
conditions as those in Conparative Exanple 1 except only for alteration of
the reaction tenperature to 50C. 5 Carrying out the sane post-treatnent as
in Conparative Exanple 1, 3513 ng of pol yethyl ene was obtai ned. The

pol ymeri zation activity was 1405 g-PE/mol -Ti-h, and the intrinsic

vi scosi t SK-r1$ 6fP £hE resul tant pol yethylene was 10.0 dl/g. 10 Conparative
Exanpl e 3 Pol ynerization was carried d4t under the sane conditions as in
Exanple 1 except the alteration of TIBAto trinethylalumnium Carrying
out the sane post-treatnent as 15 in Exanple 1, 268 ng of pol yet hyl ene was
obt ai ned.gxdw@ pol yneri zation activity was 107 g-PE/ mmol -Ti h, and the
intrinsic viscosity (rl1l) of the resultant polyethylene was 16.8 dl/g. 20

Anal ytical ExanpByde Mnderi gh Nidd 0gen st aosphetgdet1c A 8,015 mmol ). of
t he conpl ex conpound (C), 0.175 mmol of TIBA and 0.7 ml of deuterium

substi t uted, 40l uene yere,enel osedohpa A VR cganphe tubgcepRdohetai ned at
50C for 30 m n which _

for alteration of the reaction temperature to 50°C.

5 Carrying out the same post-treatment as in Comparative
Example 1, 3513 mg of polyethylene was obtained. The
polymerization activity was 1405 g-PE/mmol-Ti-h, and the
intrinsic viscosity (mn) of the resultant polyethylene was
10.0 dl/g.

10

Comparative Example 3

Polymerization was carried out under the same
conditions as in Example i except the alteration of TIBA to
trimethylaluminium. Carrying out the same post-treatment as

15 in Example 1, 268 mg of polyethylene was obtained. The
polymerization activity was 107 g-PE/mmol-Ti-h, and the
intrinsic viscosity (m) of the resultant polyethylene was

16.8 dl/g.

20 Analytical Example 1

Under a nitrogen atmosphere, 11 mg (0.015 mmol) of
the complex compound (Cl), 0.175 mmol of TIEA and 0.7 ml of
deuterium substituted toluene were enclosed in an NMR
sample tube, and retained at 50°C for 30 min which

25 corresponded to the condition of Example 1, followed by



25 corresponded to the condition of Exanple 1, followed by SF-7 6 7PCT 75
measuring 'H-NVR As a result, AB quadruple lines derived fromthe benzyl
am de structure resulted fromthe reduction of imne were observed at 5
4.40 ppm On the other hand, no corresponding peak was observed 5 in the
measurenent after retaining at 25C for 30 mn which corresponded to the
condltlonSBf7GbﬁbBKéﬂive Exanple 1. No corresponding peak was al so observed
in the neasurenent after retaining at7%0C for 30 min with an alteration
of TIBA to trimethylalumnium which 10 corresponded to the condition of
Conparative Exanple 3. Analytical Exanple 2 Under an argon atnosphere, 186

ng (0. 253nem®h}inh thaumeonplex cmound A0 Quady 138 &Ml n of Jd BA,egand 20
m of 15 tol uene were added and stirred at 50C for 30 min. After addi ng 22

m of %%@ndtﬁe%eﬁéyﬂ%m@a@t Bykgkh@&es%ghu%d (f%Mn ttnfée tiactdon wth

n-hexane was carried out. extract solution was dried under vacuumto
obtai n 168¢ N, of @@rglgbgggpggngtog ghgof Liow ng structure (yield; 860).
20 1H NMVR(CDC13, 8) : 2 (m 5H % IH) , 6.73 (m IH , 5.95

(bs, 1H), 4. 12((§m2{'%ie o@t%?sh&k%l 1 §%8r?€%pén8%8 BEb . ERMBR G R 311

(intensity 100% M

5 in the measurement after retaining at 25°C for 30 min which
corresponded to the condition of Compafative Example 1.
No corresponding peak was also observed in the
measurement after retaining at 50°C for 30 min with an
alteration of TIBA to trimethylaluminium, which

10 corresponded to the condition of Comparative Example 3.

Analytical Example 2

Under an argon atmosphere, 186 mg (0.253 mmol) of the
complex compound (Cl), 1.26 mmol of TIBA.,_and_ZO ml of
15 toluene were added and stirfed at 50°C for 30 min. Afte?
adding 22 ml of MeOH and 3 ml of HCl diethylether solution
(1M), the extraction with n-hexane was.carried out. The
extract solution was dried under vacuum to obtain 168 mg of

an oil compound of the following structure (yield; 86%).

20
"H-NMR (CDC1g, § ) :7.32(m,5H),6.85(m,1H),6.73(m,1H),5.95 (bs,
1H),4.12(s,2H),3.20(bs,1H),1.39(s,9H),1.20 (s, 9H)
FD-MS (m/z) : 311 (intensity 100%, M*)
25



NH HSF-7 6 7 PCT 76 On the other hand, carrying out the simlar

exam nation wherein the mxture was retained at 25C for 30 mn which
corresponded to the condition of Conparative 5 Exanple 1, the Iigand
precursor (1) was recovered alnost quantitatively. The |igand precursor
(1) was al so recovered alnbst quantitatively fromthe exam nation where

TI BA was S¥epl Gcéd Cby trinmet hyl al umi num and the mixture was retai ned at 50C
10 for 30 min, which corresponded to t#e condition of Conparative Exanple
3. Exanples 2 to 4 Polynerization was carried out under the sane 15
conditions as those in Exanple 1, except that the polynerization
tenperature, the reaction tinme period and the conplex conpound were

changed. The resulits arg shawy 41 %Jﬂ&'u%gl-o@ tR2 589 ok 767PCT 77 Tabl e
1 ’ |

examination wherein the mixture was retained at 25°C for 30
min which corresponded to the.condition of Comparative

5 Example 1, the ligand precursor (1) was recovered almost
quaﬁtitatively.

The ligand precursor (1) was also recovered almost
quantitatively from the examination where TIBA was replaced
by trimethylaluminum and the mixture was retained at 50°C

10 for 30 min, which corresponded to the condition of

Comparative Example 3.

Examples 2 to 4

Polymerization was carried out under the same
15 conditions as those in Example 1, except that the
polymerization temperature, the reaction time period and
the complex compound were changed. The results are shown

in Table 1.

20

25

30



Yield of Conplex Activity (n] 5 PE conmpound (g/mmol-Tih) (dl/g) (ng) .
Exanple 2 (C 1) 2.410 5784 6: 6 10 Exanple 3 (C2) 502 1204 13.3 Exanple

4 (C4) 499 1150 9.7 Polynmerization conditions: 15 conpl ex conpound:

0. 005mml, TIBA 0.25mmol, TrB 0.006mmol Tol uene 250ml, Tenperature 75C,
Time 5mn, Ethylene flowrate 1001/ h, Stirring rotation rate 600rpm 20

Conpar at i SB&- BEtaffgP € T Pol ynmeri zati on was carried out under the sane

conditions as those in Exanple 2 except7that TrB was not used, and as a
result, 2 ng of polyethyl ene was obtai ned. The polynerization activity was

5 g-PE/mol -Ti-h. 25 Exanple 5 Under an argon.at nosphere, 0.030 mmol

conpl ex conmpound (A ), 0.350 mmol of TIBA, and 1.5 m of toluene

of the
wer e

stirred at 50C for 30 min, and then therasitd re 30 solution was diluted with

toluene to pregare 6 m gf a tdiuen,Y§pH§§i%n. I am fnmer_vpr ume 509 n
of glass autodlave thor oug&l}rxpfg}zged WStHE 9 trog%{\dtiZVSiOtym off S!:;77] 6 {7 PCT
_ - PE - _
5 compound (g/mmol-Ti-h)| (dl/g)
(mg) :
Example 2 (C1) - 2410 5784 6-
Example 3 (C2) 502 1204 13.
10
Example 4 (C4) 499 1150 9.
Polymerization conditions :
15 complex compound: 0.005mmol, TIBA 0.25mmol, TrB 0.006mmol

Toluene 250ml, Temperature 75C, Time Smin,

Ethylene flow rate 1001/h, Stirring rotation rate 600rpm

20 Comparative Example 4

Polymerization was carried out under the same

conditions as those in Example 2 except that TrB was not

used, and as a result, 2 mg of polyethylene was obtained.

The polymerization activity was 5 g-PE/mmol-Ti-h.
25

Example 5

" Under an argon atmosphere, 0.030 mmol of the complex

compound (Cl), 0.350 mmol of TIBA, and 1.5 ml of toluene
were stirred at 50°C for 30 min, and then the entire

30 solution was diluted with toluene to prepare 6 ml of a
toluene solution. In an inner volume 500 ml of glass

autoclave thoroughly purged with nitrogen, 250 ml of



78 toluene was added, and liquid and gas phases were saturated wth

et hyl ene. Thereafter, 0.20 mol of TIBA, subsequently 1.0 m of the above
t ol uene solution and 0.006 mmol of TrB were added to initiate

pol ynerization. 5 The m xture was allowed to react at 75C for 5 mn under
an ethyl ene gas atnosphere at a nornmal atnospheric pressure. After the
conpl et i &F-6f 6p6IR/GEFi zati on, the reactant was dropped into a | arge vol une
of methanol to. precipitate the whol e 20l ume of polynmer, and then 10
hydrochl oric acid was added, and the resultant m xture was filtrated with
a glass filter. The polynmer was dried at 80C for 10 hours under reduced

pressure ¢ v dya3l20dan, ofndol yei hy | ene. gdhepRotysertzat Lepyagkiwi ty was
7704 g- PE/mmol -Tih. 15 Exanpl es and 7 Polynerization was carried out

under the,;sa{me ¢ 6PNAId | ORG A% Aese I JxapRie & erEepts fhalqd e agount  of
t he conpl ex conmpound (C) was changed. The results are 20 shown in Table 2.

25 SF-76% RET,7%¢ Tahl &2, & QURleXe Yisl & 06 AChivht¥es mmol of TrE

‘were added to initiate polymerization.

5 " The mixture was allowéd to react at 75°C for 5 min
under an ethylene gas atmosphere at a normal atmospheric
pressure. .After the completion of polymerization, the
reactant was dropped into a large volume of methanol to
precipifate the whole volume of polymer, and then

10 hydrochloric acid was added, and the resultant mixture was
filtrated with a glass filter. The polymer was dried at
80°C for 10 hours under reduced pressure to yiéld 3120 mg
of polyethylene. The polymerization activity was 7704 g-
PE/mmol-Ti-h.

- 15

Examples 6 and 7

Polymerization was carried out under the same
conditions as those in Example 2, except that the amount of
the complex compound (Cl) was changed. The results are

20 shown in Table 2.

25



Compound (d) PE (nmmol) (ng) (g/mmol-Tih) Exanple 6 0.001 878 10536 10
Exanple 7 0.0002 357 21420 Pol ynerization conditions: TI'BA 0.25mmol TrB

0. 006nmmmol Tol uene 250nl 15 Tenperature 75C Tinme 5mn Ethylene flowrate
1001/ h Stirring rotation rate 600rpm 20 Exanple 8 Under an argon

at nosphere, 0.005 mmol of the conplex conpound (C), 0.25 mml of TIBA,
0.006 mobFof 6r/8P4nd 4.5 m of toluene were stirred at room tenperature
for 30 mn to prepare a toluene solutTn.. In a glass autoclave having 25
an inner volunme of 500 mM and thoroughly purged with nitrogen, 250 m of
tol uene was added, and liquid and gas phases were saturated wi th ethyl ene.
Thereafter, 0.20 nmol of TIBA, and subsequently 0.9 ml of the above
toluene solution were added to initiaﬁgﬂggquﬁrization. 30 The m xture was
allowed to react at 75C for 5 mn wunder an ethyl ene gas atnosphere at a
normal atnospheric pressure. After the conpl etion of polynerization, the

SF-7 7 PCT 80 rfjeactant wag dropped 1 nto allar vollunme_of nethandl to
% ég%éaex _ Yiegg o? Activity.
Compound (C1) PE _
(mmo1l) (mg) | (g/mmol-Ti-h)
Example 6 0.001 878 10536
10
Example 7 0.0002 357 21420
Polymerization conditions :
TIBA 0.25mmol TrB 0.006mmol Toluene 250ml
15 Temperature 75°C Time Smin

Ethylene flow rate 1001/h

Stirring rotation rate 600rpm

20 Example 8

Under an argon atmosphere, 0.005 mmol of the complex
compound (Cl), 0.25 mmol of TIBA, 0.006 mmol of TrB and 4.5
ml of toluene were stirred at room temperature for 30 min
to prepare a.tolﬁene solution. In a glass autoclave having
25 an inner volume of 500 ml and thorogghly purged with
nitrogen, 256 ml of toluene was added, and liguid and gas
phases were saturated with ethylene. Thereafter, 0.20 mmol
of TIBA, and subsequently 0.9 ml of.the above toluene
solution were added to initiate poiymerization. .
30 ' The mixture was allowed to react at 75°C for 5 min
under an ethylene gas atmosphere at a normal atmospheric

pressure. After the completion of polymerization, the



precipitate the whole volune of polyner, and then hydrochloric acid was

added, and the resultant m xture was
pol ymer was dried at 5 80C for

filtrated through a glass filter. The
10 hours under a reduced pressure to yield

683 ng of polyethylene .(PE). The polynerization activity was 8196
g- PE/ mmol -Ti h qgle 9 10 Under an argon atnosphere, 266 ng (0.362 nmol)
of the &&hpdl€x7 Eofpbund (), 289 my (0.362 mmol) of-1ithium tetraxis

(perfl uorophenyl) borate diethylether 88onpl ex,

and 30 m of diethylether:

were added in 50.m flask, and stirred at -78C for 20 m n, subsequently at

room 15 tenperature for 2 hours. The solvent was distilled off wunder

vacuum arcckmdd Wofs ttdmned was: adderhrdased ubhe of i hbtwanehl ebi de was

renoved through glass filter. The solution was diluted with tol uene to
recalgime 1 &% MhoOd,di ule thersof ymas, dhhytegeggai n With tol uene

its. tot
up to 2

50 mM to prepare a diluted solution. In a glass autocl ave

havi ng

an i nner MRy, 105 1200, dd g apds thedQughd yo ptngede Wi fanhi hiQY8Re ¢aQ m of
t ol uene was added, and liquid and gas phases were saturated wi th ethyl ene.

Thereaft %rrlt(}'aa:%dnmlro@h T BA 5 &0d: subsequentd 0. My, 0f éﬂee@bé’ﬁ’e

diluted 25 solution were added to initiate polymnerization. SF- 7 7

The mext yecwag rahhowed ls0 uheRG! a&é@%@éd) 2didte to yield 683 mg

10

20

25

of polyethylene (PE). The polymerlzatlon activity was 8196

g-PE/mmol-Ti-h.

Example 9
Under an argon atmosphére, 266 mg (0.362 mmol) of the

complex compound (Cl), 289 mg (0.362 mmol) of. lithium

tetraxis (perfluorophenyl) borate diethylether complex, and

30 ml of diethylether were added in 50 ml flask, and
stirred at -78°C for 20 min, subsequently at room
temperature for 2 hours. The solvent was distilled off
under wvacuum, and 15'ml of toluene was added. Insoluble
lithium chloride was removed through glass fiiter. The
solution was diluted with toluene to its.total volume of 50
ml, and 1 ml thereof was diluted again with toluene up to
50 ml to prepare a diluted solution. In a glass autoclave
having an inner volume of 500 ml and thoroughly purged with
nitrogen, 250 ml of toluene was added, and iiquid and gas
phases were saturated with ethylene. Thereafter, 0.25 mmol
of TIBA, and subsequently 0.69 ml of the above diluted

sclution were added to initiate polymerization.

PCT 81



under an ethyl ene gas atnosphere at a normal atnospheric pressure. After
the conpletion of polynerization, the reactant was dropped into a | arge
vol une of nethanol to 5 precipitate the whole vol une of polymer, and then
hydrochl oric acid was added, and the resultant m xture was filtrated
through a glass filter. The polyner was dried at 80C for 10 hours under
reduced BRssrée R€ Vield 721 ng of polyethylene (PE) The pol ynerization
activity was 8652 g- 10 PE/nmmol -Tih, &1d the intrinsic viscosity (71) of
the resultant polyethylene was 6.10 dl/g. Exanple 10 The sane
mani pul ati ons as those in Exanple 9 were 15 carried out using the conplex

conpound (C3), BN B8« @;rd 6544 121 101 A0 8T r@%yeza’eybgﬁte £&E) s Wasn obt ai ned.
The polynerization activity was 1212 g-PE/ nmol -Ti-h, and the intrinsic

viscosity,(4d) of %%I@Eé"&é@ta&%éfﬁﬁgi‘éeg‘é Waﬁorﬂwgl a@ln Ph%Ql'éxarrpl e 11

In a 1- Ilter stai nl ess autoclave thoroughly purged wth rogen, 340 m

of hept a dgtl '&feﬁeﬁr Ocﬂf_gt S ¢ PRYE ?ﬁﬁéfﬁ%&ﬁdo%%room

tenperat hen t erature wa eased up t

gungg‘;g”g'a}’%at A€ 7L 185 a 8P BT 884§ 1081 LRS! §2SRd- WLEB et yl ene up to

5 precipitate the whole volume of polymer, and then
hydrochlqric acid was edded, and the.resultent mixture was
filtrated through a glass filter. The polymer was dried at
80°C for 10 hours under reduced preesure to yield 721 mg of
polyethylene.(PE). The polymerization activity was 8652 g-

10 PE/mmol-Ti-h, and the intrinsic viscosity (m) of the

resultant polyethylene was 6.10 dl/g.

Example 10

The same manipulatione as those in Exemple 9 were
15 carried out using the complex compound (C3), and as a
result, 101 mg of polyethylene (PE) was obtained. The
polymerization activity was 1212 g-PE/mmol-Ti-h, and the
intrinsic viscosity (n) of the resultant polyethylene was
10.6 dl/g.
20

Example 11

In a 1-liter stainless autoclave thoroughly purged
with nitrogen, 340 ml of heptane and 23 liters of gaseous
propylene were charged at room temperature, and then the

25 temperature was increased up to 80°C. Subsequently, the



entire pressure. Then, 0.15 mmol of TIBA and a toluene solution,
previously prepared by the sanme procedure as in Exanple 8, containing 0.1
mol of TIBA, 0.002 nmmol of the 5 conplex conpounds (C) and 0.004 mol of
TrB were added to initiate polynerization while keeping the tenperature at
80C. After 60 mn, the polynerization was stopped by the " addition of

met hanol SFHre6reduCt’Bnt pol ymer solution was added to 1.5 liters of the
m xed sol vent of 10 acetone/ nmethanol (g2:1) to precipitate a polyner. After
separating fromthe solvent, the residue was dried at 130C for 10 hours
under a reduced pressure. The resultant ethyl ene/ propyl ene copol yner was
14.2 g, e RIAPYIR0G L0 G s 2 B0 %p 300 6NRq ) B 14151 €6dS
viscosity (11) was 13.8 dl/g. Exanple 12 In 1 ?lter stal nl ess aut ocl ave

1
thorothleﬁﬂﬂLgeg%%té’géﬂe.m tr%%gle”’o.%%ogﬁéglofoﬂ“ e And, 130 W, of 1-butene

were 20 charged roomtenperat ure, t hen the tenperatire was

[ d 0. 80C, _Sub ' Lt h
e e o T U R e R T

Ire essure. of TIBA
and 2 LOElE. 018t Lo ol y RigPALEdh i 1 spgecRguLpees |
.SF- 6 P%-E)msp exCOc n?puonudn sCI ?Cﬂnda'rg)d 0(9.20(5qmr!run8{ J%BT}:I\grSe?‘gdggdég ;:gi tiate

'initiéte polymerizafion while keeping the temperature at
80°C. After 60 min, the polymerization was stopped by the
add;tion of methanol. The resultant polymer solution was
added to 1.5 liters of the mixed solvent of |

10 acetone/methénol'(l:l) to precipitate a polymer. After
separating from the solvent, the residue was dried at 130°C
for 10 hours under a reduced.pressure.
The.resultant ethylene/propylene copdlymer was 14.2 g,

and its propylene content was 23 mol%, and the intrinsic

15 wviscosity (m) was 13.8 dl/g.

Example 12

In 1-liter stainless éutoclave thoréughly purged with
nitrogen, 250 ml of heptane and 150 ml of 1-butene were
20 charged at roém temperature, and then the Lemperature was
increased up to 80°C. Subsequently, the pressure was
increased with ethylene up to 8 kg/cm2 of the entire
pressure. Then, 0.15 mmol of TIBA and a toluene solution,
previously prepared by the same procedure as in Example 8,

25 containing 0.05 mmol of TIBA, 0.001 mmol of the complex



pol yneri zation while keeping the tenperature at 80C. After 90 nin, the

pol yneri zati on was stopped by the addition of nethanol. The resultant

pol ymer solution was added to 1.5 5 liters of the m xed sol vent of
acetone/ net hanol (1:1) to precipitate a polyner. After separating fromthe
solvent, the residue was dried at 130C for 10 hours under a reduced

pr essur e.SFrife6rédulx@int et hyl ene/ but ene copol ynmer was 9.99-g, 10 and its
butene content was 19.3 nol % and theg3ntrinsic viscosity (Tl) was 16.5
dl/g. SF-767 PCT 84 What is clainmed is: 1. A process for polynerizing an
ol efin conmprising polynerizing or copolynerizing an olefin at a

pol ynmeri zalon, feacti Prad@npes @ Urko PToBOTER 00 CahRekihes5 1 REESEREE Of an
ol efin polymerization catalyst conmprising: (A a transition nmetal conpound

representss e thtac fol i g (oo s (1], clibd)opupampoungebaingen -

reduction ability reacts with“the transition netal conpound
o Compount dhikh Foaciel W THe T arer 1t oolERd 2P Kt P8 Tor m an
ion pai“mé%%gﬁgl}SThe resultant polymer solution was added to 1.5
5 liters of the mixed solvent of acetone/methanol (1:1) to
precipitate a polymer. After separating from the solvent,
the residue was dried at 130°C for 10 hours under a reduced
pressure.
The resultant ethylene/butene copolymer was 9.99 g,

10 and its butene content was 19.3 mol%, and the intrinsic

viscosity (n).was 16.5 dl/g.



Mn FRYR2 R4 R3 (I) Mwherein Mis a transition netal atom of G oups 3
to 20 11 of the periodic table, mis an integer of 1 to 6, Y is an oxygen
atom a sulfur atomor a seleniumatom or a nitrogen atom having a
substituent R7, R1 to R7 may be the sane or different, they are each 25 a
hydr ogen aton1 hal ogen atom a hydrocarbon group, an oxygen-containing
group, a 5hPébﬂgalning group, a SF-767PCT 85 boron-contai ning
group,  a sulfur-contalnlng group, a p®¥bsphorus-containing group, a

het erocycl i c compound residual group, a silicon-containing group, a
germani um contai ning group or a tin-containing group, two or nore of 5
them may pegapondeditomeachsother to forma ring except for the case where
R1 and R5 or R1 and R6 are bonded to each ot her to forman aromatic ring,

and when m s 20r 0r&aleieesOnEodr QUPAL-RYIHY B conkabned i idne i gand

and one group of Rl to R/ contal ned gan S may be and 10

Rls, st’pg§§mefg§1n55§r E@ﬁo??ﬂe?l%1ﬁ8ya%eoﬁQ%l%aE% %r different,

polymerization reaction temperature of 50 to 200 ;C in the
5 presence of an olefin polymerization catalyst comprising:
(A) a transition metal compound represented by the
.follow;ng formula (I), ‘
(B—i) a compound having a reduction ability which
-reacts with the transition_metal compound (A) to convert an
10 imine structure moiety to a metal amide structure, and |
(B-2) a compound which reacts with the transition

metal compound .(A) to form an ion pair;

5

15 . RYRG

wherein M is a transition metal atom of Groups 3 to
20 11 of the periodic table,
m is an integer of 1 to 6,
Y is an oxygen atom, a sulfur atom or a selenium atom,
or a nitrogen atom having a substituent R7,
R! to R7 may be the same or different, they are each
25 a hyarogen atom, a halogen étom, a hydrocarbon group, an

oxygen-containing group, a nitrogen-containing group, a



nis a nunber satisfying a valence of M and X is a hydrogen atom a

hal ogen atom a hydrocarbon group, an oxygen-containing group, a

ni trogen-contai ning 15 group, a boron-containing group, a sulfur-containing
group, a phosphorus- containing group, a hal ogen-containing group, an

al um num cont ai ni ng group, a heterocyclic conpound residual group, a

si i con- c8Kt &ii"l Qrloup, a germani um containing group or a tin-containing
group, and when n is 2 20 or greater, pbfural groups indicated by X may be
the sane or different, and plural groups indicated by X may be bonded to
each other to forma ring. 2. The process for polynerizing an olefin as 25

cl ai ned igoggﬂLgb;ta@gqhg IEQ%ntra%% ﬁé¥%q)d¥BLﬁSF 6 7 PCT 86

(A) is a conpound in whi ove isd Enalogen at om

3 Dydrocaphgueakoun. AR IIKIRH G9ULR) n%etger A D dL0gen; cont ai ni ng

gr oup, oron - contai ni ng uﬁfur contdi ning group, a

phosphor u n gro p, a heter cy.cl.ic.conpound residual group, a
silicon- %o%?gﬁﬁgn qu P, % &éfﬁgnfﬁW&E%n mqﬂ3é§§ﬂ(nﬂ)%ﬁrﬁfq'ﬂg

contai nin ogggug procesz for nMeri zin an ol efin as 10 clai med
in claim lﬁﬁe?é?ﬁpt k& 6l fllnn C;%’I P td G P et Y3t T @ Tt al yst
?g??;l Inghggemg§aBS| gege%o eac t er(gy fJJ§3§”§¥ﬁE(E£§§§¥ ggppound

the case where R! and R® or R! and R® are bonded to each
other to form an aromatic ring, and when m is 2 or greater,
one group of R! to R” contained in one ligand and one group
of R! to R’ contéined in other ligands may be bonded, and
10 R!s, R%s, R3s, R%s, RSs, Rfs and R7s may be the same or
different,
n is a number satisfying a valence of M, and
X is a hydrogen atom, a halogen atom, a hydrocafbon
group, an oxygen-containing group, a nitrogen-containing
15 group, a boron-containing group, a sulfur-containing group,
a phosphorus-containing group, a halogen-containing group,
‘an aluminum-containing group, a hetefocyclic compound
residual group, a silicon—containing group, a germaniuﬁ—
containing group or a tin—éontaining group, and when n is 2
20 or greater, plural groups indicated by X may 5e the same or
different, and plural groups indicated by X may be bonded

to each other to form a ring.

2. The process for polymerizing an olefin as

25 claimed in claim 1, wherein the transition metal compound



compound (B-2) which reacts with the transition metal conpound (A) to form
an ion pair, and a carrier (C. 15 4. The process for polynerizing an
olefin as clainmed in any one of claims 1 to 3, wherein the yield of
polyolefin per 1 nmol of a transition nmetal atomcontained in the _
transition netal I(%o(r:‘rpround (A) and 1 hour of a 20 polynerization tinme is

1000 kg ofFnbre”
86

(A) is a compound in which R* in the above formula (I) is a
haiogen atom, a hydrocarbon group, an oxygen-containing
group, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorué—containing

5 group, a heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-

containing group.

3. The process for polymerizing an olefin as
10 claimed in claim 1 or 2,.Qherein the olefin polymerization
catalyst is a catalyst comprising the transition metal
.compound (A), the organic metal compound (B-1}), the'
compound (B-2) which reacts with the transition metal
compound (A) to form an ion pair, and a carrier (C).
15
4. The process for polymerizing an olefin as
claimed in any one of claims 1 to 3, wherein the yield of
polyolefin per 1 mol of a transition metal atom contained
in the transition metal'compound (A) and 1 hour of a

20 polymerization time is 1000 kg or more.



