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| ~l h~~l | ~VUYI | V~V~~ - ~ AP R 2003 z LE OLEFIN PCLYNERIZAT TALYST AND
PROCESS FOR OLEFI N PCLYMERI ZATI ON USI NG THE OLEFI N POLY! Ew ALYST
5 FIELD OF THE | NVENTI ON The present invention rel ates t fin
pol ynmeri zation catal yst and a process for olefin polynerizat |*¢m16u5| ng the
ol efin polynerization catalyst. 10 BACKGROUND OF THE | NVENTI ON_Pol yql ef i ns
general |y have excel | ent nechani cal broperties, so that & )ABReZ ééd in
many fields such as fields of various nol ded products. Wth

ITLE
OLEFIN POLYMERIZATION CATALYST AND PROCESS FOR OLEFIN

POLYMERIZATION USING THE OLEFIN POLYMERIZATION CATALYST

5 IELD OF TION
The present invention relates to a novel olefin
polymerization catalyst and a process for oclefin

polymerization using the olefin polvmerization catalyst.

10 ACKGR D OF THE T
Polyoclefins generally have excellent mechanical
properties, so that they are used in many fields such as
fields of various molded products. With the
diversification of property regquirements for the
15 polyolefins, polyolefins of various properties have been
desired in recent vears, and besides increase of
productivity of the polyolefins has been also desired.
As catalysts for producing polyolefins, titanium
catalysts comprising a titanium compound and an
20 organcaluminum compound and wvanadium catalysts comprising
a vanadium compound and an organoaluminum compound have
been hitherto known.
In addition, Zieglex catalysts comprising a
metallocene compound such as zirconocene and an

25 organocaluminum oxy-compound {(aluminoxane) are knowi as

R
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diversification of property requirenents for the 15 pol yol efi ns,

pol yol efins of various properties have been desired in recent years, and
besi des increase of productivity of the polyol efins has been al so desired.
As catal ysts for producing polyolefins, titaniumcatalysts conprising a
titani um conpound and an 20 organoal um num conpound and vanadi um cat al ysts

conpri sing a vanadi um conpound and an o:rganoaluninun1c%£p quégﬁﬁf keen
hitherto known. In addition, Ziegler catalysts conprisi g& : | ocene

conmpound such as zirconocene and an 25 organoal um num oxy- - conpound
(al um noxane) are known as ~gq APR 2003 catal ysts capabl e of producing
pol yol ef i FEEAHINELE HapRs e rprednoinadelyeiefRagewitl, aahwgnsi tion
met al conpound having a ligand of diimne structure has been proposed as a
novel ol ePodYFSSARAGEAR iAFCEBEY yst (see International Patent Publication
No. 9623010). As a novel olefin polynerization catalyst, further, a
transition net AecesHpPdim® Hanamgl tien| heyd b conpdowed | hguhdghas been
recently proposed by the present |.0 applicant in Japanese Patent
Appl i cat i drigend 180 7EIMOYs . s Tk stene ahgstbeahi brepoapghas| af nhpvel
pol ynmeri zation activity at a tenperature of about 25C. In the production of
pol yol &f i mlafsimpalynexiizatioh pabebtyst hoeevEnteznptlipneli Patieot cat al yst
exhi biting higher 15 polynerization activity at high tenperatures is
desired bduHiskecdfiiprerNeenp@22@LPes are advantageous in that the reaction
heat can be easily renoved and the viscosity of the reaction solution can
be | owered to tAmrerabyeshantef pnopotineriyat260nOBAECTYEE, TEErENGENTI ON The
present invention has bean nade under such circunstances as nentioned
above, and ittramssiiab)eetadbf cohpoundehaivingt a padiicgdaddodindinien
pol ynmeri zation catal yst which exhibits a high polynerization activity at
ligand has been recently proposed by the present

10 applicant in Japanese Patent Application No. 132706/1998.
This catalyst exhibits high olefin polymerization
activity at a temperature of about 25°C. In the
production of polyolefins using an industrial process,
however, a polymerization catalyst exhibiting higher

15 polymerization activity at high temperatures is desired
because higher temperatures are advantageous in that the
reaction heat can be easily removed and the viscosity of
the reaction solution can be lowered to thereby enhance
productivity.

20

OBJECT OF THE JTNVENTION
The present invention has been made under such
circumstances as mentioned above, and it is an object of
the invention to provide an olefin polymerization

catalyst which exhibits a high polymerization activity at



-q APR 20D3 high tenperatures. It is another object of the invention to
provide a process for olefin polynerization using the catal yst having such
excel l ent properties. 5 SUMWARY OF THE | NVENTI ON The ol efin pol ynmeri zati on
catal yst according to the present invention conprises a transition netal
compound which is represented by the followng fornula (1) and in which the
net charge paraneter of the central netal Mis 10 no[_gggg?ﬁhza 3i00 R1
g~-N =~ MX~\ ARRI m(T) wherein3Mis a transition | g of Group
4 to Goup 5 of the periodic table, 15 ma.s an integer of 1 to 5 Qis a
nitrogen atomor a carbon atom havin substi,tuent group .R2 A.i,s an oxygen
atom a SEF'F r LEPBAT 3 UEE%ni dhn éf;oﬁgﬁ’?h ThPPR8GEN % (?gﬁeﬁd\ﬂvﬁj‘tamn
substituent group R5, 20 Rl is an aljphatic hydrocarbon group whj ch may be
substit ut 8 RFPN1ER & BRQGSE o Chot & Prizpfion ys 93
alicyclic hzdrocarbon_group, or an alicyclic hydrocarbon group which may be
subst i t ut E8ERLYF taMaFRFa AUCh RN RFFRRE Ore®in al i phati ¢ hydr ocar bon
group, R2 to RS nay be the sane or different, they are each 5 a hydrogen
atom a hydrocarbon group, an oxygen contai ning group, a
ni trogen-contai ning group, a sulfur containing group, a boron-containing
group,® an al um num cont ai nRNgLE )l FTLIQM ont ai ni ng group, a
hal ogen- cont ai ni ng group, a heterocyclic conmpound 10 residual. group, a
si | i con- cont ai Aheg odredim Relgerarsid ati P real M Rt @eupréing ¥Pnthent ai ni ng
group, two or nore of them may be bonded to each other to forma ring, and
when m i s pXeserdr daresmtinn |eempriges of groupitioni mated pympeund RS
contained in one ligand and at Least one of

which is represented by the following formula (I) and in

which the net charge parameter of the central metal M is

10 not more than 2.00:

(1)
wherein M is a transition metal atom of Group 4 to Group
5 of the periocdic table,
15 m is an integer of 1 to 5,
Q is a nitrogen atom or a carbon atom having a
substituent group RZ,
A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent group RS,
20 R! is an aliphatic hydrocarbon group which may be

substituted with an aromatic hydrocarbon group or an



15 groups indicated by R2 to R5 contained in another |igand may be bonded
to each other, when mis 2 or greater, Rls, R2s, R3s, R4s, or R5s may be
the sane or different, n is a nunber satisfying a valence of M and 20 X is
a hydrogen atom a hal ogen atom a hydrocarbon group an oxygen-contai ni ng
group, a sulfur-containing group, a nitrogen-containing group, a

bor on-contai ni ng group, an al um num contai ni ng group, a gh ﬁo
cont ai ni ng group, a hal ogen-contai ndng group, a 25 het ér cﬁj? céﬁﬁapound

residual group, a silicon 9 AP R 2003 containing group, a

er mani unt cont aLni n o r a tin containing .gro nd.when n is 2 or
greater, BRAPKF GPoYErPRARPRFa SR fHy o THECAHE Y HFTTRFRRE and

| ural groups indi.cated by X h onded, t.o each other 5 to forma rin
e 1 ansPEPER REAER Bowmbon P Selb d i (o VSIS mila (1) §nel udes
a transitjon netal conpound which is represented by the follow ng formula
(1o a) andi¥AEGRAEROPNSER8D. Otaie AHEIS THATORATReR (oWt al M 10 i in
the range of 1.70 to_2.00: Ria €Q /[ N.. ' QK" R6 / Ai R-\ ~Rs RBm(l-a)
15 wherein Td, ®m R, Rn B34 Be ntie FABesafedtEaRFRBEabhero8Toradh m A n

and X in the formula (1), Rla is an aliphatic hydrocarbon group which may
be subdti Fufe"é'ﬂlr\ﬁgﬁﬁ‘ z?%%’or‘?‘a?’fyéisqﬂ&ﬁ EEPHR ouPp™ oPXHASRT I cycl i c

hydr ocarbon grqup, 20 R2 and R5, to RO may be, the sane or different, they
are each S°H§&ﬁ€@@ﬁ'éﬁﬁﬁpuaQnRﬁQKQQ%RﬁF%ﬂ§ﬁ¢E1%% Fr9gen a suhfur-2003
contai ni ng group,, a nitrogen-containing group, a sulfur containing group, a
bor on- conCeAEdG igYb @ ouh & RATRANCIMiai ming ¢growp, an aluminum-

phosphor us-cont ai ni ng group, a _hal ogen-contai ning group, a heterocyclic
conpound containing group, a phosphorus-containing group, a

halogen-containing group, a heterocyclic compound
10 residual group, a silicon~-containing group, a germanium-
containing group or a tin-containing group, two or more
of them may be bonded to each other to form a ring, and
when m is 2 or greater, at least one of groups indicated
by R? to RS contained in one ligand and at least one of
15 groups indicated by R2 to RS contained in another ligand
may be bonded to each other,
when m is 2 or greater, R!s, R2s, R3s, R%s, or RS5s
may be the same or different,
n ie a number satisfying a valence of M, and
20 X is a hydrogen atom, a halogen atom, a hydrocarbon
group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a

25 heterocyclic compound residual group, a silicon-



residual group, a silicon-containing group, a germani um containing group or
a tin-containing group, two or nore of them may be bonded to each other to
forma ring, and when mis 2 or greater, at |east one of groups indicated
by R2 and R5 to RO contained in one |ligand and at |east 10 one o groups
indicated by R2 and R5 to RO contained in another Ii d onded to
each other, and when mis 2 or greater, Rlas, RZs, g.a‘.? é@my R8s, or
R9s nmay be the same or different. The transitiop nmetal conpound,represented
by the 15 SORGRNTENG IRy iEhcqf%ﬂa'%%nhm’fl?%%F?%Bhn%e%?%ggoﬁn&1voﬁi chis
represented by the followng fornula (1-b) and in which the net charge

par anet er SEPRHEA I 1FEURet2Rd When | B 1He2 r QRgEreRter50PLBYRIZ0: Rib | R2
i N_ M~ RS/, AR-~ Rs RB m20 (I-gg ' - q AP R 2003 wherein M m

A, n and @¥aenRs tindicakeddani hgiansPe hbie 8rme o daffargal ®nfn t he
formula (1), Rlb is an alicyclic_hydrocarbon group which may be 5

substi t ut @lugialh erruR®rrdtcabed oe¥ronayr bapberdad ﬁPiBHQgiéthyﬁrocarbon
group, R2 and R5 to RO nay be the sane or different, they are each a
hydrogénzﬂQNﬁ°¥mrﬁmﬁin§wbon group, an oxygen containing group, a

ni trogen-containing group, a sulfur 10 containing group, a boron-containing
group, an al unmiThamtwomsikieng weoap, comphusghovenregentadnbygteoup, a

hal ogen- cont ai ni ng group, a heterocyclic conmpound residual group, a

si |l i con- cahewei fgrmprbap{Ih frchudeansohransibdoyr mepadr campiomngdont ai ni ng
group, two or nore 15 of them may be bonded to each other to forma ring,
and when mhiscR 8 yepn¢sentadl bgatheofieldbwigngufisrmndacdtled )by and R5
to RO contained in one ligand and at | east one of groups indicated by R2
and R5 to &9 wiohtlai tieedl nat anbhhge bagamdtewmy offie thendedtiraleaatadt her, and
20 when mis 2 or greater, Rlds, R2s, R5s, R6s, R7s, R8s, or R9s may be the
sane &P diid etenthe Thengeansi 1Li. B0 pet 2al. 00enpound represented by the formula
(I-b) is preferably a compound wherein Ais -O. The transition netal
conpound (A-1) represented by

(I-a)

15 wherein M, m, A, n and X have the same meanings as those
of M, m, A, n and X in the formula (I),

Rl2 is an aliphatic hydrocarbon group which may be
substituted with an aromatic hydrocarbon group or an
alicyclic hydrocarbon group,

20

R2 and R® to RY may be the same or different, they

are each a hydrogen atom, a hydrocarbon group, an oxygen-



25 the formula {I), (l-a) or (l-b) may be used as an olefin -- 9 APR
2003 pol yneri zation catalyst in conbination with at | east one conpound (B)
selected from (B-1) an organonetallic conpound, (B-2) an organoal unm num
oxy-conpound, and 5 (B-3) a conpound which reacts with the transition netal
conpound to forman ion pair. Anothe enmbodiment of the~pJeA#HR 2((32ntion
is an olefin polynerization catalyst conprising a transition netal conpound

ted by the f f la (11): 10 R11 R12 Rl Rl Xr, (11
wher ot n M Cete ﬁﬂ%%%°ar%2%29?héigﬁﬁéeﬁas%vﬁalnaegtﬁagEPOfawfu& % and X in

the formul a % mis é, Ri g ang to be.t he same or
different SARE jr‘él‘é%lcﬁ’ur%luﬁyd*’f*‘o gh°8t ot %W%Fo%?%h éPo&&“m&

hydr ocar bon-subst it uted S|IyI g an ox gen cont ai ni n group, a

v ¢ ogen- CERESE 1 oF60RPr s {; HPTUBRCARTFAG I8 §FBUB: © - 0 AP ~ 2003
R14 is a h drocarbon roug hydr ocar bon subst it ut ed SI| I group, when m
is 2, at IBalPIgRecortytnipy FHBP at BdRBieRREYES IR £oFBRYRIed i n one
Ilgandfﬁ.ld at .| east one of groups 5 indicated by RRO to R14 contained in
anot her Ilﬁﬁﬁadﬁﬁ§ §E°58ndédSP81€SEﬁ°6FﬁéFH1§ﬁdgﬁﬁéﬁ mej FerMmaRium-R] g
R11s, R12s, R13s, ,or Rl4s, nmay be _the sane or different. A preferred
enbodlnentGBPtPhéngaﬂ§PPPoﬁrnét&Fn18065ﬁﬁ6&ﬁ€ FEFUBs e e IFy MIRE f or mul a
(IT) is a congound wherein Rl is an aliphatic hydrocarbon group which may
be substit@febhant Ha¥nbar bapdeé Kpdeschr Bshegr §0p formad Hingyc|and

hydr ocar bon group and has not |ess than total 5 carbon atons, or a conpound
wher ei n Riwhenam &Bj dyerj greater, at least one of groups indicated

by R?2 and R5 to R? contained in one ligand and at least
10 one of groups indicated by RZ and R to R® contained in
another ligand may be bonded to each other, and
when m is 2 or greater, R'%s, R2s, R5s, Rfs, R7s, R8s,
or R% may be the same or different.
The transition metal compound represented by the
15 formula (I) also includes a transition metal compound
which is represented by the following formula (I-b) and
in which the net charge parameter of the central metal M

is in the range of 1.50 to 1.89:

20 (I-b)



15 hydrocarbon group which may be substituted with an aromatic hydrocarbon
group or an aliphatic hydrocarbon group and has not |less than total 7
carbon atons. In the forrmula (I1), R12 is preferably an oxygen contai ni ng
group, a nitrogen-containing group or a 20 sul fur-contai ning group. The

transition nmetal conpound (A-2) reprlesented by the fornyl be used
as an olefin polynerization catalyst in conbination mﬁthtEtAfﬁ%éﬂﬁg%e

conmpound (B) selected from 25 (B-2) an organonetal |lic conpound, to 9
APR 2003 {B-2) an organoal um num oxy- conpound, and (B-3) a conpound which

reacts thrhérgaérﬁngétigp Heég%i%gﬂggggg?%osf Lm. nn%ﬁggg grthggg process

for olefiﬁ”pdfynerlta fon” accor e presen on "conprises
pol ymeri zi n nolefin_in resence of the efin polynerization

cat al yst r%%t‘?bn%ﬂ %bo{l/eén%ﬁiEgnDE@&R?ﬁ’ﬁ“&FGﬁ%’HE DRAWNG Fig. 1 is an
expl anatory vi ew,showi ng _st.eps _f.or .prepari t he ol efi,n pol yner.i zation
catal yst accor dtng o *Fhé grs?élﬁtc i \%"l#%ﬁ"ﬁflﬁ' BTRN OF THE

| NVENTI 15 The o] efin.polynerizatjion catal yst_according to the invention
and the proteatrrares BB 48 brarebat: BREReFAtPPRoSERER P B e doscri bed
in detail hfregnatte%. The gganing of the term"polynerization" used herein
is not |inttEebLenBROPSFGHBPIZEEPBRY but may conprehend 2~
"copolynerizatiog". Al so, th% meaning of the termpolymer" used hereinis
not linmted to RhARHIFYHSY RbBeYndy E&fpramen®r Sdfdianasty. By ol efin
pol yneri zation catal yst _according to the _invention conprises a transition

y
netal conpdtfde2shr Bph¥dERres B OMne af BYAEPEaEPPId 8EONPre @ H EFFFeON- 11 ~- ~

APl 2003 ~-1] Transition nmetal comop and The transition netal conpound
(A1) is r%ﬁ?E%éﬁEEg group, a nitrogen-containing group, a sulfur-

10 containing group, a boron-containing group, an AIuminum-
containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound
residual group, a silicon-containing group, a germanium-
containing group or a tin-containing group, two or more

15 of them may be bonded to each other to form a ring, and
when m is 2 or greater, at least one of groups indicated
by R2 and R5 to R? contained in one ligand and at least
one of groups indicated by R?2 and R’ to R? contained in
another ligand may be bonded to each other, and

20 when m is 2 or greater, RlPs, R2g, R5s, Rfs, R’7s, Rés,

or R%s may be the same or different.

The transition metal compound represented by the

formula (I-b) is preferably a compound wherein A is -0O-.
The transition metal compound (A-1) represented by

25 the formula (I), (I-a}) or (I-b) may be used as an olefin



by the followwng formula (1). R I QN. hdX~ ARRE m5 (1) N---M
general ly indicates coordination, but in the invention, it sonetines
i ndi cates no coordination. In the fornmula (1), Mis a transition netal atom
of 10 Goup 4 to Goup 5 of the periodic table, specificall ti@inium
zi rconi um hafnium vanadi um niobi 8m tantal um or the?lﬁﬁ%ﬁ 23 erably
titanium zirconiumor hafnium particularly preferably zirconium mis an
i nt eger o referahl isnt s 5 ~ 4 r rably 1
or 2 q ol BT LAt A Wl e e el el e B B et
group R2 (-C(RZ) =), Rreferahl carbon atom having a substituent group R2.
Ais an oé?ﬁ ﬁuépbéF?-%éﬁéagégquﬁhhlon1(-S—), a 20 seleniumatom (- Se-)
or a nitrogen om, havi ng a ~% ﬁPR 2000 substituent group R5 (-N(R5)-),
nor e preferabl?h EBOQVQQ%Q%E%%G (%ﬁﬁﬂﬁﬂﬂ??ﬂ%ﬁﬁdirectly bonded to the
ni trogen aton1ggggis a part an .alicyclic structure. is an aliphatic
p

of
hydr ocar bon gr F@horfﬁfr’ﬁgls ST (PeT SPTHCHI arBhat i ¢ hydr ocar bon
group or an alicyclic hydrocarpon .group, or an,aligyclic hydrpcarbon group
whi ch ér)my be sd%s‘?’i’t&tég@é”%ﬂ%“ﬁ‘iﬁ’qh‘rq’éhd{)?accmﬁ’o@ér%% "g’F%‘b%l%’r"%n al i phati c
hydrocarbonﬁgroup. 10 E?e term"aliphatic Q%drocarbon group” used in the
defi ni ti oMSERIRFOMPONY the LNV R FR¥hich is directly bonded to the
nitrogen atomin the fornulga (1) is_an aliphatic skeleton npiety even when
the aliphatic AVOEREH BBPUPRBLG L5 e iRTRZE Wi 1AVERELPR % i @2 hydr ocar bon
group or an alicyclic hydrocarbon group. Likew se, the term"alicyclic
hydr ocar b&tedigupolymerizatign RFIhVEE oFOPPr R IRERSEYRRELEIEr bon at om
which is directly bonded to the nitrogen atomin the fornula {I% is an
al i cycl i c msEdlecarnming reRigr et the Bne cleliewdnanhfarvradrbédhIdtoup is
substiéuted with an aromatic

(IT)

wherein M, R, n and X have the same meanings as those of
M, R, n and X in the formula (I),
15 m is 1 or 2,
R10 and R1! to R!3 may be the same or different and
are each a hydrogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group or a sulfur-containing

20 group,



hydr ocarbon group or an aliphatic hydrocarbon group. Exanples of the groups
indicated by R include aliphatic hydrocarbon groups of 1 to 30 carbon
atons, such as nethyl, ethyl, n-propyl, isopropyl, n-butyl, 25 isobutyl,
sac-butyl, tart-butyl, n-pentyl, tart-anyl, 3 s9 APR 2003

3., 2-di met hyl propyl, 1-ethyl propyl, % soanyl, 1-nethyl bufﬁl AERnﬂﬂﬂQl butyl,
neopentyl, n-hexyl, 1,3-dinethylbutyl, 3,3-dinethylbutyl, n-heptyl,

1-ethyl pentyl, gl«meghyl hoa¥becabbBat Yroud sxrdiamilvlexHon-2- et hyl hexyl,
1. -mat hyl heptyl, 5 tert-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl, n

tridecyl, sufRtinadesy s rePeptagecyl . n-hexadecyl, n heptadecyl and
n-oct adecyl; alicyclic hydrocarbon groups which nmay be substituted with

al i phatic hydr t o} syghpas
cycl opropyl, 18ﬁ§§€ﬁ£€%{3%P%E€2ﬁ§%g%?§%? €§§$€ ex%l?n§%ﬁ§§ﬁglggcﬁohexyl,

2, 2-di met Ry @i@'t ggﬁukpe%, ?rn]dio%t H&@gxnxaﬁng%%;xﬂq 1 a%tdiaﬁ;y ré ngf% exyl,

2,2,6,6-tetrane cycl ohexyl and a al i phati c ocar gr oups
substi sut i i iC L@C . u i 0 rbon 15
at ons, suc%éggékéﬁcégg%ylﬁgggyl,g%€g€5ﬁ5§ygﬁegﬁ§F?g¥ygggggﬁtV%%é%%&l and
cyclohexyhﬂ§££¥i;tgqga@ﬁiggﬁgkc ﬁxgrocarbon groups substituted with
aromati ¢ hydrocarbon groups and having 4 to 30 carbon atons, such as

benzyl. Rl is desirabl iphati,c, hydfocarbon ghreup ich 20 may be
substituted w tvﬁl%zh nér%srra { gﬁh%.}dra%casr’b%n ég;’r g%p%dr g{any'al é|g\4:(;ylgl iﬂg "§ydr ocar bon

group and .has Jéto 30 CQVQQ £8L.91E. preferably 5 to 30 carbon atons, nore
preferabl}”%‘?b RPCar Bon“at 6RsS 67 an alicycl| C hydrocarbon group which

RSN SR bl MDA R T C T N U
®L0, 28 CoULEN ALPTE, TRc, PLST ELADLY, 5000,80 GaUROR Lo R ke 1y be
ORYOEI COLILIR 20959 ABALERSTLSONLELILIY, Lok i3 L gl o

substituted with an aromatic hydrocarbon group or an

alicyclic hydrocarbon group and has not less than total 5

carbon atomsg, or a compound wherein R’ is an alicyclic

15 hydrocarbon group which may be substituted with an
aromatic hydrocarbon group or an aliphatic hydrocarbon
group and has not less than total 7 carbon atoms.

In the formula (II), R? is preferably an oxyvgen-
contalining group, a nitrogen-containing group or a
20 sulfur-containing group.

The transition metal compound (A-2) represented by
the formula (IXI) may be used as an olefin polymerization
catalyst in combination with at least one compound (B)
selected from:

25 (B-1) an organometallic compound,



group, a phosphorus-containing group, a hal ogen contai ning group, a

het erocycl i ¢ conpound residual group, a silicon-containing group, a
germani um containing group 10 or a tin-containing group. Exanples of the
hydrocarbon groups include straight chain or branched al &N%ga b g of 1to
30 carbon atons, preferably 1 to 20l(carbon atons, such . 2 b et hyl ,

n- pr opyl , |sopropyl n- butyl i sobutyl, sec- butyl tert 15 butyl, neopentyl

and n- hexyl st rai.ght :g;@ﬂgggd K up f 2 to 30 carbon
at ons, preferablﬁ ar920 cafﬁon atons Q% 8%%°€§%ylgngll and

|sopropenyl st ight-c che S 0 carbon
at ons, preferabl§ P éﬁ% on a 9e§%§%n¥£tg 9H§h§%§ g gropargyl
cycllc sat urat d dro roong ups of 3..t9.30 carbon atonB preferably 3
to 20 car 5% oﬁ%x su%% §§ dgéﬁo%ropy? pcyclobutyl cyclopentyl

cycl ohexyl and danané% clic u sat urat ed hé ocarbon rou S of 5to 30
car bon at ons, % BY 3%?6%%ﬁt ﬁ?lpo EOERY ﬁ§ﬁ°8n8cFP SFBRVEC aryl

f to 30 9" APR 2003 at f bly.6 t 20 b
at oms, “suc %2?5%%@? ERralTon nSARERS PO S PRRERGFIP BB EAREIR 18 o

phenant hryl and ant hr substituted ar u such as tolyl,
|sopropyIﬂH@ﬁ re?eﬁﬁgyéﬁhgﬁﬁlOkéfﬁﬁtﬁ9ﬁﬁﬁgﬁ§Fa§ﬁ§ %Ggaayﬁﬁtylphenyl In

t he above rocar o roups a hal ogen atom may be substituted for the
hydr ogen dP 1ERE v8f t he hydrocarbon groups wherein a hal ogen atomis
substituted for the hydrogen atom i ncl ude hal ogenat ed hydrocarbon 10 groups
of 2 to 30 carbon atons, preferably 1 to 20 carbon atons, such as
trifluoronethyl, pentafluorophen I and chloroohen | . The above hydrocarbon
groups may be subst i t ut BRLEF t BEGEREPTEON, QE Tk BRYENE. Exanpl es of the
hydr o ﬁrbon 15 groups substituted mnth other drocarbon groups incl ude
aryl g oup- subs¥Figut &digl Ry egpdapatosycNigy 5éﬁﬁypgaﬁ&e@@mﬂ°r(1 t he above
groups, preferable are straight-chain or branched al kyl groups of 1. to 30
carbon at orsep20ipgetbpaplyfint poRgmeaitzatismowatadyst asamndiylg t hyl

the present invention.

E LLED DE IP
15 The olefin polymerization catalyst according to the
invention and the process for olefin polymerization using
the catalyst are described in detail hereinafter.

The meaning of the term “"polymerization" used herein
is not limited to "homopolymerization" but may comprehend
20 vweopolymerization®. Also, the meaning of the term

tpolymer" used herein is not limited to "homopolymer" but

may comprehend “copolymer®.
The olefin polymerization catalyst according to the

invention comprises a transition metal compound

25 represented by the formula (I) described below.



n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t butyl, neopentyl and
n- hexyl; aryl -groups of 6 to 30 carbon atons, preferably 6 to 20 carbon
atons, such as phenyl, naphthyl, biphenylyl, terphenylyl, phenanthryl 25
and anthryl; and substituted aryl groups wherein the bove
aryl groups are substituted with 11do 5 substituent gr w&%ﬁéﬁgﬁ]ﬁal ogen
atons, al kyl groups of 1 to 30 carbon atons, preferably 1 to 20 carbon

at ons, al koxy groups of : ; 3k QB ably i to 20 carbon 5
atons, aryl groups of 0 carbon atom preferably '6 to 2D carbon atons,

and ar yl OXy gr QRS t(}fan@slttQ.o%o m%%raao%oqrg)%d p(rzﬂf"fle)r aJ.tE! yr }Je%&%& r bon

atonms. The oxygen-containing group is group containin oxygen
atons the I g t LAl ng 10 groups, the | ater-described
heterocyc?&tqgﬁhg%ﬂhg) é?aﬂ’ rougils not included, and a group
containing a nitrogen atom a sulfur atom a phosphorus atom a hal ogen
atomor a silicon atomeach of which is directly bonded to the oxygen atom
is not included either. 15 Exanpkes of the oxygen-containing groups include
a hydroxyl group, an al kaky grolijp, &n aryl oxy group, an arylal koxy group,
an acetoxy group, a carb¢nyl greup, @n ester group, an ether group, an acyl
group. a carboxyl group,{a c onat ofgmaEp, a peroxy group and a carboxylic
20 a~Ydride group. O these, prefereable are a hydroxyl group, an al koxy
group, an aryloxy group, \ag-ar koxy croup, an acetoxy group, a carbonyl
group and the like. Speci{ic exdnplgs of the preferred oxygen-containing
groups include a hydroxyl \groupR alkdxy groups, such as 25 met hoxy, ethoxy,
n- propexy, i sopropoxy, n-butoxy, - 9 A~ R 2003 i;sqbut oxy and tert - but oxy;
aryl oxy groups, such as phenoxy, methyl phenoxy, 2,6-dinethyl phenoxy, 2,4,6
tri met hyl phenoxy and napht hoxy; aryl al koxy groups, such as phenyl net hoxy
and phenyl et hoxy; an acetoxy group; and 5 a carbonyl group. Wen the

oxygen- cont ai niynd_Anpyp. L0 A1S; L8 L0 21 Q- T8 YIRS QL £AT R atOms s

invention, it sometimes indicates no coordination.
In the formula (I), M is a transition metal atom of
10 Group 4 to Group 5 of the periocdic table, specifically
titanium, zirconium, hafnium, wvanadium, niobium, tantalum
or the like, preferably titanium, zirconium or hafnium,
particularly preferably zirconium.
m isg an integer of 1 to 5, preferably an integer of
15 1 to 3, more preferably 1 or 2.

Q is a nitrogen atom (-N=) or a carbon atom having a
substituent group R? (-C(R2)=), preferably a carbon atom
having a substituent group R2.

A is an oxygen atom (-0-), a sulfur atom (-S8-), a

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



desired to be in the range of 1. to 30, preferably 1 to 20. The
nitrogen-containing group a.s a group containing 1 to 5 nitrogen atons
therein, and the | ater-described 10 heterocyclic conpound residual group is
not included in the nitrogen-containing groups. Exanples of_th

ni t rogen-contai ni ng groups include ¥h am no group, an- '¢63§r§093 an am do
group, an imdo group, a vitro group, a hydrazino group, a hydrazono group,

a Nitroso g, Ofen® YRS B OURN () 4)SOREY i <REYaBLE Y Sxfpdi€l  group,
an am di no group, a diazo group and an amoni um salt group derived from an

am no group.oX these, preferable are an ami no group, an imno group, an
am do group, an imdo group, a vitro group and the like. 20 ~Pecific

exanpl es of thenprefersed LidhogePacLM,2hBhAEaIESURRe! HELEGeRMRRB TN OUPS,
such as net hyl am no, di nethyl am no, diethylam no, dipropylam no,

dibutyIaniggimgigyﬁ£pgeﬁylgﬂiQgicggggglgg}ﬂgtuggphenylanino, di t ol yl am no,

di napht hyl am no and net hyl phenyl am no; 25 i m no groups, such as

met hyl i ni no, et{{wligﬁa}piau%h{«gié;s&ggé?@a%i{%gng?hgyaxhiHL opgnd

phenylﬂ%ino; am do groups, etam do, acetam do and N
met hyl benzam. do; ..J,pL40 ups, 1. n iJjdo, and a nitro
group. VMe%E%%giﬁ#F%ggggeg g%n g#ﬁ?ﬁgég?%ﬁ%bgggggghgrgggﬁgﬁlg?bn1 t he
nunber of caghbon,ato i esired to be ir~ the.r of 1. 1 0]

or of o abl yS T 080388 HRar R FRPRC Brblois o5 ar AP L bedhelin 0 1 (o
5 sulfur atons_therein, angd the, | ater-described 10 _heter.ocyclic conpound
resi dual g?bapPi ﬁSb Fﬁ¥|ﬁae8“Pﬁ%ﬁ%8t§§f &F?bgﬁigfﬁqﬁ§%ﬁoups. Exanpl es of
the sul fur_cqgntainin roups i nclude .a, sul.fonat roup, a sulfinato group,
an aIkyIthbggﬁPSEﬁkogngﬁPVBtﬁFoaﬁrggﬁPhggﬁEriﬁﬁ%éﬁﬁr ' LM oest er group
a dithjoester group, a thiogacyl 15 grqup, a.thioether group,, a thiocyanic
ester g?oup, anTP§oFﬁfﬁcy§EF8%8§ﬁ€r%§%6§§Fr§°§UFﬁﬁHQ: %g?ﬁﬂ(ﬁﬁﬁ a

sul f onam do g[oup“ a t hi ocar boxyl group,ﬁggﬂithiocarb xyl group, a sulfo

group, a sHpEdrytigrogh, Ra BeRPEnYPagr 8u g 25Ery ¥NHChyAGup. O t hese,

preferable _are a_20_sulfonato group, a sulfinato, grqup,_ an al kylthio group,
directly bonded to the nitrogen atom in the formula "(I)

is an aliphatic skeleton moiety even when the aliphatic
hydrocarbon group is substituted with an aromatic
15 hydrocarbon group or an alicyclic hydrocarbon group.
Likewise, the term "alicyclic hydrocarbon group® used in
the definition of R! means that a carbon atom which is
directly bonded to the nitrogen atom in the formula (I)
is an alicyclic skeleton moiety even when the alicyclic
20  hydrocarbon group is substituted with an aromatic
hydrocarbon group or an aliphatic hydrocarbon group.
Examples of the groups indicated by R! include
aliphatic hydrocarbon groups of 1 to 30 carbon atoms,
such as methyl, ethyl, n-propyl, isopropyl, n-butyl,

25 isobutyl, sec-butyl, tert-butyl, n-pentyl, tert-amyl,



an arylthio group and the like. Specific exanples of the preferred

sul fur-containing groups include sul fonato groups, such as nethyl sul fonato,
trifluoromethanesul fonato, phenyl sul fonato, 25 benzyl sul f onat o,

p-t ol uenesul f onat o, 19 -qg APR 2003 trinet hyl benzenesul f onat o,

triisobutyl benzenesul fonato, p-chl dPobenzenesul fonato affi APR 2003

pent af | uor obenzenesul fonato; sulf inato groups, such as nethyl sul finat o,

phenyl sul fii BAtGimd Nz SapFi Nl et Iy 1 9FSISPES UL £b8RAYD, 2-methylbutyl,
trimet hyl benzenesul fi nat o and pent afl uorobenzenesul finato; al kylthio

groups, sythhah Ehledt hiespshefhy | 4 oheiyBNnd1 a8 Yot RbehgnBupga, such as
phenyl t hi o, met hyl phenylthi o and napht hyl thi o. When the sul fur-containing

group contaiiy GRébIdMBEEM, tméﬂf@ﬁg %Deeﬁyiﬁﬁheglat QURekhydBdiiAad to be
ably e

in the range of 1. to 30, prefer o 20. oron-contai ning group is

a group CQISEYNY 1, 518ime O PRe Ry LIT52 1 BELE1 Rexgi] &hﬁleltﬁﬁ%feg%%r,i bed

het erocycl 1 ¢ conpound residual group is not included in 157t he

oor on- GoNtal Y 1 Of PR -n&XAP £3a80y1 1°n D05 A8 90! ALALRG GAOURS | nCl ude 2

boranedi yl group, a boranetTiyl group, a diboranyl group and’a group

renr esent ok DoAY, (R £3:DYSEORED. n2aRLENboO 9URHALACUy 0T U WHi ch ey

have a substituent” group, a ogen atomor "t I .
therein. Exaroraeogh Sara SePadh U AT SR i enaikl BUBAS T, o 4
25 atons, SRl HE elbe 1kledd SRLRONITRIB LR EIb, 0 0 B R a0s
Subet | tuerfrrEapend RAP8gs. 24, 30 Kr-BRB RrelR e e e N e i ng
ot of JGes CPTERAPEY B¢ osyo1 PEOBbRpoURICHBLRAMAY g By Syt oY, 11°
2,2~dimethylcyclohexyl, 2,3-dimethylcyclchexyl, 2,6-
dimethylcyclohexyl, 2,2,6,6-tetramethylcyclohexyl and
adamantyl; aliphatic hydrocarbon groups substituted with
alicyclic hydrocarbon groups and having 6 to 30 carbon
15 atoms, such as cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl and cyclochexylmethyl; and aliphatic
hydrocarbon groups substituted with aromatic hydrocarbon
groups and having 4 to 30 carbon atoms, such as benzyl.
Rl is desirably an aliphatic hydrocarbon group which
20 may be sgubstituted with an aromatic hydrocarbon group or
an alicyclic hydrocarbon group and has 1 to 30 carbon
atoms, preferably 5 to 30 carbon atoms, more preferably 5
to 20 carbon atoms, or an alicyclic hydrocarbon group

which may be substituted with an aromatic hydrocarbon

25 group or an aliphatic hydrocarbon group and has 3 to 30



not included in the phosphorus-containing groups. Exanples of the

phosphor us-cont ai ni ng groups include a phosphoryl group, a thiophosphoryl
group, a phosphine 10 group, a phosphate group, a phosphoric acid group and
a phosphinic acid group. O these, preferable are a phosphane group, a
phosphat e grGUp, a phosphoric acid !§roup, a phosphimy ARR g@ﬁgp and the

| i ke. Specific exanples of the preferred phosphorus-containing groups 15
incl ude t cagbloyl RROHRNI RE- FHetHISLy SBIGL a50 Ldd PBSRYA O8RS PhhbLe

tributyl phosphi ne and tricycl ohexyl phosphi ne; triaryl phosphi ne groups, such
as tri phepylphosphiivng ay Jo idpindPhossd ne; phosphate group {phosphido
groups), such as nethyl phosphite, 20 ethyl phosphite and phenyl phosphite; a
phosphoric aci ¢20¢8URS ARY BePBRSPBLRARC oRCld rHReRnt EH haler et qnt ai ni ng
group is, for exanple, a group containing at | east one atom sel ected from

fluorine, SBhOidie adthod\aniihd o8 gp65) 18 SX9FBhCSoRLaLRENES

hal ogen- cont ai ni ng groups include fluorl ne-contai ning -~

groups,. S RPF§, 4. i Ne=C ini Qg s : C104 and
San%(‘)%is'n o G RE c L 014 6y ﬁ&g%, l%f&irg{em coﬁugtﬂngfllg

Shd s; e-cont ai'ni ng groups, suc het erocycl i c conpound

resi dual ORoi | % HAARchiRh ﬁ‘g%@,l%ﬁ”g%%gﬁﬁﬁ%éh%%i% | east one

hetero at etero atomi1s, for exanp nitrogen, Sul fur

phosphorug?%%ggoro %?%ﬁ%éﬁéﬁLégﬁy&%H%§%L§f3§85 EXauRLEend ring of 3 to 1.8

menber s, abl 4°to nore preferably a ring of 5

or 6 nenbers. ] of _t | i u .esi_qual oups

i ncl ude rec'rsoﬁld:uaa% lgr%z%é&g?’ n?t@%%gﬁgg%ﬁgégn%ﬁag §gpﬁ§03%3§3§3§hg§g 7
pyrrole,.p riLEIK% jgwﬂgggiﬂg ﬁginoline g@% %&L%%‘%%fa&%Shﬁuan roups of
oxygen- cont &1 HI G X ChPbTH RS AT R8P f L aACERATBYTa R I A0S 95°5F0s of

sul fur 15 cont aini ng conpounds _such as thi ophene; and' groups wherein these
heteré@ycfﬁ%itaﬁﬂﬁh %g?hﬁ%lgﬁ?%ﬂps are further substituted with

substituent graoups such a | kyl groups,of 1 to 30,carbqgn atong, .preferably
1 1o 20 car bon SHHIRLEE R 2 REGVEFOEPERoR FrPUPS0 iB4IHGR SEaRIOSG
preferably 1 to 20 carbon atons._ The silicqgn-containing group i s a group

cont ai ni nFhein P Rrapehed 2 kK1t HEPEPA. Ofx dnbPes fof° 1 iAoty

cont ai ni ng groups, include a silyl group, a siloxy group,
preferably 1 to 20 carbon atoms, such as methyl, ethyl,

n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-

15 butyl, neopentyl and n-hexyl; straight-chain or branched
alkenyl groups of 2 to 30 carbon atoms, preferably 2 to
20 carbon 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

20 ethynyl and propargyl; cyclic saturated hydrocarbon
groups of 3 to 30 carbon atoms, preferably 3 to 20 carbon
atoms, such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and adamantyl; cyclic unsaturated hydrocarbon
groups of 5 to 30 carbon atoms, such as cyclopentadienyl,

25 indenyl and fluorenyl; aryl groups of 6 to 30 carbon



a hydrocarbon-substituted silyl group, a hydrocarbon 25 substituted sil oxy
group, a hydrocarbon-substituted silyl 22 9 AP R 2003 ether group, a
silicon-substituted al kyl group and a silicon-substituted aryl group. O
these, preferable are a hydrocarboqssubstituted silyl_ %p guggdrocarbon
substituted silyl ether group, a silicon-substituted alk%? gr Y a
silicon-substituted aryl group and the |like. Specific exanples of the

pr ef er r ed agidnisGOoprederEbiling FOUPS daxibareatymds pcanbhnas upsényliy ed sil vyl
groups, such as nethylsilyl, dinmethylsilyl, trimethylsilyl, ethylsilyl,

di et hyl si Ibgnzt1r, eidbHtIzty]  bikfthdiyPFrOPVESiphénylylcyphehexyhsilyl ,

phenyl silyl, diphenylsilyl, triphenylsilyl, dinmethyl-t-butylsilyl,

di met hyl pheigy |asidndyl ;reddy | 20 pFerydisst ytuc bdi 401 Y| Ghbyps, t sueBRPABhYI Sily
and di net hyl (pent af | uor ophenyl ) silyl; hydrocarbon-substituted silyl ether
groups, suwyas, kxdgidmilvhenty) eibeey1shéhgd)- duRethiyupREngl kyhagr oups,
such as trinethylsilylnmethyl; and silicon-substituted aryl groups, such as
trimet Byl fil - phaiyiphdfy1 hese, hydrocarbon-substituted silyl groups are
particularly preferable. O the hydrocarbon-substituted silyl groups, 20
Preferabl e are jptdhd e KN dBRSENISbh Yarotps BANYASbh¥h, a€bhYhal! V! .
diethylsilyl, triethylsilyl, dinethylphenylsilyl and triphenylsilyl, and
particul ardy fiedes @bt afsrtfhmgafégéw atbhl etiyhwhi ¥k of rLRBeNy! silyl
and di et hyl phenyl silyl. Wen the 25 silicon-containing group contains

carbon at qmdw@awe%rousé WharéPnRa 210308EnCaLRAN 13t 9WB sk cdeslar ed to be
in the range of 1 to 30, preferably 1 to 20. Exanples of the

ger mani umgant .Qiﬂ@%858§85a£8ﬁ|Eﬂ@lﬂ?&uﬂﬁlwgéﬁﬁkgdsbbh%%@a&%o%?placed W th
S a Si

germaniumin the ove- nent | one I con-contal ni ng groups. Exanpl es of

The tim. : . alm h h Laced with
ety Cg&‘%ﬁ%é)é 9 91 OLPS3 6 ”S%EQSnQEQHﬁé,"‘?‘EE%Qa%'lV 014 20f %B}rg;;agbl W

tininth bove nentioned silicon-containing groups. Ra is pre y an
OnyGWWXNgé%ﬁépgsgégugs §9291§8romethyl, pentafluorophenyl and

chlorophenyl.
The above hydrocarbon groups may be substituted with
other hydrocarbon groups. Examples of the hydrocarbon

15 groups substituted with other hydrocarbon groups include
aryl group-substituted alkyl groups, such as benzyl and
cumyl.

Of the above groups, preferable are gtraight-chain
or branched alkyl groups of 1 to 30 carbon atoms,

20 preferably 1 to 20 carbon atoms, such as methyl, ethyl,
n~-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-
butyl, neopentyl and n-hexyl; aryl groups of 6 to 30
carbon atoms, preferably 6 to 20 carbon atoms, such as
phenyl, naphthyl, biphenylyl, terphenylyl, phenanthryl

25 and anthryl; and substituted aryl groups wherein the



10 an al koxy group, an aryloxy group or a hydroxyl group, a
ni trogen-contai ning group, such as an am no group, an imno group, an am do
group, an imdo group or a nitro group, or a sulfur-containing group, such
as an alkylthio group or an arylthio group; it is nore preferably an 15
al koxy group, an aryioxy group or atsanino group; and-ft ABRpaﬂﬂécul arly
preferably an al koxy group. The oxygen-contai ni ng group,
0l Logen: Sl T 04 0URne SLLL L0 8L 0LAS,ILRAY, (BOEOLLERULTLAAO aroup.
al um num cont ai ni group™and phosp orus-conValnlng gr oup ment| oned
above are each grg&gﬂaglyhglgrgupa@gose cgﬁricteristicfaapghc3group IS

(o]

directly Bonded” t o a n|§rogengaF mor-4 cartonafem® Two “or °more gr oups of

Rl to R5, preferab nei ghbarin roups, be bonded to ch other to
form 25 a&%ﬁ%?ﬁa?#%m?fngfe ﬁrggéga?igorﬁﬂgngggnhf‘P@@arﬁg Ffhg 24 -q
APR 2003 containing ? het ho at n1su%h as a nitrogen 3:0n1 Bhese rings may
further ha¥eP¥PEuBSt1t b8n gFBE%?nIﬁ PRE - pPEEERT A et iten 20; Caxbon

[ I f I h bst.i R3 and Rd bonded
partlc%gar %ﬁ%e erabpl e that tgsﬁsu stltuengpg:oups an are bonded to

formar 5 & i BE¥ngrOoWRENh Ps 2 3° GR& BN TR Y 16 | one
group of RZ to RS contained in one |igand and onecgioup of R to RS
cont ai ned ¥9 ARoFAEPORI §LRNEma e 2FURASY €& ¥REN Ot et £® WREPM is 2 or
greater, Ris, R2s, R3s, R4s, or R5s nay _ be the sane or different. nis a
nunber satfEPPEngPEeYaFERIY &F tM 2peditrgatP™san integer of 2 to 4,
preferably 2. X is a hydrogen atom a hal ogen atom a hydrocarbon 15 group,
an oxygen- cont aFRPng*ye6tlp CoRtIPARL. SERUR diEnG §roP, centaining 1
ni trogen-containing group, a boron-containing group, an al um num contai ni ng
group, a phkBspherygesontars tdiegiedup, anhthegerveenraeRtagndrgup, a
heterocyclic conpound residual group, a silicon 20 containing group, a
ger maAilum geaurEni Firegleins rodes anibash Madiariany Gricupombaunsd es of the
hydr ocar bon groups, the oxygen containing group, the sulfur-containing
group, t herbgdidnal group is not included, and a group containing a

nitrogen atom, a sulfur atom, a phosphorus atom, a

halogen atom or a silicon atom each of which is directly

bonded to the oxygen atom is not included either.

15 Examples of the oxygen-containing groups include a

hydroxyl group, an alkoxy group, an aryloxy group, an

arylalkoxy group, an acetoxy group, a carbonyl group, an

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

group, a carbonato group, a peroxy dgroup and a carboxylic

20 anhydride group. Of these, preferable are a hydroxyl

group, an alkoxy group, an aryloxy group, an arylalkoxy

group, an acetoxy group, a carbonyl group and the like.

Specific examples of the preferred oxygen-containing

groups include a hydroxyl group; alkoxy groups, such as

25 methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,



cont ai ni ng groups, the alum num contai ning groups, the 25

phosphor us-cont ai ni ng groups, the hal ogen-contai ni ng 25 ' groups, the

het erocyclic conpound residual groups, the silicon-containing groups, the
ger mani um cont ai ni ng groups and the tin-containing group ch ﬂ t he sane
groups as previously described wi t b respect to R2 toMR Q i&5§ ﬁ §fornu|a
(I'). The halogen atomis fluorine, chlorine, bromne or iodine. Exanples of

the nitrogedheOMRl HhdJe 8F OUPS bRGE UHeyaR:@MghSuP=QURuH ke am no groups,
such as net hyl am no, 10 di methyl am no, diethyl am no, di propyl am no,

di butyl argiénéig, dheyel DPRENbRYL NG, 2B makYaPH Ky 2l ,ary| am no groups,
such as phenyl am no, di phenyl am no, dltolylanlno dlnaphthylanlno and

met hy| phepy! a8t R1pREnbRE aHAYAaBheUBky ;2 s AARAA A Bur: hahngen atom 15
a hydrocarbon group, an oxygen-containing group or a nltrogen cont ai ni ng

group is prefrbabifRetioXy aRE §ha¥19‘1%9:?1@>x%t OfEn %J@é&gﬁ;bﬁm Und

hydrocarbon group is ' nore preferable as X Wen n is or greater, plural

gro4ps; i ngi sé;:ﬁgnpx érggpmmgnt@ﬁesgﬁggﬁ gb%xoﬁlﬁ.?ﬁhg gyl ural groups

i ndi cated by X may be bonded to each er to rma r|ng n the

trans't'oeoﬁea%scemaﬂdaesme%ﬁ@t%@eﬁbﬁffﬁgﬂr@g %O pr net charge

paraneter of the central netal Td is not nore erably in the

range of &és%gég k8 % d9n £n@0rangd AE B 20034N ré&?ét&ttfi of & ter

(sonetines a reV|ate to "N herelnafter of [ cen 'eferred

el ectric char gaaf ke d %ﬁ%?‘“ﬁmﬁ%@mﬁ%’ﬁig% %‘*‘?ﬁ ‘f%?'fa?ffr’r S ng

manner. The, suhs gr.Ql i.hdi_cat ed e fo )} are al
repl aced &nt% Q %ﬁE%%QeSUps ﬁfggpg‘do da?% éngﬁg'%r% of the
COMPl o | BeRREomyEad U an e Sals a{f'gﬁgupmiscgéérigéfaéea ggthod PVB

the nitrogen-containing groups. Examples of the
nitrogen-containing groups include an amino group, an
imino group, an amido group, an imido group, a nitro
group, a hydrazino group, a hydrazono group, a nitroso

15 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. Of these,
preferable are an amino group, an imino group, an amido
group, an imido group, a nitro group and the like.

20 Specific examples of the preferred nitrogen-containing
groups include amino groups, such as methylamino,
dimethylamino, diethylamino, dipropylamino, dibutylamino,
dicyclochexylamino, phenylamino, diphenylamino,
ditolylamino, dinaphthylamino and methylphenylamino;

25 imino groups, such as methylimino, ethylimino,



10 structure, one nethyl group is renoved to obtain a structure (1'). The
program used herein is SPARTANrel.5.0.3. Using the structure (1'), an ItHF
wave function is found out by the nonenprical nolecular orbital nethod

program Gaussi an98, to obtain a NUIglken 15 charge as an?erﬁkﬁrzuq har ge of
the central netal. For the inner sﬁ of the central h an effective

i nner shell potential of Hay and WAdt was used as the basis function, far

t he val enpecpitlimiab,t betgdrinrialo ridlphdridiimidaiblemiztd aydagiss, f uncti on
was used, and for other 20 atons, 3-21G was used. The thus obtained
Miul I'i ken shahgeasyalcet andddef iNIed a6y laadetiantiiey gandPav-ameter. Al so in case of
t he conmpound represented by the fornula (I-a), (T-b) or (l11) described

bel ow, t hfetly 1Ga=@nm iR ;ankRiielo igralsi Ntk d hecsaimidmnaed as descri bed
above. g AP R U03 The NCis not nore than 2.0. Wien Rl is an aliphatic

hydr ocar bpangrigiddioshiasid e Uhsdig Ut Qe thedm idr@gin-c hydrocar bon
group or an alicyclic hydrocarbon group, the NCis preferably in the range

of 1.70 teocatRinindejrdib idorthBld CWthdn NVEBRL RO MEoaw ¥hi ch_may be
substituted with an aromatic hydrocarbon group or an aliphatic hydrocarbon

group, theahpdrs diddLriablged Nrddecd apWei9fche SPatge loB91 Vhespf he NC of
the central nmetal Mis not nore than 10 2.0, the transition netal conpound

used as apQsefidhIRPlyES iZ@tion catal yst exhibits excellent polynerization
activity, espeC|aIIy at high tenperatures. The transition netal conpound

represented by r t upd 15
represent ed by TH%S gf%%%gvﬁacncéﬂef%%&n%&a%@? {énél?ﬁ%&lgb g&?&?\I.ﬁ?ﬂiﬁ?&I\/ibj(~ R6 / A

R\ RO Rednd lodled ddinaoner Lol the ”}aé\arﬂdg??frbgave the same 20

meani ngs as those or mul a

10 heterocyclic compound residual group is not included in
the sulfur-containing groups. Exanmples of the sulfur-
containing groups include a sulfonato group, a sulfinato
group, an alkylthio group, an arylthio group, a mercapto
group, a thiocester group, a dithiocester group, a thioacyl

i5 group, a thicether group, a thiocyanic ester group, an
isothiocyanic ester group, a sulfonic ester group, a
sulfonamido group, a thiocarboxyl group, a dithioccarboxyl
group, a sulfo group, a sulfonyl group, a sulfinyl group
and a sulfenyl group. Of these, preferable are a

20 sulfonato group, a sulfinato group, an alkylthio group,
an arylthio group and the like. Specific examples of the
preferred sulfur-containing groups include sulfonato
groups, such as methylsulfonato,
trifluoromethanesulfonato, phenylsulfonato,

25 benzylsulfonato, p-toluenesulfonato,



290 -q APR 20D3 Rl a is an aliphatic hydrocarbon group which may be
substituted with an aromati c hydrocarbon group or an alicyclic hydrocarbon
group. Exanpl es of such groups include aliphatic hydrocarbon groups of 1 to

30 carbon 5 atons, such as nethyl, ethyl, n-propyl, As P n butyl,
i sobutyl, sec-butyl, tart-butyl, ngbentyl tert anﬁT? B&gﬁd%dﬂahylpropyl,

1. -ethyl propyl, isoanyl, 2 nethylbutyl 2- et hyl butyl, neopentyl, n-hexyl,

1, 3 di metdydduiyyiven et 881 Byhbyby! £ -1 BeBlli penelehwsRaiodat o0
1- net hyl hexyl, n-octyl, 1,5-dinethyl hexyl, 2-ethyl hexyl, 1-nethylheptyl,

tent-oct . cHt 08N nz8n886Y FonAtBNERQY benbadadestbenkdnd H8®Enato;
n-tetradecyl, n-pentadecyl, n hexadecyl, n-heptadecyl and n-octadecyl;

al i phat i cglvelf Qees QﬂoggQPp§u§Hb§E| ﬁekﬁg}l\%&kzlﬁr&@@tl ¢ hydrocarbon 15
groups and having 6 to 30 carbon atons, such as benzyl and al i phatic

hydr ocar g&rblgg;pwnw&ébl tubﬁgy%hhfahla%cl Fﬁt@i%re%%&ﬁ%&rwps and havi ng
of 4 to arbon atoms, such as cycl opropylmethyl, cyclobutylmethyl,

cyclo ty}fﬁggﬁ%lgggzgﬁggg&glﬁgggtQﬁh 20 Rla desirably is a group haV|ng
lto carbon atons, preferably 5 to 30 carbon atons, nDre preferably 5to

20 car bonpéﬁeghugzoﬁeﬁzsiegqﬁnms bg1sha vage oxﬂ:lsff gpd are each

a hydrogen atom a hydrocarbon group, an oxygen contalnlng group a

ni trogen-gopny, gk p},0g %8”&11@}%&&'1%“ and AT @h?l%o%zcoqﬂ}é’“ Qg 9L QuP. a

bor on-contarning group, an aluni nim containing gro

phosphOr Usp 600t 81,8110, ﬂgegﬁ%nga't%q%na%%gdmg,ﬂﬁg Falist qogyeLic

conpound group on-contarnin up, a ger mani um

containin Qup _or a.ti. talnl r.ou a s of such ups i ncl ude
g gﬁlﬁg conta1n1 gsgg algsc t%. neo %o@ a 01{10 % o‘g‘ﬁg g

t he sane gro as préevio respec I'n the

f I f d R5 f I hb
o ouptd 1 “’ésalés%% SRR GRS tea%or b 5%*?%%a$fafr¥ﬁ3%2n e

aronatic rlng] 3 XSQpcg{bon ring containing a hetero atom such as a
ni trogen BEGHETPREYe &t itFg< Oy further have a substituent group. Wien mis

2 or memerinth%formna l,-a),
The boron-containing group ig a group containing 1

to 5 boron atoms therein, and the later-described
heterocyclic compound residual group is not included in
15 the boron-containing groups. Examples of the boron-
containing groups include a boranedivyl group, a
boranetriyl group, a diboranyl group and a group
represented by BR; (R is hydrogen, an alkyl group, an
aryl group which may have a substituent group, a halogen
20 atom or the like).
The aluminum-containing group is a group containing
1 to 5 aluminum atoms therein. Examples of the aluminum-
containing groups include those having 1 or 2 hydrocarbon
groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon

25 atoms, as substituent groups, and those represented by



Least one of groups indicated by R2 and R5 to RO contained 15 in one |igand
and at | east one of groups indicated by R2 and R5 to RO contained in

anot her |ligand may be bonded to each other. Wien mis 2 or greater, R Bs,
R2s, R~s, R6s, R-s, Res, or R9s may be the sanme or diffe t. 20 In the
transition netal conpound representQth by the formul a (ng)e:b\l?RegﬁQB char ge
paraneter of the central netal Mis in the range of 1.70 to 2.00,

pref erabl Wik, 885 ik0 al l¥Zotherndhe Na ef1Kde Hely,alan®ibll Misup n the

above 25 range, the transition netal conpound used as an olefin 3 -~ APR
2UU3 pol yrefiAatLP ekl ¥ sfussdi ded | eRtnRObYBRT h€a8hi 8P @fbi vity,
especially at high tenperatures. (I-b) ~1b , N , Rs / A ~M4, Re

_ Ra m5 Iynyghe above formula, M m A n-and X have the same neanings as
those of M m A n and Xin the fornula (1). Rbis an alicyclic

hydr ocar bon gr \%ﬂé%?ﬁgghgmhéﬁgggﬁ{ﬁge%ﬁgﬁéhignaaég i ¢ hydrocarbon
phati c

group or an ali ydr ocar bon group. anpl es of “such groups 10 i ncl ude

alicycld © du A6 0PN oL QURSHNELEHoFRY ReonbehbiuULAY MhiNegel Phat]c

hydrocérbon groups and have on atons, preferably 5 to 30 carbon

SRR e e R

cycl obut yl', cycl opent C - ne C

. 2, 2-da. net hyl -4 , 2.6.6
tetrangtg??%%c#dﬁggggéygﬁaﬁ%%t€*§§%€%*§%§%§5?§%%ﬁ?%,égﬁngbutylnethyl,
cycl opent yl, net i andfcgﬁgoh Xy ﬂg%& t he sane or

: s O l Léoﬁ@aaﬂd £ EOuR% mag g%
di fferent nﬁm%r% each a h? rogen a%onl a ﬁyapgcﬁr oR g%guﬁ, 3n30xygen 20
cont ai ni ng_gr o a ni;go en-c tgi in groyp, a sul fur. contai ning group, a
bor on- contBRFRG G buS=o8H" af urHERTOBRSEYACRESHBS BoRPRFRPAG0r oup,
phOSDQQ{USéggQE?Ingﬂogggggé group, a phosphonic acid group and a
phosphinic acid group. Of these, preferable are a
phosphine group, a phosphite grcup, a phosphonic acid
group, a phosphinic acid group and the like. Specific
examples of the preferred phosphorus-containing groups
15 include trialkylphosphine groups, such as
trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such as
triphenylphosphine and triéolylphosphine; phosphite group
{(phosphido groups), such as methylphosphite,
20 ethylphosphite and phenylphosphite; a phosphonic acid
group; and a phosphinic acid group.
The halogen-containing group is, for example, a
group containing at least one atom selected from fluorine,

chlorine, bromine and iodine. Specgific examples of the

25 halogen-containing groups include fluorine-containing



hal ogen- cont ai ni ng group, a heterocyclic conpound residual group, a
silicon-containing group, a germanium containing group or a tin-containing
group. Exanples of 5 such groups include the sane groups as previously
described with respect to R2 to RS in the formula (I). Two or nore groups
of R2 and R5 to R9, preferably nei’dhboring groups, may=ffe AfoRd2d)8o each
other to forman aliphatic ring, an aromatic ring or a hydrocarbon ring 10

cont ai ni ggoaphet BLRMALAMESYCRNAS ¥, N LhE8eAnaLedntiNesSey | psy further
have a substituent group. When ma.s 2 or greater in the formula (I-b), at

| east ongueh ALOWID, Aducabed hyaRa 2BdiRe-LenRRisAMAIfIeADs] e | gand
and at | east one of groups |n3|cated by R~ 15 and R5 to R9 contained in
anot her liggaiy] .may be bonded to each other. Wen mis 2 or greater, Ribs,
R2s, RSS, R6s, R-s, Res, or R9s may be the sane or different. In the

transition metgle ¢RI J18 %%@yrégﬁ@%w{%aiglab ro&lﬁe net
S pre ra

charge paraneter of the central netal Mi. erably rn th ge of 1.50

to 1. 9’H%%ﬁi%%%if%ﬁ?ﬂ%&gdﬁ#&%%ré%ﬁ%ﬁfﬁ%ﬁg89tt93%5@90n¥hﬁgtgbg NC of the

central ne above range, the transitiron netal conpound used
as an ol glodh.  Hhe hetlRo2WenP QMBI A, (8! A4Sl XN ALLS EXC! | ent
pol ymeri zation activity, especially at hi'g enper res. aﬁ%?e% of the
el SR SO aPESEben e i oL L) ghe gyen below
10, g, A gser Lo SOMpOUgaEPT RSIERIY Ineskg a2 (1
a.n the1gﬂégﬂfi$%$be%%is grcarbog at§g1having a ?u stituent 10 roup R2, A
is an oxyger’ atdm " and R3 and RA°afe*BoNdBd"t8%8Enh "offier FE™FE M an
aromall b 06 4P 08, COPOUDYS LeRLESeNn e, By g, gL Tuka (1)

include residual groups of nitrogen-containing compounds

such as pyrrole, pyridine, pyrimidine, quinoline and

triazine; residual groups of oxygen-containing compounds

such as furan and pyran; residual groups of sulfur-

15 containing compounds such as thiophene; and‘groups

wherein these heterocyclic compound residual groups are

further substituted with substituent groups such as alkyl

groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon

atoms, and alkoxy groups of 1 to 30 carbon atoms,

20 preferably 1 to 20 carbon atoms.
The silicon-containing group is a group containing 1
to 5 silicon atoms therein. Examples of the silicon-
containing groups include a silyl group, a siloxy group,

a hydrocarbon-substituted silyl group, a hydrocarbon-

25 substituted siloxy group, a hydrocarbon-substituted silyl
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NN- ~2zZrC( O2tBu zZrdz N=N' ~zZrd2/ | O-'"2 M ~~HUN'N"'""" "Zrd z
NN~~zZrdz Ol 2/ 1 2 ~su MO ~ tBu "Hexyl ~N"~ ~ zZrdz | S 2 tBu NN _
~2zZzrClz/ I O21t8u ~N_ ~zZrdz / SZtBuN.N.~Jq%P%2 2 MeO ~
~Bu ~N__ ~Zrd 2 Is t$u "Hexyl NzZr€&2 ~-N ~ ~ ~-2Zrdz SS/ z/
22SI1 ~1/ 2 M0~"Bu MO ~"Bu MO ~1 tBu/ I N__ N__ -Zrd2 ~ ~
Zrd 2 S /ethér gPofipt €8 silBuonNsubsZi€urted~alky3UgrNup 2n@ za/ | S 2 M0 ~
t Bu 34 "NBXyl ~-N ~ Zrd2 N2\ ~Bu ~-N' ~zZrd2/ | N2

gilicon-substituted aryl group. Of these, preferable are
a hydrocarbon-substituted silyl group, a hydrocarbon-
substituted gilyl ether group, a silicon-substituted

5 alkyl group, a silicon-substituted aryl group and the
like. Specific examples of the preferred silicon-
containing groups include hydrocarbon-substituted gilyl
groups, such as methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl.

10 tripropylsilyl, tricyclohexylsilyl, phenylsilyl,
diphenylsilyl, triphenylsilyl, dimethyl-t-butylsilyl,
dimethylphenylsilyl, methyldiphenylsilyl, tritolylsilyl,
trinaphthylsilyl and dimethyl (pentafluorophenyl)silyl;
hydrocarbon-substituted silyl ether groups, such as

15 trimethylsilyl ether; silicon-substituted alkyl groups,
such as trimethylsilylmethyl; and silicon-substituted
aryl groups, such as trimethylsilylphenyl. Of these,
hydrocarbon-substituted silyl groups are particularly
preferable. Of the hydrocarbon~substituted silyl groups,

20 preferable are methylsilyl, dimethylsilyl, trimethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl,
dimethylphenylsilyl and triphenylsilyl, and particularly
preferable are trimethylsilyl, triethylsilyl,
triphenylsilyl and dimethylphenylsilyl. When the

25 silicon-containing group contains carbon atom, the number



~Bu "Hexyl ~N ~ zZrd2 ~-N ~2zrd2/ 1 N2/ 1 12 MO ~tBu MO \ tBu M/
~N~' ~Zrd2 | N2\ tBu "Hexyl ~N ° ~ zZrd2\ O2 "Hexyl Ph ,N- ~zZrd 2 Ph
"Hexyl ~N ~ ZrGi2\ O2 Ph Zr¢(2 2 ~Bu zZrd2\ 02 Ph ~N  ~ zrCiz 2 Ph
~N Zrd2 ~2 Phw~N=~2rc-2 | NWJ 2\ ~Bu' ~ Zr(:l_z?,)&lpﬁ'aﬁ Me " HeXyl
~N" ~zZrd2S2\ ~Bu ~-N'-~zrd 23 0O+ 2 Ph ~N --~ Zrld U2 Ph ~N
~~Zrd2 2 Ph -9 APR 2003 v ~N' ~zrd2 /I \ tBu' ~2zZrd2 2 ~N' ~ ZrCl z

/SI 2\ tBor-Narborlldddnd 2= uEDirdl £drbziftRePRadgaNot 4r €b @07 Ph

preferably 1 to 20.

Examples of the germanium-containing groups include

groups wherein silicon is replaced with germanium in the
5 above-mentioned silicon-containing groups.

Examples of the tin-containing groups include groups
wherein silicon is replaced with tin in the above-
mentioned silicon-containing groups.

RY is preferably an oxygen-containing group, such as

10 an alkoxy group, an aryloxy group or a hydroxyl group, a
nitrogen-containing group, such as an amino group, an
imino group, an amido group, an imido group or a nitro
group, or a sulfur-containing group, such as an alkylthio
group or an arylthio group; it is more preferably an

15 alkoxy group, an aryloxy group or an amino group; and it
is particularly preferably an alkoxy group.

The oxygen-containing group, nitrogen-containing
group, sulfur-containing group, boron-containing group,
aluminum~-containing group and phosphorus-containing group

20 nentioned above are each preferably a group whose
characteristic atomic group is directly bonded to a
nitrogen atom or a carbon atom.

Two or more groups of R! to RS, preferably
neighboring groups, may be bonded to each other to form

25 an aliphatic ring, an aromatic ring or a hydrocarbon ring
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Zrcl; xd2 e ~N~~2Zrd 2 /1o ~Bu |l ~No~ zZrd 2 ~ OAPZRW~I 2 ~
~Ph M0 ~ ~ph ~N~ ~ 2zZrd2 | O2 PH'™~ t8u M~N-" ~Z 2 t8u Zrd 2
"rd2V--_zZrd2,0
containing a hetero atom such as a nitrogen atom. These
rings may further have a substituent group. In the
present invention, it is particularly preferable that the
substituent groups R} and R¢ are bonded to form an
5 aromatic ring.
When m is 2 or gregter in the formula (I), one group
of R2 to RS contained in one ligand and one group of R2 to
R5 contained in another ligand may be bonded to each
other.
10 When m is 2 or greater, Rs, R2%s, R3s, Rés, or RSs
may be the same or different.
n is a number satisfying a valence of M,
gpecifically, an integer of 2 to 4, preferably 2.
X is a hydrogen atom, a halogen atom, a hydrocarbon
15 group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum~containing group, a phosphorus-
containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
20 containing group, a germanium-containing group or a tin-
containing group.
Examples of the hydrocarbon groups, the oxygen-
containing group, the sulfur-containing group, the boron-
containing groups, the aluminum-containing groups, the

25 phosphorus-containing groups, the halogen-containing



~N. rJ Z/ 1 O2 MO "Hexyl zZrd2 O2 SiMe3/ ~-N_. _~zZrd2 O2 Si M3 /I
rcd21 o~2 36 rC'N~~2Zrd21 O2 SiMe3 -9 APR 2003 ~CI2 ~Clz M ~N~ ~ ~
ZrCf2 O2 SiMe3 Zrd 2 O 2 Si M3 37 -q APR 2003 In the above exanpl es,
Me denotes a nethyl group, Et denotes an ethyl group, nPr denotes a

n-propyl group, iPr denotes an is@propyl group, "S$u-dfnAReR 2)H3butyl
group, tHu denotes a t-butyl group, nPentyl denotes a n 5 pentyl group,

| ~ I - I v - t ,
" ooyl HERSPE: b MR-t OB R e g ey
denot Q- I . d - " Dod I
donot s BT ER e AR I INERRL SR Gl MRS Bl | 0T o0p, and
Ph denot ST Ol Dol PSR LN IALao LEADS LN et al
r | r W a

corrpoundgr\ﬁn ein the zirconi um nmeta ace netar other than
zirconium_such~as titani umor,hafnium in the aboye- i oned, conpounds
are al sog]é‘-r?bjlp&yzftﬁ é’.relvg“o,&hso@f e‘%e%cn%%%?nére‘ﬁ%t%fr?ﬁ%e%?e ?n%‘potr?/%ri tion
catal yst ,of the invention may conprise a transition netal conpound

repr eéenttg’c? #W@'q‘ o‘itlll)o\/vi ng formula (11).

The halogen atom is fluorine, chlorine, bromine or
icdine.

Examples of the nitrogen-contalning groups include
an amino group; alkylamino groups, such as methylanino,

10 dimethylaminoc, diethylamino, dipropylamino, dibutylamino
and dicyclohexylamino; and arylamino or alkylarylamino
groups, such as phenylamino, diphenylamino, ditolylamino,
dinaphthylamino and methylphenylamino.

Of the above groups, a hydrogen atom, a halogen atom,

15 a hydrocarbon group, an oxygen-containing group or a
nitrogen-containing group is preferable as X, and a
hydrogen atom, a halogen atom or a hydrocarbon group is
more preferable as X.

When n is 2 or greater, plural groups indicated by X

20 may be the same or different, and plural groups indicated
by X may be bonded to each other to form a ring.

In the transition metal compound represented by the
formula (I), the net charge parameter of the central
metal M is not more than 2.00, preferably in the range of

25 1,40 to 2.00.



R~-RL, N ~Xn RlI~ ORt2 ~ Rya R-3 tn (I1) - 9 AP R 2003 In the above
formula, M R, n and X have the sane neanings as those of bi, Rl, n and X
inthe formula (I). R is the sanme aliphatic hydrocarbon group which may be
substituted with an aromatic hydrocarbon group or an 5 alicyclic

hydr ocarbon group as Rl in the abovg fornula (1), or th P@n&yzﬂ@gyclic
hydr ocar bon group whi ch may be substituted with an aronmat ar bon
group or an aI| lc hy ocarbon

as Rl ip.the above f ornmul I and

oD s e e e g e P b S (Bpe AR FRSFEy BESauBal i1 Ut od
th an arg C h drocar bon 0 or an alic h ocarbon gro and

ﬁgs preferd%?glh%fg+%§ t?ﬁg 0? Fgg geﬁﬁFBg hﬁ%&hﬁ ﬁggéﬁﬁqgngaglyuPotal 5
to 30 carhon atons, or d S|ra I c h droc rbon up which ma
bo cubor LRt Th Srvalehns ol 1808 Sk Ehs Fhror oubhs, i DEReR o o ™Y

hydr ocar bon %rou and hai not | ess than total 7 carbaon atons, nore
pref er abl yCRIFGP 75t 3n3BLlesFhof SPaXEe Pfie thei FRRE@1hMRESdar®sh igr oup i s,
for exanple, a,group of 1 to_30 carbon atons, preferably 4 to 30 carbon 20
atons, Torebpriépedabnythet §03dowingoRanNgHs. @anﬁv@&#u@ﬁ& grPEREL i C
hydrocarbon grou s include nethyl, ethyl, n-propyl, |sopropyl n-butyl,

i sobutyl, sBEieaEef byekt iButhe, TRrpEARyI(I)t 8xe. &Rl replrcEddtith propy!

L- ethylprapy i soanyl, 1-nethylbutyl, 2 25 nethylbutyl, neopentyl,

n-hexyl, 2methyie€KgrBEt §P, 93Ve a gonglepp %%meﬁﬁ ofn thept yI

1- ethylpentyl 1- et hyl hexyl, noctyl, 1.,5- dlnethylhexgl, ethylhexyl

1- net hyl heﬁwpletcallﬁ eetcymlzﬁdn@ﬁym ﬁh@e@yarnl nlefptleay | |
ntridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl, n 5 heptadecyl and
n- octadecyPrbéﬁaﬂh@eébéﬂeP@ﬁodﬁgﬂ pr@temabhe ahBSnOp@nmwzedtert anyl ,
1, 2-di met hyl propyl, 1-ethylpropyl, isoanyl, 1 nmethylbutyl, 2- nethylbutyl,
neopenl@l,ShrhG%yEP:Ip&edmﬁﬁbhﬂlbupﬂﬂ xﬁ1$emqnﬁ&nﬁ¢nmh¢qinrmeptyI
| - et hyl pentyl,
structure (I'). The program used herein is
SPARTANrel.5.0.3. Using the structure (I'), an RHF wave
function is found out by the nonemprical molecular
orbital method program Gaussian98, to obtain a Mulliken
15 charge as an electric charge of the central metal. For
the inner shell of the central metal, an effective inner
shell potential of Hay and Wadt was used as the basis
function, for the valence shell of the central metal,
their double zeta basis function was used, and for other
20 atoms, 3-21G was used. The thus obtained Mulliken charge
value is defined as a net charge parameter. Also in case
of the compound represented by the formula (I-a), (I-b)

or (II) described below, the net charge parameter is

obtained in the same manner as described above.



10 1-nethyl hexyl, n-octyl, ~.,5-dinethyl hexyl, 2-ethyl hexyl,
1-met hyl heptyl, tert-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl,
n-tridecyl, n-tetradecyl, n-pentadecyl, n hexadecyl, n-heptadecyl and

n- octadecyl The allphatlc hydr ocar bon group may be Sﬁb wbgy?ﬁ 15 with an
aromati ¢ hydrocarbon group or an &7 cyclic hydrocarbo ZH p anpl es of
the aliphatic hydrocarbon group substituted mnth an aronatic hydr ocar bon

at o, such 2 e?gyﬁ$%?%ﬁ%%}g&ﬁ%ﬁpd thyrend T ugﬁﬂfﬁ%ar :°|“
Cycl opentyt TR e B exyI&A)ﬂe%%p%[%%gggiz%%ﬁgﬁég%f(I%ﬂegg/ly e
met hy e“galgmg%ﬂxﬂa/ﬂl Cé/élellg)(ﬂ-? >§/’+0u§'3$?y£§nElchcﬂQEBQXL:SXEL:%Q%Xy'

met hyl en cyclo

t hyl 2 2,6, th I I 003
adanant yI9=g 'hyﬁ%%é‘ﬁ%%%%%x‘{%%%f Ryt BB %%ee%?ozaty

t hyl I th t.hyl t h . O th f bl
the grou} C%'IC P s %"%%bdmtwfr %f@h%sgﬁ%‘ﬁé;eff’ 1GBER vaﬁé ﬁ;Sm hyls
nethylene hyl ene ant@ran% neth | ene ¢ Iobut , methyl ene
cycl opent8H %#%‘%lEQC?Bh%§9Ta Vﬁﬁﬁgaf Bt By PP PEh I

nmet hyl ene di pret cl ohexyl, nethy|ene-2, cIohe |, 10

et hy| enéﬁlxg‘lﬂ?h@tﬁﬁéﬁ% Sy FEoB nyhBNEC 15, BrBLEARI I o1 ohexy!
met hyl ene adamantyl , nethylene cyclopropylnethyl nethylene

cycl obut VR 19F | 1n§?h§?eﬁe tyci openthyl methyi, or the like. Exanples of
the alicyclic hydrocarbon groups include 15 groups of 3 to 30 carbon atons,
preferably 7 e the iin %Foﬁg SERATEL BERIpHof ROty &odisuthian

cycl opent cl ohexyl , adamantyl, norbornyl, or the like. The allcyclic
hydr odar bon gr%ﬁﬁ ﬁﬁ?nﬁétéBBsWPFBQe&OWPPHnén“éﬁéwﬁﬁ @mydrddid bon group or
an aliphatic 20 hydrocarbon group. Exanples of the alicyclic hydrocarbon
gr oups mm%wmylﬁ@téeﬁsﬁﬁﬁagwtmﬁﬂm&ﬂt&r S ld emyrd Rsdamsori gl or  an

al i phatic hydrocar bon groug i nclude groups of 7 to 30 carbon atons, such as
2. nEthyIC@@tbﬁékyb egpgcially at high temperatures.

The transition metal compound represented by the
formula (I) includes a transition metal compound

15 represented by the following formula or (I-b).

(I-a)

In the above formula, M, m, A, n and X have the same

20 meanings as those of M, m, A, n and X in the formula (I).



25 di met hyl cycl ohexyl , 2, 2-di net hyl cycl ohexyl, 2,6 41 ~-~ APR 200

di net hyl cycl ohexyl, 2,2,5, 6-tetranethyl cycl ohexyi, cyclopropyl nethyl,

cycl obut hyl met hyl , cycl opentyl net hyl, cycl opropyl phenyl, cycl obutyl phenyl,
cycl opentyl phenyl, cycl ohexyl phenyl, or the like. 5 mis 1 or 2, preferably

2. Rl and R11 to R13 may be the samg or different and_eyr ‘B 2[] ahydrogen
atom a hydrocarbon group, a hydrocarbon-substituted silg¥ g? g, an

oxygen- cont ai ni group, @, nitrogen-containing group or a sul fur-containing
10" gr oup. ExanBF%sl%fagu%ﬂEéb%ﬁbg hrdragerrag ggﬁﬁphVBFSBaFBanﬁroups, t he
sanme hydrocarbqgn-substituted silyl groups, the same oxygen-contai ning
groups, t REPSEEUYeC Fgdh Aoh ARG GrITHOHP M eI AR X0 IFRir - cont ai ni ng
groups as previously described with respect to RZto R5 in 15 the formula
(zy. RI' iasllﬁﬁ’é’fléﬁaéyﬁré’meﬁ%?gr %aﬁ?;‘“%‘?soﬂfgeﬁﬁmé’orﬂ%%g group, a
ni trogen-contai ni ng group or a sul fur-containing group, specifically

pr ef er abl Wr&Ueey Ferirdditis A rarken Frrursgeh- £oke a3 hi Parkemup or a 20

sul fur-containing group. Exanples of such groups include the sane
hydr oc&r b&FFroufdich @fe medihy lox e o it B FeRYGL gr PR ORPYE: same
ni trogen-containi ng groups and the sanme sul fur-containing groups as
previ ous| YPutsdor ifbutaig ofeqd Haserbr dupst -PBtyt ef eragrevihr ecantal koxy
group, an alkylthio group, an 42 ~ q AP R 2003 aryloxy group, an arylthio
group, anaino lgrloupinetihykrreryyk oup; e tiny bpdepy §r obpoamvili nido group, a
vitro group or a hydroxyl group, specifically preferable is an al koxy
group. RlaeathyvilHntdrloc adeet iy Beptvt . andgpientrt bon-Bekslit Ut 2d silyl group,
and exanpl es of such groups include the sanme hydrocarbon groups and the
sanme hydr ctiawdichrBubstl + 13 63+ dihgthylbupsl asnpheptwls| §-dbbripbatylit h
respect to R to R5 in the fornmula (I). 10 The above substituent groups are
descrilted balamyIhexyl, n-octyl, 1,5-dimethylhexyl, 2-ethylhexyl,
l-methylheptyl, tert-octyl, n-nonyvl, n-decyl, n-undecyl,
n-dedecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-
hexadecyl, n-heptadecyl and n-octadecyl; aliphatic
hydrocarbon groups substituted with aromatic hydrocarbon
15 groups and having 6 to 30 carbon atoms, such as benzyl;
and aliphatic hydrocarbon groups substituted with
alicyclic hydrocarbon groups and having of 4 to 30 carbon
atoms, such as cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl and cyclohexylmethyl.
20 Rla desirably is a group having 1 to 30 carbon atoms,
preferably 5 to 30 carbon atoms, more preferably 5 to 20
carbon atoms.
R?2 and R® to R? may be the same or different and are

each a hydrogen atom, a hydrocarbon group, an oxygen-

25 containing group, a nitrogen-containing group, a sulfur-



nore detail. R1' is preferably an oxygen-containing group, such as an

al koxy group, an aryloxy group, a hydroxyl group or the like, a

ni t rogen-contai ni ng group, such as an am no 15 group, an imno group, an
am do group, an imdo group, a vitro group or the |like,o0r

sul fur-contai ni ng group, such as aft al kyl t hi o group, EnciaAﬂaRtﬂ[]ﬂ$roup or
the like, nore preferably an al koxy group, an aryl oxy group or an am no

group, mMséndBienabiycap, ahkByyogrevptaidinle groud,hyd eoambiiugs oup or a
hydr ocar bon substituted silyl group. Exanples of tha hydrocarbon groups

pref er abl@osa Rlfnd NgLuds, skl ahglbhekalsn on thrianiehe G rAdgy, L»roups of 1 to
30 carbon atons, preferably 1 to 20 carbon atons, such as nethyl, ethyl,

n- propyl  h2bogbf086ARY ini Agbyibup, i 8O0PEEro SR RUtAdmpddid - butyl, 43 9
A~ ~ 2~~ neopentyl and n-hexyl; cyclic saturated hydrocarbon groups of 3 to

30 car bor&@&@&&alpg%ﬁgbhy 53 14@ 020 ARG IHP BrouBiC I afe GG DR OPY!
cycl obutyl, cyclopentyl, cyclohexyl and adamantyl; aryl groups of 6 to 30

carbor S ab0p%;nPhe! §1-8RLY o &0 t%%-wn%&ﬁmr%&h BBV oPenzyl,
napht hyl , bi phenylyl "and triphenylyl; and groups erein these groups are

further sg@ghi&ggﬁgfggkel%ggiqjngﬁ%gg%ﬁgggx§qﬁ@:§§%€%$ggl roups of ~ to 30

carbon atons, pre ns, or ar groups of 10 6 to 30

carbon at ot BEherathy 8.0, 20 cAThoR tomy,, ExaTpLes.Qh (g

hydr ocar bon-substitute _ groups preferable as Rg 1ncl _
eyt o B ol 0 ) Mg e g1
G oL bt 2y gyl Ty WP ldasmheny ol coPrcpeut o |
SO S LN TR e
DAt Ul S bh RO LD ¥ 8 QU 5 SEbed Lo bLanehet el ghoyes of ° (¢
| Sobutyl . SSE U o Len o DYLY, A0, 35, IPORSIE V] o 0uPS Whereln ary
When m is 2 or greater in the formula (I-a), at
least one of groups indicated by R2 and R5 to R? contained
15 in one ligand and at least one of groups indicated by R2
and R5 to R? contained in another ligand may be bonded to
each other.
When m is 2 or greater, Rl2s, R2g, R5s, Rfs, R7s, RiBs,
or R%s may be the same or different.
20 In the transition metal compound represented by the
formula (I-a), the net charge parameter of the central
metal M is in the range of 1.70 to 2.00, preferably 1.895
to 1.912.

When the NC of the central metal M is in the above

25 range, the transition metal compound used as an olefin



44 "' ~ ~~~ 2d~~ atons, preferably 6 to 20 carbon atons, are substituted for
t he hydrogen atons of these groups, e.g., cunyl, and cyclic saturated

hydr ocarbon grcups of 3 to 30 carbon atons, preferably 3 to 20 carbon
atons, e.g., adamantyl, cyclopropyl, cyclobutyl, cyclopentyl and

cycl ohexyl. An aryl group of 6 to 30 carbon atons, pL eéeﬁ mato 20
carbon atons, such as phenyl, naphthyl, fluorenyl, ant’hr

phenant hryl ., or g hydrocarbon-substituted silyl_group is al so preferable.
10 Exanpl BSL¥MeAE e i3 ot ¥tk a‘?%rﬁi&g‘?%]g‘?‘é%é?ﬂ]éﬂn%@l% e 9r nul a
{I'l) are given bel ow, but, the compounds of the fornula (I1) are not limted
to those EF&HLY. EFRaTEFohY Gl Ayl BX SRR 2 eeTonpounds represent ed by
the formula (1) are included. g APR2DD~ 45 N~ Zrd2 ~ 2 wtsu "penty!

~~__ ~7~12 Oj~21 "' t6u "P~ /IN" -Z~~a o0 z | "XIPyu "- _ zrcl 2 2 I
tgu "Nonyl N_ = ~zrdz O2 1 tgu "Cctyl /w--~2zrcl2 ~ 2 1 t8u "Dodecyl
~~'" " -Z12 ~ 2 | t8u Et
R‘Z
Y . R®
R7
5 In the above fofmﬁla, M, m, A, n“and X have the sgame

meanings as those of M, m, A, n and X in the formula (I).
R ig an alicyclic hydrocarbon group wbich may be
substituted with an aromatic hydrocarbop group or an
aliphatic hydrocarbon group. Examples of such groups
10 include alicyclic hydrocarbon groups which may be
substituted with aliphatic hydrocarbon groups and have 3
to 30 carbon atoms, preferably 5 to 30 carbon atoms, more
preferably 5 to 20 carbon atoms, such as cyclopropyl,
cyclobutyl,‘cyclopentyl,,éyclohexyl, 2fmethy1cyclohéxgl,
15 .2,2-dimethylcyclohexyl, 2,6-dimethylcyclohexyl, 2,2,6,6~
tetramethylcyclohexyl, adamantyl, cyclopropylmethyl,
cyclobutylmethyl, cyclopentylmetyl and cyclohexylmethyl.
Ré and R’ to R? may be the same or different and are
each a hydrogen atom, a hydrocarbon group, an oxygen-
20 containing group, a nitrogen-containing group, a sulfur-

containing group, a boron-containing group, an aluminum-



"Cctadecyl N/ '~ 2z~~2/ O 21| tguilz ~~_ ~72~12 .0 "Pr N "~ Zrd

"8u "Bu ~N''~ Zrdz o~~ | tgu "Hexyl W* ~Zrc~2 d~J 2 f ~~'gu "Decyl
~2zZrcdlz/ O21 téu ~~ ~ "~ zZrdz/ O~~1tBu ;12 ~-N' '~ ZtCz 0 2
"HePhf | /N~ "~ ZrCz Ol '~ tsu "Undecyl /N~ Zrd2 O2 1| tgu i
zrdz .C3 "Pentyl ~~' ' "~ zrdz » _'__ _zZrdz .0=4 APR Zﬂﬂﬂg

10

15

20

containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound
residual group, a silicon-containing group, a germanium-
containing group or a tin-containing group. Examples of
such groups include the same groups as previously
described with respect to R? to RS in the formula (I).

Two or more groups of R?2 and R5 to R?, preferably
neighboring groups, may be bonded to each other to form
an aliphatic ring, an aromatic ring or a hydrocarbon ring
containing a hetero atom such as a nitrogen atom. These
rings may further have a substituent group.

When m is 2 or greater in the formula (I-b), at
least one of groups indicated by R? and R5 to R? contained
in one ligand and at least one of groups indicated by R2
and R5 to R? contained in another ligand may bs bonded to
each other.

When m is 2 or greater, R!Ps, R2s, R%s, Rfs, R7s, REs,
or R9%s may be the same or different.

In the transition metal compound represented by the
formula (I-b), the net charge parameter of the central
metal M is preferably in the range of 1.50 to 1.89, more
preferably in the range of 1.80 to 1.89.

When the NC of the central metal M is in the above

range, the transition metal compound used as an olefin

zZ .0

~-~y_ _
1 t8u
| 2



46 "Hexyl ~N__.~zrd2 .O-Jy~ "Decyl ~N' '~2rdf2 .0 ~N-~Z ~2rd2 ~t ~N°

~ Z2rd2 O2 Ph "Heptyf %N ' ~ Zrd2 . .0 o0 "Undecyl i “bctyl ~N' ~-Zr O!
I 2J12 .! J2 "Pr i ~N'-~zZrd2/ O2 Ph ~q APR 2000 "Nonyl i ~" ' "~ Zrd?2
Clz ,O"Dodecy4 J12 ~12 "1 r ~N--~" -zZrd2 O / | 2 Ph ~~ ~zZrd2/ O

? \1 ~Ph ~8u :'Pen't'yl K N__ rN ~32-ZrC:[z ~ ~ ZrCfZ%gp??R Z{E}? Ph Ph
Cct adecyt 9N ~ "~ ZrCf2 Oa2 M ~N" ~2zZrd z/ (
--Z2rcd2 O2_Ph 1l 'N ~zZrcd2/ ~ 2 Pr,
polymerlzdfion catalyst exhibits excellent polymerization
activity, especially at high temperatures.
Examples of the transition metal compounds
represented by the formula (I} are given below, but the
5 compounds of the formula (I) are not limited to those
examples. In the following examples, the compounds
represented by the formula (I-a) or (I-b) are included.
Of the following examples, the compounds wherein, in the
formula (I), Q is a carbon atom having a substituent
10 group R?, A is an oxygen atom, and R? and R* are bonded to

each other to form an aromatic ring include the compounds

represented by the formula (II) described later.

15
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tguU "Pentyi %~2Zrd2rdz ~~ 2Zrdz

O02/ 1 MO ~ tBu MO 48
HexYl nHeptyl ~N~ - zZrd2 ~N' zZrCl z/ O2/ O2 MO ~ | ~Bu MeO ~ | tBu
Me "Decyl "Undecyl zZrCf2 ~N~ ~Zrd2 O2/  QOI12 MO ~ ~Bu MeO ~ tBu Me -~
APR 2003 ctyl "Nonyl "zZrd2 '"N- ~zZrd2 ,02/ , O/2 tBu Me0' ~~18u odecy!l
"Cctadecyl "zZrd2 ~-N~ ~2rG2 .02/ ~tBu MO ~ ~Bu ~N~- ~ ZrCz ~-N =~ ~
Zrd2 ~-N- -zrd2 002/ 2/ O2 M¥® ~ 1| tBu MO ~ I_?%Wﬂzﬂga Bu M Et
N- ~2Zrcf2 ,0n MM~N ~ ~ZrCf2 ~0~~2 Me Zrd 2 O 2 Zrc2 0 2
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4~ "Hexyl "Heptyl C12 ~N''- ~7~1 2/ 1 O2 .. .~ ~ M"Decyl 'N' ~zrd2
~ .~ 0~J-2-M"UndeCyl N ° ~ zZrd2 2 MeO—~ M- JI; .,Iz Bt i ~N'~ ZrCl 0 2
MO MPh Zrcdlz h MEK ~N -Zrd2 ~N- ~ Zrdlz O2/ O2/ NeO~ MO ~ Ph Me

Ph -qg AP R 2003 tyl "Nonvl "'I ' ~zZrd2 J O2 ~M"Dodecyl "N- ~ zZrd2 O
/| 2 M~N" ~zZrCz/ ~0O02 Me "Pent3yl zZrClz n "8UN--_ -ZrCz ~~2Zrd2/ O
h M0 Ph ~-N ~ 2ZrCl z O2 OPh ~N- _ Zrdz ~ 2

-7 APR 2003

N N-=-2) N--2) -

N };ZrCIz z ~Z1Cl, z }'mez A== >ZiCly
07 o 079 07 07/ 5
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MeO Ph "Cctadecyl "N~ ~ zZrGi 2 2 sa "Hexyl "Heptyl "Cctyl ~N
~~zZrcd2 ~-N " Zrd2 ~-N'"zZrd2 ~JOO2/ |1 O2 MeO Ph MO\ Ph MO \ Ph M
"Decyl "lJndecyi ~N "Zrd2 ~N~~ ~Zrl; //OO02/ | 2 MO\ MO ~ M Ph Ph

-~1 AP R 2003 "Nonyl ~N ~~ "zZrd2 Q ./ 2 e0 Ph "Cctadecyl zZrd 2 ~N ~
~Zrd 2 0~~2 MeO \ Ph "Hexyl Zrd ~N36-. ~N~ zrcl zrd 2 ~N" ~~ Zrd 2 / 02
O/ / 02/ 2\ MO\ MO\ ~ Me2N tBu Ph ~ Ph "Cctadee§f! Rzgqgl
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51 " Hexyl

P
"Qctadecyt  N-_ Zr@2 ~O-Zrd2/ p
I

2
exyl ~~' ~2zZrd 2 ~-N" ~zZrd2/ p 21 p2'PrO~"Bu P PhO Ph "Hexyl
"Cctadecyl -zZrcd "I .OP "Cctadecyl " ~ -zZrCf2 p' 1 PR . cyl
~~"t~7rd2 ~~" -zZrC ~JO2 f p 2 h®" ~Bu PhO t8u-2$ B&ﬁ[&ﬁ
rowzrd2/ ~2 PrO\ Ph-. ~ AP ~ Zoo3 "Hexyl "zZrG 2

10

15

~N'" "~ zZr@d@2 p 2 PhO \" ~Bu ~Cct adecyl Ph Jh ~I12 "Hexyl

[ ~ 132 4 PhO ~ Ph PhO Ph

"1~ 1

tBu ~ 2

In the above examples, Me denotes a methyl group,
Et denotes an ethyl group, BPr denotes & n-~propyl group,
ipr dgnotes an isopropyl group, "Bu denotes a n-butyl
group, ®Bu denotes a t-butyl group, "Pentyl denotes a n-
pentyl group, "Hexyl denotes a n-hexyl group, “Heptyl
denotes a n-heptyl group, "Octyl denotes a n-octyl group,
nNonyl denotes a n-nonyl group, “Decyl denotes a n-decyl
group, "Undecyl denotes a n-undecyl group, "Dodecyl
denotes a n-dodecyl group, B0ctadecyl denotes a n-
octadecyl group, and Ph denotes a phenyl group.

In the present invention, transition metal compounds
wherein the zirconium metal is replaced with a metal
other than zirconium, such as titanium or hafnium, in the
above-mentioned compounds are also employable.

Another embodiment of the olefin polymerization
catalyst of the invention may comprise a transition metal

compound represented by the following formula (II).

(IT)



"Hexyl ~N- ~zrCdl Zrd 2 Ph 52 -q APR 2D03 In the above exanples, M
denotes a nethyl group, Et denotes an ethyl group, nPr denotes a n-propyl
group, iPr denotes an isopropyl group, nBu denotes a n-butyl group, tBu
denotes a t-butyl group, aPentyl denotes a .n-pentyl 5 group, "Hexyl denotes

a n-hexyl group, nHeptyl denotes a3g-heptyl group, nOct_yZ% t % n- octyl
group, nNonyl denotes a n-nonyl group, nDecyl denotes a nh- EEI@ up,

ri Undecyl denotes n- yndecy, raup, ecyl d ) n,do | group,
nCct adecyl deno nest%lae - octa eoc%uolgas’ou%,[)qﬁﬁ &n&ﬁ%%ﬁﬁegh% %%%Qréyl group.

In the present, inventian, trapsition netal npoynds erein e zirconium
metal is FEEIRAEE T é%%t%lgsbé‘t i thahd| c’tfh'qa}ﬁ SUEH s ti't'ani um or

haf nium in the.,above; mentioned,c Qunds .are also enpl oyapl.e, 15 The
brocess o pr batPnEienBer Bt e P ey e YA GRG0 o CHPLEBHERITRY ¢ ne
formula {lI Or‘b‘é‘!éli is?/got.s ecificallg.ligi%ed, aﬁd for exanple, the

fol | owi ng Pt FEHREETRIERA; ThbR o™ THECTI YhS i BY ORORBY 8P cHRPMRIRE r&pr esent ed
by the 2p formula, (1) can be synthesized by ,allow ng a compound {ligand
precursor )a]vﬂrﬁ%‘Ffﬁé IIFY‘%’é‘BB?rﬁbQXI LM #A E‘hé"%;}ﬁ’teh@gqc‘é’@d formyda; (et al
conpound to react with a,trapsitjon netal M containjng, conpound represented
by Mk (MEndEBe nefmeeth lgﬁﬁélﬁe%‘i’iﬁ@%a’é@{‘h%eulafWiiwghdmg(? iR s3 -9 APR
2003 the formula (1)_and k is a nunber satisfying a valence of M . The

)
li gand pr &R Eot LRI AFRe@ bFrIPEBIF nBYSX PS2HPRBt BREUP 297 32Ret Oest er

compound (i ncludi ng thioketone ..
aliphati¢ hydrocarbon group as R in the above formula (I},

and R' is desirably an aliphatic hydrocarbon group which

19 may be substituted with an aromatic hydrocarbon group or
an alicyclic hydrocarbon group and has preferably not
less than total 5 carbon atoms, more preferably total 5
to 30 carbon atoms, or desirably an alicyclic hydrocarbon
group which may be substituted with an aromatic

15 hydrocarbon group or an aliphatic hydrocarbon group and
has not less than total 7 carbon atoms, more preferably
total 7 to 30 carbon atoms.

The aliphatic hydrocarbon group is, for example, a
group of 1 to 30 carbon atoms, preferably 4 to 30 carbon

20 atoms, more preferably 5 to 30 carbon atoms.

Examples of the aliphatic hydrocarbon groups include
methyl, ethyl, n-propyl, isopropyl, n-butyl, iscbutyl,
sec-butyl, tert-butyl, n-pentyl, tert-amyl, 1,2-
dimethylpropyl, l-ethylpropyl, iscamyl, l-methylbutyl, 2-

25 nmethylbutyl, neopentyl, n-hexyl, 1,3-dimethylbutyl, 3,3-



5 and thi oketoester), an acetyl acetone conpound or the like to react with a
primary am ne conpound represented by the fornmula R1L-NH2 {R1 has the sane
meaning as that of Rl in the formula (1)) such as an aniline conmpound or an
al kyl am ne conpound. (3-Di ketones, (~-ketoester conpounds 10 (i ncl uding

t hi oket ones and t hi oket oesters), acetyl acetone Conpouzgibﬁﬁﬁf'(ﬁkf
commercially avail abl e or obtainal39e by the processes |2 eratures.
For synthesizing the ligand precursor, both of the starting conpounds are
first digsolved.in.a.solvent. Then,, the resultin lytion.is stirred at
a terrperétlﬁ‘re\é%gfl BuSom @ﬁ}?leerpa%%]?'e fbe‘%lé’ff% n?%#be#’é’ﬁﬁggy#g?’%'%up'l to 48
hours, wherehy t.he corr ding, | igan cursor_is tained i.n a high
yiFId.tA°§§V'éanS%LmﬂW{ﬁﬁ%i§ﬁ¥éh]s E?g?ggg?F%i'i%;§6g§H§F8€§EPé ?s t he

sol vent. ve , an al cahol_splvent such_as anol, or _ethanol or a
hydrocarﬁ&#%iﬂ%kﬁﬁ’§U3H”Egbtd?U%%%Y 5 BF%?@?%%E?.“F_°9ﬁ8Y§ynFﬁésis of the
{of Uene S GRPORE ol 1 il BEteby BePPRESQaFHLy - hPEaRecT is4 T APR 2003
oi uenes ci S yst

effective for the progress of the reaction to use a dehydrating agent such
as nnﬁecﬁ%ﬁtﬁﬁﬁﬁﬁi,a?@mﬂﬁg?ﬁﬁ4%%¥¥ate or sodiumsulfate or to perform

dehydration by the Dean and Stark nethod. 5 Preferred exanples of the
transition mettfi WTARWHi FPeRFpoohaserabladerei erpentyd, 4 tenter 3,
Ti.Br4, Ti (benzyl)_ 4, Ti (N M2) 4, zZrd4, Zr (NiMe2) 4, Zr (benzyl) 4,
ZrBr4, Heeyd . fatAingdhy ingepylyplaetYBLlpropy Ly adgeamyd,, dmd conpl exes of
t hese conpounds and tetrahydrofuran (THF), 10 acetonitrile or diethyl
et her. TH&Eb¥Hertygand prebulsvEvbbt BPAREnENdY e Ni-Sieamlondd 30 react with
the transition netal Mcontaining conpound, whereby the corresponding
transiti chinrthylReEpbund. 2adinetbyAbutyilzen-heptivine Isppddivlinssityl, t he
synt hesi zed ligand precursor is dissolved in a solvent. |If necessary, the
r esulltd ng- sestthybrexwgl. be-eohvact édSwidimeshyddextvd prlemditerlhesatt. Then
the solution or the solution with the salt is m xed

l-methylheptyl, tert-octyl, n-nonyl, n-decyl, n-undecyl,

n-dodecyl, n-tridecyl, n-tetradecyl, n-penéadecyl, n-
hexadecyl, n-heptadecyl and n-octadecyl.
The aliphatic hydrocarbon group may be substituted

15 with an aromatic hydrocarbon group or an alicyclic
hydrocarbon group. Examples of the aliphatic hydrocarbon
group substituted with an aromatic hydrocarbon group or
an alicyclic hydrocarbon group incliude groups of 4 to 30
carbon atoms, such as benzyl, methylene naphthyl,

20 methylene fluorenyl, methylene anthranyl, methylene
cyclopropyl, methylene cyclobutyl, methylene cyclopentyl,
methylene cyclohexyl, methylene-2-methylcyclohexyl,
methylene-2,3-dimethylcyclohexyl, methylene-2,2-
dimethylcyclohexyl, methylene-2, 6-dimethylcyclchexyl,

25 methylene-2,2,6,6-tetramethylcyclohexyl, methylene



with a netallic conpound such as a netallic halide or a 20 netallic

al kylate at a low tenperature and stirred at a tenperature of -78 Cto room
tenperature or under reflex for about 1 to 4B hours. A solvent usually used
for such reaction is enployable as the solvent. Above all, a pol ar sol vent
such as ether or tetrahydrofuran or a 25 hydrocarbon sol vent such as
toluene is preferably used. ss -~~I APR 2003 Preferred exanples of the
bases used for preparing a phenoxi 48 salt include me-t‘al AlR:RséT[F@g such as
lithiumsalts (e. g., n-butyllithiunm) and sodiumsalts (e. g., sodium

hydri de) adenRi@3ii,C rRASBA U b yas dr il AYIE, anskipyrdrnk ne. Dependi ng
upon properties of the transition netal conpound, the |ligand precursor is

directly lgRalch el diia Meladly o marsh mdihe fiellcd A Re Sal t
whereby the corresponding transition netal compound can be 10 synthesi zed.
Further, iftijues, possi ble to exchange the netal Min the synthesized
transition netal conmpound with another transition netal by a conventi onal

met hod. Furt helgp o st @ AlPs OfpRIfdra IR isrdl tife SHRSIHS USHts gEQUP Ot her
than 15 H can be introduced in any stage of the synthesis process. The

Lransi Li ony gTRlln GOTRGUS, TERIESENLsh A | e diRpbha Kdpidpt, (1-D) can be

synt heSi zed by allow ng a conpound (ligand precursor) for formng a |igand

such as a ddihaspll v idiensnd] 9aidian e Ahdhponli 93RdcAPLEREC 20 Wi th a

transition metal M contalning conpound. The [i1gand precursor for formng
the thi Psac%ic[%’d&hﬁ?!ﬁ | &rte 0&}@1&?&@%1, fﬁétﬁ?f‘é‘i‘?&%yéi&ﬂ%&%ﬂ,a .
t hi osal i cyl"al'dehyde ‘conpound to react™ wth an aniTine caonpoun r"an am ne
conpound. meé%Ie?eE—%%&Q%}%%cf%&%ﬁ} he él\l,x\f?ﬁgepﬁ egursor,
o- acyl benzenet'hi ol  may be we reac an” ani l i ne conpound or an
am ne CO”pé’iJrﬁ‘éf-j\hh%?&gcf &l call ¥y P Dl 952! :‘EMLE‘LQ?%%QEO%@E‘EM or
0- acyl benzenet hi nd an anf |1 he tonpound erern
10 methylene-2, 6-dimethylcyclohexyl, methylene-2,2,6,6~tetra
rmethylcyclohexyl, methylene adamantyl, methylene
cyclopropylmethyl, methylene cyclobutylmethyl, methylene
cyclopenthylmethyl, or the like.
Examples of the alicyclic hydrocarbon groups include
15 groups of 3 to 30 carbon atoms, preferably 7 to 30 carbon
atoms, such as cyclopropyl, cyclobuthyl, cyclopentyl,
cyclohexyl, adamantyl, norbornyl, or the like.
The alicyclic hydrocarbon group may be substituted
with an aromatic hydrocarbon group or an aliphatic
20 hydrocarbon group.
Examples of the alicyclic hydrocarbon groups which
may be substituted with an aromatic hydrocarbon group or
an aliphatic hydrocarbon group include groups of 7 to 30

carbon atoms, such as 2-methylcyclohexyl, 2,3-

25 dimethylcyclohexyl, 2,2-dimethylcyclohexyl, 2,6-



nitrogen part has no substituent group or a primary am ne conpound axe

di ssolved in a solvent, and the solution is - stirred at a tenperature of
roomtenperature to reflux tenperature for about 1 to 48 hours, whereby the
|l i gand 10 precursor is obtained. As the solvent, an al cohol solvent such as
met hanol or ethanol or a hydrocarbon solvent such as toluene is preferably
enpl oyed. As the catalyst, an acid catalyst such as formc acid, acetic
acid or toluenesul fonic acid can b#l enpl oyed. It is 15 fﬁ&a@ﬁ Qe[]ﬂor t he
progress of the reaction to renove water fromthe reaction systemby the
Dean and $iRényEtPOtoRNY bhe, EeaCtbeR a1 cHBMaS, nagnesi um
sulfate, sodiumsulfate ox the I1ke is enployabl e as a dehydrating agent.

20 The 0-@%@%9&599&@&&&1ys89cmsﬁahlﬂyﬁ%t@i@lqbwa%%f%gﬁﬁxﬁmmI e,

allowing t group of” o-acyl phenol "'to - react 'with

thi ocar baé(;?éfox_gf’oﬂpi?ﬁgnyﬂi, OggLhamaL18Rd A Hen %@@%@W si on

reaction oxygen atom and sul fur afom by neans o 1ike. S~

g AP K Z0 ﬁcfgﬁe%%%%%§9¥iigggdtﬂgeggk%qr can be obtained by allow ng an

o-formani I'Tne co o react with an aniline conpound or an am no
conpoupd. To taLngt i g r, o-acylaniline may be allowed to
react 5 with gﬁi?%n% g%ig'o?ggﬁggﬁgggsgdnpound. More specifically, the

| i gand precursg{y ¢ 1synt hesi i a manper. .as_described above
usi ng, for exaﬁplé&Qgggb-¥§rganf%%ﬁéﬁgoéggu%aﬂ§hgfelﬁfsﬁgeﬁit?ggen part has
no substi {uent oup,.or_0-acylaniline,10 wherein the nitrogen part has no
substitueﬁfegFgg% %ngggﬁo i F%gmﬁoﬁp&géfo %ﬁ%ﬁ%IQ$%P%1t?ogen part has no
eubstituepnt .qroup, or a_pri mar m n onpound. The_ o-acyl ani] i pe, used
herein cal¥B °88¥8?ﬁéﬁu§§FqE8¥e ﬁaiéirqaﬁﬂﬁﬁrﬁPt?ﬁV%%#Eﬁ&???tnéﬁ?d gr oup
of an o 15 am nobenzoi ¢ acid cgﬁpound. A N al k Iatiqf reaction, of an

ant hr ani | SEGHBouRd iy IEHEPPEATET Y VIR P% He TorFeEpsaaFagning
N—alaél-o-aCélaniline gonpognd. The |igand precursqr obtained as above is
al | oned t 8¥PERet Tt RPLCEr ShsPEFBnIFRLERE NMREdt ﬁﬁﬁb‘%ﬁﬁ%ound, 20 wher eby

the correspaondi ng_transition tal conpound can
igdroca%bon groups, the same hydrocarbon-substituted

silyl groups, the same oxygen-containing groups, the same

nitrogen-containing groups and the same sulfur-containing

groups as previously described with respect to R? to RS in
15 the formula (I}.

12

R is preferably a hydrocarbon group, an oxygen-
containing group, a nitrogen-containing group or a
sulfur-containing group, specifically preferably an
oxygen-containing group, a nitrogen-containing group or a

20 sulfur-containing group.

Examples of such groups include the same hydrocarbon
groups , the same oxygen-containing groups, the same
nitrogen-containing groups and the same sulfur-containing

groups as previously described, and of these groups,

25 preferable are an alkoxy group, an alkylthio group, an



be synthesized. Ldore specifically, the ligand precursor is dissolved in a
solvent. |If necessary, the resulting solution nay be contacted wth a base
to prepare a thiophenoxide salt or an anilino salt. Then, the 25 solution
or the solution with the salt is mxed with a 5g -q APR 2003 transition
metal . M containing conpound such as a netallic halide or a netallic

al kylate at a low tenperature and stirred at a tenp 78 Cto room
tenperature or under reflux for éét 1to 24 hour§§o&§&eaﬂmaa

transition metal conpound. Exarrpl es of the solvents preferably used herein

incl ude pakgioxgl werkup ,Sush as i)y @ARshyd etdraydiad upasu@ndadydr ocar bon

sol vents such as toluene, without Iimting thereto. Exanples of the bases

pref er abl Ymdsed ghBuiRE! @i driiEddIR-dug NidHN S dS Sl ASe byl it hi um

sodium salts such as sodi um hydri de, ‘and ni trogen contai ni ng conpounds such

as pyridi B‘Q‘o@%dotrr it T Ae g IO W d d 18 £ 00 f KoFSEOrable PRI Ng upon
the type of the transition nmetal 15 conpound, the ligand compound is

directly pagehed Middy the netallic conpound, w thout preparing a
t hi ophenoxi de salt or an anilino salt, whereby the correspondi ng conpound

can be synt hesixaeds ; Ther,y 52854 L0 Febab BOTOYALRRLBRRANI ed by the 20

formul a (II) can be synthesized in a manner simlar to that descrlbed

above. i r QS t 0,
determ ne ‘%HZ(?EC‘)}H@%Z 1%—#!&11 (Ja%an%E ectroéli%potfggs&ka%ogg‘?‘g?y GSH- 270),

FT-1R (SHI E
Laboraﬁorym%&? SRR DDy G T S ERE AT e LR RREC, O o Vi b by
| CP neth it il ' d, d

st vRDzU e B 2 oA 911%%9% SEBehR Fe BE S EbRLE LT Ve
(Hal aus ré\%%gea wilen lee%%ggél |;)192 a‘{e&nbm%qlunq:.o%u e(dnby t he

process desc above i's nera i sol

10 The above substituent groups are described below in
nore detail.

12

R’ is preferably an oxygen-containing group. such as
an alkoxy group, an aryvloxy group, a hvdroxyl group or
the like, a nitrogen-containing group, such as an amino

15 group, an imino group, an amido group, an imido group, a
nitro group or the like, or a sulfur-containing group,
such as an alkylthioc group, an arylthio group or the like,
more preferably an alkoxy group, an aryloxy group or an
amino group, most preferably an alkoxy group.

20 R¢ ig a hydrocarbon group or a hydrocarbon-
substituted silyl group. Examples of the hydrocarbon
groups preferable 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,

25 isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,



conventional nethod and then used for polynerization. However, the reaction
solution of the |igand precursor and the netallic conpound can be used, as
it is, for 10 polynerization, without isolatir_g the transition netal
compound. The transition netal conmpounds represented by the formula (1) are
used singly or in conbination of two or nore kinds as an ol efin

pol yneri zation catalyst. 15 It is a preferred enbo Tﬁ 2' c~ present
invention to use the transition nétal conpound (A1 together with
at | east one conmpound (H) selected from (B-1.) an organonetal lic conpound,

(B-2) ann@gm@a/1uHna M -0y oMotk anch € Br 3t e@ RPAPOSOELYRI ch 20 reacts

with the transition nmetal conpound to forman ion pair. |B-11

Or g~anonghahddsL SFOMPUNE EXANES Hfohde ﬁf&ﬁ@ﬂﬂﬁij’?l'ﬁl@ocﬁﬂpgaﬂﬂén( B- 2) for
25 use in the invention may include the bel ow descri bed 60 -~ 9 APR 2UU3

conmpoundg teiCh £ ald SrdRdSto b;|§,ei eCéBfgléB@eyﬁ OHPclop&heyp, 2, Goup 12

and Goup i3 of the periodic ta Or ganoa unlnunlconpound

representgivhd:he fald %é}gaﬁ@g;ﬂuléryﬁ &ouﬁ!a b£ORbey Bbhexuherein Ra

and Rb may be the sane or different and are each a hydrocarbon group of 1

to 155carfQpat %f@faﬁéﬁga@% 15§ Oc 4y 58h PQBoREOMBuck hS g %glyggen atom

and n1 n, p and g are nurnbers satlsfylng the cohditions o ns3, Osn<3,

ity %;fﬁujﬂggﬁékf%erlodﬁgE%P%}A£h¥|tg gpl!egi&rrggsal B balne

metal of Goup 1 e and alumnt npo nd bei ng

represen%ﬁgnﬁyégocar on gr&%p ?gt%%élggés%§tW@gﬁethN2 is Li, Na or K

and Ra is a carbon"atons, preferably 1. to 4

car bon atsqusﬁméﬁe gy &gﬂpgggg%gggg 3008 8emtal do Goup.2 or

G oup 12 e periodi sal elng represente t he

Ij:)_lr_lrg\r,\nez%. fagl'lé?mjl regerzlfgﬂtf l.l\./Bt S{)e arﬁan a oms, OX' a Tlh%rsé%%% %rf

10 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms.
Examples of the hydrocarbon-substituted silyvl groups
preferable as R include methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl,
15 dimethyl-t-butylsilyl and
dimethyl (pentafluorophenyl)silyl. Particularly
preferable are trimethylsilyl, triethylphenylsilyl,
diphenylmethylsilyl, isophenylsilyl, dimethylphenylsilyl,
dimethyl-t-butylsilyl and
20 dimethyl (pentafluorophenyl)silyl.
In the present invention, R is particularly
preferably a group selected from branched alkyl groups of
3 to 30 carbon atoms, preferably 3 to 20 carbon atoms,
e.g., isopropyl, isobutyl, sec-butyl, tert-butyl and

25 neopentyl, groups wherein aryl groups of § to 30 carbon



each a hydrocarbon group of 1 to 15 carbon atons, preferably | to 4 carbon
atons; and MB is My, Zn or Cd. Exanples of the organoal um num conpounds

(B-1a) 25 include: 61 - ~ AP P 2003 an organoal um num conpound
represented by the following formula: RamA ( ORb ) s-mwherein Ra and Rb
may be the sanme or different and are 5 each a hydrocarbon group of ~. to 15

carbon atons, preferably 1 to 4 carbon atons, and mis preferably a nunber
satisfying the condition of |.5Sms34 an organoal uni nurﬁcAp}R) J epresented
by the following fornula: 10 Raa, Alx3 _~, wherein Ra is ‘a hydrocarbon group

of 1 10 19¢6REDOR3EATRLIR & A Y chalpd f HHRON AOBubLLtiSydedal 0gen

atom and mis preferably a nunber satisfying the condition of 0<nx3; 15 an

or ganoal u%gugggo L I EREHRNS e dd Gyl QI O Gy T OT &l H3 -

wherein Ra I's hydrocarbon group of ~. to 15 carbon atoms, preferably 1 to

4 carbon glaige APy PLELAIAN I AIDEe SALLSTY4 Ngh g, coNdi L on of

2snx3; and~an or ganoal um num conpound represented by t ow ng formul a:

Ratrt Al ~ ) P 0 i Rb e sanme or
di f f er ent *ana Ar gég’af&ﬁgﬂﬁgc?ﬁotcgr%dgncsag%ﬁge% orggi ggg% tar gongtg%%irﬂ'lds,
preferably 1.to 4 rbon at i and q are
number 3 sév" Fslfoﬁrr? g"f}‘rfec ocﬁlcf%?t%fs(' oc?ycglégé%gg} %%%g@a%ghd n+q = 3.
Parti cul ar_exaiples, of¢ the organoalum num.comounds, (Bray Lachyde:
tri-n-al KRS O e P st r Tt By BT URE nupt St PTEeHYI &1 B Abim

R A LTI KR R T T T
trial kylal Py S plsnd in20PT OBY! 2! HPA S0 50l SOBELYLELYET num
silyl group is also preferable.
10 Examples of the transition metal compounds
represented by the formula (II) are given below, but the
compounds of the formula (II) are not limited to those

examples. In the following examples, the compounds

represented by the formula (I} are included.



butyl alum num tri-tart-butylalumnum tri-2 15 nethyl butyl al um num
tri-3-nmethylbutylalumnum tri-2 nethyl pentyl al um num
tri-3-nethylpentylalum num tri-4 nethylpentylal um num

tri-2-methyl hexylaluminum tri-3 nethyl hexyl al um num and

tri-2-ethyl hexyl al um num tricycl oal kyl al um nunms, such as 20

tricycl ohexyl al um num and tricycl ooctyl al um num triar such as
tri phenyl al um num and tritolylal uhum di al kyl al um nu%ﬁwm such as
di i sobutyl al um num hydri de; 63 -q APR 2003 trial kenyl al um nuns
represented by (i CQHy),~Aly(CSH 0)z (wherein x, y and z are each a
positive nunmber, and z ~ 2x), such as triisoprenylalum num alkylalum num
al koxi des, such as i sobutyl al um num 5 et hOXI de, isobutyl al um num et hoxi de
and i sobutyl aEum num i sopr olplom de; di al kyl @hum num al kpiﬁes, such as

di met hyl al um Nu.m nmet hoxi de, Ndl, thyI alumn YNt &1 10xi de and di butyl al um num
but oxi de; | @ al kyF&%ami nu ses Zeilkoxi dds, s Glg et hy, Bt -B
sesqui et hoxt QHad but yl gb\ m sesqui

patoxPdes partialll y oxyf at ed
al kyl al um havi ng a rage corrposn r epr esent 2 _ 5A1 (ORb

) o. s di yltgl um num ¢ des, such ‘dijet hyl al u m |'S phenoxi de,
di et hyl al um num( 2, 6-di -t-butyl -4 net hyl phenoxi de) , Bu

et hyl al umi nurrbl s(2, 6-di -t-butyl-4 nethyl phenoxi de),

di i sobut yl al” amtuln(Z 6- diy¢t “put y! - 4rret hyl pA chkl de) and "ye,

!
i sobutyl al uy 2, 6-di - = 4 met h noxi de); 2Q_d al kyl al um num
hal i des, s ch a thyI ‘I’un‘i%u hl ori de, di ?F‘R}* al ud num ari de,
di but yl al yri @’chl ori de A4 | al ur ni e Y 0w de angdidi utyl al um num
chl ori de; APR 2003 y! al um num Ui hal i des, h as et hyl al um num
sesqui chl 0 éau but yl al uMTUtgsesqui chl dég@nd eth gl ,num
sesqui brom de,
Octyl NO“Y‘ Decy[ r1L|Jndec:y|
"'J;ZrCig “'/‘)/ZrCla ""/},Zrcl2 AN 7,
079
'Bu ‘Bu By ‘Bu
"E)odecyl “(chtadecyl

/N""/*);zmz /N“'}‘ZFC’a
O O

2 o2



partially hal ogenated al kyl al um nuns, such as 5 ethylal um num di chl ori de,
propyl al um num di chl ori de and butyl al um num di brom de; di al kyl al um num
hydri des, such as diethyl al um num hydride and di butyl al um num hydri de;
partially hydrogenated ot her al kylal um nuns, 10 specifically, alkylalum num
di hydri des, such as ethylal um num di hydri de and propyl al um num di hydri de;
and partially al koxyl ated and hal ogenat ed alkylaluql? Zﬁﬁgsgﬁgaas

et hyl al um num et hoxychl ori de, but4® al um num but oxychfo

et hyl al um num et hoxybrom de. 15 Conpounds anal ogous to the organoal um num
conpound (B-1a) are al so enpl oyabl e. For exanple, there can be nentioned
or ganoal um num conpounds wherein two or nore al um num conpounds are

conbi ned through a nitrogen atom such %Wﬁé C2H5 ) 2AMbryl C2H5 ) Al { C2H5
) 2 20 Exanphiggi of the cdmepynds {B- 1b) | ude Li Al (GRH5)\a_and

Li Al (C~H15)aNClzr corrpo_wﬁds ;such as pethyhlygy um (€t hyl >EEGHe um

propyl I'i t hicgim 754 it h/um rﬁ&il magnesi br om de Myl magnesi um
chloride, g #t hy

pr opyl mag brom dé 65.-~ AP H | negResty | ori de,
butyi ma i d Gg esiim chI 2, di [ggriesi um
di et hyl rragne5| i butyl ‘hb' um and but T hyI magnesi umre al so

enpl oyabl e as t he5 organonet aN i ¢ corrpounds H 1). Conbi nati ons of
conpounds capabl e of producing the above-nmenti oned organoal unm num conpounds
in the polynerization system e.g., a conbination of halogenated al um num
and al kyllithium and a conbin ﬁ‘&é n of 10 hébﬁg@gat ed al unPHaHicthd

al kyl magnesi Obgcyare al so enp Of t hep\organonet al | L§--¢ ggnds (B-1),
t he or ganoal ufji. nym conpounds mr@ﬁ er abl €. T% C corrpounds
(B-1) rrentiﬁed%lé 215 arle ug smgly 2 f2two or nore
ki nds. SB- ganoal um ng rrpound nples of t rQal um num
oXYy- conpou B-2) for u { i

or such a -@5 (

"Pr i‘?r '
Et | N--.. N---V.70al
\ /N" ~-— _erl 2 s ZrClz 4 2
/N""}irClg o 2 075 o/ 5
O79 2
Ph Ph eh
Ph



No. 78687/2990. The conventional aium noxane can be prepared by, for
exanpl e, the follow ng processes, and is generally obtained as a

hydr ocar bon sol vent sol ution. b6 ' (1) An organoal um num conpound such as
trialkylalum numis added to a hydrocarbon nedi um suspension of a conpound
cont ai ni ng adsorption water or a salt containing water of crystallization,
e.g., magnesium 5 chl ori de hydrate, copper sul fate hy r Je ?g num

sul fate hydrate, nickel sulfate hydrate or cerous chlorl e hydrat e,

al l ow t he organoal um num conpound to react with the adsorptron mater or t he
wat er of crystallization. 10 (2) Water, ice or water vapor is allowed to
directly act on an organoal um num conpound such as trial kylalumnumin a
nmedi um such as benzene, tol uene, ethyl ether or tetrahxprofuran (3) An
organotin oeren$uch as drﬁmmhyltrn oxrdemellS drbutyl¢mﬁyoxrde is allowed

to react wt N anoalu conmpound $uCh, as trial KyN-al\r min a
l:ﬂ%“¥ E. b2 no @ontarn a
smal | anoupt 041 bc conp O7Rurt her £ A dossi bl e that

20 the sol ted organo i nym conpo is,distilled off
fromthe-1ése ' 1 remmdl nper, i s redissol ved
in a solvent or sﬂtpended in anoor sol vent/ fBR al uni noxane! hExarrples of
t he organoal um num conpounds used for 25 preparing the al um noxane i ncl ude
t he sane organoal um num -g APR 2003 conpounds as previ ously descri bed

W th respect ﬁé)ﬁ?& e organoal um,dyépp conpound "bgd . O th%@ad@ryef erabl e
are trialkyl al uns and trr&yc oalkylalunl ur Partrcul preferable
is trinmethyl Uﬁb‘5 The-organ &Gl num onp are’ﬁsed Zﬁ@dy or in
conbi nati on 2or “or e ki ngts” sExanpl es solve q for

preparing

Ph

2]

- ~Z[’Clz
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al um noxane i nclude aromati c hydrocarbons, such as benzene, tol uene,

xyl ene, cunene and cynene; aliphatic 10 hydrocarbons, such as pentane,
hexane, heptane, octane, decane, dodecane, hexadecane and octadecane;

al i cyclic hydrocarbons, such as cycl opentane, cycl ohexane, cycl ooctane and
met hyl cycl opent ane; petrol eum fractions, such as gasoline, kerosine and gas
oi | ; and hal ogenated 15 products of8these aromatic, aliphatic and alicyclic
hydr ocar bons, particularly chlori neﬁt ed or brom nat pA@cRu 3 her eof .

Et hers such as ethyl ether and tetrahydrofuran are al so enployable. O the
solvents, particularly preferable are aromati c hydrocarbons and 20

al i phatic hydrocarbons. The benzene-i nsol ubl e organoal um num oxy- conpound
for use in then| ntion is preferably an o oal um num"gyyyi conpound
cont ai ni ng an Aﬁgévnponent tﬁéﬂnﬂs sol ubl e ¢g@ enzene at ﬁQ_w in an anount
of usually not=Mor e than 25 _ilg-0,) g&iéerae‘b'h -ZRms e théan 57 9%2rCl,

particul arly GQ) APR 2003 pr |y not e than %0 terms of Al

atom That e Benzenesmsdl dhl e org gl um um ox npound i s
prefera olbl e or sp ngly sql, uble LA benzehes anoal um num
OXy- CO d Tor Bise MaOrhe Bmuﬂéw%f is, fot exanple, an organoal un num

oxy- conpound contai ni ng boron and represented by the follow ng formul a
(I11): R1 RRO RR1 AI-OB-OAl R-1 R1 1~ (lIll) wherein RR~is a

hydr ocar bon gr,oup of 1 to 10 rbon atons; and each R21 may be the sane or
di fferent and P&¢ hydr ogen é&@ﬂfqﬁ halogen"?bmmwbr a hydﬁmcﬂeb@n group of
1 to 10 car boaNat-o I15 The_0OYr ga pm num Rxy:¢onpound eentyini ng boron
and represented 6 thé2formi a ¢an bd Qé;? 2by (&l | owrdlan

al kyl bor oni rd T2presen Ot‘preact with
an organoa um conpound ature of -80 C 20
oy 24MBOUrS—Uider an inert gas

to rooMaQnpér atBue foMe@ peri oBuof IMadh
at nrosphere, R2o-g_ (OH) 2 (1V)

N-.. N-2) i
2 j:ZrCIZ Z );ZrClz ~N--. ;}ZrCIZ
075 07 o 07,
MeO tBU MeO tBLI MeQO MeO

'‘Bu

MeO

MeO
© MeO




69 q APR Zui ~3 wherein R2 is the same group as descri bed above. Exanpl es of
t he al kyl boroni c acids represented by the formula {IV) include

met hyl boroni ¢ acid, ethylboronic acid, isopropylboronic acid,

n- propyl boronic acid, n 5 butyl boronic acid, isobutylboronic acid,

n- hexyl boroni ¢ acid, cycl ohexyl boronic acid, phenyl boronic acid, 3,5

di fl uor oboroni c acid, pentafluorophenyl boronic acid and

3, 5- bls(trlfluoronethyl)phenylboronﬂ@ arid. O these. pgﬁerg@$§ are

met hyl boroni ¢ acid, n-butyl boronic acid, 10 isobutyl borOhi

3, 5- dlfluorophenylboronic acid and pent afl uor ophenyl boroni c acid. These

al kyl boronic acids are used singly or in conbination of two or nore Kkinds.
Exanpl es of mmgwprganoaluniﬁ%m%ﬁonpounds th react ed mﬂ%hnmhe

aIkbeoronlc ﬁCI i ncl ude t me IS orga Mnlnun1conp¢u as
previously ¢ scrjbantly\nth Z kzZich, the ¢ ganrmg num Eonpag bkB-1a). O
t hese, prefg re trl.Iky uni RUNE g ycl oal ky ns.
Particul a pref erabl e g n%thylal riethy i num and 20

gly or in
um oxy- conpolpids (B-2)

\ X ki nds. o]
-~ AP P ZUU3 | B-3) Conpound which'reacts with the transition nmetal conpound
to formion~a' ~r Facanples of the conpound (B-3) which reacts with the
transition netal conpound (A) to forman iqQn pair 5 (referred to as
"ionizing |dmhewconpound" héﬁﬁknﬂfter) may Dﬁ@dee a coan@ﬁdﬁmmich reacts

triis :
conbi E*a)ﬁl on of ) /oMeRor e ki h\,(ﬁa'ér ganoa

wi.th the tradﬁlt metal Lypould. represengd %ge abovgN{f.oLyy Kﬁ (1) or
(1) to forﬁian | s adid, g% fic cdnpou 2 bor ane
conpound g borane ZONP d 10 desgFibed i2n Japangse, e ent Lai d- Open
Publ i cat i No. 501950/ | 989}, Me.. 502036} 198 | ‘ .
179008%kd 197 Y28 1™ 0. M2O

5 321.106. A hd
avai |l abl e.




15 The Lewis acid is, for exanple, a conmpound represented by BR3 (R is
fluorine or a phenyl group which may have a substituent group such as
fluorine, nethyl or trifluoromethyl). Exanples of such conpounds i ncl ude
trifluoroboron, triphenylboron, tris(4-fluorophenyl)boron, 20
tris(3,5-difluorophenyl)boron, tris(4 fluoronethyl phenyl)boron,
tris(pentafl uorophenyl) boron, tris(g-tolyl)boron, tris(o-tolyl)boron and
tris(3,5 di methyl phenyl)boron. The P®nic conpound is, gr) Fggazﬁﬂs,
conpound 25 represented by the following formula (V).” lﬁ 2a03 R24
R2zRz3 ~ ~ R2s R26 (V~ In the above formula, R22 is Hf, carboniumration, 5
oxonium ration, amoniumration, phosphoniumration, cycloheptyltrienyl
ration, ferro mration fQayjng a transin n netal, orng like. RR3 to
R26 may be th%?%%y or dlff}@%{P and are eé%ﬂ an organicy g@ﬁ
an aryl group or‘ngMm§ubs i rery! ¢ P

] b substi

rQup, preferably
amples o] ﬁ%?Zﬂngbonium

car boni . S0/
et hyl p yca bonlu i on "and
tri(di | es i
i r~clude ippet ﬁ?annnn Urplr at i on,
triethylamoniumration, tripropylanmoniumration, tributylamoniumration
and tri(n-butyl)amoniumration; N, N-dialkylaniliniumrations, such as N, N
20 di nethylaniliniumration, N, N—dlsthylanlI|n|un1rat|on and
N, N-2, 4, 6- perﬁmn}&t hyI ani lini Llflnﬂecartl on; and" Dode@!~q APR Zortqmtadeam kyl ammoni um

triphenyl c4

ratlons suchpas |soprop)M- n1rag;on nd dlcyclomexy anmoni um
ration. Exa Ies ¢he phdsphopi ati ofis |n Qbs trlaryl 3§ahon|um
rations, glpheny ani um 2
MeO Bh Ph MeO MeO Ph
Q "Hexyl
-
/N""}-Zr(:l2 = "/‘}Zrc:l2
O 2 O 2
1
MeO Ph MeO Bu
r‘Octadec:yl : "Cl)ctadecyl
E )ZrCl2
Me,N '8
MesN

”lﬁexyl ”(ljctadecyl
N--. -
> }‘ZrClz N ‘g-zfcnz
072 O /o /N""}'ZrClg
O
2
pp Me2N Ph

MEZN




5 ration, tri{methyl phenyl)phosphoniumration and
tri (di met hyl phenyl ) phosphoniumration. R22 is preferably carboniumration,
anmmoniumration or the like, particularly preferably tfiphenyl carboni um
nation, N, N-dinethylaniliniumration or N,N 10 diethylaniliniumration.
Al so enpl oyable as the ionic conpound is a trialkyi substituted anmoni um
salt, a N,N-dialkylaniliniumsalt, a dial kylamoni um
triaryl phosphoni um salt. Exanples oflthe trialkyl - SUUE?.AEﬂééﬁKH¥Dn|um
salts 15 include triethylamoni untetra(phenyl)boron,
tripropyl anmoni unt et ra( phenyl ) boran, tri (nbutyl)amoni untetra(phenyl)boron,
trimet hyl ammoni untetra(p-tolyl)boron, tri anmoni unt etra(o-tolyl)boron
tri(n 20 butyl) ni umt et ra( or oph bor on, "Hexyl

i e}ﬁ%m‘&!?gl 8@{] é{a y Xy

tripropyl anmoni ra(o, p-di henyl)bo on, tri{n N-_
tratpzmddi metayT phemdl) bor opN- 1. %Q:tl ";tZrClz
Fi(n

but yl ) anmoni u
but yl ) anmoni upt et x -triflugro Iphenylf
ra(3,5-dit uor t hyl

but yl ) anmoni
tri(n-bu gyt et bor on. T
N, N—dlaI%¥ an|I|n|un1saF?é |ncluﬁ N, RO hyamnlllnluntetra
N, N di et hyl aniliniuntetra(phenyl)boron and N, N-2,4,6
pentanethys.aniLiniuntetra(ph | }boron. 5 Exanples of the dial kyl amoni um
sal ts include %1 ropyl)a nt et r a( pent gf | uor ophenyl ) horon and
dlcyclohexylanﬁh boron. Furt hEgxénpl oyabl e &stadpeyti oni ¢
bear beni u

et Kaki s{ pent afL.NuoL nyl ) bgNat.e N 10
iu ~-ski s{ pef )1 éfQQﬁ ﬂ%l

di met hyl ani | i art aﬂmphenyl)b 6

f erroceni unteé peﬁtafluor )bor at e,

tri phenyl cany u t aphe cl opent adi

N, N-dleﬂﬂ§?anllln RNkt G bpehbh@di ey on conpound
represented by th wllomnng f or 15 {VI) o ) 50)2

4 (V1) wherein Et is”an ethyl 8] 20

HGXW "Octadecyl Q
/} ZrCl, )ZrCi?_ /N"‘}-Zrm
. 2
/N 9;2!’012 O 2
072 PO )

Bu 'Pro '‘Bu
P
hO Ph
“Octadecyl "
" fexyl rl\lc adecy ﬁexy!
~— -.j:ZrC|2 -.‘);ZTCIZ ‘4 h-.}‘zmlz
075 o7, O /2
. ; 1
'Pro 'Pro PrO Bh

n(i)ctadecyl

N “?‘ZrCIz
N~
0 /2 2 }-ZrCIg
0/

PrO
Ph

Pro



-q AP R 2003 N3 3 4 (VTl) Exanples of the borane conpounds incl ude:
decaborane(14); 5 salts of anions, such as bis(tri(n~

but yl ) anmoni um nonaborare, bis(tri(n butyl)anmoni um decaborate, bis(tri(n
but yl ) anmoni um undecaborate, bis(tri(n butyl)amoni um dodecabor at e,
bis(tri(n 10 butyl)anmoni um decachl orodecaborate and bis(tri(n

but yl ) anmoni un) dodecachl or ododecaborate; and salts of | A or ane

ani ons, such as tri{n 2 -‘?nﬁbﬁ QUCUC?

but yl ) anmoni unbi s(dodecahydri dododecabor ata) cobaltate(lll ) and

bi s{tri (n-butyl)anarmniabghi Sesldnh Tod e aad ydsh sose decabenat eypoekel ate(l11).
Exanpl es of the carborane conpounds include: salts of anions, such as

4- car banongdisede (dit) ety B §h-&@p panomn abiaved 183)n-propyl group, ipr
6, 9- di car badecabor ane(14), dodecahydri do-1-phenyl -1, 3-di car banonaborane, 20

dodecahydrd &lgs e &840 Y1 sdpBo £ G PSR NI 3ehotes a n-butyl group
undecahydri do- 1, 3-di net hyl - 1, 3-di car banonaborane, 7,B ~s - 9 AP P Q03

di car baundggaboianedd 3) .« dueHi ?f&?%,nWﬁrE&@es a n-pentyl
8-di car

undecahydri do- 7, 8- di net hyl - 7, aundecabor ane,

dodecalydrdf9s,] 1- 1AM -aendedl C@:b@%h@ffﬁé’%@ﬂ?mﬁéﬂt{ﬂl denotes a

but yl ) anmoni um 1- car badecaborate, tri(n-butyl)amoniunt

car baundecalyprat £1 &f&ﬁ?,; mct%?%%la @@épgegﬁbeﬁé‘t fitony1

tri(n-butyl)anmmoni um 1- 1- car badecabor at €,

tri(n-butx&é€§2§gignﬁtﬁgﬁyi &E&??QOQEQEQPrééﬁotééiéngbagﬁbiagg?gggn}G

car badecabor 14), tri(n-butyl)amonium 6 | O car badecabor a
Lyt (n- but yio g4mpy U({@rg é‘ébé‘%ﬂ-g&&@ﬁfh%&éé; A04ddbPh! ¢l ASETRNL U 7. 8
di car baundecabor-at e( 1 3, txi (n-butyl)a nirum 2,

dodecyl group, *Octadecyl denotes a n-octadecyl group,

10 and Ph denotes a phenyl group.

In the present invention, transition metal compounds
wherein the zirconium metal is replaced with a metal
other than =zirconium, such as titanium or hafnium, in the
above-mentioned compounds are also employable.

15 The process for preparing the transition metal
compound represented by the formula (I) or (II) is not
specifically limited, and for example, the following
process is available.

The transition metal compound represented by the

20 formula (I) can be synthesized by allowing a compound
{ligand precursor) which will become a ligand in the
synthegized transition metal compound to react with a
transition metal M-containing compound represented by MX;

(M and X have the same meanings as those of M and X in



di car baundecaborate(12), tri(n butyl)anmoni undodacahydri do-8-nethyl-7,9 15
di car baundecaborate, tri(n-butyl)ammoni unundecahydri do-8

et hyl -7, 9-di car baundecaborate, tri(n

but yl ) anmoni unmundecahydri do- 8- butyl -7, 9 di car baundecabor at e,
tri(n-butyl)ammoni unundecahydzi do-8 al |l yl -7, 9-di carbaundecaborate, tri(n 20
but yl ) anmoni unundecahydri do-9-tri shylsilyl-7,8 diqg?bgégéegﬂﬁﬁrate and
tri(n butyl)ammoni unundecahydri do- 4, 6-di brono-7 car badnéec@b e; and
salts of netallic carborane anions, such as tri{n 25

but yl ) anmdrhaintpsiwbnafdrand-K, 88 a goypber 29pRisfying a valence of

di car banonabor ate) cobaltate(ll1), tri(n butyl)ammoni unbi s(undecahydri do-7,8
di car baund€caborate)ferrate(ll1), tri(n butyl)amoni unbi s(undecahydri do-7, 8
5 di carbaundecaborate)cobaltate{ll1), tri(n

but yl ) anmoni unbrisd untigpamd yolr é chor o8 T cal baimeldcapoabteyinmgkel Bte{l 1),
tri{n butyl)amoni unbi s(undecahydri do-7, 8 di carbaundecaborate)cuprate(lll),
tri(n 10 bailyédyenspns upbkstoasieenhysrpoond, 8including thioketone

di car baundecaborate)aurate(l11l), tri(n

but yl ) amoamdnthékenabyderflp- dan8adenplaybtdnd compound or the like

di car baundecaborate)ferrate(lll), tri{n

but yl ) ammopé upbas€ nepehydr b#éma¥yBatliftet bympduidlbepresented by the

di car baundecaborate) chromate(l11), tri(n

but yl ) anmopd wiebila{ RE+im O nodc haky dhied @ahe8 meaning as that of R! in

di car baundecaborate)cobaltate(lll), tris(tri{n

but yl ) anmogihankBishuadesahygducHoa ear hatindaeakempbehahbemamne(!11),
bis(tri(n 20 butyl)anmoni um bi s(undecahydri da-7

car baundecghpy alg) pRNgapabatky) . pobstd€bkds, p-ketoester compounds

but yl ) anmoni um bl s(undecahydri do-7 car baundecabor ate)cobaltate{lll) and

bis(trién RuhxhharagnenibResohbdeaaly dhiidRetodBters), acetylacetone
car baundecabor at e) ni ckel ate(1V).
compounds, etc. are commercially available or obtainable
by the processes known in literatures.
For synthesizing the ligand precursor, both of the
starting compounds are first dissolved in a solvent.
15 Then, the resulting solution is stirred at a temperature
of room temperature to reflux temperature for about 1 to
48 hours, whereby the corresponding ligand precursor is
obtained in a high yvield.
A solvent usually used for such reaction is
20 employable as the solvent. Above all, an alcohol solvent
such as methanol or ethanol or a hydrocarbon solvent such
as toluene is preferable.
In the synthesis of the ligand precursor, an acid

catalyst such as formic acid, acetic acid or

25 toluenesulfonic acid may be used as the catalyst. It is



- g AP R 2003 The heteropoly compound conprises an atom sel ected from
silicon, phosphorus, titanium germanium arsenic and tin and one or nore
atons sel ected from vanadi um ni obi um nol ybdenum and tungsten. Exanpl es of
such 5 compounds incl ude phosphovanadi ¢ aci d, gernmanovanadi ¢ aci d,
arsenovanadi ¢ aci d, phosphoni obi c acid, germanoni obic acid, siliconolybdic
aci d, phosphonol ybdi ¢ acid, titanonpl ybdic acid, ger o] £~ acid,

ar senonol ybdi ¢ aci d, stannonol ybdi 4acid, phosphotunSE?iAP#%EﬁHﬁh,

ger manot ungsti ¢ acid, stannotungstic acid, phosphonol ybdovanadi ¢ acid,
phosphot ungst euaiesli forn itk 1966 FPEOE UBE) Sty ahadteiati do use a

phosphonol ybdo~ungst ovanadi ¢ aci d, ger manonol ybdot ungst ovanadi ¢ aci d,

phosphonol gdged tagirid Cagentl, spdnspd omel ybdnai-obievasi dmidgnasdumal t s of
t hese acids, for exanple, the salt of theses acids and netals of Goup |I or

G oup 2 ofgieaperépdisdiahl eulLatd. orl tbhpupFosRdALRYARALASS B T ubi di um
cesium beryllium magnesium calcium strontium bariun, and organic

salts suchc@s sadhSad shese metHsaand 20 tri phenylethyl salt, but the
conmpounds are not limted to these exanples. The ionizing ionic conmpounds

(B-3) ”?ntiOnedpé@f’élﬁré’deezk&ﬁﬁléén@fwﬁé_EBaﬁQﬂEEBﬁHn@_Ean mtwo or nore
kinds. In the process for olefin polynerization according 25 to the

i nventi on, coneaiAbify 2008pbiRakr ansihaenTieta eo0pPUNsi§A; )rioir (A-2) may
be used alone, or the transition nmetal conpound (A-1J or (A-2) may be, used

t oget her vii {Bedbyl fastrONeivOMNQURLCIR), gel(Reird)?, fEAbehBrl) AN

organonetal | i ¢ conpound, (B-2) an organoal um num oxy-conpound, and (B-3) a

conpound wkﬁb r%féﬁ,“rié?afﬁ%@l%?%bh%? 8L ,OUMﬁ@qép;,maa{ai on

pair. i0 en the conpound represented by the fornmula (I Is used as a

transition g‘m:%ﬂaxggmquﬁeQQdc%ﬁgoﬁﬁﬁgogﬁﬁt £6BratidM3et ) | nati on,
the transi fTon Rt al conpound orns a conpound represented by the
followng formulgcthhad)y B:bRRyROLYERY . Zati on system 15
Then, the ligand precursor obtained above is allowed
to react with the transition metal M-containing compound,
whereby the corresponding transition metal compound can
be synthesized.

15 More specifically, the synthesized ligand precursor
igs dissolved in a solvent. If necessary, the resulting
gsolution may be contacted with a base to prepare a salt.
Then, the solution or the solution with the salt is mixed
with a metallic compound such as a metallic halide or a

20 metallic alkylate at a low temperature and stirred at a
temperature of -78 °C to room temperature or under reflux
for about 1 to 48 hours. A solvent usually used for such
reaction is employable as the solvent. Above all, a

polar solvent such as ether or tetrahydrofuran or a

25 hydrocarbon solvent such as toluene is preferably used.



RL f10 N~. + ~Xn-1 '~M R11 R12 ~ R14 R13 ~ m (l1-a) --g APR 2003 wherein
R, R to Rl4, M m n and X have the sane neanings as those of Rl, Rl to
R14, M m n and Xin the formula (I1), and Y is a "weak coordi nation
anion". In the formula (l1-a), the bond between the netal M5 and Y may be
a coval ent bond or an ionic bond. Exanples of Y include weak coordi nation
ani ons described in Chenical Review.Vol. B8, p. 1405431g§3R,2@®@n1cal

Revi ecv, Vol. 93, p. 927(1993), an %[)98/30612, p. 5. 10 More
specifically, there can be nentioned: ALR4_ wherein each R may be the sane
or differeteperched exampbeasosfatheobpses| esvddfbroprapagiygen atom a
nitrogen atom a phosphorus atom a hydrogen atom a halogen atom IS a
subst i t uenthgiopdeopsnt ninglady nbtahibtse ahdes, sabhahsphdthduhydr ocar bon
group, an aromatic hydrocarbon group, an alicyclic hydrocarbon group, an
aliphatic,sare80{écg0} albayglitthydnocanboBogianpsalbst i(euged With an
oxygen atom a nitrogen atom a phosphorus atomor a 20 hal ogen atom and
an al i phat g6dianOnREtrLdel ahicyebhfiibByBagear BaBhgheuRridlsiilawnined With a
substituent group having an oxygen atom a nitrogen atom a phosphorus atom
or a haloggnqapesiabBid._ g -9 , APR 2003 wherein each R may be the same or
different and is an atomor a group selected froman oxygen atom a

nitrogen atom BePORSPHET USoAl BPbparBYdE08EN tALORradsheliegehedlaaMm a
substituent group contalning any of these atons, an 5 aliphatic hydrocarbon

group, an asapBhLha, h¥de0eaEhAR SreuRrs3R dld eMGlelc®1RY HRCALROR@PUP, an
aliphatic, aromatic or alicyclic hydrocarbon group substituted with
the metallic compound without producing a salt, whereby
the corresponding transition metal compound can be
10 synthesized.

Further, it is possible to exchange the metal M in
the synthesized transition metal compound with another
transition metal by a conventional method. Furthexrmore,
when any of R! to RS is H, a substituent group other than

15 H can be introduced in any stage of the synthesis process.

The transition metal compound represented by the
formula (I-a} or (I-b) can be synthesized by allowing a
compound (ligand precurscr) for forming a ligand such as
a thiosalicylidene ligand or an anilino ligand to react

20 with a transition metal M-containing compound.

The ligand precursocr for forming the
thiosalicylidene ligand is obtained by, for example,
allowing a thiosalicylaldehyde compound to react with an

aniline compound or an amine compound.



an oxygen atom a nitrogen atom a phosphorus atomor a hal ogen atom and
an aliphatic, aromatic: or alicyclic 10 hydrocarbon group substituted with
a substituent group having an oxygen atom a nitrogen atom a phosphorus
atom or a hal ogen atom PF6-; SbFS-; 15 trifl uoronet hanesul fonato; and
p-tol uenesul fonato. In addition to the transition netal conpound (A-1) or

(A-2) (sonetines referred to as a "gconponent (A" hereLjaf ) at | east
one conpound (H) (sonetinmes 20 ref e%)ed to as a "conpon nfm%g)zang

herei nafter) selected fromthe organornetallic conpound (B-1), the

or ganoal um nummxyols©dPe UbHe ( BiddnangrébereorpodndciBodnzvhbehibgacts Wi th
the transition netal conpound to forman ion pair, said conponent (B) being

optional | ymaspesle 2b1éh@dotef kaapel yiehi aat aan 1eakakymbothdt be mavention can
gl ~ 9 APR 2003 further contain the bel owdescribed carrier (C and/or the

| at er - descghPed o6@BBhsaconpound (D), if necessary. 5 The carrier (C for
optional use in the invention is an inorganic or organic conpound in the

form of granul ameops pRbtieutaleysohi dnibsatiheyln2EEaYHe cONPOURA, ofOr OUS
oxi de, inorganic hal ogenide, clay, clay mneral or an ion-exchange |ayered

10 comound_ji sy PhehebaBLE: oExalRl 85 AhitheePUpouRd I8 NS YiR Si 02,
A1203, O Zr%) Ti ~2, B203, CaO 2ZnO BaO, Th02, and conpl ex conpounds or

m Xt ures g S Xi,de n Syls i ljte,
Sa 02 M0 o D RIoBE R B B g B R B, 20 B g A

Si 02- Ti 02- ohat 188€qiREEhSLAPLEE A &AYRAUNGS L U JY1RE 53,03 and/ or

A1203 as ]E elr maj or conponent. The inorganic oxides may contain snall

, . . 20
rountS OfBERERRASKE: o2 ULhabEn L B 00 DURAUPINY Sedual) o8 20
2, Al ('\'031:%??%85@339:5 L 9: %%g)ult' t%fn)é:d“'éeh%%%,h%%@e% tcRg q.e.Lsgaqié fer in

their proper ependi hg upon type a he preparation

10 precursor is obtained. As the solvent, an alcohol
solwvent such as methanol or ethanol or a hydrocarbon
solvent such as toluene is preferably employed. As the
catalyst, an acid catalyst such as formic acid, acetic
acid or toluenesulfonic acid can be employed. It is

15 effective for the progress of the reaction to remove
water from the reaction system by the Dean and Stark
method during the reaction. Molecular sieves, magnesium
sulfate, sodium sulfate or the 1iké is employable as a
dehydrating agent.

20 The o-acylbenzenethiol used herein can be obtained
by, for example, allowing the OH group of o-acylphenol to
react with dimethyl thiocarbamate to obtain thiocarbamate
and then performing conver;ion reaction of oxygen atom

and sulfur atom by means of heat or the like.



process thereof, the carrier preferably used in the 25 invention has a
particle dianmeter of 10 to 300 dun, ~2 - 9 AP R 2003 preferably 20 to 200
dun, a specific surface area of 50 to 1000 n2/g, preferably 3.00 to 700
m2/ g, and a pore volune of 0.3 to 3.0 cnB/g. zf necessary, the carrier is
calcined at 100 to 1000 C, preferably 150 to 700 C, 5 prlor to use.

Exanpl es of the inorganic halogenqus enpl oyabl e in the igﬁﬂSrmlude
Myd 2, MyBr2, MiC 2 and MhBr2. The “I'norgani c hal ogeni de y be used as it
is, or my be used after pulverized by a ball mlIl or an oscillating mll.
10 The i nor ganithdamideimal el iand eprisadrasr feane pardbicd asedfby@ precipitate
obt ai ned by dissol ving the inorganic hal ogenide in a solvent such as

al cohol arut idweing cdntl us+ £ suggat £11 1pé t @dmesund | ty Legdeckrpthaadt. The cl ay
enpl oyable in the invention is generally 15 mainly conposed of clay

m neral . THEL X0 cxstpdged | ey ede darfng ocdbp S Oy ald @btais amgpound havi ng
a crystal structure wherein |ayers structured by ionic bonding or the |ike
are | am natRfhid Peéahlebr} 0o iy Bawl Dirie Wi Be VeRkoheadestreagth, and the
ions contained 20 in the conpound are exchangeabl e. Mst of clay mnerals
are i 08- exgh e oen 1 ByRs ese LANPLUAASamThe Ebayouhdie clay mnerals and the

i on-exchange | ayered conpounds enployable in the invention are not |limted

to natural onesydwd spedUEECSYIFNEthE PI@Snd pBécuPsdFRe£R08e Exanpl es of
such clay, clay mnerals and i on exchange | ayered conpounds i nclude cl ay,

clay minerg,sc 0081268 £hyshal bade RANREHNES 8a¥EPILLAYELSYe ChYSHA!
structures such as hexagonal closest packing type, 5 antinony type, Cdd 2

type and GllR {¥PRp182rhhCYLBEr-RXATRERS Q6mbBEnd! @YeRBint PReC! @y M nerals
i ncl ude kaolin, bentonite, kibushi clay, galirone clay, allophane,

h's'“ger'tﬁhtP&%&Hhﬂékhtﬁas”hsasuBEElEHéh£|896&3 o¥egnaeyhahgllﬁalor'te

pal ygor ski te, kaolinite, nacrite, dickite and l oysite. Particular
exanply n c y n I e acid
sarsiee Sbesiaysachasseolued smaunipsighctgisiy UoEL] |,

~C- Zr (qugnilgneSEngougéThhgngﬁ Lhé hitrogen part has no

substituent group or a primary amine compound.
The o-acylaniline used herein can be obtained by,
for example, reducing the carboxylic acid group of an o-

15 aminobenzoic acid compound. & N-alkylation reaction of
an anthranil compound may be performed to obtain the
corresponding N-alkyl-o-acylaniline compound.

The ligand precursor obtained as above is allowed to
react with a transition metal M—contaiqing compound,

20 whereby the corresponding transition metal compound can
be synthesized. More specifically, the ligand precursor
is dissolved in a solvent. If necessary, the resulting
solution may be contacted with a base to prepare a
thiophenoxide salt or an anilino salt. Then, the

25 sclution or the solution with the salt is mixed with a



OGTlI ( HAsO4 ) 2 ' H20 y,-Sn (HPO4 ) 2 H20, y-Zr ( HPO4 ) 2, '"~Ti (
HPO4 ) 2 15 and 'y-Ti (NHAPO4 ) 2 HZO The clay, the clay mnerals and the
i on- exchange | ayered conpounds are preferably those having a pore vol une,
as neasured on pores having a radius of not |less than 20 A by a mercury
penetration nmethod, of not less 20 than 0.1 cc/g, and are particularly
preferably those having a pore volu of 0.3 to 5 cc/g.aT olunme is
nmeasured on the pores having a radigg of 20 to 3x104 %%yﬂEmy
penetration nmethod using a nercury parosineter. g4 - q APR 2003 If a
conpound hexvangiaiphr mevalluReconsatmanyr edmgpupdr 8achavsng metaditie of not
| ess than 20 A, of less than 0.1 cc/g is used as the carrier, it tends to
be difficuhali@eobirannmbtghlpel nokylagki ag acllow tympbrhturs padf erabl e
that the clay and the clay mnerals for use in the invention are subjected

to cheni caktiteatingst a. thnyethtanel age -ygeaicmeRt Sobl LempPeeatiiel okl es
attached to the surface and treatnents having an influence on the crystal

structure ghabbersfauxakerl@near! ayebl o4 Exarl s ebtayahachen ca
treatnents include acid treatnent, alkali treatnent, salt treatnent and

or gani ¢s supshaggeibheale®ant corpeuael.d treatnent contributes to not only
removing inpurities fromthe surface but also eluting cations such as Al,

Fe and My 15 prpgenbiel bhetﬁ@y%bqbegk%u5&@&%rgg1?n%%%asﬁekaapﬁurface area.
The al kali treatnment destroys crystal structure of clay to bring about

change in the1gkeUpbiae otk td aichlRg SAHe 2Rl PRt IR QAgani ¢

subst ance treatnent c:an produce ionic conplex, nolecular conplex, organic

20 derivat Ly A Saldpts R1GRANGE S8 W fank L2 A di stance

bet ween | ayers. e i on-exchange |ayered conpound for use In the invention

% BUERELSGRTNAD MU, Lo Chunagal eplasiyeagyer
exchang? hg§eﬁg.éggfag§3lithium salts such as n-butyllithium,
sodium sgalts such as sodium hydride, and nitrogen-
containing compounds such as pyridine and triethylamine,
without limiting thereto.
Depending upon the tyvpe of the transition metal
15 compound, the ligand compound is directly reacted with
the metallic compound, without preparing a thiophenoxiqe
salt or an anilino salt, whereby the corresponding
compound can be synthesized.
The transition metal compound represented by the
20 formula (II) can be synthesized in a manner similar to
that described above.
The structure of the resulting transition metal
compound is determined by 270 MHz 1H-NMR (Japan Electron

Optics Laboratory GSH-270), FT-IR {SHIMADZU FT-IR8200D),

25 FD-mass spectrometry (Japan Electron Optics Laboratory



properties to enlarge the distance between the | ayers. The bul ky ion plays
a pillar-like roll ro support the layer structure and is generally called a
"pillar". Introduction of other substances between |ayers of a 5 | ayered
conpound is called "intercalation". Exanples of the guest conpounds to be
i ntercal ated i nclude cationic inorganic conpounds, such as Tid4 and Zrd
metal | i ¢ al koxi des, such as Ti (OR) 49 Zr (OR) 4, PQ(OR) 3 -sFdARRAB0IR is a
hydr ocarbon group ar the like); and netallic 10 hydroxide 1ons , such as (
Al13D4 (OH) 24 ) ~+, ( Zr4 ( OH) 14 ) 2+ and iFeSO(OCOCH3)6)+. These
conpounds S¥el defety eentent oitr hegi Hnaralv@isrbyot@® Kreflod The
intercal ation of the conpounds may be carried out in the presence of
pol ymers cHitenclrpyashingl §ad sdbsseduetloncinl gbknbesnittrsecackd, Si (OR) 4,
AL(OR)3 and Ge(OR)d (R is a hydrocarbon group or the like) or a.n the
presence cleviote i IRIMAPEY gEEPS-800Hbunamd saahber, Shpdrogaangphds of the
pillars include oxides produced by intercalation of the above nentioned
met al | i ¢ hyikoxgee ¢omsehet apehysiyefBalagsf GHNOWdAeY) dehydr ati on under
heating. The clay, clay mnerals and ion-exchange | ayered conpounds
ment i oded abovermmytbanssetcnsmebal eompoend nahtoineddoy afher t hey are
subjected to a treatnent of ball mlling, sieving or the |ike. Moreover,
t hey may herosesls 28deattibefihaboweecisubpretatilyoinaleteddsprpti on or g6 q
AP R 2003 dehydrati on under heating. The clay, clay mnerals and
i on- exchangentveyeiedat ompbhodsandythenussddsiEngl pobymenizatbonati on of two
or nore Mnds. O the above-nentioned materials, preferable are 5 clay and
cl ay m nermdsevang pRet redbaiby porteiahl efachenbiiyandi bresutgor
vermculite, pectolite, taeniolite and synthetic mca. The organi c conpound
is, for exanpl eheam@tablliar comppanti edhabe aekd] asnpeumnd, hBging a particle
dianeter of i0 10 to 300 uzn. Exanples of such conpounds i ncl ude
(co) paloynepsiphedigadiyai, ngigRoat- @keflagiel Zheotidneathen AbeAs such as
et hyl ene, propyl ene, 3.-butene or 4-nethyl 1-pentene as a chief ingredient,
(co) pol ynegsmpsagdaced using vinyl cycl ohexane or styrene as a chi ef
i ngredi ent,

The transition metal compounds represented by the

formula (I) are used singly or in combination of two or
more kinds as an olefin polymerization catalyst.

15 It is a preferred embodiment of the present
invention to use the transition metal compound (&-1) or
{A-2) together with at least one compound (B) selected
from (B-1l) an organometallic compound, (B-2) an
organocaluminum oxy-compound and (B-3) a compound which

20 reacts with the transition metal compound to form an ion

pair.

B-1 rgan 111 u
Examples of the organometallic compounds (B-1) for

25 wuse in the invention may include the below~described



15 and nodified products thereof. ~D1 Organi c conpound conponent In the
present invention, the organi c conpound conponent (D) is optionally used
for the purpose of 20 inproving polyneri~ability and properties of the
resul ting polyner. Exanples of the organic conpounds include al cohols,
phenol i ¢ conpounds, carboxylic acids, phosphorus conpounds and sul f onat es,

but the organic conpounds are not I4yrited to these e.xsfrgls . ¢ ~ APR 2003
As the al cohols and the phenolic conpounds, those repre nﬁeg[][p R2-OH (R2

is 8 hydrocarbon group of | to 50 carbon atons or_a_ hal ogenated hydrocarbon
group of FQ@W‘%%r%W‘&t%@?ah?eam@]alﬁll%‘iﬁ%y@&m EF’gq‘P’rEP atcohol s are
preferably those of the above formula wherein R2 is a_hal ogenat ed
hydr ocar bd¥repup: GFeuphbhoprnd evpppuhiischrenpreeeiediy - wherein the
a,oc' -positions of the hydroxyl group are substituted with hydrocarbon
groups of 1 to ¢ ka) Rwganentumigumscenpownd st esenieedi by ttose
represented by RR1 COOH (R21 is a hydrocarbon group of 1 to 50 carbon
atons or afdvblogimat fdrmyaecar bon group of 1 to 50 carbon at ons,
preferably a hal ogenated hydrocarbon group of 1 to 50 carbon atons) are
gener al’l y enpl oBedl (OR®AsHj¥ke phosphorus conmpounds, phosphoric acids having
P- O H bond, phosphates having P-OR bond or P=0O bond and phosphi ne oxi de
conpounds wherpiefRt and Rhmeayydok thHee samid eonatdds fempingy alplde aver ei n are
t hose represented by the following fornv.la (VII1): 20 O ~S-R33 On (VIlI)
88 -- 9 AR&R083hwiieveanbbhi granpavbnisebetfedatbom &omp, 1 to G oup 14 of
the periodic table; R33 is hydrogen, a hydrocarbon group of i to 20 carbon
at ons ox aphafFegehaietl hyddocarbon GtgmeppXolslathal8gearbtomatand; X is a
hydrogen atom a

m, n, p and g are numbers satisfyving the conditions of

10 0<m=3, 0=n<3, 0=p<3, 0=¢g<3 and m+n+p+qg = 3.
(B-1b) Alkyl complex compound comprising a metal of
Group 1 of the periodic table and aluminum, said compound
being represented by the following fofmula:
M2A1R%,
15 wherein M2 ig Li, Na or K; and R® is a hydrocarbon group
of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.
(B-1c) Dialkyl compound containing a metal of Group
2 or Group 12 of the periodic table, said compound being
represented by the following formula:
20 RaRbM3
wherein R® and RP may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms; and M3 is Mg, Zn or Cd.
Examples of the organocaluminum compounds (B-la)

25 include:



hal ogen atom a hydrocarbon group of 1 to 20 carbon atons or a hal ogenat ed
hydr ocarbon group of 1 to 20 carbon atons; mis an integer of 1 to 7; and

| SnS7. In Fig. 1, steps for preparing the olefin 10 pol ynerization catal yst
of the invention are shown. In the polynerization, the conponents can be
used in any way and in any order. Sone exanples of the processes are given
bel ow. {1) The conponent (A) and the conpound {B) ané?fﬁ$DR52@@Bthe

pol ynmeri zation reactor in an arbitrary order. (2) A catalyst conponent
wherein the conponent {A) is supported on the carrier {C), and the
conponent (B) aneofgdnbaltinénpol yowppratli oppreaented byamhar bitrary order.
20 (3) A catal yst conponent wherein the conponent (B) is supported on the
carrier (Epllawdntrhéoeonpenent (A) are fed to the pol ynerization reactor
a.n an arbitrary order. ~' APP 1.003 (4) A catal yst conponent wherein the
conponent (A) BRI {ORVgoponent (B) are supported on the carrier (C) is fed
to the polynerization reactor. In the above processes (2) to (4), at |east
two of 5 whereahaRysandorpatientise nElye beaps eyt odsE FeLont agh@dareén t he
processes (3) and (4) using a conponent (B) which is a supported type, a
conporent eaBh whihglriosarblona groppoifed fypa sTRadhdraddeshd,n an arbitrary
order. In this case, the conponents (B) nay be the sane or 10 dif f erent

Onto the pebirdradltigl USkcC ATRAABIN W ,N drlte nt I HiHedM1 800 t he
conponent (B) are supported on the carrier (C), an olefin may be

prepol ymenized,y @8 tlilkE AN UneTeinzat it igE Gatspkysts conponent, a catal yst
| S conponent may be further supported. In the process for olefin

pol ymeri zat i ona3Ce4Andd 1uthihha RSN reMt- U ritidl i, RAy/Meri zed or
copolynerized in the presence of tha above-nentioned olefin polynerization

catal yst t@1qbkadny FHorH@fd:n 20 polyner. In the present invention, the
pol ymeri zation can b carried out as any of |iquid phase polymerization,

such g sol uti @e pokynerization or suspension polynerization, and gas phase
pol ymeri zati on.

wherein R2 is a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, X is a halogen atom, and
m is preferably a number satisfying the condition of
0<m<3;
15 an organocaluminum compound represented by the
following formula:
Ro,ALH;3 py
wherein R2 is a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, and m is preferably a
20 number satisfying the condition of 2=m<3;
and
an organocaluminum compound represented by the
following formula:

Ra, AL (ORP) ,Xq



9a ~ APR 2003 Exanpl es of inert hydrocarbon nedia for use in the liquid
phase pol ynerization include aliphatic hydrocarbons, such as propane,
but ane, pentane, hexane, heptane, octane, decane, dodecane and kerosi ne;
alicyclic S hydrocarbons, such as cycl opentane, cycl ohexane and

met hyl cycl opent ane; aromatic hydrocarbons, such as benzene, toluene and

xyl ene; hal ogenat ed hydrocarbons, sych as et hyl eneachl ijﬁnachlorobenzene
Xz SRR

and di chl oronet hane; and m xtures t hese hydr ocz 10 ol efin

itself can be used as the solvent. In the polynerization of an ol efin using

the ol ef i RPOLYIRRZ HADRICHB) W tHN & LRRANRIY S HeDerltS dinedidd an anount
of usually 10-i2 to 10-2 nol, preferably 10w to 10-3 nol per 1 liter of

reaction Vi4be. o 15, dhE-£LHBANGRbuLBok) 11 80US8dch PreHChe8Rs2MOUNt that the
nolar ratio {(B-1)/(M) of the conponent {B-1) to the transition nmetal atom

(M in theprfgf@meﬂ { AlobgcoresotiSHabhY, Ox01st @ £09898n RiomEf §RAC!I Y 0. 05

to 50000. ‘The conponent (B-2) is used in such an anpunt that fhe molar 20

ratio ((B2)/{M)aok Lbg ﬁ#ﬂﬂ%ﬁg%QEQ%&E@?%&OHBRHEE&O&@‘ %}eyb% B

transition netg$ atom (M e conponent becones usua %o

500000, prefe 20, £ 10 0] congponent (B-3) is used in such an
anountStha?'tﬂgggn'aBLFa<%o%'%BP§%P' )@Ef t he conponent (B-3) to the 91
~~ APR 2003 trapsj.ik t { LRt : 1~ s usually
o 10 pref eranryt S BF epfibath M be BeqRRRRENShu sLyBBRAES

conponent E§Q sh nSeRaRent (D) is optionally used in such an 5 anmpunt
that the { /%%—1? rati o by raol becones usually 0.01 to 10, preferably 0.1

to 5. W th N t t.(B th t
(D i s opti onal FETRBCE eyt B b btz S8R HO CERHBIAT IR LB nl® O IPOTR
b Ly, 0,001 , f b 0,005.10 to_. 1. W he . t
(B3 s ubBaeRavRatms ety B B B s, Sebp PO ) Lsed i n
SUCh_ﬁgb?gg%2§e%ggggiﬁﬁigg%ﬁ(%E%%e&% Eﬁuginﬁ%h %&%c %f%T#%fﬂémpg%%.to 10,

prefe

tridecylaluminum;

branched-chain trialkylaluminums, such as
triisopropylaluminum, triisobutylaluminum, tri-sec-
butylaluminum, tri-tert-butylaluminum, tri-2-

15 methylbutylaluminum, tri-3-methylbutylaluminum, tri-2-
nethylpentylaluminum, tri-3-methylpentylaluminum, tri-gr
methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-
methylhexylaluminum and tri-2-ethylhexylaluminum;

tricycloalkylaluminums, such as

20 tricyclohexylaluminum and tricyclooctylaluminum;

triarylaluminums, such as triphenylaluminum and
tritolylaluminum;
dialkylaluminum hydrides, such as diisobutylaluminum

hydride;



In the olefin polynerization using the olefin 15 pol ynerization catal yst,
the polynerization tenperature is in the range of usually -50 to +250 C,
preferably 0 to 200 C, nore preferably 60 to i 70 C. The pol yneri zation
pressure is in the range of usually atnospheric pressure to 100 kg/cn2,
preferably 20 atnospheric pressure to 50 kg/cnR. The pol yneri zation
reaction can be carried out by any qf batchw se, sem _apnpf nd
conti nuous processes. The pol yneri ?gti on can be conducﬂdkpyt?zv@%r nor e
stages under different reaction conditions. 92 -~ q AP R 2003 The

mol ecul ar wei ghir iGf1 Kdis, =AM fivivs Me@indb itdeady c@n be control | ed by
all ow ng hydrogen to be present in the polynerization systemor by changi ng
the pol ymer g alh Dy A-EPEY afulicreithec Mof emd o avsd ghiclcan gssHcieat rol | ed
al so by changing the type of the conponent (B). In the present invention,
the ol ef i ;[aghaErand t4=hiqh %ﬂhﬁcﬁ|saEfﬁideire9@Qaﬁ%nﬁ%%CEd with
excel l ent polynerization activity, especially at high tenperatures by the

use of the abowgrighefivhRoiny EIHGalda GAldl Yed - iddbdRml@simint he ol efins

whi ch can be polynerized by the use of the olefin polynerization catalyst
i nclude: s{dEhabiasnal o PlLNGNRALR sNSELdS Hld 2 4GS0y LRI RR N EHONS,
preferably 2 to 20 carbon atons, such as ethyl ene, propylene, 1-butane,
2-but ane, izpentaneqsd; 15 nethyl - 2-butane, 2-hexane, 4-nethyl -1-pentane,
3-nmet hyl 1-pentane, 1l-octane, 1-decene, 1.-dodeceue, 1-tetradecene,

1-hexadecene, lanohagecang: Al el e0sene: «o0d £ychaplelins ohsduho 30

carbon atons, preferably 3 to 20 carbon atons, such as cycl opentene,

cycl ohept engy 303 HOT heL HEREG] o PaliBL N s CROR{BOT BEHCa1 bEEY PEYGhpdedecene and
2-met hyl -1, 4,5, e-di net hano-1, 2, 3, 4, 4a, 5, 8, 8a oct ahydr onapht hal ene. Pol ar
nononers age. &l $8- £npl oyabl e. Exanpl es of the polar nonomers include

oc, (3-unsaturated carboxylic acids, 25 such as acrylic acid, nethacrylic

aCid’I%unariC a&iﬁ&lal&ﬁ&ﬁﬁﬁ'égig&¥égkoxides, such as ethylaluminum

sesquiethoxide and butylaluminum sesquibutoxide;
partially alkoxylated alkylaluminums having an
average composition represented by R2; sAL(ORP)g . s;
dialkylaluminum aryloxides, such as diethylaluminum
15 phenoxide, diethylaluminum(2,6-di-t-butyl-4-
methylphenoxide), ethylaluminumbis(2,6-di-t-butyl-4-
methylphenoxide), diisobutylalumium(2,6~-di-t-butyl-4-
methylphenoxide) and isobutylaluminumbi;(z,G-di—t—butyl—
4 -methylphenoxide) ;
20 dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, dibutylaluminum
chloride, diethylaluminum bromide and diisobutylaluminum

chloride;



mal efi ¢ anhydri de, itaconic acid, itaconic anhydride and

bi cycl o] 2, 2, 1] - S- hept ene- 2, 3-di carboxylic anhydride; netallic salts, such
as sodiumsalts, potassiumsalts, Lithiumsalts, zinc salts, magnesi um
salts and calcium5 salts of the above acids; a,~3-unsaturated carboxylic
esters, such as nethyl acrylate, ethyl acrylate, n-propyl acrylate,

i sopropyl acrylate, n-butyl acrylatg, isobutyl acryl ax.q, hA'.’éRt Zgﬁgyl
acrylate, 2-ethyl hexyl acrylate, methyl nethacrylate, ethyl nethacryl ate,
n-propyl 10 nmethacrylate, isopropyl mnethacrylate, n-butyl nethacrylate and
i sobutyl net hac&%sa{ée%umw wai@rihaliges qssuenyes fidvakalundmim
propionate, vinyl. caproate, vinyl caprate, vinyl laurate, vinyl stearate
and vinyl sesauichbartdat coutmbatuniney gpyandghleside sandych as 15
glycidyl acrylate, glycidyl nethacryiate and nonoglycidyl itaconate; and
haIogen-coﬂ@%Yhﬁ¥Eﬂ¥m%mi$S§q%ﬁbh9®%d%inyI fluoride, vinyl chloride, vinyl
borom de and vinyl iodide. Vinylcyclohexane, dienes and pol yenes are al so
enpl oyabl e as dbaxftimlloHeaivgerated e ikel pbuybnmens 20swelpl ayabl e herein are
cyclic or chain conmpounds having 4 to 30 carbon atons, preferably 4 to 20
car bon 5at oethydatuhinvimgdieblorider epdopbhl @lohdsn &kehbdeidefasdch
conpounds i ncl ude butadi ene, isoprene, 4-nethyl-1,3 pentadiene,

1, 3- pent adbehelaluripent difbeowidd; 5- hexadi ene, 25 1, 4- hexadi ene,

1, 3- hexadi ene, 1, 3-octadiene, 1,4 94 - g AP R 2003 oct adi ene,

1, 5- oct adi ene, diflloglathneiryum lhydoibdes) esechebhydidenel abuhimwmene, Vi nyl
nor bor nene, dicycl opent adi ene, 7-nethyl-~.,6-octadi ene, 4-ethylidene

8- net hyl - 2hydnhdadasfied ahdtH]l 81dniriyhydrdd8sdecatriene. 5 Aromatic vi nyl
conpounds are al so enpl oyabl e as ol efins. Exanples of such conpounds

i ncl ude nono- opapeiynlkyhgiyvogenstedusthas alkitAatumina®eyl styrene, m
nmet hyl styrene, p-nethyl styrene, o, p-dinethylstyrene, o ethylstyrene,

m et hyl®st yepaeifpdapiel hallriyakanindd 8ungtradak,geagh- aent ai ni ng styrene
derivatives, such as nethoxystyrene, ethoxystyrene, vinylbenzoic acid,

met hyl vi ngthenzoanenumi ayhbapzyk aset gkepyhyduminehyaengdroashl anast yrene,
p-chl orowt yrene and di vi nyl benzene; and ot her conpounds, such as

3‘pheny|pr0py|eﬁﬁrtﬂally alkoxylated and halogenated alkylaluminums,
such as ethylaluminum ethoxychloride, butylaluminum
butoxychloride and ethylaluminum ethoxybromide.

15 Compounds analogous to the organcaluminum compound
(B-la) are also employable. For example, there can be
mentioned organcaluminum compounds wherein two or more
aluminum compounds are combined through a nitrogen atom,
such as (CyHg),AIN(C,H5)AL (C3Hs) 2.

20 Examples of the compounds (B-1b) include LiAl(CyHs),
and LiAl (CqHis)¢.

Other compounds, such as methyllithium, ethyllithium,
propyllithium, butyllithium, methylmagnesium bromide,
methylmagnesium chloride, ethylmagnesium bronmide,

25 ethylmagnesium chloride, propylmagnesium bromide,



15 phenyl propyl ene and a, -net hyl styrene. The ol efins nenti oned above can be
used singly or in conmbination o two or nore kinds. EFFECT OF Tfi E | NVENTI ON
20 The ol efin polynerization catalyst and the process for olefin

pol ynmeri zati on according to the present invention can produce pol yol efins
with a high polynerization activity at high tenperatures. 25 EXAMPLE  9s

--q APR 2003 The present invention is further describ rence to
the foll owi ng exanples, but it sho®d be construed t M Q? KPQQ metlon isin

no way linmted to those exanples. S In the follow ng exanples, the

i ntrinsi ¢ picgRAs ?xaémmwﬁdaénﬂmﬂag@sﬂéé Hromfikfe , Structures of the
conpounds obt ained in the synthesis exanples were determ ned by 270 WVHz

1H Z~MR ( 4RR3A e grfdd Q8 @{1&&&@%@&&%’ ind FD-mass spectronetry
{Japan 10 El ectron Optics Laboratory SX-102A), etc. ,$vnthesis ExamlInto a

500 M reagty M%drd%% i Sed M X argon 7.51 g (50 mol ) of
wer

2-tent-butyl phenol and 54 nl of e introduced. To the reactor, 18.53

m of 15 ap§} %ﬁ!hfl%&&ﬂéﬁhﬁ:?mﬂé"a{‘ﬂsé%n%inﬁ £ pildragnesi um br omi de

was dropw se "a then the tenperature of the systemwas slowy
{orpor 3t ur S AR on ﬂ%@%é‘ﬁ&”?ﬁ ol ene was added, “and the 20
system vas heaslul G 6 sl bindd 'oB08e 4 T Glodl xag =0l vt or
E;‘#;Xr“nﬁfad%a%é’%ég%%%%@%‘éﬁ?f%f‘%@ ?75’*“%%%%%%% © 25 were added,
foll owed b lstlrrln on 0361?thor 1hour x%? ~Ag‘ ?ﬁ Thereatlon

sol uti on V&S AT ouE 0 r'oom t errper B Hef with 100

Vi
hydrOChIOrlf aﬁﬁ&k and alkyllithium and a combination of

10 halogenated aluminum and alkylmagnesium, are also
employable.
Of the organometallic compounds (B-1), the
organcaluminum compounds are preferable.
The organometallic compounds (B-1) mentioned above
15 are used singly or in combination of two or more kinds.
B-2 rganoaluminum ~compoun
Examples of the organoaluminum oxy-compound (B-2)
for use in the invention may be conventional aluminoxane
or such a benzene-insoluble organocaluminum oxy-compound
20 as exemplified in Japanese Patent Laid-Open Publication
No. 78687/1990.
The conventional aluminoxane can be prepared by, for
example, the following processes, and is generally

obtained as a hydrocarbon solvent solution.



The organic | ayer was concentrated and purified by a silica gal colum to
obtain 6.22 g {yield: 70 %9 of 3-t 5 butylsalicylaldehyde. 1H NVR (CDCLl3):
1.42 (s, 9H), 6.94 (t, 1H), 7.25-7.54 (m 2H), 9.86 (s, 1H), 11.79 (s, 1H
Into a 200 ni reactor thoroughly purged with nitrogen, 80 m of ethanol,
6.06 g (22.5 mmol ) of n 10 octadecylamne and 2.84 g (15.0 mmol ) of 3-t
butyl sal i cyl al dehyde were introduced, than a small anoun f.acetic acid
was added, and the m xture was stirgged at room tenperatT e%ﬂ%ﬁ Mﬁours.
The reaction solution was vacuum concentrated to renove the sol vent,
whereby 4.56 g 15 (yield: 7D.7 %, of a conpound (A) represented by the
foll owi ng formfld (A" REIVRBHEPUS CeRRIURdy 1S85t88 . 1H Nrgt  (CDCL3)
0.89 {t, 3H) , 1.26 (s, 30H) , 1.44 (s, 9H), 1.53-1.75 (m 2H), 3.57 (t,
2H), 6. 79 fuiakhkylalumignum 13s (gifed Hio g yinogerben mefjumg 32 (s, 1H),
14.22 (s, 20 1H) ~ ~ ~P R 2003 ~ctadecyl N/ OH ~A) tBu Into a 100 m
react or t oranepdionreod aperpeNRRdcontainigmndeosst yon2watanoby af the
conmpound (A) and 20 m of ether were introduced, and they were cooled to 5
78 C and stakt echnfainimg reatenrof lcvpBsdlbizatiohexang . sohagheriumnt ai ni ng
2.2 mol of n-butyllithiumwas dropw se added over a period of 10 m nutes,
then the tehipmriderhydfatée syspem smifatevhydrateedalominom t enper at ure,
and the reaction solution was stirred at 1O roomtenperature for 4 hours to
prepare a sulfatenkudtasel vhickel Toelfatathpdrabs dropersesadded to 20 ni
of a THF solution containing 0.38 g (1.0 mm~.) of a Zrd 4(THF) 2 conpl ex,
sai d THF schliiide hbydngtéeenocabled the-dByanodltmintiecdmppunge tadditi on
was conpleted, stirring was IS continued with slowy raising the
t enper at ureed ot rwboht ehpeadsorptidhenatsti ori thewaatbur biier perforned at
roomtenperature for 15 hours, and the solvent was distilled off fromthe
reacti on serypstablizheisasulting solid was recrystallized froma m xed
solution of ether 20 and hexane to obtain 0.220 g (yield: 22.6 % of a

10 (2} Water, ice or water vapor is allowed to

directly act on an organcaluminum compound such as
trialkylaluminum in a medium such as benzene, toluene,
ethyl ether or tetrahydrofuran.
(3) An organotin oxide such as dimethyltin oxide or
15 dibutyltin oxide is allowed to react with an
organcaluminum compound such as trialkylaluminum in a
medium such as decane, benzZene or toluene.
The aluminoxane may contain a small amount of an
organometallic component. Further, it is possible that
20 the solvent or the unreacted organocaluminum compound is
distilled off from the recovered solution of aluminoxane
and the remainder is redissolved in a solvent or
suspended in a poor solvent for aluminoxane.
Examples of the organocaluminum compounds used for

25 preparing the aluminoxane include the same organocaluminum



~s ~q APR 200 conpound (1) represented by the followng fornmula {1) as a
bright yellow crystal. 1HNWR (CDC13) : 0.88 {t, 6H), 1.25 (s, 78H), 1.57
(s, 4H), 3.59 (t, 4H), 6.92 (t, 2H), 7.20-7.26 (dd, 2H), 5 7.55-7.62 (dd,
2H), 8.15 (s, ~.H) FD-nmass spectronetry: 1018 ctadecyl ZrC 2 2 tBu IO
8vnthesis Exanple 2 Into a 100 m reactor thoroughly purged with nitrogen,

50 m of ethanol, 2.28 g (20.14 mmol) of cycl ohexanengt hyl am and 2.98 ¢
0.5.73 mmol ) of 3-t butylsalicylal @8hyde were introdﬁieﬁ%ﬂgghﬂﬁ%ey were 15

stirred at roomtenperature for 20 hours. The reaction solution was vacuum
concentra I e .sol.yen and,the resul ting [iqui s purified
by siIicaééngggﬁggﬁgcﬁ%gﬁﬁggaggph§sfgfoetaﬁﬁ%iif@éq figﬁﬂﬂﬂgg o) of a
Caui d - CEsnaRIBRRA s HRPNIR (Pnat) BoBhplgh bRRTerante Bugy (o

oH), 3.42 (d 6. 76- 7. 32 3H), .8. s, 1H), 14.19 (s, iH v N OH
tBu 5 |ntSQéaﬁég%ﬁFuﬁégﬁFﬁraPﬁSFS&EﬁF qaﬁkg}%%ﬁTﬂﬂH%ﬁﬁjthh argon, 0.97 ¢
(3.55 mo f, the_conpou and 20 .,m . of, ether were introduced, and
Lhey vier orbELRGH LA LV BHELERATLE Die bE SRS R SR 5 40 1 of a

n- hexane 10 sol ution contgini,ng 3.84 mmol_of n-butyllithiumwas, dropw sa
added b~crer aTB@rPEHaBPa EOMPONTAS R e SRE BT P syst em was
slow y ra%;gg&%gtﬁggpkﬁg er%%yre, and %Qf reaction solution was stirred at
roomtenp h o“ﬁFﬁb&Fé‘ Jithiumsalt 15 solution. The
solution was dropw se added_to 3Q nil of a THE solution containing 0.66 g

(1..75 mol ) ofxamplesirfHEhe sodpeats dhef A9 RHRIGTRhERSE i ng been

cool ed
aluminoxane include aromatic hydrocarbonsg, such as

benzene, toluene, xylene, cumene and cymene; aliphatic
10 hydrocarbons, such as pentane, hexane, heptane, octane,
decane, dodecane, hexadecane and octadecane; alicyclic
hydrocarbons, such as cyclopentane, cyclchexane,
cyclooctane and methylcyclopentane; petroleum fractions,
such as gasoline, kerosine and gas oil; and halogenated
15 products of these aromatic, aliphatic and alicyclic
hydrocarbons, particularly chlorinated or brominated
products thereof. Ethers such as ethyl ether and
tetrahydrofuran are also employable. Of the solvents,
particularly preferable are aromatic hydrocarbons and
20 aliphatic hydrocarbons.

The benzene-insoluble organcaluminum oxy-compound
for use in the invention is preferably an organocaluminum
oxy~-compound containing an Al component that is soluble
in benzene at 60 °C in an amount of usually not more than

25 i0 %, preferably not more than 5 %, particularly



to -78 C. After the dropw se addition was conpleted, stirring was continued
wth slowy raising the 20 tenperature to roomtenperature. Then, stirring
was 100 - g AP R 2003 further performed at roomtenperature for 15 hours,
and the solvent was distilled off fromthe reaction solution. The resulting
solid was washed with 120 m of nethylene chloride. The filtrate was
concentrated and washed again 5 with ether to obtainqglaé 2bﬁ'eld: 46 %
of a conmpound (2) represented by t & fol |l owi ng forniil fg yel | ow
powder. 1H NWMR (CDC13): 0.50-1.74 (m 22H), 1.58 (s, 18H), 3.32 (m 4H)),

6. 90- 7. 60 fyaf ddb18 ik (forLHhald £ ) B5s sdakd IOFEAT VardRb dHde? /| ~ ~ 2

~2) tBu ~vnthesis aml~e-3 Into a |00 mM reactor thoroughly purged with

15 nitrogegry, Shdrpdz&idanidle1vb &é&%&ﬁm Oky2compound is
met hyl cycl ohexyl arnine and 2.89 g (16.23 mol ) of 3-t butylsalicyl al dehyde

vere intrqguced {1 ;&t&séf@ie aaptggaﬁnﬁté&%ig YRsLadgdeds  and the

m xture was stirre roomtenperature 24 hours. The reaction sol ution

S 420 g BCUUM GNP g S LR EETR S eSS for A48 i%ene 10T -0 ADR

2003 resulting 11 : was puril I ca ge olum chronmat ography to
Formi & (O et S e T8 S f ORI Aok FREAEH GRyp¥onPBund | O 10
5,30, 8. o ietilngndfalfand dendoseited ‘ol fue R il "ol TNV

100 M rea ol fhoroughly dried and purged with argon, 0.96 g (3.51 mmol)
of the conpound (C) and 20 ml of ether were introduced, and they were

cooled to 78 C and stifred. Tg,the reagfor, 2.41 ml of a n-hexane 15
sol uti on contai ni ng §i§6 ol Bof n-buyﬁl i t hi um was

Al—O0—B—O0—Al

/ \21

R2! R

(IIT)
10
wherein R2?%9 is a hydrocarbon group of 1 to 10 carbon
atoms; and each R2! may be the same or different and is a
hydrogen atom, a halogen atom or a hydrocarbon group of 1
to 10 carbon atoms.
15 The organoaluminum oxy-compound containing boron and

represented by the formula (III) can be prepared by
allowing an alkylboronic acid represented by the
following formula (IV) to react with an organocaluminum
compound in an inert solvent at a temperature of ~-80 °C

20 to room temperature for a period of 1 minute to 24 hours
under an inert gas atmosphere,

R20-B- (OH), (IV)



dropwi se added over a period of 10 mnutes, then the tenperature of the
systemwas slowy raised to roomtenperature, and the reaction solution was
stirred at roomtenperature for 2 hours to prepare a lithiumsalt 20
solution. The solution was dropw se added to 20 mM of a 102 -q APR 2003
THF solution containing 0.66 g (1.75 mmol) of a Zrd 4(THF) 2 conpl ex, said
THF sol ution having been cooled to -78 C. After the dropw se addition was
conpleted, stirring was continued wsth slowy raisi ng—?nﬁF&SRt;a_} 'grature to
roomtenperature. Then, stirring was further perforned at room tenperature
for 25 hours, and the solvent was distilled off fromthe reaction solution.
The resul YWhRFSG iR 'WdE WRehEamm orose me dessmided FReVE:I trate was
concentrated and recrystallized froma m xed 10 sol ution of nethyl ene
chl ori de and h&Xakes odf dihe R U PINeRic: agEig)regresansigsbin (3)
represented by the following fornula (3)_as a yell ow powder. 1H NMR (CDC13)
: 0 . 69- o foxmule) (IV) gpclyde mgthylboreniq agidmethylber@siq. 64 (m
6H), 8.14-8.27 {ni, 2H 15 FD-mass spectronmetry: 706 ZrCl2 2 (3) tBu
~vnt hesi s &8dthp| B8P TIRBLROTOVLF12¢ Ehct BTPYPBY yipureged: vTith 20
nitrogen, 50 m of ethanol, 2.31 g (18.16 mmol) of 2,3 103 -9 APR 2003
di met hyl cyrMtandatemiqeachd, 3idabgtyibonsnimoiyidi B-heiyilydsenicyl al dehyde
were introduced, and they were stirred at roomtenperature for 24 hours.
The react impidol ey¢brhevaslvaronihe caontént phendlbororimvacide Ipobvent, 5
whereby 4.97 g (yield: 99.Z % of a conpound (D) represented by the
fol | owi ng dbf absodyombs abidi neentsfiuyebbbanyibhoronid HadiMR £:aDC13) :
0.75-1.00 (m 6H), 1.00-1.95 (m 8H), 1.44 (s, 9H), 2.73-3.30 (m 1H),
6. 77-7. 32 3n5-Bif (tBiBOudDoBe 8Byl hphdhylbddoRde 1483, (MEf Hi)eskh N OH (D)
~Bu

preferable are methylboronic acid, n-butylboronic acid,

10 isobutylboronic acid, 3,5-difluorophenylboronic acid and
pentafluorophenylboronic acid. These alkylboronic acids
are used singly or in combination of two or more kinds.

Examples of the organcaluminum compounds to be
reacted with the alkylboronic acid include the same

15 organocaluminum compounds as previously described with
respect to the organoaluminum compound (B-la). Of these,
preferable are trialkylaluminums and
tricycloalkylaluminums. Particularly preferable are
trimethylaluminum, triethylaluminum and

20 triisobutylaluminum. These organocaluminum compounds are
used singly or in combination of two or more kinds.

The organocaluminum oxy-compounds (B-2) mentioned
above are used singly or in combination of two or more

kinds.



20 Into a 100 mM reactor thoroughly dried and purged with argon, 1.20 g
(4.18 mol ) of the conmpound (D) and 20 m of ether were introduced, and
they were cooled to 78 C and stirred. To the reactor, 2.70 ml of a

n- hexane 25 sol ution containing 4.24 mmol of n-butyllithiumwas 104 -9
APP 2003 dropw se added over a period of 10 m nutes, then the tenperature
of the systemwas slowy raised to roomtenperature, ? F{E tion

sol ution was stirred at roomtenpermture for 4 hours 't A l'ithium
salt 5 solution. The solution was dropw se added to 30 of a THF sol ution
cont ai ni ng O. of a ZrCI 4( THF)Z corrpl ex $a| d THF sol ution
havi ng been tBs8féd pRoyRd Aok s A-kae sakleasmesadl ot ed,
stirring was ra|5|ngthe 10terrperatureto room

terrper ature. H - room terrper ature for
I 5 hours, and the sol vent _was di stllled off fromthe reaction solution. The
resul ting sol i EH¥RRPIREHRE Whe neFpeundf (Rrhbrwhikeh 7oeart sfwiek hfhene
chloride. The filtrate was concentrated 15 and washed again with a m xed
sol uti on dirammbbianmeeshneconpowhd alk) ota7fgrnyae| #on2Mady of a conpound
(4) represented by the following formula (4) as a yellow powder. iH NWMR
{CDCI3ﬁ O{nefarred Qg]agsk&onlzsqg{sonlgFgomngugd55hgr$§n§ﬁpeg}D
6.70-7.70 {m 6H), 8.10-8.40 (m 2H) FD-mass spectronetry: 734 25 1s -q
APR 2003 m@ZlﬁcludeCﬂchmpotlBé WphtheseacExawprth shéntvansidboni react or
t horoughly purged with 10 nitrogen, 40 ml of ethanol, 0.90 g (0.84 mmol) of
benzyl ani meetmd ¢mpound( genzemnntydoby 3thebabyireaforphibdéfiyderwer e
i ntroduced, then a snmall anmount of nol ecul ar sieves was added with stirring
at room {II}) to form an ion pair, such as Lewis acid, an ionic
compound, a borane compound and a carborane compound
10 described in Japanese Patent Laid-Open Publications No.
501950/1989, No. 502036/1989, No. 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 are also available.
15 The Lewis acid is, for example, a compound
represented by BR; (R is fluorine or a phenyl group which
may have a substituent group such as fluorine, methyl or
trifluoromethyl). Examples of such compounds include
trifluoroboron, triphenylboron, tris{(4-fluorophenyl)boron,
20 tris(3,5-difluorophenyl)boron, tris(4-
fluoromethylphenyl)boron, tris{pentafluorophenyl)boron,
tris(p-tolyl)boron, tris{o-tolyl)boron and tris(3,5-
dimethylphenyl)boron.

The ionic compound is, for example, a compound

25 represented by the following formula (V).



tenperature, and the m xture was stirred at 55 C for 4 15 hours. The
reaction solution was filtered, and the filtrate was vacuum concentr at ed.
To the concentrate, 40 m of cold MeOH was added, and the m xture was
cooled at -78 Cwith stirring to obtain 1.BO g (yield: 80 o) of a conpound
(E) represented by the followng formula {E) as 20 a yellow solid. iH NW
(CDC13): 1.45 (s, 9H), 4.82 (s, 2H), 6.78-7.45 (m 8H)_Lq8 13%72@03’ 1H)
13 . 89 (bs, 1H) 25 106 -9 APR 26p3 ~! N CH 5 tB~ Into aﬁio eact or

t horoughly dried and purged with argon, 0.50 g (1.87 muol) of the canpound
(E) and 40 10 ml of ether were introduced, and they were cooled to 78 C
and stirred. To the reactor, 1.20 ml of a n-hexane solution containing |.93
ntnol of n-butyllithiumwas dropw se added over a period of 10 m nutes,
then the tenperature of the systemXwas slowy raised to room 15
tenperature, and the reacigon solution ores stirred at roomtenperature for
15 hours to prepare a |litfhiwm salt | uti,en. The sol ution was dropw se
added to 50 ml of a THF &oRuttom dbntai fing 0.352 g (1.87 nmol) of a

ZrCl a(THF) z compl ex, said THF sol uti on having been cooled 20 to -78 C.
After the drapwi se addition was c | eted, the tenperature of the system
~ras naturally raised, and the sol'ition was stirred all night at room
tenperature. After the solution was further stirredyat 60 C for 3 hours,
the solvent was distilled off fromthe reaction 25 solution. The resulting
solid was reslurried in a m xed 10~ - g AP R 2003 solvent of 100 m of
ether and 100 ml of hexane, and the slurry was filtered. The solid obtained
by filtration was ashedw tde4Q0 471 b Dexame apdp¥asukmeaereantrated to
obtain 0.30 g (yield: 46 % of a conpound (5) 5 represented by the

fol | owsng dxesriing dd)icds, anindfum cation, phosphonium cation,

cycloheptyltrienyl cation, ferrocenium cation having a
transition metal, or the like.

R23 to R2*® may be the same or different and are each
an organic group, preferably an aryl group or a

10 substituted aryl group.

Examples of the carbonium cations include tri-
substituted carbonium cations, such as triphenylcarbonium
cation, tri(methylphenyl)carbonium cation and
tri(dimethylphenvl)carbonium cation.

15 Examples of the ammonium cations irnclude
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-

20 dimethylanilinium cation, N,N-diethylanilinium cation and

N,N-2,4,6-pentamethylanilinium cation; and



yell owi sh white solid. 1H NWR (CDC13): 1.60 (s, 18H), 4.65 {d, 2H), 4.95
(d, 2H), 6.70-7.70 (m 16H), 7.85 {s, 2H) FD nmass spectronetry: 694 10
Zrcd2/ O2 (5~ tBu 15 ~ynthes~.s Exanx~le 6 Into a 1 liter reactor

t horoughly dried and purged with argon, 36.6 m of an ether solution

contai ning 110 mml of ethyl magnesi um brom de and 73.4 ml. of ether were 20
i ntroduced. To the reactor, a solution containing L8.39 g (100 mmol ) of
2-tert-butyl -4-met hoxypHenol dilutd@ with 90 ml of a -"FFFA\éR Q0068w se added
at 0 C over a period of 30 mnutes, then the tenperature of the system was

slowy rai : r.at , t £ i s,g!g;t was stirred
at roomtg%rr%g'r]éﬁua?%% or %(3%03{.56' 0og -%M%Mn’, 541 of toluene
was added, t t ) t t.0. 10 to distill off about 180 m
of am xe&a}o%u i%giﬁiso cﬁlﬁe%%n%r%%‘%%' opaque white slurry was
obt ai ned. After, the.slurr s ¢ooled t.0 50 C,. 4. 50 5 150 mol ) of

par af or nal dehyg"é{aénr?&efl.odﬁyrﬁ%e( f&@srﬁ%iﬂlﬂl%"f ctarllecﬂfyllélnc‘flg‘bc{%re added,

f ol | owed Stirrin t BOto 90 C for_i.5 hours. ,The action solution was
al | owed t?rc’&ﬁﬂtp&m%@g‘rﬁ"t’é%ecraa T8 o T E]L‘tfe’r%heéﬁﬂvrﬁ FFERRRFHYr ochl ori ¢
acid. The organic |layer LO cancentrated, and the soljid precipitated was
Vacuun?dr (RF IS ol ReRP P e sehongurs fcag {en, gad s

met hoxysal. i cy) al de e. 1HPl ~~t (CDCL3) : 1.4 (s, 9H , 3.8 (s, 1H), 6.8
(s, 1H -f?’gé‘f’d‘,‘eﬁ% pheivlg pho éIFﬁm;“"%lf%t’(%’}‘ 1H) 15 Into a 500
reactor thoroughly,purged with nitrogen, 156 m of ethanol, 2.33 g (25
mmol ) of n hex% rﬁ‘-Eep ﬁEGS?‘ééYgCE‘Q’QOW) cgfigny. pEPYRiRmM cation

met hoxysal i cyl ai dehyde were, introduced, and they were stirred at room

t enper at ur® figre 2 Rarialanty i RFeberabl vt FeiPheryica k@ t¥hcent r at ed

to renove the solvent,_ whereby 5,96 g (yield: 97 9% of a conpound (F)
r epr esent &R BV A4 BNR Y Far bl trhup pFyafben op¥ Ny as

10 diethylanilinium cation.

Also emplovable as the ionic compound is a trialkyl-
substituted ammonium salt, a N,N-dialkylanilinium salt, a
dialkylammonium salt or a triarylphosphonium salt.

Examples of the trialkyl-substituted ammonium salts

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

20 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-ditrifluoromethylphenyl)boron and

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



a yellow crystal . 109 - g APR Z003 1H NMR (CDC13) : 0.9 (t, 3H ,

6H) , 1.4 (s, 9H 1.7-1.8 (m 2H), 3.6 (t, 2H), 3.8 (s, 3H), 6.6 (s, 1H),
7.0 (s. 1H), 8.3 (s, 1H), 13.8 (s, 1H "Hexyl NI OH ~F) MO ~ tBu 10 Into
a Z00 mM reactor thoroughly dried and purged with argon, 1.17 g {4.0 mmol)
of the conmpound (F) and 40 ml of ether were introduced, and they were
cooled to 78 C and stirred. To the reactor, 2.61 m of a n-hexane sol ution
containing 4.2 mol of n-butyllith78im ~uras slowy LB?dAt(Fgﬂn dded, then
the tenperature of the systemwas slowy raised to roomtenperature, and

the reaction sglution wa irce t. room tenqperature_for .4 hours to
brepare a |1t nETATBLPE 83 Theoh A el il prd TR B s 45088 t 0 40 m
of a THF soluti,on contai,ni,ng 2 .. 155 .Q mmol) of a Zrd a(THF) 2

conpl ex, §aﬁdd?ﬁﬁt§‘6’lriﬁ‘l"ilg‘rfrﬁé’ﬂ%r?8:r (é’ﬁ‘%é‘%é) PR - FaNC. After the dropwise
addi tion was conpl eted,, stirring was continued with slowmy raising the

t enper at uPdetEViaghIfE At R Phant ) Ranan atyl RadPuifer perforned at
roomtenperature 25 for, 15 hours, and the solvent was distilled off from
the 110Pengapeshylamdd indymbehradfhanydn Poretne resul ting solid, 20 n
of ether was added to give a slurry, and the slurry was filtered with
washi ng with eEfempdes Qf the .dlﬂlé‘ﬁliawlé%%éé‘ﬂlﬁ’é@ediﬂﬂﬁ | 10 n
of a concentrate 5 was obtai ned, and the cgoncentrate was allowed to stand
one ni ght PARCRY 1 syt e tr P epyaf isiqromipnyl idHorere dsbund ( 6)
represented by the followng formula (6) as a yellow sh orange crystal.
1H NMR ( CBEF3 Lohpxy lammagrjjumbte s (pheqnuylymyon.)~ 6 (s, 10 18H), 3.6 (t,
4H), 3.8 (s, 6H), 6.7 (s, 2H), 7.2 {s, 2H), 8.2 {s, 1 FD- mass
spectrometry: Faxrthexgmpipyaple asy e @)iqppnpq is

1.3 {s,

triphenylcarbeniumtetrakis (pentafluorophenyl)borate, N,N-
10 dimethylaniliniumtetrakis(pentafluorophenyl)borate,
ferroceniumtetra (pentafluorophenyl)}borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complex,
N,N-diethylaniliniumpentaphenylcyclopentadienyl complex
or a boron compound represented by the following formula

15  (VI) or (VII).

CF,
H(Et,0),B

CF3

(VI)
wherein Et is an ethyl group.

20



Svnthesis Exanple 7 20 Into a 200 ml reactor thoroughly purged with
nitrogen, 50 m of ethanol, 1.23 g (12.4 mmual) of cycl ohexyl am ne and 2.55
g (12.2 mmol) of 3-t-butyl-5 nmethoxysalicyl al dehyde were introduced, arid
they were stirred at roomtenperature for 24 hours. The solid 25
precipitated was filtered off, washed wi th ethanol and 11 -g APR 2003
vacuumdried to obtain 2.34 g (yield: 6E o) of a conmpound (G represented
by the Following fornmula (G as a ygll ow sh orange e+ S%ZDR Z@Q%\/R (CDC13 )
: 1.. 20-1. 85 (ra, 19H , 3 .18-3 . 23 (m Ifi) , $ 3. , :
6.59--6.60 (d, 1H), 6.95-6.96 (d, ~.H), 8.33 (s, 1H , 13 .75 (s, 1H)

FD- mass spectronetry: 289 10 NOH (G MO ~ tE3u Into a 100 ml reactor

t horoughly dried and purged 15 with argon, 0.86 g (2.99 nmol) of the
conmpound (G and 20 mL of ether were introduced, and thoy were cooled to
78 C and stirred. To the react cfE2 Y11 of a n-hexane sol ution containing
3.31 mol of n-butyllithium ropw se added, then the tenperature
of the system 20 was shkbw to rdgomtenperature, and the reaction
solution was stirred at M&i ature for Z hour to prepare a lithium
salt solution. The sol ution Qpw s¢ added to 20 ml of a THF sol ution
containing 0.566 g (1.50 nmml )\ of acE, a(THF)2 conplex, said THF 25

sol ution having been cooled to\-78 C. After the 2 ~ 9 AP P QUO03 dropw se
addition was conpleted, stirring was continued ~r|§ zl owy raising the
tenperature to roomterrperature Then, stirring t[ rther perforned at
roomtenperatur or, 15 r.S and the sol ve t|IIed off fromthe
reaction sol utr%f?mpllh rgt(s)u ng POt MRS %%ﬁ‘l Y100 M of ether and
90 m of rrethyl e chI orrgjg The filtrate ;gas concentrated to obtain 0.2~
g (yield: 25 ~) i (7) represented by the follcwing formula (7)

Il 1 NVR (CDC13) .. 0. 98-2. 12 {m 38H), 3.46-3.87 8H) ,
o 65- 364" (o) FLE oE% o, o a5 o (Ei By e

butyl)ammonium) nonaborate, bis{(tri(n-

butyl)ammonium)decaborate, bis(tri(n-
butyl)ammonium)undecaborate, bis(tri(n-
butyljammonium)dodecaborate, bis(tri(n-
10 butyl)ammonium)decachlorodecaborate and bis({tri(n-
butyl)ammonium) dodecachlorododecaborate; and
gsalts of metallic borane anions, such as tri{n-
butyl)ammoniunmbis {(dodecahydridododecaborate)cobaltate (IIT
} and bis(tri(n-butyl)ammonium)bis-
15 (dodecahydridododecaborate)nickelate (III).
Examples of the carborane compounds include:
salts of anions, such as 4-carbanonaborane(14), 1,3~
dicarbanonaborane(13), 6,9-dicarbadecaborane(14},
dodecahydrido-1-phenyl-1, 3-dicarbanonaborane,
20 dodecahydrido-l-methyl-1, 3-dicarbanonaborane,

undecahydrido-1, 3-dimethyl-1, 3-dicarbanonaborane, 7,8-



FD- mass spectronetry: 738 Me ~NNO O tBu zZrd 2 2 ~7) 113 Synt hesi s Exanpl e
8 Into a 100 mM reactor thoroughly purged with nitrogen, 30 m of ethanol,
1.05 g (9.27 nmmol) of cycl ohexanenet hyl am ne.and 1.92 g (9.23 mmol ) of
3-tbutyl - 5-met hoxysal i cyl al dehyde were introduced, and they were stirred at
roomtenperature for 73 hours. The solid precipitated was filtered off,
washed with ethanol and vacuumdried to chi~ain 2.70 g yéigkg ag % of a
conmpound (H) represented by the fol7kow ng forrrul a (H~™ 29 e |iquid.
1H—NI\/R(CDC13) 0.93-1.86 (m 11H) 143 (s, 3.42 {d, 2H), 3.77 (s,

e N SR

0.84 ¢ 20

and they WO "‘éﬁs?der?ﬂot ", rrrﬁeﬁld SRR 00 M of &
h f butyllith | owl

i opw s ARdArNE e @%ﬁ% %—& R aARaRaR o (i 560 1o

room t enper at re and t he rea n solution was stirred at rqgomtenperature
for 1.5 h B3 9% ‘fﬁﬁaé%ﬁ%atw Fh o -brty Dgmpandigds - 114 -9
APR 2og dropW| se added to 20 mM_ of a THF solution containing 0.52 g (1.34
mol ) of £EERIURSAGARLIENRY &1 SurkityP AmaRiwRr dravi ng been cooled to - 78
C. After the dropvvl se addition vvas conpl eted, stirring was continued vvlth
slowy raicsitRrIGee ahaRa R urte : RN L e oL - e thetlisd iy wa

further perforned at roomtenperature for 15 hours, and the sol vent was

di stil | ed lofqashashaqaRonadsn i ot Sothi bW, ameniwgehranamisol i d was washed
with 40 rnl of ether and 100 mi of nethylene chloride. The filtrate was
concent r attrhatpdeeaharatgyi it (rkutritanofuretfrer and hexane to obtain
0.67 g (yield: 63 0) of a conpound (8) represented by the follow ng fornula
(8) as a yErhadesherate (AR Y CD01-Hutyll BaguorgBuirg- 22H), 1.55 (s, 18H),
3.22-3.40 (m 4H), 3.80 (s, 6H), 6.64-6.67 (m 2H), 7.107.26 (m 2H), 7.96
(s, 29 F@aﬂs@i@qﬁmrmu%h meim-zmazl)@:@no@mmv~ tBu -9 APR 2003
Synthesis Exanple 9 Into a 100 ml reactor thoroughly purged with nitrogen,
30 M of etdrdrminddcatorpttd6L3D, nol jn-dbutdne) dphaytlotizs84 ami ne and 2. 64 ¢
(12.68 nmol) of 3-tbutyl-5-nethoxysalicyl al dehyde were introduced, and they
wer e stir réiccatbawuindarpaoatat (12) f orr Rdn-Houeysl ) difreosilm-el jr-eci pi t at ed was
filtered off, washed with ethanol and vacuumdried to obtain 2.82 g (yield:
73 % of aiisundiddabemgprestkh) pdeby/(sihe followng formula (1) as a
yel | ow powder. 1H NVR (CDC13): 0.83 (d, 3H), 1,00-1.89 (m 9H), 1.43 (s,
9H), 2. 64-BatAAl (drhordnd SddBakedr B -8 GméOny -7 169, 6.96 (d, 1H), 8.27 (s,
1H), 13.7 (s, 1H ~NOH (1) MeO ~ tBu Into a 100 ml reactor thoroughly

dri ed [and Jidaesamddcatigoace 0. Oi On{BuOPL yarhon Dimbhide pDIEo (4 and 20
m of ether were introduced, and they were cooled to -78 C and stirred. To
t he react asthyl1P, M ddasbiah@seaBost &} | ©RL ¢eAt ai ning 3. 36 mMmol  of
n-butyllithiumwas slowy dropw se added, then the tenperature of the

syst em wastey M@hm,&@eémfg@%aﬁyeﬁl angl-t he reaction sol ution was
stirred at roomtenperature for 2 hours to prepare a lithiumsalt solution.

The sol uti@c¥BSaunddbabsrdfe R @Qﬂ@ndﬁ&)@%\l $ £mAdH SEmhRaLOa 1 a P as-d HF
solution containing 0.57 g (1.51 mmol) a zZrd,~(THF) 2 conpl ex, said THF

sol uti on h@yiyng_-pegrafggi,ﬁg_lmtlgecZ§o§atg\ftg£ the dropvm se addition was
conpl eted, stirring vvas continued wth slowy raising the tenperature to

room HNPEL At famnl ltlaégaﬂgdy_x%l Ofyr{:pgﬁl ??ﬁ'gi@g _qtgroom tenperature

for 15 hours,” and the so vent was distil romthe’ reactlon sol uti on.

The resul t%&a?ﬂ%ﬁ&d%&b&@éggdaﬂﬁt Qr%g’&m of ether and 60 m of nethyl ene

chl ori de. trate was concentra and washed again with a m xture of

ether and HEKONFahRoaRLALNA0020, B-Labehds 20nMngla compound (9)

repr esent ed as I ow powder. 1H NVR ( CDC13)

. 0.60-2.90 ( 60 18H) 2502070 (m 2H) . 3.47 (m 6H),
6.6l - 6. 64? ég%a’airaee g{‘a s,H)zH), 8. 15- 8. 2% (m H)zH) (m on

salts of metallic carborane anions, such as tri(n-

25 butyl)ammoniumbis (nocnahydrido-1,3-



FD- mass spectrometry: 766 Zrd2 i ~ 2 MeO-~ tBu Synthesis Exanple 10 1, ~
-9 APR 200 Into a 100 m reactor thoroughly purged with nitrogen, 40 m of
ethanol, 1.61 g (15.G muol) of benzylam ne and 3.12 g (15.0 mmol ) of
3-t-butyl -5 nethoxysalicyl al dehyde were introduced, and they were 5 stirred
at roomtenperature fox 1.5 hours. The solid precipitated was filtered off,

washed wi th nethanol and vacuumdried to obtain 3. 25_% %P@&UQQB o) of a

conpound represented by the fallow7ag formula (J) as or ange
crystal. 10 1H~ (CDC13) : i.42 (s, 9H , 3.78 (s, 3H) , 4.80 (s, 2H),

6.52-7.43 . ... 8.41 (s, 1H), .13.5 : ., N15 OH (J) MO ~ tBu Into
a 50 m rg&@%&’%ﬁ&?&ﬁ%)m@é&tﬁf(gﬁfl(laédje\lglt(ﬁl"argon, 0.89 g (3.00 mmol)
of the conpau J) and, 30 20 f ether were introduced, and they were
cool ed to@%@%%%d_un%qaﬁy%%&—gﬂpv_ 0l m of a n--hexane
solution containing 3.15 mmol_of n-butyllithiuymwas slowy dropw se added,
then the CEfFRR GPRE ST HARL I owSF @ sed to room tenperature,
and the reaction 25 solution was stirred at roomtenperature for 3 hours to

11s -~ APRSGoRmAPRWis (Yndgaphvdnidaiaftion. The sol ution was dropwi se

added to 34 m of a THE solution containin 0.57,811(1.50 mmol ) of a
Zr O 4( iHF)@%We%%W%%WWW'MQ YelelPtooled to -78 C. After

the dropwi se 5 addition was conpleted, stirring was continued with slowy
rai si ng tR2EERFEmaniwkis yigeadmpbridan’.8-Than, stirring was further
performed at roomtenperature for 15 hours, and the solvent was distilled
of f rom t Keqasghayndeaaiandten nigke ket XX Hy Sofd Pwas washed with 10 30 m
of ether and 20 m of methylene chloride The filtrate was concentrated and
washed agdPuty t ammeenimiyiis @iniecaydhide W .B58 g (yield: 51.0) of a
conpound (10}

dicarbaundecaborate)cuprate (III), tri(n-

10 butyl)ammoniumbis (undecahydrido-7,8-
dicarbaundecaborate)aurate(IXI), tri(n-
butyl)ammeniumbis (nonahydrido-7,8-dimethyl-7, 8-
dicarbaundecaborate) ferrate(III), tri(n-
butyl)ammoniumbis (nonahydrido-7,8-dimethyl-7, 8-

15 dicarbaundecaborate)chromate (III), tri(n-
butyl)ammoniumbis (tribromooctahydrido-7, 8-~
dicarbaundecaborate)cobaltate(IIXI), tris(tri(n-
butyl)ammonium)bis (undecahydrido-7-
carbaundecaborate)chromate (III), bis(tri(n-

20  butyl)ammonium)bis (undecahydrido-7-
carbaundecaborate)manganate(IV), bis(tri(n-
butyl)ammonium)bis (undecahydrido-~-7-
carbaundecaborate)cobaltate(III) and bis(tri(n-
butyl)ammonium)bis (undecahydrido-7-

25 carbaundecaborate)nickelate(IV).



represented by the following formula (10) as a yell ow powder. 15 1H NWR
(CDhC13): 1.51 (s, 1BH), 3.75 (s, 6H), 4.60 5.10 {m 4H}, 6.35-7.25 (m
14H), 7.82 (s, 2H} FD nass spectronetry: 754 20 ZrC 2/ ~ O 2 QL0) MO \
tBu 25 $vn.thesis Exatn~| el3. 119 g APR 2003 Into a 1 liter reactor

t horoughly dried and purged with nitrogen, 9.68 g (58.93 mmol) of
2-tent-butyl -4 nmethyl phenol and 100 m of THF were introduced. To the
reactor, 23.00 m of an ether sol ution containing 69. ¢ SARRIZ(H3

et hyl magnesi um brom de was dropw se added at 0 C over a period of 30

m nutes, then the tenperature of the system Was slowy raised to room

t enperat ure, afdiet hetegapoilon cooingungn cpaprditsiesr e atoroswmlieated at ure for
1 hour. Then, 100 m of toluene was added, and the system 10 was heated to
95 C to difsom Isidfifcca,mpted@uimts ot idfandivrgr genuhafidem ,Wearseinican opaque
white slurry was obtained. After the slurry was cooled to roomtenperature,
| 00 M of andl ddme an@ wheg qrl4hr3) anmds) saflgearedf divoal detnaddwand | 2. 50
(89.93 nmol) of IS triethylamne were added, followed by stirring at 95 C
for 2 houmdoblhgn,r eadivbatersol wrid ewnss tadl owesaimplegobft gushom t enper at ure
and then quenched with 300 M of 1N hydrochloric acid. The organic |ayer
was CoficCe richicethdNd riainidd gthdyplownddia galid,olgdmdrpvahiadit 7. 36 g 20
{yield: 65 % of 3-t-butyl-5-methylsalicylal dehyde. i HNWVR (Cl3Cl13): 1.41
(s, 9H, 2d34,(ars¥fovahddid heild) phoephbdibbidacid. 83 (s, ~.H , 1.1.
60 (s, 1H) Into a 200 M reactor thoroughly purged with nitrogen, 50 nil of

ethanol , evhahdnliodiz M@ld, ofiTidnde)nd a8 BN bhbsHhdind kb= mol ) of
3-t-butyl-5 g AP R 2003 | 20 net hyl sal i cyl al dehyde were introduced, and
they were sdild,’ & tiindRIPBEIP et d) &diarkdhdBdic Bwid eaction
arsenomolybdic acid, stannomolybdic acid, phosphotungstic
10 acid, germanotungstic acid, stannotungstic acid,
phosphomolybdovanadic acid, phosphotungstovanadic acid,
germanotungstovanadic acid, phosphomolybdotungstovanadic
acid, germanomolybdotungstovanadic acid,
phosphomolybdotungstic acid, phosphomolybdoniobic acid
15 and salts of these acids, for example, the salt of these
acids and metals of Group 1 or Group 2 of the periodic
table (e.g., lithium, sodium, potassium, rubidium, cesium,
beryllium, magnesium, calcium, strontium, barium), and
organic salts such as salts of these acids and
20 triphenylethyl salt, but the compounds are not limited to
these examples.
The ionizing ionic compounds (B-3) mentioned above
are used singly or in combination of two or more kinds.
In the process for olefin polymerization according

25 to the invention,



sol ution was vacuum concentrated to renove the solvent, whereby 4.14 g
(yield: 1.00 0) of a conmpound {K) 5 represented by the follow ng formul a
(K) was obtained as a yellow liquid. 1HN~t (CDC13 ) : 0. 89 (t, 3H , 1.
25-1. 43 (m 4H) , 1.43 (s, 9H), 1.60-1.77 (m 2H), 2.28 (s, 3H), 3.56 (t,
2H), 1015 6.89 (s, 1H) , 7.11 (d, 1H), 8.27 (s, 1H , 13.94 {s, 1H exyl N
OH~\ tgu Tnto a 300 m reactor thoroughly dried and p, rgﬁy ' @ ith
argon, 4.1G g (15.10 nmol) of the egnmpound (K) and 70 BtZQ wer e

i ntroduced, and they were cooled to 78 C and stirred. To the reactor, 9.40
mL of a n-hexane 20 solution containing 1.5.04 mml of n-butyllithiumwas
dr opwi se added tretransdinn srets ARV ¢ (ol )k IRE t @y H3H POf t he
systemwas slowy raised to roont tenperature, and the reaction solution

G as stirrEphtakygm tPhperature for 4 hours to prepare a lithiumsalt 25
solution. The solution was dropw se added to 80 ml of a 121 ~g APR ~a~~
THF sol ution cdhaitmangitigm gugtabeomyndf (- @r{ @3 ) @x, said
THF sol ution having been cooled to -78 C. After the dropw se addition was
conpl et ed,used reogrther Wik i atcteadt e ovpnypound (B) tselatedperature to
roomtenperature. Then, stirring was further perforned at roomtenperature
for 155houfsomand the solvent was distilled oft fromthe reaction solution.
The resulting solid was washed with 50 mMl of ether and 200 ml of nethyl ene
chloride. The f{B+¥atan wesgid@rerckhic atenbaweddnashed again with 20 nl of
ether to obtain 4.30 g (yield: 80 0) of a compound (11) represented by the
fol | owi ng for nu{&-3)18n asrgayetlonwi pawdexy ~depivnd COOIG) : 0 . 74-1. 54 (m
1BH) , 1. 55 (s, 18H) , 1S 2.32 (s, 6H), 3.37-3.58 (m 4H), 6.99 {s, 2H),
7.36 (s, 2H), 8(B93)sa @thpsindesbichertaotetwith7ile’ trémgjtion

metal compound to form an ion pair.

10 When the compound represented by the formula (II) is
used as a transition metal compound and the component (B)
is used in combination, the transition metal compound (A)
forms a compound represented by the following formula

(IT-a) in the polymerization system.

15
4 H1 A
|
R10 /N hhhhh @M/Xm
Qi O// \‘@
A9
Ri2 R4

(II-a)



~N~ ~"" " zZrd2 20 2 (11 ) tB~ 25 Synthesis Exangle 12 122 q p,p'R 2U0' 3
Into a 240 m reactor thoroughly purged with nitrogen, 70 m of ethanol,
1.83 g (26.17 mmol) of 2 nethyl cycl ohexylam ne and 3.06 g (15.92 mmol) of
3-t butyl-5-nethylsalicyl al dehyde were introduced, and they S were stirred
at roomtenperature for 24 hours. The solid precipitated was filtered off
and vacuumdried to obtain 3.00 g (yield: 66 a) of a conpound (L
represented by the following formua (L) as a yell ow-e‘?yAt&R;_% NVR
(CDC13): 0.79-0.B3 (m 3H), 0.96-1.88 (m 9H), 10 Z.43 (s, 9H), 2.28 (s,
3H), 2.63-2.72 (td, 1 6.90,(d, 1H, 7.11 (d, ZH ,..8.26 (s, 1H), 13.93
(s, |H ~Whemedn Rﬁntgq% tfb@qﬁ? Pealy of BREr SUBRLS Elhleeﬁaﬁéd purged with
argon, 0.87 g ,(3.03 mmol) of tgg cogpound (L) and 20 15 .nl of Ebher wer e

i nt r oduceMeaRiddsh@y WEOSCcOH &l 1t & ° M &andMst Prr 8220t AB FBSctor, 1.90
m of a n-hexane sol ution contai ni ng 2.98 mmo), of n-butyll i“t hi um was
dropwi se fegadleyvdIId p&fidd 45 190 "HeRdh €oordimat ke rature of the

systemwas slowy raised to room 20 tenperature, and the reaction sol ution
was stirred at In the formpRapddF~adombtbienhong hatveat Eheoteralo Yrepare a
lithiumsalt solution. The solution was dropw se added to 20 ml of a THF
sol utibn et & miaw ke 57 PVl hmld of an Aig Bmd: conpl ex, said THF
sol ution having been cooled 5 to -78 C. After the dropw se addition was
conpl et ed, sti Esiamplgss aforkt iimelrdg mealt swordigiadi WP talQtnper ature to
roomtenperature. Then, stirring was further perforned at room tenperature
for 1.5 hdlgssribmefl tir Gumeral Reviewt iVold &5 F Br o ihe(¥ 4 on
solution. 10 The resulting solid was washed with 80 ml of ether. The
filtrate veisembrebrReutied del ¢ eIy al?276P I3 om and&i ¥R P &6IWUWIHn of et her
and hexane to obtain 0.4~ g (yield: 40 0) of a conpound (12) represented by
the foll owngs.
10 More specifically, there can be mentioned:
AlRS-

wherein each R may be the same or different and is an

atom or a group selected from an oxygen atom, a nitrogen

atom, a phosphorus atom, a hydrogen atom, a halogen atom,

15 a substituent group containing any of these atoms, an

aliphatic hydrocarbon group, an aromatic hydrocarbon

group, an alicyclic hydrocarbon group, an aliphatic,

aromatic or alicyclic hydrocarbon group substituted with

an oxygen atom, a nitrogen atom, a phosphorus atom or a

20 halogen atom, and an aliphatic, aromatic or alicyclic
hydrocarbon group substituted with a substituent group
having an oxygen atom, a nitrogen atom, a phosphorus atom

or a halogen atom;

BRé-



formula (12) as a yellow powder. 15 1H NMR (CDC13): 0.65-L.90 (m 24H),
1.6Q (s, 18H), 2.32 (s, 6H), 3.68-3.90 (m 2H), 6.98 (s, 2H), 7.37 (s, 2H),
8.14-8.22 (m 2H) FD nmass spectrometry: 734 " - "zZrd2/ ~ 02 Q2) M\

t Bu 20 124 - g AP R 2003 Into a 200 mM reactor thoroughly dried and
purged with nitrogen, 34.15 g (316.0 mol ) of paracresol, 2.50 g of

Unberi st-15E (trade nane, available fromOrgano Co.) 5 and 20 m of toluene
were introduced. To the reactor, a88olution contai m?gA @8(105.0 nmol )
of 4-cunyl phenol diluted with 30 mM of a toluene was dropw se added at 80

C, foll ongd Stirrkn r. 17 rs,..Aft . t ooled to room
t enper at ur e,eli%/ lZ‘ reé’légc ?{ofrllrl yo%seo{];gl%i osr'{’lm \ﬁas&; i#ﬁ%%rf%ﬁt%@m\%ia%g wth

hexane. The resulting |iqui ) ified by silic el cal.ymm

chr omat ograg:% Yo aot?[q:éalulllj f@qf?f T ;’Elrre A I E’}Ocq“u’rryar -%LtrFeot%eSﬂ phenol .
(< 10| RS S0P RORAD MY BT AF U i HRSh 80 m of
an et her sol utign containi r{&nGS. of eth nesi um brom de and 40 m

nmol
of THF werfe SHRFCIHEY FOEhS PRI £%801 i R0t M nd™3. 61 20 g
(60.1 1), .of 2-cunyl -4-net hyl phenol diluted with 20.nm of a THF was
iy opwi S0 BHdgthed i T dR AR, AT O A= 4 4 TS RRT o ur 6 of € he
systemwas slowy raised to rqomte rature, and the reactjon solution was
stirred S5t (ARG Y APHATRAR ST Hon, S AL HESEG! 1ol uene was
added, and the systemwas heated to 100 C Lzs --q APR 2003 to, distill off
about 50 RTrYrREFIRe,LLEAYRHIH R dEQGRNY PO T HYD %Wf’é?%’oﬁlu%ﬁfi db’a“c}&e white
slurry was obtained. After the slurry was cooled to 24 C, 4.37 g (145.5

nmol ) of it AEFFR FERfHe AR EDOYER] 24PE, (B (IRRRFYIRFUE 359TRtPK/ @i ne were
added, followed by stirring at 90 C

halogen atom, and an aliphatic, aromatic¢ or alicyclic
10 hydrocarbon group substituted with a substituent group
having an oxygen atom, a nitrogen atom, a phosphorus atom
or a halogen atom;
PF6-;
SbFd-;
15 trifluoromethanesulfonato; and
p-toluenesulfonato.
In addition to the transition metal compound (A-1)
or (A-2) (sometimes referred to as a “component (A)"
hereinafter) and at least one compound (B} (sometimes
20 referred to as a '"component (B)" hereinafter) selected
from the organometallic compound (B-1l), the
organoaluminum oxy-compound (B-2) and the compound (B-3)
which reacts with the transition metal compound to form
an ion pair, said component (B) being optionally used,

25 the olefin polymerization catalyst of the invention can



for 1 hour. The reaction solution was allowed to cool to roomtenperature
and then quenched with 42 ml of 180 hydrochloric acid. The organic |ayer
was concentrated, and the resulting liquid was purified by silica gel LO
col umm chromat ography to obtain 14.13 g (yield: 92 9% of

3-cunyl - 5- net hyl sal i cyl al dehyde. 1H NVR (CDC13): 1.75 (s, 6H), 2.40 (s,
3H), 7.10-7.42 (m 7H) , 8 . 55 (s, 1H) , 13 .18 (s, | Amgko { 00 n
react or thoroughly purged with 15 Hﬂtrogen, 40 m of 7efh ,Zﬁng g (18.0
mmol ) of n hexylamne and 3.81 g (15.0 mmol) of 3-cunyl -5

met hyl sal i gytehdehydnt ¥en echat botlbeedes8pdbelinerveee $EH I aAd/ak room
tenperature for 3 hours. The reaction solution was vacuum concentrated to
renmove thecggl Yepbr-80sdndhilicorgeniéi 86mpbanad (8yasipuntadaky .silica gel
col um chromat ography to obtain 3.97 g (yield: 78 %9 of a conpound (M
represented by the following formula (I~i). 1HNWR {CDC13): 0.85 (t, 3H),
.27 (s, 6H), 1.52-1.70 {m 2H), 1.71 (s, 6H), 2.34 (s, 3H), 3.45 (t, 2H)
6.92 2s 7.35 (m 7H), 8.22 {s, 1Hye1 15+ 1H) 126 ~ 9 APR 20~~ exyl N
| OH (M- 5 Ph Into a 50 nl reactor thoroughly dried and purged with argon,
1.01 g 43.00 o o] : 3 . Of h l,ntr.oduced,
and thé§ merenzgg%eggf%bgﬁo?gg %ggngﬁg%?ﬁgédgsgglﬁhgﬁ%eg%?§§?§3b23%n1 of a
n- hexane sgl ut] af.aj ni 4 nz hu | et biu y

dr opwi se aghe%bggﬁgﬁg%hgptg%%é?é?uggﬁg?ggﬁel?y%%%nF%g? gFo ?%&ggkéd to

roon1tenpeggt#g§ aldatbesLgagtion solution was stirred at room tenperature
for. 4 hours to Eé prepare a lithiumsalt solution. The sol ution was

Oropuise 20dd g BRertonleIEECARLULLS 1260008 A0 $225a0150 )

of a zrd a(THF)Z conpl eX, aving beef _ -78 C.
After the SoRYCRS A0LTR0N WRE,CRTRLELIoSHE 1LA0 AT LON LU 2 W th

slowy raisirng-t e"to roomtenperafture. stirrrng was
furthe{ope%forned at, roon1t6nB§gature for 15 hours, and the sol vent was
ed

di stil PRPPYBS PR PFEASEPGA %S0l ution. To the resulting solid, 20 m of

Examples of the porous oxides include S8i0O,, Al,0;3,
MgO, ZrO, TiO,, B,03, CaO, ZnO, Ba0O, ThO,, and complex
compounds or mixtures containing these oxides, such as
natural or synthetic zeolite, Si0,~-MgC, Si0,-Al,0;, SiO,-
15 Ti0,, 8i05-Vy0s5, Si0,-Cry0; and 5i0,-Ti0;~MgO. Of these,
preferable are compounds containing 8i0, and/or Al,0; as
their major component.
The inorganic oxides may contain small amounts of
carbonate, sulfate, nitrate and oxide components, such as
20 Na,CO;, K;CO;, CaCOs;, MgCOj3, Na,SO4, Al,(SO4)3, BaSO4, KNOi,
Mg (NO3),, Al(NO3)3;, Na,0, K,0 and Li,O.
Although the porous oxides differ in their
properties depending upon the type and the preparation
process thereof, the carrier preferably used in the

25 invention has a particle diameter of 10 to 300 um,



ether was added to give a slurry, and the slurry was 25 filtered with
washing with 10 nil of ether. The filtrate 127 - g APR 2000 was
concentrated and washed again with a m xed solution of hexane and ether to
obtain 0.53 g (yield: 42 % of g conpound (13) represented by the foll ow ng
formula (13) as a Light yellow powder. 5 . 1H NWMR (CDCl13): 0.50-2.00 (m

34H), 2.25-2.45 (m 6H), 2.50-2.75 {m 4H), 6.90-7.55 85 (s,
2H) FD- nass spectronetry: 832 "~-ieéxyl 10 ~ N ~~ gr%Pngnpale) Ph

Synthesis Examnl.e 14 15 Into a i 00 m reactor thoroughly purged with

ni trogen, 12PN zdb d 1100l )i rade b ONOXYE@NEHE and
2.54 ¢ (16)%%%"?0I) lrgf 3-cunyl - rr'gt h)l/‘%gal i cyl aSI deh%/dee wer e introduced, and

they were Sotcij Tgal'ffpr LIRS 0o %@/Pouéﬁd The ozl kd1dte
ered o]

precipitate off, washed with cold methanol and vacuum dri ed

to obtain I d nted by the
fol |l ow ng Cffor nl a %\f (gscrgﬁ/g{@gh?ffygleﬁg\llgvgg?gst %N)e EQE&E%%QE%\P Ry2003 I H- NVR

.17 (m PR A Gy {rusgiad iy (es #h, o0, 20,(5, 0,

10 IntQ a 51(_) n} reagt or t horoughly dried and purged W|th argon, 1.01 g
{3.00 r)' B 12 corrpound (N) and 30 m of ether were |ntroduced and
t hey were cool e

d d. T
3-- hexane 15 soqg’fﬂri‘%% %OC% | fltglé{ﬁ%n 4 (?gég%utgr?m%% rrl?n%%s Blowy
i de t h t he.t fo t d
ropw se :‘id‘é? Liaven e hO?ﬁlnngg aﬁ%& .lou:«tng@:? S¥a§1t mvv%% W jsed to

roomtenp e reacti o |rred Foom errperature

for 4 hourpn 82y mgaﬂaloggaa LUmhh 394 hENee T, SELUAL B ae

after pulverized by a ball mill or an oscillating mill.

10 The inorganic halogenide may be used as fine particles of
a precipitate obtained by dissolving the inorganic
halogenide in a solvent such as alcohol and then
conducting precipitation using a precipitant.

The clay employable in the invention is generally

15 mainly composed of clay mineral. The ion-exchange
lavered compound employable is a compound having a
crystal structure wherein layers structured by ionic
bonding or the like are laminated in parallel to one
another with a weak bond strength, and the ions contained

20 in the compound are exchangeable. Most of clay minerals
are ion-exchange layered compounds. The clay, the clay
minerals and the ion-exchange layered compounds
employable in the invention are not limited to natural

ones but include synthetic ones.



20 dropw se added to 30 ml of a THF solution containing 0.566 g (1.54 nmol)
of a ZrCl 4(THF) 2 conplex, said 'rHF solution having been cooled to -78 C
After the dropwi se addition was conpleted, stirring was conti nued with
slowy raising the tenperature to roomtenperature. 25 Then, stirring was
further perfornmed at room tenperature 129 9 AP R 2003 for 15 hours, and

the solvent was distilled off fromthe reaction sol uti resul ting
solid, 30 nl of ether was added to & ve a slurry, anakﬂ}%Pg)Zﬂba was

filtered with washing with ether (10 M X 2y. The 5 filtrate was

cbrain 091 o (Traren o e A e ot ea by the fol low ng
228, 5. saofehigle JUghrbd, COYoPANAG, int (uRToh G Shay minet=l 10 20y
2100 m - B PR REYERARTEEE Fohefninl RAVAED, TSR Srr i ol 0o g

2,0 T b e A A e g, 1

e were in uced, an h were stirred at room
tenperature _faqr 1 rs. sl p I i ed was filtered off and
vacuum tr i 88586 tg:&%e' fygﬁg 8%%&%%&8%26 hgé{yi eld: 9B a) of a
T RNR (COOL3) - TOET0S0I80 e GIBSet 60 imentbid 399 54 (4 67
3H), 2.60, 3.23 (m JH. & 95-7..30 5 7 .:20-8..30.(m 1H): 35 {e,
iH la (O ”L"r’i‘elrrﬁ]g~d'“%0“£ﬁ q?aeo r(ﬁ%roéll}glaﬁ'ch r%lqle *ant %%!r égggdni—/m&%% ar gon,
20

1.08 g (3Jﬁ%ég?ﬂglfgpﬁgkéfqppqund

181ngeéf@efmg§rophyllite, mica,
montmorillonite, vermiculite, chlorite, palygorskite,

10 kaolinite, nacrite, dickite and halloysite. Particular
examples of the ion-exchange layered compounds include
crystalline acid salts of polyvalent metals, such as o-
Zr (HABO4) 5 +Ho0, O~Zr(HPO4)s, O~Zr(KPOy)a+3H,0, O-Ti(HPO4)2,
0~Ti (HABO0,) 5 +H,0, 0-8n(HPO4),-H,0, Y-Zr (HPOy)a, Y-Ti(HPO4):

15 and y-Ti(NHg4PO,)-H0.

The clay, the clay minerals and the ion-exchange
layered compounds are preferably those having a pore
volume, as measured on pores having a radius of not less
than 20 A by a mercury penetration method, of not less

20 than 0.1 cc/g, and are particularly preferably those
having a pore volume of 0.3 to 5 cc/g. The pore volume
is measured on the pores having a radius of 20 to 3x10¢ A
by a mercury penetration method using a mercury

porosimeter.



m of ether were introduced, and they were cooled to 15 78 C and stirred.
To the reactor, 2.00 mM of a n-hexane solution containing 3.14 mol of
n-butyllithiumwas slowy dropw se added, then the tenperature of the
systemwas slowy raised to roomtenperature, and the reaction solution was
stirred at roomtenperature for 1 hour to 20 prepare a lithiumsalt

solution. The solution was dropw sgqadded to 20 m of a on
containing 0.58 g (1.54 mmol) of a zZrd 4(THF) 2 conpl ex, ﬂ%@gﬂggm ution

havi ng been cooled to -78 C. _After the dropw_se addition was conpl eted,
stirring was coht BFnGEUPRPRA BBVIPGWAYPPEEs VR UMRe BEnPERSIReE room
tenperature. Then, , m -~ APR 2003 stirring_was further_ performed at room
t enper at UPRYPSr NaFLRGUAs Fadiys RE I0tydRS afy A8 Bredloress dhiahe
reaction solution. To the resulting solid, 30 m of ether and 50 m of

net hyl eneOchl 6/ de ifereedd@sd thgnFagrd e bl HeRdfadd ihe difficthtfiltrate
was concentrated and recrystallized fromether to obtain 0.39 g (yield: 30

0) of a csapebteinlbighepodyEwndgapiomhadtdvidsng formula (15) as a yel | ow
powder. 1H NWVR (C[?C13): 0.20-2.50 (m 42H), 3.3B-3.65 (m 2H), 10
6.90-72 70 (m MKEHis 8refegapde( fhaHEhRDokRys agige dihreo ey migegrallZr Gl 2 15
[/ ~~2 (15) Ph S y7nthesi~s Exanple |16 Into a 100 m reactor thoroughly
dri ed andfper geg A® Wheh imvierdgem are Zuhj A@BEmiiemigfal
2- (1-adamantyl ) -4 net hyl phenol and 100 ml of THF were introduced. To the
reactor, t&ea®mentef. ahngt hér svsfaceobt reetrentgisn§ A &ed@vienol of
et hyl magnesi um brom de was dropw se added at O C over a period of 30
m nut es, timputilvd etse midraathede wf the Rrfaet andascst oyt s digeidngo room
tenperature, and the | 32 - ~ AP R 2003 reaction solution was stirred at
room t enpamatitifd vedtce? dn g cryldterd, S366iatuxnd O] tlemec g adeed, and t he
system
10 employable. Examples of such chemical treatments include
acid treatment, alkali treatment, salt treatment and
organic substance treatment. The acid treatment
contributes to not only removing impurities from the
surface but also eluting cations such as Al, Fe and Mg
15 present in the crystal structure to increase the surface
area. The alkali treatment destroys crystal structure of
clay to bring about change in the structure of the clay.
The salt treatment and the organic substance treatment
¢an produce ionic complex, molecular complex, organic
20 derivative or the like to change the surface area or the
distance between layers.
The ion-exchange layered compound for use in the
invention may be a layered compound in which the

exchangeable ions between layers have been exchanged with

25 other large and bulky ions utilizing ion exchange



was heated to 100 C to give an opaque white slurry. After the slurry was
cooled to roomtenperature, 3.80 g 5 (126.54 mml) of parafornal dehyde and
7.10 M (70.17 noral) of triethylam ne were added, followed by stirring at
85 C for 30 mnutes. The reaction solution was allowed to cool to room
tenperature and then quenched with 10% hydrochloric a ani c | ayer
was | O concentrated, and the solid8recipitated was v;%uﬁgm?@;?t 0 obt aiyn
10.51 g (yield: 84 @6 of 3-(1-adamantyl)-5 nethylsallcylaldehyde. 1H NWVR

(CDC13): %r%p%r@l(e% tlﬁ'@nzla%‘g% (the Hstane Hetrddn D lgye%( s, 1H) ,
11.6 (s, IS Into a 100 reactor thoroughly purged mnth nitrogen, 30

n of et hm bRP ib r(%i)l%‘ir |03 10fa ,CY1CH e ExXy] BN Heg 2t 5dng (5.57 mol)

of 3-(1 adamantyl)-5-nethylsalicyl al dehyde ware introduced, and they were

stirred aty mém@w&ﬁ% I By Ther 204 58! Eglpigﬂpl tated was
filtered of nd vacuumdried to obtain 1.73 g (yield: 89 o) of a conpound

(P) P! ety ddie Ol et dd %e@éeényﬂ%g% espal - LR
(CDClS):l.lB— , 230(s

7 02 {2531@ 13%&1,37&?!}&,&%,?55 cgL"iL«'jilgesd %gfht%égﬁ?\lgugg%ﬁl%’f“?m% | nto a 1bo
The' compodiil (EEandiatbefias e B IRt dhid %%Q”in’ﬂ%&?ﬁségaéﬁémlﬁt? ed o
cont ai ni ng AL St Rk ERC ) flon ia i fade BRI SRR en e
reacti on SrRPrERRaSL r%“%ZT%i B PR & R T S5 BRopare a
| Ehium <o ok Lan. e SELLISD 06 SR, ACHRRT,E0 o o T
THE sqlput i Qa1 89 PEEY, CORLBUALO (AL G (oLl 74 NE A B $H 2+ ana

(Fe30(0OCOCH;3)g)*. These compounds are used singly or in

combination of two or more kinds. The intercalation of

the compounds may be carried out in the presence of

polymers obtained by hydrolysis of metallic alkoxides

15 such as Si(OR),, ALlL(OR})3 and Ge(OR)y (R is a hydrocarbon

group or the like) or in the presence of colloidal

inorganic compounds such as Si0O,. Examples of the pillars

include oxides produced by intercalation of the above-

nentioned metallic hydroxide ions between layers,

20 followed by dehydration under heating.
The clay, clay minerals and ion-exchange layvered

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

25 after they are subjected to water adsorption or



addition was conpleted, stirring was continued with slowy raising the
tenperature to roomtenperature. Then, stirring was further perfornmed at
roomtenperature for 15 25 hours, and the solvent was distilled off from

t he 134" -9 APR 2003 reaction solution. To the resulting solid, 30 m of
ether and 70 m of nethylene chloride were added to give a slurry, and the
slurry was filtered. The filtrate was concentrated and r ugﬁgﬁbbbéed from
a mxed solution of 5 hexane and e¥ther to obtain 0.99 g~ {li %9 of a
conpound (16y represented by the following fornmula (16) as a yel |l ow powder.

- IHENWR ¢ &%ﬁtlgn?{lrx&e@ohég\;lﬁ%"b THe 2d14%, Sty midlrdrfSadd 2H), 6.87

(d, 2H), 7.04 FD- mass spectronetry: 862 "~ "zZrd 2
151 ~ 2 i%ﬁleﬁghaﬂagh@ﬁyérgﬁagghﬁo&ZdEnhﬁgabéogsgh %Eﬁ&&? thQhOU9h|y
purged with nitrogen, of et hanol

met hyl cyclLgfg¥ybhefbaeo2ndwd. 8@ Mok RInARR!) of ' 3- (1

adamant yl ) - 5- net hyl sal i cyl al dehyde were 1 ntroduced, and 25 they were

stirred at roogkt EARCEBbYEEREAL 1 fchoNhEorTlte, b%é;gegggeps%g'p'tated was

flltered of f and vacuumdried to o taln of a conpound
(13 “BY Hal sud¥ flselfiud hald el 9*%3&&@ é%%%%“é"%&* s Sy
525 & 2§‘H%‘tm%ﬁ§ﬂa?”l*‘%m yeEig g tp Meeriegy Faepiortl o {180 i

react or thorgﬂg % dr.ied and. purged with argon, 1.00 g (2.74 mmol) of the
0

conpound "MC%f THF mere i ntroduced, and they were cooled to -78

C and stlrred - o tQ@ react or ;5 .11l %% aegmgp ane soluthp caont ai ni ng
2.75 mol of n- utyIPPPhlunlmE% sIdmA dro mnse add&d e (e

temperat ute, of, e oY Sl TRl L8 859 J QAN EBELAMLE o the

10 10 to 300 um. Examples of such compounds include
(co)polymers produced using an o-olefin of 2 to 14 carbon
atoms such as ethylene, propylene, l-butene or 4-methyl-
l-pentene as a chief ingredient, (co)polymers produced
using vinylcyclchexane or styrene as a chief ingredient,

15 and modified products thereof.

i i) onen
In the present invention, the organic compound
component (D) is optionally used for the purpose of
20  improving polymerizability and properties of the
resulting polymer. Examples of the organic compounds
include alcohols, phenolic compounds, carboxylic acids,
phosphorus compounds and sulfonates, but the organic

compounds are not limited to these examples.



solution was stirred at roomtenperature for 1.5 hours to prepare a lithium
salt solution. The solution was dropw se added to 20 ml of a THF sol ution
containing 0.52 25 g (1.37 nmml) of a Zrd a(THF)2 conpl ex, said THF

sol ution 6 -- ~ ~P R 2d0 having been cooled to -78 C. After the dropw se
addition was conpleted, stirring was continued with slowy raising the
tenperature to roomtenperature. T , stirring was f_qm?shﬁﬂgznm med at
roomtenperature for 20 S hours, ant the solvent was di I fromthe

reaction solution. To the resulting solid, 30 ml of ether and 70 m of

met hyl ene chl oraglecher@ladiels tand)i viee gplsénisl ¢ avrdpbleds| uthyswas
filtered. The filtrate was concentrated and recrystallized froma m xed

sol uti on ofedfesexaad Bpdreider (R3°obkaknhPdbOcgrbyghefdoudlosd) 10toa
conmpound (i 7} represented by the following forrmula (17) as a yel |l ow powder.
1H NMR ( CD¥1 3¢arPofilalonl 6 aSHid ogdndfedshy8ibcadbdf- gr8dp( B 2H),
6.90-7.00 (m 2H}, 7.26, 7.31 (s, s, 1S 2H), 8.00-8.30 (m 2H) FD- nass
spectronetty: s@90arBohl dtdhs) &rd FefBFh129 empdoyedq APR 2003 Into a 200
m reactor thoroughly dried and purged with nitrogen, 25.31 g (203.90 mmol)

of ani gole, 2.06hg AlebnbubesistplbréiaBle BABBe a¥athabhBoireom O gano Co.)
and 30 m of toluene were introduced. To the reactor, a solution containing

15.52 g (1PdrMuladiheebik- adanmNty Inalsphiol e s Infaeh i tor? Gbu®f a tol uene
was dropw se added at 95 C, followed by stirring for 5.5 hours. 10 After

the systemryaspreabedct eompeiihlieNRebabtegerbbeyCinstal wheeehipi taked was
washed wi th he~cane and vacuumdried to obtain 12.20 g (yield: 46 o) of

gkél gdiga tﬁllggsqﬁﬁggé¥ghfgﬂg ﬁ%ﬁk@¥§6(%gg%§)ﬁfe é%t%ﬁ?gﬁkﬂ¥$%n.9%(s
1H) Into an380orh-H8aCHYou yg%euahas Byr %%wnt B Ridrogen, 16.50 nl of an

et her sol ution contai ning of ethyl magnesium brom de and 10 ml of
THF Wej As the carboxylic acids, those represented hy R21-

COOH (R2! ig a hydrocarbon group of 1 to 50 carbon atoms
or a halogenated hydrocarbon group of 1 to 50 carbon
atoms, preferably a halogenated hydrocarbon group of 1 to
50 carbon atoms) are generally employed.

15 A8 the phosphorus compounds, phosphoric acids having
P-0-H hond, phosphates having P-OR bond or P=0 bond and
phosphine oxide compounds are preferably employed.

The sulfonates employable herein are those
represented by the following formula (VIII):

20

(VIIXI)



20 introduced. To the reactor, a solution containing 12.3l g (47.20 mmol)

of 2-(1-adamantyl)-4-nmet hoxyphenol diluted with 50 m of a THF was dropw se
added at 0 C over a period of 15 mi nutes. Then, 150 nl of toluene was
.added, and the systemwas heated to 95 Cto distill off about 25 40 ml of a
m xed sol ution of ether and THF, whereby an 38 -g APR 2003 opaque white
slurry was obtained. After the slurry was cooled to 20 C, 3.43 g {114. 30
mol ) of paraf or mal dehyde and 9.4®8l (67.50 mvl) of triethyl anine were
added, followed by stirring at 90 C for 30 m nutes- hA Zdbaion sol ution
was allomed to cool to roomtenperature and then quenched with 32 nl of 180
hydrochl oric acid. The organic |ayer was washed with 100 m of water, 50 ni

of a sodiya Wl QP HRNONBER SAIEOUSA SPLYMI 8PoRPI1108 BhoRh d4S@¢ UM
chl ori de aqueous solution, and then 10 concentrated. The resulting solid

was pur i friedl Ay Sidi 6 o g8t e FORLIM L hEQIRIQGN 2 (yiel d:
37 o) of 3-( adanantyl) ésnethaxigal|cyIaldeﬁgdékgfﬁgh%gﬂtébC1 . 1.78 (s,

6H), 2.0%£s )29 zcéa.zbéﬁia@&l}tl_ﬁ or 82 ﬁéloggkﬁfgd8ﬁyé§ n/-13 {s, 1H),

9.87 (s, 151 Into a reactor t oroughly pur ged

s j (S o )fﬂ?gf2§ on feofisd €3 J@P%eé%n %%&LES‘ e :
i 5.5 T
i ntroduceg, 2£E5£ey?wgg&r§%5£§§ﬂa§%oﬁgogtti”esr buLe %ggiatfm§3Ufs e

SO|Id preC|p ated was ere cuunldrle to O
(9L o BlaofOPRyni Bl heRebogiLes By 406 (ol pip.l ol 2 (B,
o 3 1530 (D ke, By0debor, 10 9 g 003D L Wtk
thoroughly drlfd énd.pf,gegeps for preparing the olefin
" 10 polymerization catalyst of the invention are shown.
In the polymerization, the components can be used in
any way and in any order. Some examples of the processes
are given below.
{1} The component (A) and the compound (B) are fed
[5 to the polymerization reactor in an arbitrary order.
(2) A catalyst component wherein the component (A)
is supported on the carrier (C), and the component (B)
are fed to the polymerization reactor in an arbitrary
order.
20 (3) 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.



with argon, 1.00 g (2.72 mmol ) of the conpound (R) and 10 nml of THF were

i ntroduced, and they were cooled to -78 C and stirred. To the reactor, 1.80
m of a n-hexane t~olution containing 2.83 muvol of n-butyllithiumwas 15
slowy dropw se added, then the tenperature of the systemwas slowy raised
to roomtenperature, and the reaction solution was stirred at room
tenperature for 1.5 hours to preparg,a |ithium sal t_?)lrégg'g)zgoghe sol ution
was dropw se added to 20 ml of a THF solution contairi . 0 g (1.36
mmoi ) of a Zrd 4(THF) 2 conpl ex, said THF sol ution having been cooled to -78
C. After the dr 0pW sk eddalyen wasponapktewbdreshi thengowasneont i(dged wi th
slowy raising the tenperature to roomtenperature. Then, stirring was
further peahdrnhedcatpooentt éBpensbusepport2d 2h lther sararedxt He)sdlavent was
distilled off fromthe Q lao -g APR 2003 reaction solution. To the

resul ti ng seli dp 8Benbolimerhentint Zeawtoaf. net hyl ene chl ori de were added,
and the mxture was filtered. The filtrate was concentrated and washed
again with a m xadthel abboa pkoethgesand)hewand)t,0at deiazith td &y (Yyi el d:
13 %9 of a conpound (18) represented by the following fornula (i8) as a

yel | ow powdae. chbaliyBe( cCBhbdhen@sStaz 42 pHevidds13 Hhtastdd]), 3. 80-4. 00
(m 2H), 6.62 (d, 2H), 7.14 (d, 2H), $.18 {s, 10 2H) FD nass spectronetry:
894 "Zrd 2 15 / 1n ©hd brd8psked0 (Ynahasi(R )ExdiRle al Tdnpichentl Q@&)m react or
t horoughly pureed with nitrogen, 30 ml of ethanol, 0.44 g (3.89 mmvl) of
2met hyl cyclpheny lignManguppdried@d tde3 &0 d8M)ondft (B) which is not a

3-{i adamant yl ) - 5- net hoxysal i cyl al dehyde were i ntroduced, and 25 they were

stirred at ghe@PeLdelkd Qfe QAR Sn B arddady /%PlFae?IO.O?» 180! i d

precipitated was filtered o and vacuumdried to obtain 27 g (yield: 90

% of a coppQundalsd), ﬁ;mr%%%%dm% the el %r&é oV} 1( 1H NWR

(CDC13): 0.82 (d, 3H), 1.00 (m 9H), 5 (d, 6H), 2.07 {s, 3H),
2.17 (dg H}i,ifqgeq%,& 75 (m 1H), 3.77 (s, 3H) 6 59 (d, 1H), 6.90 (d, 1H),
8.27, 8.30 {s, s, , 13. 66, 13.88 {s, s, 1H) IO(S) I\/blSIntoaSOrri

reactor thor ouggjn)(:odrtlhgd s@;iq?pg g;%ci}ygg R, é’g’g{}d‘g_ Iq?]ey ik 3, ol ) of the

conpound {S) an weré i1ntro e cooled to
-78 C component (A) and the component (B) are supported on the

carrier (C), an olefin may be prepolymerized. On the
prepolymerized solid catalyst component, a catalyst
15 component may be further supported.

In the process for olefin polymerization according
to the invention, an olefin is polymerized or
copolymerized in the presence of the above-mentioned
olefin polymerization catalyst to obtain an olefin

20 polymer.

In the present invention, the polymerization can be
carried out as any of ligquid phase polymerization, such
as solution polymerization or suspension polymerization,

and gas phase polymerization.



and stirred. To the reactor, 1.70 ml of a n-hexane solution containing 2.67
nmmol of n-butyllithiumwas 20 slowy dropw se added, then the tenperature
of the systemwas slowy raised to roomtenperature, and the reaction
solution was stirred at roomtenperature for 1.5 hours to prepare a lithium
salt solution. The solution was dropw se added to 20 ml of a THF sol ution

containing 0.50 25 g (1.32 mml) of a Zrd d{THF) 2 conpl<£x i HF
sol ution |42 -9 APR 2003 havi ng9(been cooled to -7B"§ Wf@?ﬁﬂée dr opwi se
addition was conpleted, stirring was continued with slowy raising the

tenmperature t G LM dLNPEraldFe. hfibcasbbh MhodiNesofuakbernpenbor med at
roomtenperature for 20 5 hours, and the solvent was distilled off fromthe

reaction ﬂ#&&%ﬂ@ bEEhESHLLL DOnSOhé fuadOatipRficether arid 70 m of

met hyl ene chl oride were added, and the mixture was filtered. The filtrate

was concanytdAbSs-888s eshed @Saﬁﬂo%{mghefaﬂeﬂnép_ BBhLeLACD: A8xdnEyi €l d: 54 %

of 10 a conpound {19) represented e followng fornmula (19) as a yell ow

wder . i ne0. 30:2n40 e , aBdRa302nbM & 480 (s,
DEy oG st (O thie ) odnf] (BnaBh, adqORed Bulp iyl ®) .

spect KOMBY L ¥y 0 92380a Meaidhy as_&vE1TphantinklStye? ane PR 2003 Into a
200 nf reé%t%? thoroﬁgh?? dr%gdggndggﬁPSed mﬁt% n???%&eﬁ,gﬂé.oo g {346.4

mol ) of @%g%s%iﬁggggaﬁa-5a9mas@i§t huRothiRdRNaNRpAYY | abl e from

Organo Co. tof uene were i ntroduce e reactor, a

S0 i of BobePhBhelnateHE dn Rt b ByeRRt o IS B B (g oy
7.5 10 hoy&gh é%tgEh%E§F?y§&g§%ﬁ§%’&%@%%%San&ggg]% erature, the reaction

solution was fiTtere h uene, an he resulting liquid
120, PV 4S8ty o6l DS THOBS AR D B R (el S
3H), ﬁ)960£gfin itself can be used as the solvent.
In the polymerization of an olefin using the olefin
polymerization catalyst, the component (A) is used in an
amount of usually 10-12 to 10-2 mol, preferably 10-1? to
10-3 mol per 1 liter of reaction vliume.
15 The component {(B-1) is used in such an amount that
the molar ratio ((B-1}/(M)} of the component (B-1l) to the
transition metal atom (M) in the Eomponent {A) becomes
usually 0.01 to 100000, preferably 0.05 to 50000. The
component (B-2) is used in such an amount that the molar
20 ratio ((B-2)}/(M)) of the aluminum atom in the component
(B-2) to the transition metal atom (M) in the component
{A) becomes usually 10 to 500000, preferably 20 to 100000.
The component (B-3) is used in such an amount that the

molar ratio ((B-3}/{(M)) of the component (B-3) to the



1H , 6.72-7.38 {m 8H) 1 " Into al liter reactor thoroughly purged with
nitrogen, 43.5 m of an ether solution containing | 30.7 mol of

et hyl magnesi um brom de and 70 mM of THF were 20 introduced. To the reactor,
a solution containing 30.16 g (124.5 mmol ) of 2-cunyl -4-nmet hoxyphenol
diluted with 80 m of a THF was dropw se added at O C over a period of 30
m nutes. Then, 500 mlL of toluene added, and the S heated to
100 Cto distill off about 40 m \(I)v?ﬁZS a mxed sol uf's%nﬁﬁﬁﬁ and THF,
wher eby an opaque | a4 -q APR 2003 white slurry was obtained. After the
slurry wascomd 2xelidro ]l Dedd M) 301, Shemadppaiemar Bk privadcedyyde and 24. 8
m. (178.0 mmol ) of triethylamne were added, followed by stirring at 90 C
for Z5 m nugesllvihe Goreactposfscabliyon wassal l owed to cool to room
tenperature and then quenched Wth 84 m of L8% hydrochloric acid. The
organi c | ayer wasenadhe dcompdndhfdd (B-Df ivteted 200 the ofompSdshtim

hydr ogencar bonat e aqueous sol ution and a sodi um chl ori de aqueous~sol uti on
(200 M X &), avHet b6HipdResONCENt £ At 6FLidALLIESWEEANYn| kquhdamas purified
by silica gel colum chromatography to obtain 27.27 g (yield: 81 % of

3- cunys. - Sai®bhexyRat | €néals) eiaygg rathi MRy (LBC1Bscohe82ubsal by), 3.85 (s,
3H, 7.1.5-7.38 (m 7H , 9. 80 (s, LH , 13..3 (s, LH 15 Tnto a 100 m
reactor th@[@ﬂQBbYl@Wﬁﬁdfé&:&Blﬁl b1 0ges, 540 Whemltied hedtthonedn®9(@- (11. 0
mol ) of cycl ohexylam ne and 2.85 g (10.0 mmol) of 3-cunyl-5

met hoxysal pgykal debydeswene kBhpeduaed(pandchBeyomBbaeati (Hpdiat room
tenperature for 2 hours. The solid 20 precipitated was filtered off and

vacuum dri gde £8nQRi @ asad5éngs{z>éhehﬁ afhduift eime Eﬁambwdﬂh)represent ed

by the followng formula (T). IH NWR {CDC13) : 5 (m 6H) 1.
55-1. BS (ghtéﬁ)by &oz5bgﬁom@§)us§aiiy(ﬁlObw)t03282pQ%fe§§%ly OG%U§ 29 (m
25 7H) -9 APR 2003

10 . When the component (B 3) is used as the component

(B}, the component (D) is optionally used in such an
amount that the (D)/(B-3) ratio by mol becomes usually
0.01 to 10, preferably 0.1 to 5.
In the olefin polymerization using the olefin

15 polymerization catalyst, the polymerization temperature
is in the range of usually ~50 to +250 °C, preferably 0
to 200 °C, more preferably 60 to 170 °C. The
polymerization pressure is in the range of usually
atmospheric pressure to 100 kg/cm2, preferably

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

reaction conditions.



N OMOH-~Ty Ph Into a 50 mM reactor thoroughly dried and purged with
argon, 1.05 g {3.00 mmol) of the conpound {T) and 30 m of ether were

i ntroduced, and they ware cooled to 1078 C and stirred. To the reactor,
2.0l mM of a n-hexane solution containing 3.15 mml of n-butyllithium was
slowy dropw se added, then the tenperature of the systemwas sl ovay rai sed

to roomtenperature, and the reacti,on sol ution was Stjefr

tenperature for 3 hours to 15 prepg?e a lithiumsalt™ ?N?Rogoﬂ he sol utlon
was dropw se added to 30 ml of a THF solution containing D.57 -~ g (1.5
mmol ) of a Zr CrheThel2cnde exigdai T Hhes odeutu Ianidia\a Ingf sbearplgonded to -78
C. After the dropw se addition was conpleted, stirring was continued with
20 sl ow y claai $iengdnite-dldrpeiat Wwld dwiing drgdenped atalrlee lesentstdmr i ng was
further perfornmed at roomtenperature for 20 hours, and the solvent was

di still edtifd folgmetrtier atdant ifstsol wWr By landingaswd ti xig solid, 30 m of
ether was added to give a slurry, and the slurry was 25 filtered with

washi ng wgdlyatb il zadfidte ttummsrea ot or | e mdléularARRIZMB cHie Hd I trate
was concentrated and washed again with a m xed sol ution of nethyl ene

chlori gle &jghiidiled G IHY AP chddglhd Wi kyiSe S Olhe ScoRPPOLRE (29)
represented by the followng formula (20) as a yell ow powder. 5 1H NMR

( CDCl3) 1 0.90- Zpl the Bre¥didt $hént(iBn 2Hne JbIdfin B9 fker Swibh)
6.60--7.41 (m 14H), 8.11 (s, 2H) FD-mass spectronetry: 863 C) is Me zrc~2

{20~ n SynihesimoTaAimle wdi die | 40 o 490odhcE8GLOR éheeoughty purged with
nitrogen, 40 mM of ethanol, 1..25 g (11.0 nmol) of 2

met hyl cycl;%mémm&mdagtﬁéley( 1959 81701 1y Okt Sne¢YfYLemperatures
5- met hoxysal i cyl al dehyde were introduced, and thEy were stirred at room

tenper at ung, ffe 31 0UES. tﬂéeaﬁebédoﬁgfpﬁeebmakegawénfeh&e& deotf and
vacuumdried tc~ obtain 2.73 g (yield: 75 a) of a conmpound ( represent ed

by thggfol | owi ngj mléaof L&he%&%ém ch7Qe0p§Qy1(1gr b 9-1.83
(m 9H), 1.75 (s, ,3.82 (s, 3H), 6.68--7.31 (m 25 7H) ,

8. 23 (s, éﬁ@ us& of éﬁe(éleétﬂ polymerlzatlon catalyst include:
straight-chain or branched o-olefins of 2 to 30

carbon atoms, preferably 2 to 20 carbon atomsg, such as

ethylene, propylene, l-butene, 2-butene, l-pentene, 3-

15 methyl-l-butene, l-hexene, 4-methyl-l-pentene, 3-methyl-
l-pentene, l-octene, l-decene, l-dodecemne, l-tetradecense,
l1-hexadecene, l-octadecene and l-eicosene; and

cycloolefins of 3 to 30 carbon atoms, preferably 3
to 20 carbon atoms, such as cyclopentene, cycloheptene,

20 norbornene, S5-methyl-2-norbornene, tetracyclododecenea and
2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a~-
octahydronaphthalene.

Polar monomers are also employable. Examples of the
polar monomers include o,[l~unsaturated carboxylic acids,

25 guch as acrylic acid, methacrylic acid, fumaric acid,



147 -9 APR 2D03 s Me "h Into a 50 ml reactor thoroughly dried and purged
with argon, 1.10 g (3.00 mml) of the conmpound (U) and 30 10 m of ether
were introduced, and they were cooled to 78 C and stirred. To the reactor,
2.01 nl of a n-hexane solution containing 3.15 mml of n-butyllithium was
slowy dropw se added, then the tenperature of the systemwas slowy raised
to roomtenperature, and the reacti I's solution [T t room
tenperature for 2 hours to prepare gyl i thium salt st‘yu&po[gfﬁhi sol ution
was dropw se added to 30 mM o a THF solution containing 0.57 g (1.50 mmol)
of a Zrd 44dHeje sohpliexdesaittatbRisohatiilenikaviondcbeshydubfiedand - 78 C.
After the dropwi se 20 addition was conpleted, stirring was continued with
sl ow y rai biingclbé2i 2nperatbeptieaeraofr-tidnpebatyildc ahbpdrdtdierri ng was
further perfornmed at roomtenperature for 20 hours, and the solvent was
distill ed nbtallidm sh2tseastuchn asokuidion s&dtishepoesskiungsaakisgd, 10 nml  of
2s ether and 30 ml. of nethylene chloride were added to give 148 -~ APR
2003 a sl uflbiyhiamdsthess| wihy: wadth,| mageedsduid sadtlhi agdwckhc2Qmm  of

met hyl ene chloride. The filtrate was concentrated and washed again with a

m xed sl ukkaRs0bEMEhbBY bBB&eC Rlcdidsde og fd ugisheira® sabtairboRy18cy {yield: 5
58 0) of a conpound (21) represented by the following formula (21) as a

yel | ow powdgterkh MYBh( @BChdkhyl 6Q@x918@ o Met¥it) ackyidtem n2bropgl’7 (s,
6H), 6.50-7.60 (m 14H), 8.12 (s, 2H) FD-mass spectronetry: 891 10 I5

Synt hesi s Exagake, 22 sBprophdl acidfldtle,’ @AMy hrgueitley dsibedtgnd purged
with nitrogen, 34.04 g {200.0 nmol) of 4-phenyl phenol, 20 3.40 g of

Unberi st - 13k {1346 RaR-paMail a8 14 @gang 1¢Rdy1aRd 2@, of tol uene

were introduced. To the reactor, a solution containing 48.20 g (200.0 mmuol)

of t butyl pal Ole@ihlaldy@d MMd h eyl nftiadrQ)IUaNE, \g@.}, W se added at
105 C, followed by stirring for 16 wnl. _ z~ci2 2 {21 ) 25 hours. After
the sysgemmerhaca9hetd,0 iR PaidSylate, n-butyl
methacrylate and isocbutyl methacrylate; vinyl esters,
such as vinyl acetate, vinyl propionate, vinyl caproate,
vinyl caprate, vinyl laurate, wvinyl stearate and vinyl
trifluoroacetate; unsaturated glycidyl esters, such as
15 glycidyl acrylate, glycidyl methacrylate and monoglycidyl
itaconate; and halogen-containing olefins, such as vinyl
fluoride, vinyl chloride, vinyl boromide and wvinyl iodide.
Vinylcyclohexane, dienes and polyenes are also
employable as olefins. The dienes and the polyenes
20 employable herein are cyclic or chain compounds having 4
to 30 carbon atoms, preferably 4 to 20 carbon atoms, and
having two or more double bonds. Examples of such
compounds include butadiene, isoprene, 4-methyl-1,3-
pentadiene, 1,3-pentadiene, 1l,4-pentadiene, 1,5-~hexadiene,

25 1,4-hexadiene, 1,3-hexadiene, 1,3-octadiene, 1,4-



149 -q APR 2003 the solution was introduced into 500 ml of hexane and
filtered with washing wth hexane. After concentration, the resulting
liquid was purified by silica gel colum chromatography to obtain 31.15 g
(yield: 69 %9 of 2-t 5 butyl-4-phenyl phenol. 1H NL~t (CDC 3): 1.48 (s, 9H),
4.78 (s, iH, 6.70-6.58 (m 8H) Into a 1 |liter reactor thoroughly purged
with nitrogen, 66.80 m of an et he% sol ution contai, rclgpg)ggﬁalo mol  of

et hyl magnesi um brom de and 100 nml ¥ THF were introducded! he reactor, a
solution containing 43.16 g (190.7 mml) of 2-t-butyl-4-phenyl phenol

di | uted wétad@Denit, of , 8-dEEaitond] OpWesecaoddednal ), C-ov¥erdaensari od of 40
m nutes, then the tenperature of the systemwas 15 slowy raised to room

t enper at usehyBidehBenbeB6thefes Ok ihiyONn¥eBoshbhepd at roomtenperature for
30 mnutes. -,} Than, 700 m of toluene was added, and the system was

heat ed t 0qi{8@cfobanth8ibhk, 0ftna2nyt -2f cacst xadenal, Uhiaengt igbhar and THF,
wher eby an opaque white slurry was 20 obtained. After the slurry was cool ed

to -20 C gliefhydl-6490ndniB®LheOhnAababagrRbLERPYdE, aNE -38chtHiehe’3. 4 mMol)
of triethylam ne were added, followed by stirring at 90 C for 30 m nutes.

After g ce cool Apgmathe veaghi eBrpeliHlkOR-Was1AYEBRREEWLER 433 M of 180
hydrochl oric 25 acid. The organic |ayer was washed with 300 nml of water,

I'so -9" ABRe2903 .308:fhpPls 88 0gh Ui YA OERAS 2L ROTREE AGHEOUS, SOl Ution and
300 mM of a sodiumchloride aqueous solution, and then concentrated. The

resul ti ngyhip gyt hielsl, ed By iyl st ,Cel RRBRLQQN a to obtain
37.73 g 5p%§?gFg?W%§y$? ok 3%F-butf|?5?5%§%y|sa|????gfdgﬁﬁhe. B R

(COCL3) : pdcAO16n Uil . pLrd¥n01E%okBnol b b4 7B dydinthtllne 1578 (5. 11

Into a 100 reactor thoroughly purged wi th nitrogen, 50 nl ‘of ethanol,
%: tz-lbgt %gg%g%‘é}#;)ﬁeg{ﬁ'??%%ﬁ%&%ﬁ%r g%:an%r_o?ﬁﬁ%é%(}g%ﬁ?ﬁg %r e
10 functional group-containing styrene derivatives, such as
methoxystyrene, ethoxystyrene, vinylbenzoic acid, methyl
vinylbenzoate, vinylbenzyl acetate, hydroxystyrene, o-
chlorostyrene, p-chlorostvrene and divinylbenzene; and
other compounds, such as 3-phenylpropylene, 4-
15 phenylpropylene and o-methylstyrene.
The olefins mentioned above can be used singly or in

combination of two or more kinds.

EFFECT QF THE T T
20 The olefin polymerization catalyst and the process
for olefin polymerization according to the present
invention can produce polyolefins with a high

polymerization activity at high temperatures.

25 EXAMPLE



stirred at roomtenperature fog: 1 hour. The reaction solution was vacuum
concentrated to renove the solvent, and the resulting liquid was purified
by silica gel 15 colum chromatography to obtain 3.38 g (yield: g4 a) of a
conpound {v) represented by the following fornula (V). ) iH NN~ t (CDC13)

0.90 (t, BFD , 1.20-1. 50 (m 6H) , 1.48 {s, 9H), 1.72 (n] 2H), 3.61 {t,
2H), 7.27-7.56 {m 7~i), 8.40 {s, , 14.29 (s, 1H) 2 h§n¥gﬂm¥£ff Ph \
t Bu 25 - q APR 2003 |51 Into a 50°nl reactor thoroughfy d purged

with argon, 1.01 g (3.00 mmvl) of the conmpound (V) and 30 m of ether were
i ntroduced, andrhdeayrewset covtettion 78 Guatitestdes@tibdd wiehreactor, 1.97
m of a n-hexane 5 solution containing 3.15 mmol of n-butyllithium was

sl oW y dr opeiseenddetlc thenfohtovbipesntmpresf ble byssesuldsbsl oWy rai sed
to roomtenperature, and the reaction solution was stirred at room

t enper at ureoherdeliovhatt ohpr Epasrt Bohi 18I M 8&l wragol ihiesd dbe sol ution
was 10 dropw se added to 30 mM of a THF solution containing Q57 g (1.50
mol ) of atKe&b4éstidmplesonpl ex, said THF sol ution having been cooled to -78
C. After the dropw se addition was conpleted, stirring was continued with

sl owl y 5 ai si ng thech&NPELBbWIRgt OxaaeTRE £NPRE Al ki BindDeNvidEosityri Ng Was
further perforned at roomtenperature for 20 hours, and the sol vent was

distilled r I OB T lid, 20
1 of et het et e SoHed reeg va  GBEhh R 88 HasDPe. s%%%‘%%ﬁié‘%‘%ﬁ%%ﬁ Wi th

washing wi &ﬂeleoﬁboaﬁdgebbxheﬂeacthEhées Ondbesf Lhkhhpi8sWasrgoncent rat ed
and washed again with 30 of ether to obtain 0.49 g (yield: 39 %9 of a

conpound (aake&ﬁ.&heaeﬁgedvlaymgelﬁoﬂﬂn@vw39%59@&@&3@) gpgigsye! | ow powder.
1H NVR (CDCI3): 0. . 1.1-2.0 , 8-4.1 (m 4H),

7.2-8.1 {”Laﬂé@hto§F3G5§h§762r§ndSFD2HLss sE%ctgoéQEry QHQPEQ-WBSS

spectronetry: ~leXY~ ZI ~~2 > @
10 Electron Optics Laboratory 8X-1024), etc.

le 1

Into a 500 ml reactor thoroughly dried and purged

with argon, 7.51 g (50 mmol) of 2-tert-butylphenol and 54
ml of THF were introduced. To the reactor, 18.53 ml of

15 an ether solution containing 55.6 mmol of ethylmagnesium
bromide was dropwise added at 0 °C, then the temperature
of the system was slowly raised to room temperature, and
the reaction solution was stirred at room ﬁemperature for
1 hour. Then, 180 ml of toluene was added, and the

20 system was heated to 100 °C to distill off about 40 ml of
a mixed solution of ether and THF, whereby an opague
white slurry was obtained. After the slurry was cooled
to room temperature, 3.75 g (125 mmol) of
paraformaldehyde and 10.45% ml (75 mmol) of triethylamine

25 were added, followed by stirring at 88 °C for 1 hour.



The NC val ues of the conpounds obtained are set forth in Table 1. Table 1
Conmpound No. NCConpound

No. NC1l . 915121. 80121. 908131. 90531. 856141. 79941. 803151. 79051. 913161. 79961. 90
9171.79271.852181. 78081. 900191 . 76891. 870201. 799101. 905211. 791111. 910221. 910
Exanples 1 -17 Into a 1 liter stainless steel autoclave thoroughly purged
with nitrogen, 500 m of heptane was introduced. The tenperature of the

aut ocl ave was set at 75 C, and 963 -9 APR 2003 t k]l ARRDPBdse and the
gas phase were saturated with ethylene. To the autoclave, 1.25 mmol (in

t f i t f methylal d th d shown |

Tabl e 2 i RPENECHRBARE EROWN-PR 181 EL30HAre o8 A86da ConAMoine. pol yner i 2ati on
ducted for L5 mi der the ethyl f. 8 kglcra2-G

The 1 ecul EPRECBALYTS: St FERE! B MERerh ot PHES SELEPge Aot of a

m xture of_ acetone.,and net hanol {acetone:nethanol =.1:.1)! containing a small
Prount Cof B8 RraRGf APVETaERE CoTGARES o ol PR FR6 ool yimer s

filtered through a_glass filter, After the sol vent s, renoved, the pol yner
uhs vashel HECH ABIRERIRI, 56 PHLPIE Gue Sacdihnih 20 5 86 GTor 10 hour s
to obtain gol ethyl ene.. The results are set forth in Table 2. 15

Gom-ar-at ~P8 e ERHHLEY] Pation was carried out in the same manner as in
Exanples 1 to 22, except that the follow ng zirconi um conpound %23) (NC =
2.01) was used &5"HRe (YPFeohi uh%® EBmpdtihd £ n®an{Gmolfil < of - 8506008 mol .
As a result, polyethylene was obtained in an anmount of 2.61 g. The

pol yneri z&M-oftdet i3i&%8y Wfas B9 Kdy mitbl (2r i) and the intrinsic viscosity
(r)) of the po&yethylene was Z.95 dl/g. The results are sat forth in Table
2. 25 1s4 -qImPR 20@9G ml-zegerqy rhompugify purged with

nitrogen, 80 ml of ethanol, 6.06 g (22.5 mmol) of n-

10 octadecylamine and 2.84 g (15.0 mmol) of 3-t-
butylsalicylaldehyde were introduced, then a small amount
of acetic acid was added, and the mixture was stirred at
room temperature for 24 hours. The feaction solution was
vacuum concentrated to remove the solvent, wherehy 4.56 ¢

15 {vield: 70.7 %) of a compound (A) represented by the
following formula (A) was obtained as a yvellow crxystal.

ly-NMR (CDCli;): 0.89 (t, 3H), 1.26 (s, 30H), 1.44 (s,
9H), 1.53-1.75 (m, 2H), 3.57 (t, 2H), 6.79 (t, 1H), 7.08-

7.11 (44, 1), 7.26-7.32 (dd, 1H), 8.32 (s, 1H), 14.22 (s,

20 1H)



Iss -g APR 2003 Table 2
Catal ystYieldActivitylntrinsic(g)(kg/mmol viscosityConpoundAnount -Zr ~
hr) (r~
) No. (mmol ) (dl / g) Ex. 110. 000215. 063010. 55Ex. 220. 000057. 175730. 56Ex. 330. 000051
7.5414036. 37Ex. 440. 000U54. 293434. 72Ex. 550. 0001l 4. 245692. 52Ex. 660. 000058. 586
861. 11Ex. 770. 0000510. 628501. 52Ex. 880. 000059. 687741. 99Ex. 990. 000059. 9179313.
8Ex.10100.000056.675346.88Ex.111104ﬁ00110.834330.49~Exglgﬂ2§.gg@§56.935544.
70Ex. 13130. 0000214. 4028810. 34Ex. 14140. 000028. 8917780. 46EXx. 15160. 000117. 2469
00. 82Ex. 16170. 0000510. 848675. 74Ex. 17220. 000056. 014810. 32Conp. Ex. | 230. 000052
. 612091 .95 Exanples 18 - 29 Polynerization was carried out in the sane
manner as in Exanples 1 to 17, é®cemtecyhat the pol ynmerization in Exanples 1
to 17, except that the polynerlzétlon tenperature was set at 90 C and the
anDunt of the catal yst was varl-w to that shown in Table 3. The results are
set forth in Table 3. 1S6 Cofffpar ati ve Exanple 2 -- 9 AP R 2003
Pol yneri zation was carried oui hpn Okt sapg manner as in Exanples 18 to 29,
except that the zirconi um cofp d {23) was used as the zirconi um conpound
in an anount of 0.00025 mol ‘xAs*& result, polyethyl ene was obtained in an
anount of 3.87 g. The polynerizatlgH act|V|ty was 62 kg/ mmol -Zr. hr, and the
intrinsic viscosity (r~) of the polyethylene was ‘4.19 dl/g. The results are
set forth in Table 3. Table 3 Catal yst Conmpound Anmpbunt No. (mmol)Yield
(g)Activity {kotne®la-Zoohh) | PLEEDSE CeNbBSOShIY dried and purged
{dl /g) Ex. 1810. 000212. 262450. 38Ex. 1920. 00016. 692670. 55Ex. 2030. 0Q00512. 00956

- 4. 84EX. 2130 R0RLg0R 320\ 86 69EX 22864809054 0c B8 38R - 287 0aHE09914. 951198
1. 09Ex. 2480. 0000510. 38831 0. 90EX. 2590. 0000511. 71 0378, 63Ex. 26110. 00016. 522610

L ATEX. 2712&1OQEOééh8é4%5§e6lﬁér8§&§QaOOQQélgh 8&Q9e3956128229 Q0016. 792720
. 32Conp. Ex. 2230. 000253. 87624. -9 APR 2000 is claimed is: 1. An

ol ef i n gol vaesezaaaoetfﬁﬂ&éhystrr&%m | 54 4G & f rﬁ”@s‘ LD £184 8l - gaepeynd whi ch
is represented by the following formula (I) and in which the net char ge

Eﬁ&ﬁ”ﬁter QEl&EEoﬁeBEhE51HEES|2Nb'§mb@ bRenLANEe19E chidfl §Qs2. 00: R~

mwherein Mis a transition 5 of the perlodlc table, m

s an int ea%gea&sé Qo it 9980, 3LATLRUDS" bt HERLO OHBZhoA |5 an

oxygen atom nitrogen atom havi ng IS an a atic h5 metal atom of
G oup 4 tog r C a I fur a sel eni um
atom a subs%%gggﬁ%aégoﬁg ﬁge géggggr%§%]§?§ﬁggw% ﬁa&gngggﬁé substituted
with an ar ti roca n,ar Qup or. _an a clic hy rhon.group
QQEP|%ﬁg¥| % Oth% reacglon % opowgg %@9 %eg t

wherein the a ¢ "hydrocarbon group carbon atons, or may
be subﬁiltutgd W|th an.alic C|I% draoc rbon roupa R2

FP emperatire repare &%9 R5 % be the
same or diftferent, °the ey are each a y&rogeﬁ on1 a hy rocar 56n group, an

Ry GENCON, LG 2B LSBT SOUSLA DL CAOHRa €054 QBT P 0

THF sgolution containing 0.38 g (1.0 mmol)} of a ZrCl,(THF),
complex, said THF solution having been cooled to -78 °C.
After the dropwise addition was completed, gtirring was

15 continued with slowly raising the temperature to room
temperature. Then, stirring was further performed at
room temperature for 15 hours, and the solvent was
distilled off from the reaction solution. The resulting
so0lid was recrystallized from a mixed solution of ether

20 and hexane to obtain 0.220 g (yield: 21.6 %) of a



15s - 9 A P R 2000 containing group, a phosphorus-containing group, a

hal ogen-cont ai ni ng group, a heterocyclic conpound residual group, a
silicon-containing group, a germani untontai ning group or a tir.-containing
group, two or nore of them nmay be bonded to each other to forma ring, and
when mis 2 or greater, at |east one of the groups indicated by R2 to RS
contained in one ligand and at | east one of the gro gs d by R2 to
RS contained in another |igand nay9%e bonded to each$ f nmis 2 or
greater, R's, R23 R3s, R4s, or RSS may be the sane or different, nis a

nunmber satisf al ence of d [ hydr o atqm hal ogen at om
a hydr ocafBBR BP ugly ﬁ68§§ﬁgﬁt88n iﬁ?ﬁg%aidﬁé?n§g§%1 chaﬂaﬁﬁ gg group,
a nitrogen- ont |n|n rou goron-containing group, an

al um num o Fag ngeg}g Bg gﬁ sphoruscont ai ni ng group, a

hal ogen- cont ai pj n cyclig._co d, res I

siliconcont ai n?’iﬂg’g’égog‘g&k‘ ger‘#méé) efcff)a‘i gfhggg ’E)Up'yg’??l f ﬁ oﬁ‘c’al ni ng

group, and when n is 2 or greater pIuraI groups indicated by X may be the
t

sane or dffPer dntarlls phHal SgPduds i i cat’ed by R orefide 2¥nded to each

other to forma rin 2. An olefin poI nerization catal yst conprising a
transitiod -Rerdl-© @oﬂﬁgmn&HWhléh ﬁ@gented by the follow ng formul a
(I-a) and in which the net char APR 2003 paraneter of the central
met al M.s.nFPemeaﬁgépethomrérz BRal R ~N " MW RB/ AR \ RO
Rs m(l-a) wherein Mis a transition metal atom of Goup 4 to Goup 5 of
the periodic table, , mis an integer of 1 to 5 A is an oxygen atom a

sul fur atom a seleniumatomor a nitrogen atom having a substituent group
R5, Rla is an aliphatic hyde@s®cybon group which may not be substituted with
an aromati c hydrocarbon group or an alicyclic hydrocarbon group wherein the
aliphatic liydrocarboii ¢ Nupw 8 to 30 carbon atons, or may be
substituted with an alicyclic ¢arbon group, R2 and RS to RO may be the
sane or different, they_are €ath a hyd{ogen atom a hydrocarbon group, an

oxygencont ai ni ng group i t rogen- cont ai ni ng group, a sul furcontai ning
group, a boron-contain oup an al um nuntont ai ni ng group, a
phosphor us- cont ai ni ng group, By hal ogen-cont ai ni ng group, a heterocyclic
conpound residual group, a silicon-containing group, a gernmanium 160 -~
APR 2003 containing group or a tin-containing group, two or nore of them
may be bonded to each other to forma ring, and when mis 2 or greater, at
| east one of the groups indicated by R~ and RS to RO contained in one

'iga”qOa”Qhﬁhghﬁéﬁiﬁﬂﬂ%mﬁ%a%iOUpS indicated by RZ and R5 to RO contained in
anot her |igand may onded to each other, when mis 2 or greater, R as,
R2s, RSs, R6s, fn% J*%%o(H1F¥E%é@8fb@h$$@h§ﬁﬂ§ rJhfgiEnt, n is a nunber

satlsfylng a val ence of M and X is a hydrogen atom a hal ogen atom a

hydr ocar bagy Groupn, b Y 958 GOILALYI N9, § 0P (28, Bl fulbrgopkai ni ng o oup, a

ni t rogen-cont ai ni Ng gr oup, oron-cont al ni ng group, an al unlnun}contalnlng

group, 51F%§§£$E£§55§F%€g#%§ﬂiﬂéOEHd 5.99!ﬁg?ESCQEtﬂhﬁinoﬂrQUBL

het er ocycl it conpoun group, & sificon-", containing group, a

ger”a”'“”* U%fé& %%S 2 &eaw£%QC§H£9LB%QQagr8H8 tﬁgg §h§” nis 2 or

greater, ated he sanme o Ferent and

pIuraI grOUQSr{QQ'CQtQQO Qulgogdedzﬁohgach ot é %gaforg1a ring. 3.
An oleéln po ynerlzatlon ca ? conprrsing a Pran5| rRt et conpound

whi ch ted by the foll f h the net
har go par SREVEFCBT “EheTRENERarORECHLTREPE 1R ERES t?’leofso“ﬁ%%tfo . 89:

and the resulting liquid was purified by silica gel

column chromatography to obtain 3.38 g (vield: 74 %) of a
compound (B) represented by the following formula (B) as

20 a yvellow liquid.



161 -q aPR 2a03 Rb R2, N_ ' MX~R6/ AR-~Rs Re m(l-b) wherein Mis a
transition metal atomof Group 4 to Group 5 of the periodic table, mis an
integer of 1 to 5 A is an oxygen atom a sulfur atom a seleniumatomor a
nitrogen atom having a substituent group R5, RIb is an alicyclic

hydr ocar bon group whi ch nay be substituted mﬁth an aromati ¢ hydrocarbon
group or an aliphatic hydrocarbon group, RZ , i?A&ﬁE RO may be the
same or di f f erent , they are eac¥ a hydrogen afb arbon group,
an oxygen-contai ning group, a nitrogen-containing group, a

sul fur- co~~tmluﬁuhéﬁogﬂxng)bobogsqqn%§|thgigﬁgupq_@Q:QAMngﬁyncontaln|ng
group, a phosphorus- conta|n|ng group, a halogen- conta|n|ng group, a
het er ocycl 4 c ou regi o] ilLC nt nln gLQu
gernanlunc%n Kangﬂgebug ggag ?5 ltl@on?H?mthgrgg ih g# 18 3 6f them
may be bo”ﬂ§9 to each other to forma ring, and mhen mis 2 or greater, at
| east one of "groups indicated by R2, R5, R6, Re and R9 contained in one

| i gand and at 162 -~ APR 2003 | east one of groups indicated by R2, R5,

R6, RB and R9 contained in a r ligand nmay be bonded to each other, R~
is a hydrogen atom when mi r greater, R bs, R2s, RSS, R6s, R-s, Res,
or R9s nmay be the sane or ¢h ent, n is a nunber satisfying a val ence of

M and X is a hydrogen ato a hal ogen atom a hydrocarbon group, an
oxygen-cont ai ni ng group, sul fur-contai ning group, a nitrogen-containing
group, a boron-containing group, an alum num containing group, a
phosphoruscont ai ni ng gre hal ¢gen- cont ai ni ng group, a heterocyclic
‘conpound residual grou siliconcontaining group, a germani um containing
group or a tincontaini IrogR. and when n is 2 Q greater, plural 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. 4. The olefin polynerizatior_
catal yst of anl~ one of claims 1 to 3, wherein Ain each fornula (1), (I1-a)
and (1-b) is an oxygen atom 5. An olefin polynerization catal yst
conprising: (A1) the transition netal conpound of any one of clains 1 to
4, and (B) at | gasb andoconfiotredcselrethedoinbly @Bikd andmpgameretal lic
conpound, 163 -~ Q APR 2003 (B-27 an organoal um num oxy-conpound, and
(B-3) a competinéryfingh or.@acigs (Bi.6I5 tdve 1t)r aiFs itdheo reox@icalnd ofpyoundl tzo f or m an
ion pair. 6. An olefin polynerization catalyst conprising a transition

met al conpellndfr epitesericat Hytdaduceld,owindy Hhyyderd dodidd Ro R / N.. '
MX'" R~ ~ OR-2 ~ Rya m(Tl) wherein Mis a transition nmetal atom of G oup 4
to G oup 57@f cichem@Erdtddirad.abtre, the reactor, 2.40 ml of a n-hexane

10 solution containing 3.84 mmol of n-butyllithium was
dropwise added over a period of 10 minutes, then the
temperature of the system was slowly raised to room
temperature, and the reaction solution was stirred at
room temperature for 4 hours to prepare a lithium salt

15 solution. The solution was dropwise added to 30 ml of a
THF solution containing 0.66 g (1.75 mmol) of a
ZrCl, (THF), complex, said THF solution having been cooled
to -78 °C. After the dropwise addition was completed,
stirring was'continued with slowly raising the

20 temperature toc room temperature. Then, stirring was



mis 1 or 2, RLis an aliphatic hydrocarbon group which may not be
substituted with an aromati c hydrocarbon group or an alicyclic hydrocarbon
group wherein the aliphatic hydrocarbon group has 18 to 30 carbon atons, or
may be substituted with an alicyclic hydrocarbon group, Rl and R11 to R13
may be the sane or different, they are each a hydrogen atom a hydrocarbon
group, a hydrocarbon-substituted silyl group, an oxyge#- iqfipg group, a
ni t rogen-cont ai ni ng group or a sulié@r-cont ai ni ng -‘3?A&E¢§%QEE£ group,
and ttro or nore of them may be bonded to each other to forma ring, Rl4 is

¢ MO OcapRgRBLouR, 2. Ac OSBRI ST ol M gL e 1S 2
62 S ShaYBR S ) 0 B LRSS BaEag | Toand
80, Rt BeaRcE (LIS b SN 9L g 8 dglence of M
orySen CORLALILAL SRR, cByBULLLYGCOTLELALOR, B aUPy 3 M OBE G 21 o
phosier eSOt el 0 S ol & Takoge silalri 0 g oup B heleropvel e

group or a _tincontainin roup, and when n is 2 or greater, plural groups

i ndi cat ed &y %%}?s@é‘tte%e arfdort ifrEmsht £ IR Ukl & supEe} IR cat ed by
X may be bonded to each other to forma ring. 7. An olefin polynerization
catal yst ®GMdS%sing a transition netal conpound represented by the

fol |l owi ng fornqlamﬁgl): 165 - g AP R2003 RL I RL/ N. °~ MX~, Rl1 OR12
~ R14 R13 m (I IF-WH8r dCRCMP & Q- PPahs? i 6Fr méH) ratorPofs& 88524 to Goup 5
of the periodic table, mis 1 or 2, R is an aliphatic hydrocarbon group
whi ch may 3pé s uist i4tthed W HP afdmei k- h‘}/d‘?bcg?bo?ﬁ)gr oup or an alicyclic
hydr ocar bon group wherein the aliphatic hydrocarbon group has 5 to 30
carbohOat ons, RP-TREE fRPFRPHatirye THe same or different, they are each a
hydrogen atom a hydrocarbon group, a hydrocarbon-substituted silyl group,
an oxygen-contai ning group, a nitrogen-containing group or a

sul fur-cont ai ni ng group, and two-G pre of them may be bonded to each
other to forma ring, RL2 is a hy arbon group, an oxygen-contai ni ng
group, a nitrogen-containing gegoup.or a sulfur-containing group, Rl14 is a
hydr ocar bon group or a hydrocarb?:>substituted silyl group,

A=Yz,
072 (2)
'Bu

i X le 3
Into a 100 ml reactor thoroughly purged with
15 nitrogen, 50 ml of ethanol, 2.27 g (20.05 mmol) of 2-
methylcyclohexylamine and 2.89 g (16.23 mmol)} of 3-~t-
butylsalicylaldehyde were introduced, then a small amount
of acetic acid was added, and the mixture was stirred at
room temperature for 24 hours. The reaction solution was

20  wvacuum concentrated to remove the solvent, and the



n6 - 9 AP R Z003 when mis 2, at |east one of groups indicated by Rlo to
R14 contained in one |igand and at | east one of groups indicated by Roto
R14 contained in another |ligand may be bonded to each other, when mis 2,
Rls, Ros, Rls, R2s, R3s, or R4s may be the same or different, nis a
nunber satisfying a valence of M and X is a hydrogen atom a rial ogen
atom a hydrocarbon group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing grouplOk boron-cont ai ni-na &B%Zﬁbﬂ

al um num cont ai ni ng group, a phosphoruscontai ning group, a

hal ogen- COPEQLEEE!Elggi@&ﬂidawgétrg&%}f%hcbwQEQE!BQ £e3! dddlngroup, a

siliconcontalning group, a gernaniumcontaining group or a tincontaining

: d ' : I . ndi gat X be th

Jameor “di FregRaPolRaBnd B BBk e B K KRS B ST B B ed o cach
ther to f ' 8 L efi I [ i i_Sj

Cransi t onceBParRaoHc) xsPRefeBbel BY KR! rbtrshital rln it o " o7 -

-g APR 2003 R~ R~ ..N . .RI~ O, ,Mi R-2 ~ R13 1) wherein Mi

t?ansitionangflﬁogi%%ﬁg?dC?oup 4 to (;oup 5 ofy?he pe?}gdi% tag{gtnn]igsla

or 2, Rl is an gigcyel i[(gngyd)rpcdar n o uanvnj h r@yoyelsws{niltz&ﬁd w th an

or an’ i ¢ ‘hydro ah

aromati'c hydrocarbon group or" an® ali’pha ocdrbon gt oup ES not

| ess than totgl ,7 c on at , SR1,, R11 d R1 y .he the me or.
different,&fﬁgy(gfegégdhzés%ggfgge € o&%ﬂé Eygﬁg?aP%oé“br3§§: &30,

hydr ocar bon- sybsti tute i1yl group, oxygen- taining group, a
nitrogen-cgnggiﬁfﬁgsgrg§§'o%4aq§ulﬂ&rigbﬁ aiﬁVnaggroup, and two or nore of
them may be bonded to each other to forma ring, RL2 is a hydrocarbon
group, an oxygen-contai ning group, a nitrogen-containing group or a

sul fur-containing group, R14 is a hydrocarbon group or a

hydr ocar bonsubstituted sily oup, 1b8 -g APR 2003 when mis 2, at |east
one of groups indicated by 0 R14 contained in one |ligand and at | east
one of groups indicated by Ryg to Rl4 contained in another |igand may be
bonded to each other, when mygs 2, Rs, Rls, Rls, R2s, R3s, or R4s may
be the sane or different, n#As a nunber satisfying a valence of M and X is
a hydrogen atom a hal ogen at oy 42 @»drocarbon group, an oxygen-contai ni ng
group, a sulfur-containi ngZ ghgup, a nitrogen-containing group, a

bor on- cont ai ni ng group, a m num cont ai ni ng group, a

phosphor uscont ai ni ng group:>-a F@j;ogen-contai ning group, a heterocyclic
conmpound residual group, a siliconcontaining group, a germani um cont ai ni ng
group or a tincontaining group, and when n is 2 or greater, glural groups
indicag&d by X may be the sane or different and plural groups indicated by
X may bonded to each other to forma ring. 9. An olefin polynerization
catal yst conprising a transition netal conpound represented by the

fol I owi ng fornul™Yq 13 10069l xeapprdirraughly dned pod guraqdk, R 2 -~
Rya

with argon, 0.96 g (3.51 mmol) of the compound (C) and 20
ml of ether were introduced, and they were cooled to -
78 °C and stirred. To the reactor, 2.41 ml of a n-hexane
15 solution containing 3.86 mmol of n-butyllithium was
dropwise added over a period of 10 minutes, then the
temperature of the system was slowly raised to room
temperature, and the reaction solution was stirred at
room temperature for 2 hours to prepare a lithium salt

20 solution. The solution was dropwise added to 20 ml of a



m(ll) wherein Mis a transition netal atomof Goup 4 to Goup 5 of the
periodic table, mis 1 or 2, RL is an alicyclic hydrocarbon group which may
be substituted with an aromatic hydrocarbon group or an aliphatic

hydr ocarbon group, R o, R11l and R13 may be the sane or different, they are
each a hydrogen atom a hydrocarbon group, a hydrocarbon-substituted silyl
group, an oxygen-contai ning group, a nitrogen-contain OxhRAOr a

sul fur-contai ning group, and two 2 more of then1naY'92%Hngghﬁao each
other to forma ring, Rlz is a hydrocarbon group, an oxygen-containing

group, a fyr98ehe £oRt 8bALAINIHQUD .86 & 4l hur n@AtyaigH Ry group, Rl4 is a
group sel ected froma branched aIkyI group of 3 to 30 carbon atons wherein

an aryl oppep, {Sasubddripiiad frie fveragan adomebihhenbeancbedeal kyl Mo
- 9 AP R 2003 group, a cyclic saturated hydrocarbon group, an aryl group,

and a hydEQC@'PE’OE‘%;UbéEEéPt%Sdinx%w%QUQad%%n”}vhé %omggehe st one of

groups i ndi cated Rlo to R14 contained I n one |ligand an 'east one of

groups | gL ey NaB QohgiRidacantal Raduay, 3AaEl ldgand may be bonded to

each ot her R 4s may be the

same ar dpLf %EEQEH 'n:% %oBM”JE%p%%gtﬁfrﬂ ”gTﬂe}{a' S@ﬁ%r%g'vba%”d Xis a

hydrogen ato gen atom a rocarbon an - oxygen- cont ai ni ng

group, HLEH g@&% LQhidG GEOYR oA t%‘m%e‘l%%r%o@cﬁ_l %?%oq{@é’p’and

bor on- con alning group, an al'umnum<contai ni ng gro

phosphor “Eﬁgnggi%% Wa%“@’ls@ Hﬁ'e%ge’?:[fc%”éo%\ QI &5 Oé%’mz%‘ Jef@Logyclic

COI'TpOUI’]d resi dual p, a Si |concon al ni ng group ger mani um COht ai ni ng

group or t|ncon i.ni ng_gr.qup,. _and at al groups
i ndi B T]‘%belg olig Lafarwda‘sw’{f]eere % lgo ?‘6% i

i ndi cat ed € sane Furd cated by

X may be ed . to_each other t 1 fi |zat|on
cat al yst 262%?‘?& n&'as( ROPOPREH gﬁ dladﬁeﬁf&saﬁ OICJO ‘%nﬁr Egrﬂ}i/’é?i

cl ai 6 to and Ieast e Co selected from, (B-1)_an

S g T R Vo g b e WS EE S VAL
AP R 2003 (B-3) a cQ und mhlch reacaf with the transitjon metal conmpound
to form af i(&Aed&isr 381170 R A CEP B of%’h’ﬁ?%‘?%’%?‘?‘ialwoweconprl si ng
pol ymeri zi ng _an olefin at pokénerlzatlon tenperature in the range of 60 to

250 C in fRdLpMddenderla d13%df iaf sbIXaktew R eEat al yst i ncluding a
transition netal conpound which is regresented by the follomnrg formula (1}

and in which thE- H@F dRRFge) paf afBrdr Bf(Phezégﬁvré16ﬁeﬂ§P M8HI snot nor e
than 2.00: R~ | . MK Y ARRAE m(lI) wherein Mis a transition
met al at ofm-66 -G (4n,téZIﬁr,OLﬁp.86 17.64 (m, 6H), B.18-8.27 (m, 2H)
15 FD-mass spectrometry: 706
N"‘jzmnz
072
Synthesgis Example 4

Into a 100 ml reactor thoroughly purged with

20 nitrogen, 50 ml of ethanol, 2.31 g (18.16 mmol) of 2,3-



5 of the periodic table, mis an integer of 1 to 5 Qis a nitrogen atom or
a carbon atom having a substituent group R2, Ais an oxygen atom a sulfur
atom a seleniumatomor a nitrogen atom having a substituent group R5, Rl
is an aliphatic hydrocarbon group which nay be substituted with an aromatic
hydr ocar bon group or an alicyclic hydrocarbon group wherein tie aliphatic
hydr ocar bon group has 5 to 30 carbqg at ons, 172 -q Aiﬁaﬁqi to RS may
be the sane or different, they are 3ch a hydrogen ato ar bon
group, an oxygencontaining group, a nitrogen-containing group, a

sul f ur cont aiiRletGydic@dlohaxR0aaAneOandl 3i.0d & qup,. 43N mddly RIEFNEeRE-al ni ng
group, a phosphorus-containing group, a hal ogen-containing group, a

het er ocycl bateQHRAYRE ladgetiydle YeD ink roiduceer)- Gl AiH¥yNGredieoup, a

ger mani untont ai ning group or a tin-containing group, two or nore of them
may be bonded rh@dEath rdher crper@iiird Hdig 24ambuien HheSrdagtigheat er, at

| east one of groups indicated by R2 to R5 contained in one |ligand and at

| east one @b1eAWRs Waidivediueeh Rbrideritdded ¥ dida@frd RN YN8ferd gand may
be bonded to each other, when mis 2 or greater, R's, R2s, R3s, R4s, or R5s

may be $he griveuy didf %"Q@rtbelrd d © 93 nuybeye %atdosipem a(;y)al ence of M and
X is a hydrogen atom a halogen atom a hydrocarbon group, an

oxygen- contiglidib il il by %h%ilffdirl&g.@{galﬁaﬁ&ﬂ 0P +hdidBQMGE YUY @i ni ng
group, a boron-containing group, an alum num containing group, a

phosphor us%oryeailrgvpgll 4§, a hal ogen-containing group, a heterocyclic
conpound resi‘dual group, a siliconcontaining group, a germani um containing

group or a tincaplapRi NGp@LYYP: 027E-WMEH [mi Seg) QM 196631665 RIYT ) 9r oups
i ndi cated by X nay be the same or different and plural groups |nd|cated by

X may be bondeg Lo o of R4 0 Offl duky NG 77 b7 S B AMR2008 de. A
process for olefin po yner|zat|on conpr|5|ng polyner|2|ng an olefin at
pol ymerpzatg of t GPef @t Ursy | Of 60 to 250 Cin the presence of

an olefln polynerization cata yst |nc dlng a transition netal conpound
which is represented by the following formula (l1-a) and in which the net
charge paraneter of the central netal Mis in the range of 1.70 to 2.00:
Rva R/ N_ ' MXK" Rs/ AR-~Rs RB m(l-a) wherein Mis a transition
metal atomof Group 4 to Goup 5 of the periodic table, mis an integer of
1to5 Ais an oxygen atop, a sulfur atom a seleniumatomor a nitrogen
atom having a substituent group R5, Rla is an aliphatic hydrocarbon group
whi ch nmay be substituted with an aromatic hydrocarbon group or an alicyclic
hydr ocar bon group wherein the aliphatic hydrocarbon group has 5 to 30

car bon %tons, R2 and R5 to RO may be the sane or different, they are each a

hydrogé atom a hydrocarbon gro oxygen-contai ni ng group, a
ni t rogen-contai ning group, a g AP R 2003
N
/
OH (D)
'Bu
20

Into a 100 ml reactor thoroughly dried and purged
with argon, 1.20 g (4.18 mmol) of the compound (D) and 20
ml of ether were introduced, and they were cocled to -

78 °C and stirred. To the reactor, 2.70 ml of a n-hexane

25 golution containing 4.24 mmol of n-butyllithium was



sul fur-containing group, a boron-containing group, an alum num contai ni ng
group, a phosphorus-containing group, a hal ogen-containing group, a

het er ocycl i ¢ conpound residual group, a silicon-containing group, a

ger mani untont ai ning group or a tin-containing group, two or nore of them
may be bonded to each other to forma ring, and when mis 2 or greater, at

| east one of groups indicated by R2 and R5 to R9 cont aighedni | i gand
and at | east one of groups indicateddby R2 and R5 to ﬁgcgﬁglzﬁﬁg in

anot her |ligand may be bonded to each other, when mis 2 or greater, R gs,
R2s, R5s, R6s, R-s, S, or R9s nmay.be the_sane or differen nis a nunber
satisfyinngQQEFﬁﬁcﬁggﬁdwfvgﬁdaxpﬁglgghﬁgr5§eﬁl§P5ﬁF'atﬁ§P0%@ﬁ atom a

hydr ocar bon group, an oxygen-containin oup, a sulfur-containing group, a
nitrogen-cBﬁPﬁ?ﬁPh&rﬁrB pgﬁﬁ B¥PERMC ¥ %ﬁPﬁngFB&ﬁFdaﬁanﬁﬁFnun}containing
group, a phosphoruscontaini ng group, .a hal ggen-contai ni ng group, a
heterocyclFEmESHﬁSHﬁ&'ré§ﬁdEgP PG LIoR SPLRESREOHES ARG TG OGS, a

ger mani um contai ning group or a tincontaining group, and when nis 2 or
greater, proPBl tereeyetixrgi £9red BYUXSmEP BE&CPRE®snd iGhigns s&ddnt and
plural groups indicated by X nay be bonded to each other to forma ring.

13. A proc&sdutdpng| efhp PBlYyREPT zURF ofAroRGHEBR| 3FAAGIpbPYRBITEi A 8n ol efin
at polynerization tenperature in the range of & to 250 C in the presence
of an ol ef fHF s¢igtiog sPRtadn3angolOyidr iz d2i-07 saedly$E incl udi ng a
transition netal conpound which is _represented by the follow ng formla
(11) R~ R 8rRls(FHF): pomplex §add FFYF Re’lytion ) herbrei heani scaledansiti on
metal atomof Goup 4 to Goup 5 of the periodic table, mis 1 or 2, RLis
an al i phat ke kyér 8€ar bafitgrobhewArechwisy bdditiboni wasedomblhtad .aromatic
hydr ocarbon group or an alicyclic hydrocarbon group wherein the aliphatic
hydr ocar bostdrauimghas sngontdgsiech ani thotsglovBlyc areiedyat &z Rl o and R11 to
R13 may be the sanme or different, they are each a hydrogen atom a

hydr octd bomepeitp.t uarehtdr cveanh dergehsttiundg.edThiehy | sgioupngamas
oxygen-cont ai ni ng group, a nitrogen-containing group or a sulfur-containing
group, and firmeher e oadden mponhedgrdedture gaoh 18 herurtsg faordn a ring,
R14 is a hydrocarbon group or a hydrocarbon substituted silyl group, when m
is 2, at | east s@lerenft gl duidileal ek HyFRAIn0 e Rehotdrdmigwdit ibone

| igand and at | east one of groups n6 -q APR 2003 indicated by RL to R14
cont ai ned inheandiart inPand immyrdie ondad ¢icleah nt kel ettf@n and s7@, R s,
Rls, Rils, RI2s, R3s, or R4s nay be the sane or different, n is a nunber

satisfyingra \&¥ ePferM ANGHdes. arhpdrederadkonsa chalegeRatleam a

hydr ocarbon group, an oxygen-containing group, a sulfur-containing group, a
Ni t rogen- CHAAE dHbOIQGH%n iR QN0 @I U NS IHOWE thaét WHRAQUM cont ai ni ng
group, a phosphoruscontaining group, a hal ogen-containing group, a

het er ocycl eGP UGB EST HUAI 3 OrPURiaLS! | d£0NC U al Nidigh SHUP(4 R

ger mani um cont ai ning group or a tincontaining group, and when nis 2 or
greater, plyuygle SH0URS 15%‘4!}?@@6&%%&%’0%1&19(@)3% of ghffsrent and
plural groups indicated by X nay be bonded to each other to forma ring.

14. A proc dor. ol efin polynerization of any one of clainms 11 to 13,
wherein the olefin polynerizatior_ catalyst further includes (B) at |east
one conpound selgChgeh ficoB . §B- &) 1801069aNATELAK I C1C@APQUNd 1 g 2) an
organoaluninun1oxy-conpoun&, and %B—S a comnmpound which reacts with the

transi ppon gietal, comppynd, 0 forman bonpaifyy g 10-8.40 (m, 2H)

FD-mass spectrometry: 734

25



-~ APR 20aa 15. A process for olefin polynerization, conprising

pol ynmeri zing an olefin at polynerization tenperature in the range of 60 to
250 Cin the presence of a olefin polynerization catalyst of claim3. 16. A
process for olefin polynerization, conprising polynerizing an olefin at

pol yneri zation tenperature in tile range of 60 to 250 Cin the presence of
an ol efin polynerization catalyst of claim4. 17. A process for olefin

pol ynmeri zation of clains 15 or 16, jpherein the ol efin pzﬁygeigﬁgtion

catal yst further includes (B) at |east one conpound sél m (B-1) an
organonetal li ¢ conpound, (B-2) an organoal um num oxy-conpound, and (B-3) a
conpound which reacts with the transition netal conpound to forman ion
pair. 18. A process for olefin polynerization, conprising polynerizing an
ol efin at polymerization tenperaty the range of 60 to 2SO0 Cin the
presence of a olefin polynerizati talyst including a transition netal
conpound which is represented by the-toklow ng formula (I1) 1'g - 9 AP P

2000 R1 f RI~/ N. RI11 O, ,Mi R}2 ~\R14 R13 m(Il) wherein Mis a
transition netal atomof Goup 4 e”Uu ﬁagf the periodic table, mis 1
ich may be substituted with an

or 2, RL is an alicyclic hydrocar
aromat it hydrocarbon group or a ; tEc hydfbcar bon group wherein the
| ess than total 5 carbon atons, R o,

al i phati c hydrocarbon group has
R11 and R13 may be the sane or ’ if, they are each a hydrogen atom a
hydr ocar bon group, a hydrocarbon-substituted silyl group, an
oxygen-contai ning group, a nitrogen-containing group or a sulfur-containing
group, and two or ore of them may be bonded to each other to forma ring,

i ; i y 1 oxygen-contai ni ng group, a
ni trogen- contalnlng group or a sulfur-containing group, Rl4 is a
hydr ocar bon groumter aa lowdmdcarsetor thoroughly purged with

10 nitrogen, 40 ml of ethanol, 0.90 g (0.84 mmol) of
benzylamine and 1.50 g (8.42 mmol)} of 3-t-
butylsalicylaldehyde were introduced, then a small amount
of molecular sieves was added with stirring at room
temperature, and the mixture was stirred at 65 °C for 4

15 hours. The reaction solution was filtered, and the
filtrate was vacuum concentrated. To the concentrate, 40
ml of cold MeOH was added, and the mixture was cooled at
-78 °C with stirring to obtain 1.80 g (vield: 80 %) of a
compound (E) represented by the following formula (E} as

20 a yellow solid.

1H-NMR (CDCl;): 1.45 (s, 9H), 4.82 (s, 2H), 6.78-7.45

(m, 8H), 8.47 (s, 1H), 13.89 (bs, 1H)

25




substituted silyl group, when mis 2, at |east one of groups indicated by
Rlo to R14 contained in one ligand and at | east one of groups 179 ~ ~ AP
R 2003 indicated by Rl~ to R14 contained in another |igand may be bonded to
each other, when mis 2, Rls, Rls, Rls, Rzs, R 3s, or RR4s may be the
sanme or different, nis a nunber satisfying a valence of M and X is a
hydr ogen atom a hal ogen atom a hydrocarbon group, an oxygen-contai ni ng
group, a sulfur-containing group, gggitrogen-containing group, a

bor on- cont ai ni ng group, an al um num cont ai ni ng groups @ APR 5[][]3

phosphor uscont ai ni ng group, a hal ogen-containing group, a heterocyclic
conpound residual group, a siliconcontaining group, a gernmani unm containing
group or a tincontaining group, and#fen n is 2 or greater, plural groups

i ndi cated by X may be the sanme or d ent and plural groups indicated by
X may be bonded to each other to fordra ring. 19. A process for olefin

pol ynmeri zation of claim 18, ~rherein the olefin polynerization catalyst
further includes {B) at |east op€'conpound selected from (B-1) an
organonetal Ii ¢ conpound, (B-2) r ganoal um num oxy- conpound, and (B-3) a
conpound which reacts with th ”?&ioﬁEmetal conpound to forman ion
pair. .A Aa. A A AN@ A. A Au. A ?2.A@A; . Aa. Al 9. A, . A% A. AFa% A% A3. A Y_. A
% ANO. A. A, a@ . Ar. AuS. Au% A, S. ASHAf 2. AN A, . A2. A@A; . A A2. Al u. A

E.Als2. Al?. A Y. A . AUS% A A(y. A A A9 A ;LA
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10910%€ () (&8 J0YEcClrk SIS ik SMABL) LI (o LBPWE () -« nBuvT/

10, @0%&'() y100 - 10%& ) - 109 () - "10% () -1 109%ss& () -F 10sJdE7/
10, @BYlO%Eyg)_ L0%R Ak 110%& () - 10%& ()-10% ()-OhdE7/ 10, @
) 109%&' () -3 0%&' % 00/5 ()- Tova ()- ! 109%& ()-3mLO%& () - ?vdE7/

10, @&610%& () - YHW& &bci%)m(@ 49-1!84 00 (ign){
-3109%& () - 3+109%&’ () - Fz T 30 10310% h& () - 310% het (3

5 3.77 (s, 3H), 6.59-6.60 (d, 1H), 6.95-6.96 (d, 1H), 8.33

-18-3.23 (m, 1m),

(s, 1H), 13.75 (s, 1H)

FD-masgg sgpectrometry: 289

10

OH (G)
MeO By

Into a 100 ml reactor thoroughly dried and purged
15 with argon, 0.86 g (2.99 mmol) of the compound (G) and 20
ml of ether were introduceé, and they were cooled to -
78 °C and stirred. To the reactor, 2.15 ml of a n-hexane
solution containing 3.31 mmol of n-butyllithium was
slowly dropwise added, then the temperature of the system
20 was slowly raised to room temperature, and the reaction
gsolution was stirred at room temperature for 1 hour to
prepare a lithium salt solution. The solution was
dropwise added to 20 ml of a THF solution containing
0.566 g (1.50 mmol) of a ZxCl,(THF), complex, sgaid THF

25 golution having been cooled to -78 °C. After the
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with slowly raising the temperature to room temperature.

Then, stirring was further performed at room temperature

for 15 hours, and the solvent was distilled off from the

reaction solution. The resulting solid was washed with

100 ml of ether and 90 ml of methylene chloride. The

filtrate was concentrated to obtain 0.27 g (yield: 25 %)

of a compound (7) represented by the follcwing formula

{(7) a8 a yellow powder.

1y-NMR (CDCli): 0.98-2.12 (m, 38H), 3.46-3.87 (m, 8H),
6.63-6.64 (d, 2H), 7.19-7.20 (4, 2H), 8.20 (s, 2H)

FD-mass spectrometry: 738

MeO 'Bu
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precipitated was filtered off, washed with ethanol and
vacuum dried to cbtain 2.70 g (yield: 96 %) of a compound
(H) represented by the following formula (H) as an orange
liquid.

1H-NMR (CDCl;3): 0.93-1.86 (m, 11H), 1.43 (s, 9H),
3.42 (4, 2H), 3.77 (s, 3H), 6.60 (d, 1H), 6.96 (4, 1H),

8.25 (s, 1H), 13.71 (bs, 1H)

OH (H)

MeO 'Bu

Into 3 1060 ml reactor thoroughly dried and purged
with argon, 0.84 g (2.57 mmol) of the compound (H} and 20
ml of ether were introduced, and they were cooled to -78
oC and stirred. To the reactor, 1.90 ml of a n-hexane
solution containing 3.04 mmol of n-butyllithium was
slowly dropwise added, then the temperature of the system
was slowly raised to room temperature, and the reaction
solution was stirred at room temperature for 1.5 hours to

prepare a lithium salt solution. The solution was
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100 O o) DL A0 (o B0, S99 o oamme e Beaadsi
5I5n5n5dYNCZQOZ 15 hours, and the solvent was distilled off from the
reaction solution. The resulting solid was washed with
40 ml of ether and 100 ml of methylene chloride. The
filtrate was concentrated and washed again with a mixture
of ether and hexane to obtain 0.67 g (yield: 63 %) of a
compound (8) represented by the following formula (8) as
a yellow powder.

- 1H-NMR (CDCl3): 0.53-1.85 (m, 22H), 1.55 (g, 18H),
3.22-3.40 (m, 4H), 3.80 (s, 6H), 6.64-6.67 (m, 2H), 7.10-
7.26 (m, 2H), 7.96 (s, 2H)

FD-mass spectrometry: 766

MeO By
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U& ()-F66 7A7| 777dEYNC 10Z! 110% U& ()-Y3"10% U& ()-Yy 10% U& ()- Ys- 10%

U& ()-Y110% U& ()-Yy' 10% U& () - 7#8\ 888999dEYNC 10Z! ' 10% U& () - %&10%

U& ()-y#10% U& ()-!110% U& ()-10% U& () -1 MD% U& ()-99q99n9¢7?U£PRY2§Q 0Z!
3MLO% U&' ()-1z 10% U&' ()-/ MLO% U&' ()- @ Y" 10% U& ()-1 +10% Uu&M (I %
U8 ()-10000 gyt tRG1 M0 A% o& () - YL0%H & ()-110% & ()-F 10 U

Into a 100 ml reactor thoroughly purged with
nitrogen, 30 ml of ethanol, 1.72 g (15.19 mmol) of 2-
methylcyclohexylamine and 2.64 g (12.68 mmol) of 3-t-
butyl-5-methoxysalicylaldehyde were introduced, and they
were stirred at room temperature for 24 hours. The solid
precipitated was filtered off, washed with ethanol and
vacuum dried to obtain 2.82 g (yield: 73 %) of a compound
(I) represented by the following formula (I) as a yellow
powder. '

1H-NMR (CDCl,): 0.83 (d, 3H), 1.00-1.89 (m, 9H),

1.43 (s, 9H), 2.64-2.73 (td, 1H), 3.78 (s, 3H), 6.60 (d,

1H), 6.96 (d, 1H), 8.27 (s, 1H), 13.7 (s, 1H)

OH ()

MeO 'Bu

Into a 100 ml reactor thoroughly dried and purged
with argon, 0.91 g (3.00 mmol) of the compound (I) and 20
ml of ether were introduced, and they were coocled to -78
°C and stirred. To the reactor, 2.10 ml of a n-hexane
solution containing 3.36 mmol of n-butyllithium was
slowly dropwise added, then the temperature of the system
was slowly raised to room temperature, and the reaction
solution wags stirred at room temperature for 2 hours to

prepare a lithium salt solution. The solution was



10 U 10 U, 7! 10% U& ()-5s510% U& ()-"; :; <@q<<dEbC 10Z! 3sf
10%4| & () -3 10%4| & ()-3ynml0o%| & ()-ys! 10%4] & ()- |
10%4| & () - Sf 10%4| & () - <<=7=0===dEbC
10Z! Y! 10%4| & () - FF10%4| & () - Y310%4| & () -
109%| & () -- 1094 & () - Fy10%| & () - =>T>>>316dEbC -Q APR 2003
102! @1 10%4| & () -1 +10%4| & ()-1)10%4| & ()-1"' 10%4| & () -1 % 0%4| & () - #" 10%}| &
() -. ?2h??2? GH@@HEGRYNGIAAZ! td 04D wDAPE 104THT - sdDWM | &h( robyaltdaps&o( 573
10%4| & ()-110%4| & ()-1/ 10%4] & () - K <APAJEYNC 10Z! fO9f 1098& ()-3F y
109B& () - 3@ 04B&S T ) mmah Do@R’ ¢) 2rfFlyg { CONPLEDRBE, 931 dARA A B BBIEYNC
10Z! Y : 109B& () - Y#109B& () - YS: 109B& () - FL10YB&' () - FF109B& () -
@QO%B&'()-Bg@@zgmgxh§¢m;qggged to -78 °C. After the dropwise
' L109B&' () - Wr109B&' () - Sy#! 109B& ()-1!109B& ()-F ‘ ,
| 109B& () - | yaddokrt ) YEoCIPHDERHEYNCS 897 1ng was continued with

09B&' () :

3109B&' ()-1-# -/9109B& ()-,-1109B& ()-+109B& ()-Y

% 10%3&'(%)- E&S@E@_@%g%mﬁﬁ%&r‘ég g?zr%mg%‘???ilé%é&' ()-F 10B

10B 10B, 7 109B& ()-51098B& () - EE3F FGJE~ 10ZLY 109%VE&' () - I

10%v&' ()-110 8%’1@%@%‘)7@% g‘igggﬁr(???%ﬁ@ﬁ&' ?% E%@?(C%ﬁ%ﬁﬁ%i:—f@

102! 109V () - 1098 () -109%V&., () 1090V& () -S109%VE. ()1 3" 10%#& () - BHXHHHI XI 1 d
%fﬁ@%?f%égrﬁ_,@ﬁp(%bﬁléggﬁé%§ was 1&%11%@& o%% fg%m E%e

E~- @10Z!, . 09

10MB10%&: () ENIOURR: (1 Janohhe {1 2EBURR 9 B0 1] S RERIAHING

102! 109%& (30l m1 10P@& hor F AHRVES k) - 02O ELL) e hBLORT& (' 8 The

filtrate was concentrated and washed again with a mixture

of ether and hexane to obtain 0.54 g (yield: 46 %) of a
compound (9) represented by the following formula (9) as
a yellow powder.

1H-NMR (CDCl3): 0.60-2.90 {(m, 24H), 1.60 (s, 18H),
2.50-2.70 {m, 2H), 3.47 (m, 6H), 6.61-6.64 (m, 2H), 7.21,
7.22 (s, s, 2H), 8.15-8.23 (m, 2H)

FD-masg gpectrometxry: 766
/N"‘;>Zr012
072 (9)
MeO 'Bu

Synthesis Example 10




S109&’ () - GKK/ LdLLLMIEYNC
102! : 109@2& ()-!109%& ()-y109@Z& ()-s109@& ()-1!109@& ()-f 109&Z& () - McMyMVIVNLN
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1092& () - MLO9Z& () - LNNNN#O] OOdEYNC 10Z! F3- 109@& () - Flz
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10Z71092& () - F51092Z& () - ePPPQ QOQHE~ @ 102! L10%1& () - 1(%318 me
@0%r& ()-SLF10%m& ()-F 10%& ()- @O0%m& ()- QQQY R RRRIE~ @102| Fslz
10%r& () - FI 10%18:¢0 - £ 1600688, (Jedo6dPWBO£udh 19 %s-§oa S neA%rE () - R
SBS| SSS! TdE~_@ 102! - "10%& () - | +10%r& ()-1)10%m& ()-1' g
10%r& () - 1,Y4O%8%edk ) - ¥¢ hl08E€efhandTZTT TEUUIUIYEIC, 104514 08E10m
10nV10%r& ()- 5F10%T& () - Y3&10%r& () - | 110%r& ()-/ @ 10%m& () - UUNUUUU VAEYNC

10Z! " 10%ed2vVaRifd®and -3 109@s (115, éon{&oi) JPLOYE Lhe310%&R ()-Z
VAVXVWV W \WMEYNC 10Z!  10%&' ()-" 109%&' () -

109%& () - s 100@hdskokd D8 ihééﬂy@e(% WW&EY'\&éOEhe

109& () - YL09& ( F#f 00& ()-1109@" ()- 10%& ()- 100& () - 00X Ye YYAEYNC
102! 33 108/&£}e51&190/&(&em£é:?é&{@e(%oﬁ iog/fgh&r +@-§19 *%/éi&;
) 1098 () - YYZZ22$Z72ZbC 102! sf 10 10988 ( %)-m 10 10

107s! 109%& lﬁl% /%%%?J@?é)WZZZIEé?itéLQEbeEOZwX&ﬁéE%QLhYAQ%ﬁQn& Yha

109B& () -

vacuum dried to obtain 3.25 g (yield: 73 %) of a compound
{:) {J) represented by the following formula (J) as a
vellowiegh orange crystal.
10 1H-NMR (CDCl,;): 1.42 (s, 9H), 3.78 (s, 3H), 4.80 (s,

2H), 6.62-7.43 (nm, 7H), 8.41 (s, 1H), 13.52 (s, 1H)

15.

_ MeO Bu

Into a 50 ml reactox thoroughly dried and purged
with argon, 0.89 g (3.00 mmol) of the compound (J) and 30
20 ml of ether were introduced, and they were cooled to -
78 °C and stirred. To the reactor, 2.01 ml of a n-hexane
solution containing 3.15 mmol of n-butyllithium was
slowly dropwise added, then the temperature of the system
was slowly raised to room temperature, and the reaction

25 solution was stirred at room temperature for 3 hours to



1098& () - Fy: 1098& ()-[[\ D\ z\\\ dEbC

10Z! 1 109B& () -s109B& ()-1"' 109B& ()-14109B& ()-! 109B& ()-Y 1098& ()-\]1]1";
AKANGEDC 10Z!'3 109B& ()- 1109B& ()-/109B& ()-,- 109B& ()- %

10988 ()-#109B& ()-~ _ (_a_ ~ @102| 109&' ()-sl 109& ()-!fL109B3& ()-F
10B 10B 10B, 7 109B& ()-5 1098& () - J " dE~_ @ 10Z! s109%& () - 10%&' () -y
109&' ()-s 109 ()-"| 10% ()-yl0%& ()- /ahaaa bdE~ @ AP%}Z%%%

102! 1 109%&' () - 109& () - 10%& () - 10%&' ()8 F 109%&’ () - @ 10%& ?) b cBcdE~
10Z! 3- 10%&' () - +109%& ()-) 109%& ()-'z 10%& ()- % 10%&' ()- OF@*

109& FBcxccecdYdzd[ d\ ddYNC 107! 1 .

107" 1((33/& FERE0%™ (#lﬁgb%' ‘(’?%1‘6&3“%?9?10%‘? )ERIREHIRFEFEdBYNC 102! 1 9

S DRt goc{«ﬁwg@-mw 0 38096 (01X, 1 926, 1 G g2 g Famve

10Z!' ' L10%

098! 0/& ffO/ YggqgdEYN
%zn ! Fg) 109 P{&# %‘i ( f?é&’%’) '( B2 C"io'%F (§elution

S109%& 5hnphhhi < dEYNC 0 ||Y31 %& Y1 1098 ()-Y/ 109 ()-- z#10%& () - F+@
10%&'(§ )33’51%726%| %'BE. ﬁ??i?% FPoT Eo% - Affegn: ,§2,. %@%&é%) iow&'(§ 2| 10

10 107S#10%&' () - | 510%& i@ j k3kdEbC
10Z! ' s 0@&@_%%19%0@@&_%?m¥ Séf@? ftlfg%@g_v?sYcontlnued with
10% & () - S10% & () - 3khkkkl KI | dEbC 10Z! 11 109% & () -
109% & () - 180P¥LY) TelBaogsthe. SenpsFatorey E00FLCm) LEMPAIRHWIELC Then,
10Z!! 3- 10% & +
10% & () - )(§ZEB'(F4)68P€) wag) fugkhey- pprioFred) ab#r0v( Leppefrntmimm FEamdEiNC 102! !
10( 10( 10( 7#10% & ()-3510% & ()- 310% & & -3110% & () -
(TYALO% & () bannrsokBBEdERRCEPDYENt Yoy digri edlec%f&ferpns@he

“10% & () - 3L1096&.() 3F1096&.() 910% & () - GoopT gppdEYNC
reaction solution. The resulting solid was washed with

10 30 ml of ether and 20 ml of methylene chloride. 4The
filtrate was concentrated and washed again with 20 ml of
ether to obtain 0.58 g (vield: 51 %) of a compound (10)
represented by the following formula (10) as a yvellow
powder.

15 1H-NMR (CDCl3): 1.51 (s, 18H), 3.75 (s, 6H), 4.60-
5.10 {(m, 4H), 6.35-7.25 {(m, 14H), 7.82 (=, 2H)

) FD-masgs spectrometry: 754

20

-~

o ZI’CIQ
fj\/\/ 10)

25 Synthegis Example 11



10Z!'! 1sZ10% & ()-Y 10% & ()-1f:10% & ()-Y z10% & ()-YY 10% & () -

S10% & ()-pp g>gxgqqqdEYNC 10Z!'! 'Y10% & ()-%40% & ()-,y#' 104 & ()-Y
110% & ()-10% & ()-F y1l0% & ()-grCrrrrrdEYNC 10Z!'! 3z 10% & () -

110% & ()-/10% & ()=,-Z2"10% & ()-+:10% & ()-)10% & ()-r2sj sksl snersssbC
10Z!' ' 109&' ()-s109& ()-010% & ()- 10/ 10/ 10/ @

10% & ()-510% & ()-stNtattttdEbC 102! ! mO%&' () - 10%& _(=)7 %Eg%gﬂ? 109& () -
109&' ()-:10%&' ()-tuCuzuuuvdEbC 10Z!19 10%& ()-109&' ()-f 0%&' () -
"109& ()- 109& () vl v}vvvw?wdEbC 10Z!'! - #109& () - +10%& () -)

S DA o e

ig?l&ll MLOY&, E%/% ?iﬁﬁ%yyg [ZZ 0/2'-93/%5)01120/; 2-teg;;>utylz-: — d{ { { JEYNC
th|1 ;) ZI %oﬁo‘s 7 i %ﬁg‘}ég’/&m? Z%H/&' F)remf %‘}‘cf /&' *‘%| ~|'| | $} dEY
10% (). .71 %‘% 43088 #- #ose: erherrroipn pputagping 69.00

1086109 (é”l‘ LBELQQ‘HE‘“‘@‘TGQ"“ BW(Q% Qf@/ﬁé“@flfﬁo/ﬁé"(eﬁ B%°G - s
10%1& ()- 10%T& ~ @107 #10%8! ocy Q 10%18 10%7& () -

- f-
10%r& () - 199K 'E‘~§ z’eﬁﬁ?ﬁfxgﬁ: 18257‘5‘&6%&“ Epatype o the
I L

1096##& ()-!'m L' 109% ; &f&&-.
system was slowly raised to room temperature, and the

{) reaction solution was stirred at room temperature for 1
hour. Then, 100 ml of toluene was added, and the system
10 was heated to 95 °C to distill off a mixed solution of
ether and THF, whereby an opaque white slurry was
obtained. After the slurry was cooled to room
temperature, 100 ml of toluene, 4.50 g (149.90 mmol) of
paraformaldehyde and 12.50 ml (89.93 mmol) of
15 triethylamine were added, followed by stirring at 95 °C
for 2 hours. The reaction solution was allowed to cool
f:) to room temperature and then quenched with 300 ml of 1IN
hydrochloric acid. The organic layer was concentrated
and purified by a silica gel column to obtain 7.36 g
20 {yield: 65 %) of 3-t-butyl-5-methylsalicylaldehyde.
1y-NMR {(CPCli): 1.41 (s, 9H), 2.32 (s, 3H), 7.19 (4,
1H), 7.33 (d, 1H), 9.83 (s, 1H), 11.60 (s, 1H)
Into a 200 ml reactor thoroughly purged with
nitrogen, 50 ml of ethanol, 1.52 g (15.02 mmol)} of n-

25 hexylamine and 2.86 g (14.90 mmol) of 3-t-butyl-5-



109n& ()-!'L' 10%i & ()-EzbC 10Z 10% h& ()- 10% h& ()- 10% h& () - 9S@0%
h& ()-F 10m 10m 10m 7" 10%m& () - VAEbC 10ZF 10% h& () - 3y10% h& () - 3y10%
h& ()- 310% h& ()-y10% h& ()-3 10% h& () - 8gNdEbC 10Z$s! 10% h& () - Y" 10%
h& ()-Y Z10% h& ()-Y10% h& () - Y10% h& ()-!10% hé& () NQJEbC 107&010%

h& ()-.#10% h& () -, 10% h& ()-18&*10% h& ()-1(z 10% h M

h& ()-=>?@xmb@ 102! 10%CC&' ()-m 10 h 10 h 10 h@ 83" ]ﬁﬁaalo% h& ()-Y
34-10% h& () - @F10% h& () - L#] dEnb@20z!'y 10%r&' ()-"! 10%1& ()-Y 10%& ()-S
10%v& ()-L10%& ()-Y 10%& ()- OmdEmb@

10Z!'t 10% &4 QL O al &d: 1%/@& x(réréllﬂr(ﬁigb&&cééoo/@&d( LnbolQUR () - <xdEnb@
10Z!) 10%1& () - ' 910%&' () - 10%1& () - #ni 10%m& () - !

10%n& () - 1008t dd - S BpbR 104, e:?&-@t(@g‘ fér F§4—Of){@§‘r£;). 3fhe
10%v& () - F/ 10%&' ()--"10%r& () - 3+f 1 =MbC 10Z! Slo%&' () 10%& () - Fg

100! () o TOVE 1) %%%%%%%??g%%gf%%aué SRR 10D

“ro0 () -Giook (§ ot 3G 10,8 §E Ausarbs HR AT o0 )
10%T&f%) 1§B§§Eééngé9%ﬁﬁ éﬂer&Qléalng formula (K) was obtained as

a yellow ligquid.
IH~-NMR (CDCl;): 0.89 (t, 3H), 1.25-1.43 (m, 4H), 1.43
() (s, 9H), 1.60-1.77 (m, 2H), 2.28 (8, 3H), 3.56 (t, 2H).

6.89 (s, 1H), 7.11 (4, 1H), 8.27 (s, 1H), 13.94 (s, 1H)

10
“Hexyl
g
OH (K)
'Bu
15

Into a 300 ml reactor thoroughly dried and purged

with argon, 4.16 g (15.10 mmol) of the compound (K) and

p—

70 ml of ether were introduced, and they were cooled to -
78 °C and stirred. To the reactor, 9.40 ml of a n-hexane
20 solution containing 15.04 mmol of n-butyllithium was
dropwise added over a period of 30 minutes, then the
temperature of the system was slowly raised to room
temperature, and the reaction solution was stirred at
room temperature for 4 hours to prepare a lithium salt

25 solution. The solution was dropwise added to 80 ml of a



10810%&' () -, &4" 10%& () - E} RAEbC 10Z109F& () - 1090& () -s109& () - 109F& () -
10967& ()- 109%& ()-R$_dEbC 10Z! 109%& () -

10907& ()-1090& () -s109%F& ()-3"1090& ()- 1094& ()-=gaBbC

10Z.11099& () -, - 109F& ()-! n*109%& ()-(1090& ()-& 109F& ()-$" 109T& ()-Axyz{xm
bC 10ZLSZ109%3& ()-Y 10T 10T 10TF&6 1094& ()- 4109& ()- , 21094& ()-

10907& () - RIENbC 10ZF10%& () - y10%6G3& ()-3 F109%6G& () - tp‘@g NI UL ()

10968 ()-/d dEmbC 10ZI &10%%& () - Yg 121

10938 () - #109%G& () - Y2109%G& () - Flo%s& ()-F 1093& ()- *04~\: 10Z!Y

10% & ()-1Y 109 ()-!Y 109%{ 910%& ) 7, 106 10

1OG_$10%&T(H)F pod mSC\nt g2 mmol) of a

109%& () - Z! P1OYHHE, 10%iu 109%& 10%& 1!
Cy#10% 2 & (z)rqlsﬁi‘%)@& f?mp%gﬁ%églé) TF‘Fs‘fg%‘}:&"(‘) {‘%‘812%8@&“( FOrd2d1 00 () -
$; EWUB~\ :
11 Y10%&' ()t vl (pfkey thes dgoppise wdfidigop) wae sompdeted, y109%&: ()-E
TXoXVA-\: 1110 2100@& () - ! Kf)109& ()- 1) 10000& ()-
Pf) 10%& ()ﬂhlﬂmxmwas IqtigRk Hth \Jwly raising the
lly s*100&' ()-! P! "10% & ()-!<0!"10%& ()-!&210%& ()-!H210%N& ()-!210%& () -
. 1OhF tenpepratgge| tipogeqn) -tegugeygtuneg. 1 Theg, stirring was
10%&' () - YLO%&' () -s*10%& () - DNcgWX6hF
1118, 10%&' (Huxtieho s formedy-at) Fpmrst ¢ype ngog i {9r 1 85 loverg) -and 109 () - w
U3hF 1! 0310%& ()-! 410%& ()-g! 3410%&' ()-g! (
+F109&' () - MigREODgen -wds KODE ()1 ed DePdiziemE the reaction solution.
11 1) PL109%& ()-! " 3210%& ()-Z! z3210%& ()-Z! x0 ) F10% " & () - 4! <OF"10%&' () - 310%&
'()-dr}[ 9hFErHe |1teHike IR ¢)id "WOYRWE{$he B 10V (50 MmN 09B ¢fher and
“y3109%&' ()-M OL10%&' ()-}[<hF 111! 109%& ()-!VP
1098 () - &10240 (N1 Zb0 e NP s - Th ot De65& THe FUXIMOHR o Jwad#- >NVz X6hF

[0 concentrated and washed again with 20 ml of ether to
obtain 4.30 g (vield: 80 %) of a compound (11)
repregented by the following formula (11) as a vellow
powder.

1H-NMR (CDClz): 0.74-1.54 (m, 18H), 1.55 (s, 18H),

15 2.31 (s, 6H), 3.37-3.68 (m, 4H), 6.99 (s, 2H), 7.36 (s,

2H), 8.09 (s, 2H)

FD-mass spectrometry: 710

r‘He)-(yl

- E )2@12

25 Synthegis Example 12



1110 * 109MW& ()-FI'P * 109 ()-F!80L!l"109% ()-!09!10% & ()-!9 9!10%

& ()-O0#109%& ()-9Vdi kmopqr}~PB4 1! 10 10 10 &10% & ()-10% & ()-9&10%
& ()-)'a 1210% & ()-m . P! 210%& ()- nr uwU3PB4

117 0109& ()-!}f109%& ()-!f109%& ()-! 109& ()-!F 109& ()-!> 109%& ()-}"?PB4
1170 109 ()-EL09% ()-3!\ 3109 ()-y, 109 ()- *109& ()-! 109& ()- !-}[9PB4
111 sO@O%EGE ()-! 10%&' ()-!ul0%& ()-! R 2003

10%IU& () - 109 () - FO10% ()- G 6HOM2 aBPB4 11150 =G AP

109& ()-*109& ()-*109& ()- ! @OY%& ()-!xX0 ! @O%L&E ()-@O% ()-_osvzX6PB4

T @o%ze (1o¢3% 53d%8 &Lhedt enbiddZ81Y) pi¥tued with
nitrogen, 70 ml of ethanol, 1.83 g (16.17 mmol) of 2-
methylcyclohexylamine and 3.06 g (15.92 mmol) of 3-t-
butyl-5-methylsalicylaldehyde were introduced, and they

5 were stirred at room temperature for 24 hours. The solid
precipitated was filtered off and vacuum dried to obtain
3.00 g (vield: 66 %) of a compound (L) represented by the
() following formula (L) as a yellow crystal.
1H-NMR (CDCls): 0.79-0.83 (m, 3H), 0.96-1.88 (m, SH),
10 1.43 (s, SH), 2.28 (s, 3H), 2.63-2.72 (td, 1H), 6.90 (4,

iH), 7.11 (4, 1H), B.26 (s, 1H), 13.93 (s, 1H)

Me 'Bu

Into a 100 ml reactor thoroughly dried and purged
with argon, 0.87 g (3.03 mmol) of the compound (L) and 20
15 ml of ether were introduced, and they were cooled to -~
78 °C and stirred. To the reactor, 1.90 ml of a n-hexane
solution containing 2.98 mmol of n-butyllithium was
dropwise added over a period of 10 minutes,’ then the
temperature of the system was slowly raised to room

20 temperature, and the reaction solution was stirred at



109&' ()-!91109%& ()-! FO91109%& ()-}"?PB4

1111 10109 ()-z$*109& ()-$! 109& ()-!110% | & ()-!) 109%& ()-1 @OY%& () -t X<4
111" &109& ()-f'' ' 109& ()-S,' 109& ()-f, &L0%& ()- gO&LOY& ()- @ L10Y%& () -

109&' ()- $1;cA 1!!!° S10%b+b& ()-& S10% e-e& ()-& 010% & () 10 10 10
Y109&' ()-g  109%&' ()-y; KU cfiwx9cA 1!!°10% & () - 10% &'

1098F3F& ()-1y0 3 10%: & ()-! O#1096X& () -! F#lO%&'-(?

109& ()-!'w 109& ()-!  10988& ()- 1b% & ()-m 9310% J J& ()-I k 9310%&' ()-uvy
111 &109%& ()-s10% ()-G 1066 1066 106610966& ()- 10966& ()-!

109%66& () -LBIRIESNFe bt §¥d 0PEs- (2 - A8¥Es( LolB¥Eph)la a 1ithium salt
F109& ()-1109& ()-41 Z109%& ()-b2gdEuV7 11! &@ 109 ()-y10%& ()- |

T109&' () - QOB {dr. L0MR (do1hQWRS It dEEYYsd ! Addled to 20 ml of
10%a& () - O+100@ {)- % 100& () - %Q 10%& () - SH10%& ()-! 100& ()-}{Y: 1!

O%B&f()'I&kéoégfhggbﬁ)coﬁgaiglﬁggﬂlg%& (klleo’mmol) of a
ZrCl, (THF), complex, said THF solution having been cooled
5 to -78 °C. After the dropwise addition was completed,
gtirring was continued with slowly raising the
temperature to room temperature. Then, stirring was
() further performed at room temperature for 15 hours, and
— the solvent was distilled off from the reaction solution.
10 The resulting solid was washed with 80 ml of ethexr. The
filtrate was concentrated and recrystallized from a mixed
solution of ether and hexane to obtain 0.44 g (vield:
40 %) of a compound (12) represented by the following
formula (12) as a yellow powder.
15 lH-NMR (CDCli): 0.65-1.90 {m, 24H), 1.60 (s, 1l8H),
2.32 (s, 6H), 3.68-3.90 (m, 2H), 6.98 (s, 2H), 7.37 (8,
) 2H), 8.14-8.22 (m, 2H) |

FD-mass spectrometry: 734
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golution containing 14.40 g (105.0 mmol) of 4-cumylphenol

diluted with 30 ml of a toluene was dropwise added at

80 °C, followed by stirring for 17 hours. After the

O

gystem was cooled to room temperature, the reaction
" 10 solution was filtered with washing with hexane. The
resulting liquid was purified by silica gel column
chromatography to obtain 10.52 g (vield: 44 %) of 2~
cunyl-4-methylphenol.
1H-NMR (CDCl,)}: 1.75 (s, 6H), 2.40 (s, 3H), 7.10-7.30
15 (m, 8H), 11.17 (s, 1H)
Into a 500 ml reactor thoroughly purged with
) nitrogen, 21.0 ml of an ether solution containing 63.1
mmol of ethylmagnesium bromide and 40 ml of THF were
introduced. To the reactor, a solution containing 13.61
20 g (60.1 mmol) of 2-cumyl-4-methylphencl diluted with 20
ml of a THF was dropwise added at 0 °C over a period of 1
hour, then the temperature of the system was slowly
raised to room temperature, and the reaction solution was
stirred at room temperature for 30 minutes. Then, 220 ml

25 of toluene was added, and the system was heated to 100 °C
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hydrochloric acid. The organic layer was concentrated,

() and the resulting liquid was purified by silica gel
10 column chromatography to obtain 14.13 g (yield: 92 %) of
3-cunyl-S-methylsalicylaldehyde.
1H-NMR (CDCl3): 1.75 (s, 6H), 2.40 (s, 3H), 7.10-7.42
(m, 7H), 8.55 (s, 1H), 13.18 (s, 1H)
Into a 100 ml reactor thoroughly purged with
15 nitrogen, 40 ml of ethanol, 1.82 g (18.0 mmol) of n-
hexylamine and 3.81 g (15.0 mmol) of 3-cumyl-5-
f) methylsalicylaldehyde were introduced, and they were

stirred at room temperature for 3 hours. The reaction
solution was wvacuum concentrated to remove the soclwvent,

20 and the resulting liquid was purified by silica gel
column chromatography to obtain 3.97 g (vield: 78 %) of a
compound (M) represented by the following formula (IMM).

1H-NMR (CDCls): 0.85 (t, 3H), 1.27 (s, 6H), 1.52-1.70
(m, 2H), 1.71 (s, 6H), 2.34 (s, 3H), 3.45 (t, 2H), 6.92-

25 7.35 (m, 7H), 8.22 (s, 1H), 13.49 (s, 1H)
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TMLOYENENE, () OO 18 Oty (S ), 10,0, 30

10 78 °C and stirred. 7o the reactor, 2.20 ml of a n-hexane

solution containing 3.45 mmol of n~butyllithium was
slowly dropwise added, then the temperature of the system
was slowly raised to room temperature, and the reaction
solution was stirred at room temperature for 4 hours to

15 prepare a lithium salt solution. The solution was
dropwise added to 30 ml of a THF solution containing

() 0.622 g (1.65 mmol) of a ZxrCl;(THF), complex, said THF

golution having been cooled to ~78 °C. After the
dropwise addition was completed, stirring was continued

20 with slowly raising the temperature to room temperature.
Then, stirring was further performed at room temperature
for 15 hours, and the solvent was distilled off from the
reaction solution. To the resulting solid, 20 ml of
ether was added to give a slurry, and the slurry was

25 filtered with washing with 10 ml of ether. The filtrate
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stirred at room temperature for 20 hours. The solid

20 precipitated was filtered off, washed with cold methanol
and vacuum dried to obtain 2.85 g (yield: 85 %) of a
compound (N) represented by the following formula (N) as

a light yellow crystal.
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78 °C and stirred. To the reactor, 2.01 ml of a n-hexane

golution containing 3.15 mmol of n-butyllithium was

slowly dropwige added, then the temperature of the system

was slowly raised to room temperature, and the reaction
solution was stirred at room temperature for 4 hours to
prepare a lithium salt solution. The solution was
dropwise added to 30 ml of a THF solution containing
0.566 g (1.50 mmol) of a ZrCl,{(THF), complex, said 'THF
solution having been cooled to -78 °C. After the
dropwise addition was completed, stirring was continued
with slowly raising the temperature to room temperature.

Then, stirring was further performed at room temperature
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formula (14) as a light vellow powder.

1H-NMR (CDCl3): 0.85-2.10 (m, 32H), 2.28, 2.38 (s, =&,
10 6H), 3.62 (m, 2H), 6.95-7.50 (m, 14H), 8.10 (s, 2H)

FD-mass spectrometiy: 830
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Ph
Synthegis Example 15
20 Into a 100 ml reactor thoroughly purged with

nitrogen, 30 ml of ethanol, 0.91 g (8.04 mmol) of 2-
methylcyclohexylamine and 1.96 g (7.71 mmol) of 3-cumyl-
5-methylsalicylaldehyde were introduced, and they were
stirred at room temperature for 15 hours. The solid

25 precipitated was filtered off and vacuum dried to obtain
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5 7H), 8.20-8.30 (m, 1H), 13.35 (s, 1H)

10

Into 'a 100 ml reactor thoroughly dried and purged
with argon, 1.08 g (3.08 mmol) of the compound (0) and 20
ml of ether were introduced, and they were cooled to -

15 78 °C and stirred. To the reactor, 2.00 ml of a n-hexane
solution containing 3.14 mmol of n-butyllithium was
slowly dropwise added, then the temperature of the system
was slowly raised to room temperature, and the reaction
solution was stirred at room temperature for 1 hour to

20 prepare a lithium salt solution. The solution was
dropwise added to 20 ml of a THF solution containing 0.58
g (1.54 mmol) of a ZrCl,(THF), complex, said THF solution
having been cooled to -78 °C. After the dropwise
addition was completed, stirring was continued with

25 slowly raising the temperature to room temperature. Then,
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10 hours, and the solvent was distilled off from the
reaction solution. To the resulting solid, 30 ml of
ether and 50 ml of methylene chloride were added, and the
S mixture was filtered. The filtrate was concentrated and
recrystallized from ether to obtain 0.39 g (yield: 30 %)
of a compound (15) represented by the following formula
(15) as a yvellow powder.
1H-NMR {(CDCl;3)}: 0.20-2.50 (m, 42H), 3.38-3.65 (m, 2H),
10 6.90-7.70 (m, 14H), 8.05-8.25 (m, 2H)

FD-mass spectrometry: 858

/N"‘jzm:lz
15 O

Synthesis Example 16
Into a 100 ml reactor thoroughly dried and purged
20 with nitrogen, 11.22 g (46.30 mmol) of 2-(l-adamantyl)-4-
methylphenol and 100 ml of THF were introduced. To the
reactor, 16.20 ml of an ether solution containing 48.60
mmol of ethylmagnesium bromide was dropwise added at 0 °C
over a period of 30 minutes, then the temperature of the

25 system was slowly raised to room temperature, and the
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mmol) of triethylamine were added, followed by stirring
at 85 °C for 30 minutes. The reaction solution was
allowed to cool to room temperature and then quenched
with 10% hydrochloric acid. The organic layer was
10 concentrated, and the solid precipitated was vacuum dried
to obtain 10.51 g (yvield: B4 %) of 3-(l-adamantyl)-5-
methylsalicylaldehyde.
1y-NMR (CDCl3): 2.2-1.8 (s, 16H), 2.3 (s, 3H), 7.5-
7.0 (m, 2H), 9.8 (s; 1H), 11.6 (s, 1lH)
15 Into a 100 ml reactor thoroughly purged with
nitrogen, 30 ml of ethanol, 0.55 g (5.55 mmol) of
cyclohexylamine and 1.51 g (5.57 mmol} of 3-(1-
adamantyl)-5-methylsalicylaldehyde were introduced, and
they were stirred at room temperature for 18 hours. The
20 solid precipitated was filtered off and wvacuum dried to
obtain 1.73 g (yield: 89 %) of a compound (P) represented
by the following formula (P) as a yvellow crystal.

Ig-NMR (CDClz): 1.18-1.70 (m, 10H), 1.79 (t, 6H),

2.11 (s, 3H), 2.30 (s, 6H), 2.31 (s, 3H), 3.12-3.28 (m,
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10 Into a 100 ml reactor thoroughly dried and purged
with argon, 1.01 g (2.88 mmol) of the compound (P) and 20
ml of THF were introduced, and they were coocled to -78 °C
and stirred. To the reactor, 1.83 ml of a n-hexane
solution containing 2.87 mmol of n-butyllithium was

15 dropwise added, then the temperature of the system was
slowly raised to room temperature, and the reaction
golution was stirred at room temperature for 1 hour to
prepare a lithium salt solution. The solution was
dropwise added to 20 ml of a THF éolution containing 0.54

20 g (1.44 mmol) of a ZrCl,(THF), complex, said THF solution
having been coocled to -78 °C. After the dropwise
addition was completed, stirring was continued with
slowly raising the temperature to room temperature. Then,
stirring was further performed at room temperature for 15

25 hours, and the solvent was distilled off from the
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compound (16) represented by the following formula (16)
as a yellow powder.
1H-NMR (CDCli}: 0.70-2.20 {(m, 50H), 2.27 (s, 6H),
3.806-3.95 (m, 2H), 6.87 (d, 2H), 7.04 (4, 2H), 8.31 (=,
10 2H)

FD-mass spectrometry: 862

15

20 Svnthesis Example 17

Into a 100 ml reactor thoroughly purged with
nitrogen, 30 ml of ethanol, 0.67 g (5.92 mmol) of 2-
methylcyclohexylamine and 1.50 g (5.55 mmol) of 3-(1-
adamantyl)}-5-methylsalicylaldehyde were introduced, and

25 they were stirred at room temperature for 18 hours. The
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s0lid precipitated was filtered off and vacuum dried to
obtain 1.67 g (yield: 82 %) of a compound (Q) represented
by the following formula (Q) as a yellow powder.
1H-NMR (CDCl3): 0.81 (4, 3H), 0.95-1.75 (m, 9H), 1.79
5 (d, 64), 2.08 (s, 3H), 2.18 (d, 6H), 2.28 (s, 3H), 2.60~
2.75 (td, 1H), 6.89 (s, 1H), 7.05 (4, 1H), 8.25, 8.28 (s,

s, 1H), 13.88, 13.90 (s, s, 1H)

O

10 _N

15 Into a 100 ml reactor thoroughly dried and purged
with argon, 1.00 g (2.74 mmol) of the compound (Q) and 20

’) nl of THF were introduced, and they were cooled to -78 °C

Vo
N

and stirred. To the reactor, 1.75 ml of a n-hexane
solution containing 2.75 mmol of n-butyllithium was

20 slowly dropwise added, then the temperature of the system
was slowly raised to room temperature, and the reaction
solution was stirred at room temperature for 1.5 hours to
prepare a lithium salt solution. The solution was
dropwise added to 20 ml of a THF solution containing 0.52

25 g (1.37 mmol) of a ZrCl,(THF), complex, said THF solution
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U& ()-F 4R tfson \wipdaapleted ., sotipning was continued with
slowly raising the temperature to room temperature. Then,
gtirring was further performed at room temperature for 20
5 hours, and the solvent was distilled off from the
reaction solution. To the resulting solid, 30 ml of
ether and 70 ml of methylene chloride were added to give
() a slurry, and the slurry was filtered. The filtrate was
concentrated and recrystallized from a mixed solution of
10 hexane and ether to obtain 0.50 g (yield: 41 %) of a
compound (17) represented by the following formula (17)
ag a yellow powder.
IH-NMR (CDCla)}: 0.60-2.20 (m, 54H), 2.32 (s, 6H).
3.70~-3.92 (m, 2H), 6.90-7.00 (m, 2H), 7.26, 7.31 (s, s,

15 2H), 8.00-8.30 (m, 2H)

FD-mags spectrometry: 890

20

25
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10%4 & ()-..0T 10%

Into a 200 ml reactor thoroughly dried

with nitrogen, 25.31 g (203.90 mmol) of ani

10%&' ()-=HaHHHI DIi | dE~_@

10% & () - LLMNMVMWEK@ 10 1034S

and purged

gole, 2.00 ¢

of Umberist-15 (trade name, available from Organoc Co.)

and 30 ml of toluene were introduced. To the reactor, a

solution containing 15.52 g (101.9 mmol) of
alcohol diluted with 20 ml of a toluene was
added at 95 °C, followed by stirring for 5.
After the system was cooled to room tempera
crystal precipitated was washed with hexane
dried to obtain 12.20 g (vield: 46 %) of 2-
4-methoxyphenol.

1H-NMR (CDCli3): 1.78 (s, 6H), 2.09 (s,
6H), 3.76 (s, 3H), 4.30 (bs, 1H), 6.58 (s,

1H)

l-adamantyl
dropwise
5 hours.
ture, the
and vacuum

(l-adamantyl)} -

3H), 2.12 (s,

2H), 6.83 (s,

Into a 500 ml reactor thoroughly purged with

nitrogen, 16.50 ml of an ether solution containing 49.60

mmol of ethylmagnesium bromide and 10 ml of

THF were

introduced. To the reactor, a solution containing 12.31

g (47.20 mmol) of 2-(l-adamantyl)-4-methoxyphenocl diluted

with 50 ml of a THF was dropwise added at 0

°C over a

period of 15 minutes. Then, 150 ml of toluene was added,

and the system was heated to 95 °C to disti

40 ml of a mixed solution of ether and THF,

1l off about

whereby an
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and 9.40 ml (67.50 mmol) of triethylamine were added,
followed by stirring at 90 °C for 30 minutes. The
5 reaction solution was allowed to cool to room temperature

and then quenched with 32 ml of 18% hydrochloric acid.

The organic layer was washed with 100 ml of water, 50 ml

() of a sodium hydrogencarbonate aqueous solution and 100 ml

— \\

of a sodium chloride aquecus solution, and then
[0 concentrated. The resulting solid was purified by silica
gel column chromatography to obtain 4.95 g (yield: 37 %)
of 3-(l-adamantyl)-S5-methoxysalicylaldehyde.
1H-NMR (CDCl;): 1.78 (s, 6H), 2.09 (s, 3H), 2.12 (s,
6H), 3.82 (s, 3H), 6.80 (s, 1H), 7.13 (s, 1lH), 9.87 (s,
15 1H), 11.57 (s, 1H)
Into a 100 ml reactor thoroughly purged with
} nitrogen, 30 ml of ethanol, 0.37 g (3.73 mmol) of
cyclohexylamine and 1.03 g (3.59 mmol) of 3-(1-
adamantyl)-5-methoxysalicylaldehyde were introduced, and
20 they were stirred at room temperature for 5.5 hours. The
solid precipitated was filtered off and vacuum dried to‘
obtain 1.24 g (yield: 94 %) of a compound (R) represented
by ths following formula (R).
1H-NMR (CDClz): 1.20-1.80 (m, 10H}, 1.80 (s, 6H),

25 2.08 (s, 3H), 2.15 (s, 6H), 3.15-3.30 (m, 1H), 3.77 (s,
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10 Into a 50 ml reactor thoroughly dried and purged
with argon, 1.00 g (2.72 mmol) of the compound (R) and 10
ml of THF were introduced, and they were cooled to -78 °C
and stirred. To the reactor, 1.80 ml of a n-hexane
gsolution containing 2.83 mmol of n-butyllithium was

15 slowly dropwise added, then the temperature of the systenm
wasg slowly raised to room temperature, and the reaction

() solution was stirred at room temperature for 1.5 hours to
prepare a lithium salt solution. The solution was
dropwise added to 20 ml of a THF solution containing 0.51

20 g (1.36 mmol) of a ZrCl,(THF), complex, gaid THF solution
having been cooled to -78 °C. After the dropwise
addition was completed, stirring was continued with
slowly raising the temperature to room temperature. Then,
stirring was further performed at room temperature for 20

25 hours, and the solvent was distilled off from the



10/ 10/S8-10% & ()-6S 10% & ()-4F10% & ()-2z 10% & () -1 -
0°109% & ()-11J1111ndEYNC 10t y!10%| & ()-S&L0%| & ()-1 10% & ()-f -
109%4] & () - 10%4| & () - 10%| & () - GramWmmndEYNC 10t Y-

10%4] & () -s10% & ()-10% & ()-y10%| & ()- gl0%}| & ()-310%| & () - 4nnnnnooNod
EYNC 10t 3

+10%4| & ()-) gl0%t| & () - 9B10%4| & () - 3#10%4| & () - 3! 10%| | & () - Noooo
#pXppppdE: /104 104|1710%| & ()-15 ‘i%%u & ()-13 TAPR 2063

1094 & ()-1110% & ()-/10% & ()- Y- 10%| & () - ppppg8qdqquV7/

104, 10%’ (Jed Ot LOKRE61nB130YE €3 -dhd 09Ei6) £ in91098L &) - 36 SLGEYE () -

104| qqr @1 rrrdE7/ 104, SYL09%& () - @! 109& () - F&LO%& () - SS

10%&'()‘9LQ&ﬁéf)a§ao9@fﬁl‘6§3ﬁ§§ﬁ§1653/cﬁQ&rﬁhelQ%@é(hﬂhbd, and the
10%' ()-f YO 109&' ()-f#Z10%&' ()- |- 10% ()-Yy10%&' ()-tAtotrt|ttttA?4/ 10

109! &910%n {tehde ¢dR%ELELE 0E0 IMOYWME] €aby/ &Qs/eﬁu&ﬁcéné%@e&) and
| +109& ()-ttttttDuluj K/ 10 109'& Y t!10%m& ()-!VY t!110%[ & (

10%r& () - w,mga(a SLAYEh) & h9xd8) ge&@eax%v %K/eti-xglrlgnqio&'/%&a(n)e 'd
10%mg&’ () - 10%18" (Y-1#ly 109 ()-s10%r& ( 109 - W xaBik/ 10

10- MLO%r&! (g]),ﬁ%lﬁO?(ﬂ%g(§ )(/{(a:gi/@& fL)s by of a com 80}.161&, 10%2‘ () -

% 1098 () - 9% 10%r&" ( XXXXXXXX4y{\= 1
&l 109%& ()_reﬁgégéﬁtgh EleH5198hi8%h§31%é@§mﬁL (1@) as a yvellow

powder.

1H-NMR (CDCl3): 0.50-2.40 {(m, S50H), 3.80 (s, 6H),

O

~
o

3.80~-4.00 {m, 2H), 6.62 (4, 2H), 7.14 (4, 2H), 8.18 (=,
10 2H)

FD-mass spectrometry: 894

15

20 Synthegig Example 19
Into a 100 ml reactor thoroughly purged with
nitrogen, 30 ml of ethanol, 0.44 g (3.89 mmol) of 2-
methylcycllohexylamine and 1.06 g (3.70 mmol) of 3-(1-
adamantyl) -5-methoxysalicylaldehyde were introduced, and

25 they were stirred at room temperature for 5 hours. The



"10%&' ()-4yWyyy. zdzdE{\= 10 10@10%& ()-9f 10%& ()-I 3 109%& ()-,310%& ()-|I
94109% ()-  10%& ()-dzzzz {B{V{dE{\= 10 10S#10%& ()-L! 10%& ()- Y10%& ()-
SI109%&' ()-f910%&' ()-3:10%& ()-v{{{{3|f|r|dE{\= 10
10yf/ 109%& ()-s- Y109 ()-1+10%& ()-f)109%& () -
TUF109& () -yF9d0%& ()-r|||}5}6}7}8} G xnbC 10 1010%& ()-Z 10 10
107F10% ()-y510%& ()-s3F10%& ()- |1109%& () - G}z}}}~P~~dEn§C 10
101 1 109Z& ()-f109Z& ()- f 109%Z& ()~k, 109%&Z& ()-f10%R RORR& () -~~~
MIEnbC 10 10109@& () - y100Z&! ()-srrfL(‘)Jf’f)oz&' ()-1- ¥ AP
10928 () -y109Z& ()- s109Z& () - PAEMHC 10 10+109&Z& ()-)109%Z& ()-'g
109Z&' () - Y aDIR_bEPciDOVERE) Wht0TLEL ) e@nREIENA Y8ZuEfZdried to
7L109Z&’ () - 351092& ()- Y3 109Z& ()- YL 109Z& ()-/! 109Z& ()-
-109%Z&' () - GPtAinY1. 2104y (giddds' O)D- 8) 10%ka( pomPound (S) represented
10%&' () - FA0Y%&' ()-F9s10%&' ()-LGLOY%&' ()- 102\ 9t dE:/
10ZyS- 10%8by) eXd! £6%kowing FOYRuly- (€ 10%& () - 9109%& () - | FZ109%& ()-/j dE: /
10Zyy) 109%& ()- "' 10%& () - SYOM 109%&’ () - SHF10%& ()-!10%& ()- Ys10%& ()- 1j dE: /
10Zyy5s109%&’ () - HB+0REl ¢Ppel X 1 008 % ) ed y/3H0Y&L (06 st IR, -9GLOLRIE ) - %8 (;
pbC 10Z  109B& ()- , 3109B&' ()- &z109B&’ ()- &10%B& ()-F 10 10 10710%& () -

5 (d, 6H), 2.07 (s, 3H), 2.17 (4, H), 2.65-2.75 (m, 1H),

3.77 (e, 3H), 6.59 (4, 1H), 6.90 (4, 1H), 8.27, 8.30 (=8,

s, 1H), 13.66, 13.88 (s, s, 1H)

10
N
=z
OH (S)
MeO
15 Into a 50 ml reactor thoroughly dried and purged
with argon, 1.00 g (2.63 mmol) of the compound (S) and 20
)

- ml of THF were introduced, and they were cooled to -78 ©°C
and stirred. To the reactor, 1.70 ml of a n-hexane
solution containing 2.67 mmol of n-butyllithium was

20 slowly dropwise added, then the temperature of the system
was slowly raised to room temperature, and the reaction
solution was stirred at room temperature for 1.5 hours to
prepare a lithium salt solution. The solution was
dropwise added to 20 ml of a THF solution containing 0.50

25 g (1.32 mmol} of a ZrCl,(THF), complex, said THF solution



J| "dEbC 10ZF3 109B& ()- FALOYB& ()-39y109B& ()- 3109B& ()-S@ 109B& () -

9109B&' ()-"VY/ kdEbC 10Z, Y98 109B& () - f#109B& ()-1 " !109B& ()-F

| z109B& () - Y@109B&' ()-9 "109B& ()-k@ dEbC

10Z1m09YB& () -, y/ "109B& ()--109B& ()-1 | +4109B& ()-f)109B& ()- ',

1098& ()-0ijkl| xmbC 10Zs10%&' ()-Z 10B 10B 10B@®f 109B&' ()-71098B& () -

5S109B&' () -3109B& ()-|! XdEnbC 10Z3 109%&' ()- 109& ()- &sS109%& ()-|

109 () - 109 () -1 109%& () - 9kdEnbC _

10ZFZ10%&' () - @O0%& ()-f &LOY%& () - Fld%' ()-@0o%& () - &%Q%PB 2QQSZdErrbC 10z

Y+10%&' ()-S) 10%& ()-L' 109& ()-Fo%Z" 109 ()-S# 109& ()-L!s10%&' () - Z4i dEnbC

10Z1 7 10%@heyins@eed €pod8dl0uR'-(7B- PCL0MRE¢exrythe 109@byise- MLOYR' () - Y\NbC

10ZY 10%&' () - SM0%&' () - L10%& () -L10%& ()-G 10 10 10 910% () -) adEbC

10ZY10%:8&' aidstiouag) compQ¥B&d( ) sELGUTRg( WraS3 toBd ned. vHEME' () - nPvdELC

102940968 () - y#10%& ()- s!'10%& ()-1109%& ()-f109%& () -

"10%& () - BlodEpCra@EYBH0%EE CenYb@hbuisd' o robdd@eperature. Then,

10968 ()-3)109%6& ()-'10%& () -: EFGHXbC 10zl , 10%&' ()- &10%& ()- LylOo%& ()-Z

10G 10G 10e21i¥%eRg( yakb Fa¥UEhel) piirEBRtet0 A€l QUM e Hurd #HeD%RS () - @

109%&' ()-9S10%&' ()-13 @O0% ()-91{dEbC 10zZf #10%&' ()-"'- 10%& ()- 110%& ()-S
5 hours, and the solvent was distilled off from the

reaction solution. To the resulting solid, 30 ml of
ether and 70 ml of methylene chloride were added, and the
() mixture was filtexred. The filtrate was concentrated and
washed again with ether to obtain 0.65 g (yield: 54 %) of
[0 a compound (19) represented by the following formula (19)
as a yellow powder.
1H-NMR (CDCl3): 0.20-2.40 (m, S4H), 3.65-3.95 (m, 2H),
3.80 (s, 6H), 6.59-6.65 (m, 2H), 7.13-7.16 (m, 2H), 8.14-
8.23 (m, 2H)

I5 FD-masgs spectrometry: 923

20
MeO

25



109’ ()-SL 10%&: ()- YL0%&: () - (bEAEBC 10Zfy/ " 109%& () --1 109%& () -1 +-

10%& ()-y) 10%& ()-"' 10%&: ()-f YO8 109%& ()- EzZMNOPdYNC 10Z 10 10 10y9-
10% () - 710%& () - 510%&’ () - 310%&’ () - LTL0% () - Pa<TdEYNC 10Z

10%| & () - 10%| & ()- 210% & ()-- 10%H & ()- 10%)| & () - L0%I| & () - ZTB| dEYNC
10z S

10%| & () - 10%4| & () -z10%| & () - 10%| & ()- F10%| & ()- 10%4| & ()-| (* dEYNC 10Z
3 )10%| & ()-F 10%| & ()- %0%| & ()- 3#f 10%| & () - 3!

10%4| & () - 3109%4| & () - GOPQRam = 10Z!1430%& ()-! ° 10%&~ () -APRo200304|

104| 010%4| & ()- VY- 10%| & ()-Y, @ 10%| & ()-nzW,‘iE_: 102 @

109%& ()-9! 10% ()-1Ft 109 ()-1 @0%: ()-F 910% ()-P 10%& ()-)cdE = 10Z! S)z
10% ()-* MLO%: () - @F% 10% () - S#10% ()-L! 10% () - FS10%& () -H dE =

107! y5109%&: 2% () Ff/S 109%& ()-s- 10%& ()-1+10% ()-!YbC
107! 10% h )-3 10 10 10Ss9810%& () - 7 10% ()- (] aBbC

e () é‘é‘?’c“i‘o%f'aﬁ‘%‘é% &%e)“rf%% T %1 Bt ()-F
e A0 8 T VR Skt S0 o
5 Unberist-15 (trade name, available from Organo Co.) and
50 ml of toluene were introduced. To the reactor, a
solution containing 81.88 g (692.8 mmol) of o~
() methylstyrene diluted with 50 ml of a toluene was
dropwise added at 105 °C, followed by stirring for 7.5
10 hours. After the system was cooled to room temperature,
the reaction solution was filtered with washing with
toluene, and the resulting liquid was purified by silica
gel column chromatography to obtain 24.28 g (vield: 28 %)
of 2-cumyl-4-methoxyphenol.
15 1H-NMR (CDCli): 1.67 (s, 6H}, 3.82 (s, 3H), 3.96 (s,
1H), 6.72-7.38 {(m, 8H)

Into a 1 liter reactor thoroughly purged with
nitrogen, 43.5 ml of an ether solution containing 130.7
mmol of ethylmagnesium bromide and 70 ml of THF were

20 introduced. To the reactor, a solution containing 30.16
g (124.5 mmol}) of Z-cumyl-4-methoxyphenol diluted with 80
ml of a THF was dropwise added at 0 °C over a period of
30 minutes. Then, 500 ml of teoluene was added, and the
system was heated to 100 °C to distill off about 40 ml of

25 a mixed solution of ether and THF, whereby an opagque



10Z! s109& ()-! f109& ()-!f109%WE ()- 109 ()-109% ()-F s:10% ()- Q edEnbC
102! z109& ()-f % 109& ()-$ 109& ()-!109& ()-S 109%& ()- 109%& ()- =xdEmbC
102! 4 109& ()-2109& ()- 0! 109& ()-.109%& ()-, 109%& ()-*10%& ()-JbC 10Z! 310%
h& ()- y10% h& ()- 10 10 10y : 109& ()-, 8109%& ()- &L10% ()- @dEbC 10Z! 10%
h& ()-F10% h& ()-,'!10% h& ()-- 10% h& ()- 310% h& ()-- 10% h& ()-' UraBbC
10Z'F . 10% h& ()-Y, 10% h& ()-!6 &10% h h& ()-F10% h& ()- 3F10% h& ()- 10%
h& ()-:tdE:/ 10 h 10 h: 10% h& ()-8, {40% h& () - 610% L&y ( o

O ) 7 AR 200

h& ()-1210% h& ()-0g 10% h& ()- 1dx 10 hy3"109%& ()*
109 () - F109& ()-sF10%&' ()-&10%& ()- 10 hvaB:/ 10 h) @ 10%&' () -
"109%& () - y%@i’&? (§luzry 0vgs (‘)’b‘Zit)‘?@d( ) -AMT(P)G‘— Gy wiar cooled
h510%&' ()-310%& ()-1f 10%& ()-/10%&k ()-- 109& ()-+109%& ()-E| 4bC 10 hf @
10968 () - S1996X5 (JCT1DRR' ¢) (103 10mdDP! aHoRa¥ I £F1PaRAehyde AgddbC 10
hy10%&' ()-sS 10%& () - Z10%6&' () - yF10%6& () -s-109%3& () -1 " 10%&' () - y$NdEbC
10 h3# 10%GX4 (3 -H10VERS () -my@ DYESL' tyriethy3®ine waHeGRAGRdz
109%6&' () - Okl maVK@ 10 h 10G 10G 100! 10%&' ()-3 7 109%& ()-Y5 10%X' ()-!'@
, ) 10%KKE' () £SUHABEESDY ) st iriihyKar 190 he C0OAH U B h)intioed & fhe F
10% & ()-@0% & ()-L10% & ()-9 10% & ()-| FkpdBVK@ 10 h '19%40%j & () -
5 reaction solution was allowed to cool to room temperature
and then quenched with 84 ml of 18% hydrochloric acid.
The organic layer was washed with 400 ml of water, 200 ml
() of a sodium hydrogencarbonate aqueous solution and a
sodium chloride aqueous‘ solution (200 ml X 2}, and then
10 concentrated. The resulting liquid was purified by
silica gel column chromatography to obtain 27.27 g
(yvield: 81 %) of 3-cumyl-S5-methoxysalicylaldehyde.
Igy-NMR (CDCli): 1.82 (s, 6H), 3.85 (s, 3H), 7.15-7.38
{m, 7H), 9.80 (s, 1H), 11.3 (s, 1H)
15 Into a 100 ml reactor thoroughly purged with
nitrogen, 40 ml of ethanol, 1.09%9 g (11.0 mmol) of
{_,) cyclohexylamine and 2.85 g (10.0 mmol) of 3-cumyl-5-
methoxysalicylaldehyde were introduced, and they were
gtirred at room temperature for 2 hours. The solid
20 precipitated was filtered off and vacuum dried to obtain
2.54 g (vield: 72 %) of a compound (T) represented by the
following formula (T).
Ig-NMR {(CDCl3): 1.11-1.55 (m, 6H), 1.,55-1.85 (m, 4H),

1.75 (s, 6H), 3.11 (m, 1H), 3.82 (s, 3H), 6.63-7.29 (m,

25 7H), 8.28 (s, 1H}, 13.20 (s, 1H)



L10% & ()-1 10% & ()- @10% & ()- 10% & ()-F10% & ()-p{~!ZaBVK@10 h 7
10% & ()-510% & ()-3- 10% & ()- 110% & ()-019%40% & ()- ! 1%0% d & ()- Z
CbC 10 h 109%&& ()-10%Z& ()-1z10%Z& ()-&sz109%&Z& ()- 10t 10t

10t 9310% & () - CzTaBbC 10 h 10%Z& ()-! &$109&ZZ& () -

109&Z8&' ()-10%Z& ()-t109%&Z& ()-10%Z& ()-,fdEbC 10 h f&310%Z& ()-$10%Z& ()-"@
1098 ()- 109%&Z& ()- 10%Z& ()- S109&Z& () - CKdEbC 10 h

@10%&Z&' ()-f&0°1109&& ()- .109%&Z& ()-,,109%&Z& ()-*z109%Z& 1 '()-~\= 10
h 109 ()-!PLO%& ()-'!8 10%~& ()- 1#¥10%& ()- 10Z 10”'2% @PR %ﬁ% 0

10ZyF: 109Z& ()-DyJdE~\= 10 h$ 109%&' ()-"109& ()- S 109%&' ()-10%& ()-f10%& ()-
109&' ()-J, exdE~\= 10 hf & 10%& ()-3.10%& ()-,, 10%& ()-& 109%&' ()- (

109&' ()-y&10%& ()-xb@ 10 h! 109 &5()-"10%& ()- 10 10

10yF: 10%& ()-F4109%&' ()- , 2109%& k}"?b@ 10 h& 10%& ()-y 10%& ()-, @

109&' () -

/N
OH (T)
> MeO
e
Ph
Into a 50 ml reactor thoroughly dried and purged
() with argon, 1.05 g (3.00 mmol) of the compound (T) and 30

ml of ether were introduced, and they were cooled to -

[0 78 °C and stirred. To the reactor, 2.01 ml of a n-hexane
solution containing 3.15 mmol of n~-butyllithium was
slowly dropwise added, then the temperature of the system
wasg slowly raised to room temperature, and the reaction
gsolution was stirred at room temperature for 3 hours to

15 prepare a lithium salt solution. The solution was
dropwise added to 30 ml of a THF solution containing 0.57
g (1.50 mmol) of a ZrCl,(THF), complex, said THF solution
having been cooled to -78 °C. After the dropwise
addition was completed, stirring was continued with

20 slowly raising the temperature to room temperature. Then,
stirring was further performed at room temperature for 20
hours, and the solvent was distilled off from the
reaction solution. To the resulting solid, 30 ml of
ether was added to give a slurry, and the slurry was

25 filtered with washing with 50 ml of methylene chloride.



&10%& ()-!'10% & ()-! 10%& ()-H &IEb@ 10 hL*nml0%&' () - F(10%&' () - G@

109 ()-9%$10%& ()-F"gl0%& ()-, 10%& ()-&WrdEb@ 10 hs610%&' () -1 410%&' ()-f2
109&' ()-"0 10%&' ()-F.10%&' ()-S, &10%&' ()-r2hbC 10 h*10% & ()-10% & ()-s

10% & ()-3 10 10 10l :!109%&' ()-y810%&' ()-hU dELC 10 h10% & () -

z10% & ()- 10% & ()-10% & ()-10% & ()- 10% & ()-{aBbC 10 h & 310% & ()- (
10% & ()-910% ! & ()-!C 910%&' ()-10% & ()- 10% & () - 30j MIEbC 10

hL610% & ()-F4 10% & ()- @@ 10% & ()-90! 10% & ()-3 10%6 & ()-,, 10% & ()-M
bC 10 hF10%& ()-10%& ()-L910%& () - 1% 100 10" 1% 5530% & ()-;u
RJEbC 10 h10%&' ()- 10%&' ()- 10%& ()- 10%&k' ()-- 10%&' ()- S 10%& ()-( @dEbC
10 h$10%' Che Fil@¥&'te) whBV&ohleh®¥ R tle)d WD YR sihled HIPAR( )ritpdEbC 10
hy&0s! 10%&' ()-. 109 ()-, 10%&' ()-*10%& ()- (10%& ()-%0% ()-K~_~gbC 10 h
&10%gR& () mik@Hy&olutibd bF MI&BIIRYR (OhrloAhRNs it AW tq -3 C 10
h10%& ()- 10%g& ()-!310%&' ()-F!' k310% E E& ()-F ~10%g& ()-10%& () - ?ydEbC
10 h* 10%4&.6)r- 'glQ¥e&10):- B2ledg&f( Jo EGHIEE ((20) 2@ ntl¥@sy () - L' dEbC
10 h&610%g& ()- 4310%g&' ()-2s10%& ()-0 10%& ()-.yl0%& ()-+ 10%& ()-' bC
10 hz10%' Ehe@EXM cking® Eo¥hullr (20) as a yellow powder.

5 1H-NMR (CDClj3): 0.90-2.10 (m, 32H), 3.67 {(m, 2H),
3.77, 3.85 (8, 8, 6H), 6.60~7.41 {(m, 14H), 8.11 (s, 2H)

FD-mass spectrometry: 863

10 AN ) ZiCl,
0% (20
MeO
Ph
Synthegis Example 21
15 Into a 100 ml reactor thoroughly purged with
nitrogen, 40 ml of ethanol, 1.25 g (11.0 mmol) of 2~
-
LY )

methylcyclohexylamine and 2.85 g (10.0 mmol) of 3-cumyl-
" 5-methoxysalicylaldehyde were introduced, and they were

stirred at room temperature for 3 hours. The solid

20 precipitated was filtered off and vacuum dried to obtain
2.73 g (yield: 75 %)} of a compound (U} represented by the
following formula (U).

l1g-NMR (CDClz): 0.70-0.80 (4, 3H), 0.9-1.83 (m, 9H),

1.75 (s, 6H), 2.62 (m, 1H), 3.82 (s, 3H), 6.68-7.31 (m,

25 7H), B.23 (s, 1H), 13.13 (s, 1lH)



10g 10g 10g

109& ()-109& ()- 109 ()-Ha?bC 10 h! RP#109&5& ()-m  #10%-& ()-m
109& ()-109& ()-ym' 109& ()- 109 ()-M dEbC 10
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15

20

25

MeO Ph

Into a 50 ml reactor thoroughly dried and purged
with argon, 1.10 g (3.00 mmol) of the compound (U) and 30
nl of ether were introduced, and they were cooled to -

78 °C and stirred. To the reactor, 2.01 ml of a n-hexane
solution containing 3.15 mmol of n-butyllithium was
slowly dropwise added, then the temperature of the system
was slowly raised to room temperature, and the reaction
golution was stirred at room temperature for 2 hours to
prepare a lithium salt solution. The solution was
dropwise added to 30 ml of a THF solution containing 0.57
g (1.50 mmol) of a ZrCl ;(THF}, complex, said THF solution
having been cooled to -78 °C. After the dropwise
addition was completed, stirring was continued with
slowly raising the temperature to room temperature. Then,
stirring was further performed at room temperature for 20
hours, and the solvent was distilled off from the
reaction solution. To the resulting solid, 10 ml of

ether and 30 ml of methylene chloride were added to give

10#;

' ()-ly. @10% ()-y. @10%& ()-y. @
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10' o! | #109820 ) m1 gobugethylene chloride. The filtrate was

concentrated and washed again with a mixed solution of
methylene chloride and ether to obtain 0.78 g (yield:
5 58 %) of a compound (21) represented by the following
formula (21) as a yellow powder.
ig-NMR (CDCl;3): 0.60-0.80 (m, 36H), 3.52 (m, 2H),
(‘) 3.77 (s, 6H), 6.50-7.60 (m, 14H), 8.12 (s, 2H)

FD-mass spectrometry: 891

10
AN erCIQ
ORg 1)
5 MeO Ph
‘__) Synthegig Example 22

Into a 300 ml reactor thoroughly dried and purged
with nitrogen, 34.04 g (200.0 mmol) of 4-phenylphenol,

200 3.40 g of Umberist-15E (trade name, available from Organo
Co.) and 150 ml of toluene were introduced. To the
reactor, a solution containing 48.20 g (200.0 mmol) of t-
butyl alcochol diluted with 10 ml of a toluene was
dropwise added at 105 °C, followed by stirring for 16

25 hours. After the system was cooled to room temperature,
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>?@\} "SH=! nirogen, 66.80 ml of an ether solution containing 200.4

10 mmol of ethylmagnesium bromide and 100 ml of THF were
introduced. To the reactor, a solution containing 43.16
g (190.7 mmol) of 2Z2-t-butyl-4-phenylphenol diluted with
90 ml of a THF was dropwise added at 0 °C over a period
of 40 minutes, then the temperature of the system was

15 slowly raised to room temperature, and the reaction
solution was stirred at room temperature for 30 minutes.

i) Then, 700 ml of toluene was added, and the system was

heated to 100 °C to distill off 52 ml of a mixed solution
of ether and THF, whereby an opague white slurry was

20 obtained. After the slurry was cooled to -20 °C, 13.84 g
{460.9 mmol) of paraformaldehyde and 38.1 ml (273.4 mmol)
of triethylamine were added, followed by stirring at
90 °C for 30 minutes. After ice cooling, the reaction
solution was quenched with 133 ml of 18% hydrochloric

25 acid. The organic layer was washed with 300 ml of water,
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concentrated. The resulting liquid was purified by
gilica gel column chromatography to obtain 37.73 g
5 (yield: 78 %} of 3-t-butyl-5-phenylsalicylaldehyde.
IH-NMR (CDCli)}: 1.47 (s, SH), 7.29-7.79 {(m, 7H), 9.70
(s, 1H), 11.78 (s, 1H)

1r) Into a 100 ml reactor thoroughly purged with
nitrogen, 50 ml of ethanol, 1.21 g (12.0 mmol) of n-

10 hexylamine and 2.54 g (10.0 mmol) of 3-t-butyl-5-
phenylsalicylaldehyde were introduced, and they were
stirred at room temperature for 1 hour. The reaction
solution was vacuum concentrated to remove the solvent,
and the resulting liquid was purified by silica gel

15 column chromatography to obtain 3.38 g (yield: 94 %) of a
compound {(V} represented by the following formula (V).

o) IH-NMR (CDCls): 0.90 (t, 3H), 1.20-1.50 (m, 6H), 1.48

(s, 9H), 1.72 (m, 2H), 3.61 (t, 2H), 7.27-7.56 {(m, TH},

8.40 (s, 1H), 14.29 (s, 1H)

20
“Hexyl
g
OH  (v)

Ph By
25
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wag slowly raised to room temperature, and the reaction
:) solution was stirred at room temperature for 4 hoursg to
prepare a lithium salt solution. The solution was
10 dropwise added to 30 ml of a THF solution containing 0.57
g (1L.50 mmol) of a ZrCl,(THF), complex, said THF solution
having been cooled to -78 °C. After the dropwise
addition was completed, stirring was continued with
slowly raising the temperature to room temperature. Then,
15 stirring was further performed at room temperature for 20
hours, and the solvent was distilled off from the
- reaction solution. To the resulting solid, 20 ml of
ether was added to give a slurry, and the slurry was
filtered with washing with 10 ml of methylene chloride.
20 The filtrate was concentrated and washed again with 30 ml
of ether to obtain 0.49 g (yvield: 39 %) of a compound
(22) represented by the following formula (22) as a
yellow powder.
1H-NMR (CDCl;3): 0.7-0.90 (m, 6H), 1.1-2.0 (s, 34H),

25 3.8-4.1 (m, 4H), 7.2-8.1 {(m, 14H), B.3, 8.8 (brs, s, 2H)



109& () - )#a###$A$r $dE~ @ 10! sl 510% ()-3 10%& ()-1@

109& ()-/ 109 ()-- 109& ()-+3109%& ()-r$$$$$$$$0%eF 10! sl ,

1090V& () - 109V& ()-G 10 10 10@LO%& ()- 99" 109%& () - 7109%& () - 0% 9886 &DE&| &JEEF
10! sl 1098/ () - TO%VE: () - ! 109V () - @ 10%VE () -

, 10%VE' () - 10%VE ()-| &&&& ' + a?eF 10's!m 10% & ()-!p W%

1090V& () - 109V& ()- 109%VE ()-G 10%Eif3-+ C u' " l([(dEeﬁ%gﬁéﬁ_dbUd

1090VE ()-34 109%VE ()- @10%VE ()- 90" 10%VE () -

3. 10%W ()-,, z1 1 10% & ()-- 10% & ()-Z10% & ()-Z
10M 10M (ﬁ)wi %%EQ [E(s%e(gtg,gg,g%/%p% §)§3*f**dE‘LC 0 6 & () 6 & ()

10!'s!'10% & ()-10% & ( ) 310% & () - 310@6&f ()-310% & () -
SlO% & ()-**+A+X+++dEbC 10! s! &$|\/ﬂf®%x&l ()- !'m0% & ()
10% & () - 10%&'() "10% & () - 0%&'() ++ H,,,,dEbC
10!'s!90! 10% & () - |1096&f() , 10%0) %é , & z10% & () -,
(10% & ()-&10% & ()-,.- ------- fbC 10F€ %W&f()-nllo: 10:
10: SS810% & () - 96: 10% &' 0)-, KL 2(@@(%% 6 & ()--#.".).-.3.7."?nmbC
10! s310%v& ()-!'"™ 109%& ()-T!~
10%99& () - Ts10%v&' () - 10%vE&' () % ()-7.1... /G /dEnbC 10! s&
10%V&' ()-$10%v& ()-!10%& P)*S Y)-@10%v& ()- 10%w& ()-///YOOOOdENLC
10!s, 3410%&' ()-,, 2t 10%v& () - Ont 10%VK’ () -,
1098 ()-,*t109%v& ()-(10%v& ()-0510111111%$2bC 10!s10% M& ()-L 10% & ()-F
10M 10M 10MB: 109%v& () - @BB, 109%v& () - @6f 109%v&' () - $2\ 2233L33~_@C
10!s10% & ()- @10% & ()- ( @10%& ()-M 10% XLX&' )-10% & () -
10% & () - 333333ggye<§@;values of the compounds tained are set

forth in Table 1.

Table 1
Compound No. NC ‘Compound No. NC
1 1.915 12 1.801
2 1.908 13 1.905
3 1.856 14 1.799
4 1.803 15 1.790
5 1.913 16 1.788
6 1.909 17 1.792
7 1.852 18 1.780
8 1.900 19 1.768
3] 1.870 20 1.7995
10 1.905 21 1.791
11 1.910 22 1.910

Examples 1 -17

Into a 1 liter stainless steel autoclave thoroughly
purged with nitrogen, 500 ml of heptane was introduced.

The temperature of the autoclave was set at 75 °C, and
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The resulting polymer suspension was introduced into
a large amount of a mixture of acetone and methanol
{acetone:methanol = 1:1) containing a small amount of
10 hydrochloric acid to precipitate a polymer. The polymer
was filtered through a glass filtexr. After the solvent
was removed, the polymer was washed with methancl. the
polymer was vacuum dried at 80 °C for 10 hours to obtain
polyethylene. The results are set forth in Table 2.
15
Comparative Example 1
Polymerization was carried out in the game manner as
in Examples 1 to 22, except that the following zirconium
compound (23) (NC = 2.01) was used as the zirconium
20 compound in an amount of 0.00005 mmol. As a result,
polyethylene was obtained in an amount of 2.61 g. The
polymerization activity was 209 kg/mmol-Zr-hr, and the
intrinsic wviscosity (1) of the polyethylene was 1.95 dl/g.
The results are set forth in Table 2.
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10""10%&f()-'§%@1 %R () - 10%& %R ( & () -
10f f gr ggShh”<4tx. 7 0.00005 10 850 .52
Ex. 8 8 0.00005 9.68 774 1.99
Ex. 9 9 0.00005 5.91 793 13.8
Ex. 10 10 0.00005 6.67 534 6.88
Ex. 11 11 0.0001 10.83 433 0.49
"Ex. 12 12 0.00005 6.93 554 4.70
Ex. 13 13 0.00002 14.40 2881 0.34
Ex. 14 14 0.00002 8.89 1778 0.46
Ex. 15 16 0.0001 17.24 690 0.82
Ex. 16 17 0.00005 10.84 867 5.74
Ex. 17 22 0.00005 6.01 481 0.32
Comp. Ex.1 23 0.00005 2.61 209 1.95

Examples 18 - 295

Polymerization was carried out in the same manner as
in Examples 1 to 17, except that the polymerization in
Examples 1 to 17, except that the polymerization
temperature was set at 90 °C and the amount of the
catalyst was varied to that shown in Table 3. The

results are set forth in Table 3.
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Table 3
Catalyst Yield Activity Intrinsic
(a) (kg/mmol viscosity
Compound Amount ~Zr-hr) (n)

No. (mmol) (dl/g)
Ex. 18 1 0.0002 12.26 245 0.38
Ex. 19 2 0.0001 6.69 267 0.55
Ex. 20 3 0.00005 12.00 856 4,84
Ex. 21 5 0.0001 5.03 ' 201 1.69
Ex. 22 6 0.00005 10.29 823 0.78
Ex. 23 7 0.00005 14.98 1198 1.09
Ex. 24 8 0.00005 10.38 831 0.90
Ex. 25 9 0.00005 11.71 837 8.63
Ex. 26 11 0.0001 6.52 261 0.47
Ex. 27 12 0.00005 5.94 475 3.61
Ex. 28 13 0.00005 10.12 810 0.36
Ex. 29 22 0.0001 6.79 272 0.32
Comp. Ex.2 23 0.00025 3.87 62 4.19
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wherein M is a transition metal atom of Group 4 to Group
5 of the periodic table,

m is an integer of 1 to 5,

Q is a nitrogen atom or a carbon atom having a
substituent group R2,

A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent group R3,

Rl is an aliphatic hydrocarbon group which may not
be substituted with an aromatic hydrocarbon group or an
alicyclic hydrocarbon group wherein the aliphatic
hydrocarbon group has 18 to 30 carbon atoms, or may be
substituted with an alicyclic hydrocarbon group,

R2 to RS may be the same or different, they are each
a hydrogen atom, a hydrocarbon group, an oxygen-
containing group, a nitrogen-containing group, a sulfur-

containing group, a boron-containing group, an aluminum-
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residual group, a silicon-containing group, a germanium-
containing group or a tin-containing group, two or more
of them may be bonded to each other to form a riﬁg, and
when m is 2 or greater, at least one of the groups
indicated by R2 to R® contained in one ligand and at
least one of the groups indicated by R2 to R® contained
in another ligand may be bonded to each other,
when m is 2 or greater, R!s, R<g, R3s, Ris, or R%s
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 hydrocarbon
group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, plural
groups indicated by X may be the same or different and

plural groups indicated by X may be bonded to each other

to form a ring.

2. An olefin polymerization catalyst comprising a
transition metal compound which is represented by the

following formula (I-a) and in which the net charge
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(I-a)

wherein M is a transition metal atom of Group 4 to Group
5 of the periodic table,

m is an integer of 1 to 5,

A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrcgen atom having a substituent group RS,

R1la ig an aliphatic hydrocarbon group which may not
be substituted with an aromatic hydrocarbon group or an
alicyclic hydrocarbon group wherein the aliphatic
hiydrocarbon group has 18 to 30 carbon atoms, or may be
substituted with an alicyclic hydrocarbon group,

R2 and R5 to R? may be the same or different, they
are each a hydrogen atom, a hydrocarbon group, an oxygen-
containing group, a nitrogen-containing group, a sulfur-
containing group, a boron-containing group, an aluminum-
containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound

residual group, a silicon-containing group, a germanium-
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when m is 2 or greater, at least one of the groups
indicated by R?* and R5 to R® contained in one ligand and
at least one of groups indicated by R? and R®> to R?®
contained in another ligand may be bonded to each other,
when m is 2 or greater, Rlag, R2g, R5g, Rfs, R7g,
R8s, or R%s 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 hydrocarbon
group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, plural
groups indicated by X may be the same or different and
plural groups indicated by X may be bonded to each other

to form a ring.

3. An olefin polymerization catalyst comprising a
trangition metal compound which is represented by the
following formula (I-b) and in which the net charge
parameter of the central metal M is in the range of 1.80

to 1.89:
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of them may be bonded to each other to form a ring, and
when m is 2 or greater, at least one of groups indicated

by R?, R>, R6, R® and R? contained in one ligand and at
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contalnlng group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, plural
groups indicated by X may be the same or different and

plural groups indicated by X may be bonded to each other

to form a ring.

4. The olefin polymerization catalyst of any one
of claims 1 to 3, wherein A in each formula (I), (I-a)

and (I-b) is an oxygen atom.

5. An olef;n polymerization catalyst comprising:
(A-1) the transition metal compound of any one of claims
1 to 4, and

(B) at least one compound selected from:

(B-1) an organometallic compound,
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wherein M is a transition metal atom of Group 4 to Group

5 of the periodic table,

mis 1 or 2,

Rl is an aliphatic hydrocarbon group which may not
be substituted with an aromatic hydrocarbon group or an
alicyclic hydrocarbon group wherein the aliphatic
hydrocarbon group has 18 to 30 carbon atoms, or may be
substituted with an alicyclic hydrocarbon group,

R10 and R!! to R!3 may be the same or different, they
are each a hydrogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing

group, a nitrogen-containing group or a sulfur-containing
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R14 is a hydrocarbon group or a hydrocarbon-
substituted silyl group,

when m is 2, at least one of groups indicated by R0
to R!% contained in one ligand and at least one of groups
indicated by R? to R4 contained in another ligand may be
bonded to each other,

when m is 2, Rls, R10g, Rllg, Rl2g, R13g, or Rs may
be the same or different,

n is a number satisfying a valence of M, and

X is a hydrogen atom, a halcgen atom, a hydrocarbon
group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, rlural
groups indicated by X may be the same or different and
plural groups indicated by X may be bonded to each other

to form a ring.

7. An olefin polymerization catalyst comprising a
transition metal compound represented by the following

formula (II):
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(IT)

wherein M is a transition metal atom of Group 4 to Group
5 of the periodic table,

mis 1 or 2,

Rl is an aliphatic hydrocarbon group which may be
substituted with an aromatic hydrocarbon group or an
alicyclic hydrocarbon group wherein the aliphatic
hydrocarbon group has 5 to 30 carbon atoms,

R10, R11 gand R13 may be the game or different, they
are each a hydrogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group or a sulfur-containing
group, and two or more of them may be bonded to each
other to form a ring,

R12 is a hydrocarbon group, an oxygen-containing
group, a nitrogen-containing group or a sulfur-containing
group,

R14 ig a hydrocarbon group or a hydrocarbon-

substituted silyl group,
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when m is 2, at least one of groups indicated by R10
to R contained in one ligand and at least one of groups
indicated by R!? to R!* contained in another ligand may be
bonded to each other,

when m is 2, R's, R!%s, Rlls, R12g, R13g, or Rl4s 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 hydrocarbon
group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
éontaining group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, plural
groups indicated by X may be the same or different and
plural groups indicated by X may be bonded to each other

to form a ring.

8. An olefin polymerization catalyst comprising a
transition metal compound represented by the following

formula (II):

mn
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(I1)

wherein M is a transition metal atom of Group 4 to Group
5 of the periodic table,

mis 1 oxr 2,

Rl is an alicyclic hydrocarbon group which may be
substituted with an aromatic hydrocarbon group or an
aliphatic hydrocarbon group and has not less than total 7
carbon atoms,

R10, Rl and R1® may be the same or different, they
are each a hydrogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group or a sulfur-containing
group, and two or more of them may be bonded to each
other to form a ring,

R12 is a hydrocarbon group, an oxygen-containing
group, a nitrogen-containing group or a sulfur-containing
group,

R14 is a hydrocarbon group or a hydrocarbon-

substituted silyl group,
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when m is 2, at least one of groups indicated by RO
to R4 contained in one ligand and at least one of groups
indicated by R1? to R!* contained in another ligand may be
bonded to each other,

when m is 2, Rls, R%s, Rlls, Rl2g, R¥s, or RMs may
be the same or different,

n is a number satisfying a valence of M, and

X is a hydrocgen atom, a halogen atom, a hydrocarbon
group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, plural
groups indicated by X may be the same or different and
plural groups indicated by X may be bonded to each other

to form a ring.

9. An olefin polymerization catalyst comprising a
transition metal compound represented by the following

formula (II):
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(11)

wherein M is a transition metal atom of Group 4 to Group
5 of the periodic table,

mis 1 or 2,

R! is an alicyclic hydrocarbon group which may be
substituted with an aromatic hydrocarbon group or an
aliphatic hydrocarbon group,

R10, R!}! and R!3 may be the same or different, they
are each a hydrogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group or a sulfur-containing
group, and two or more of them may be bonded to each
other to form a ring,

R'2 ig a hydrocarbon group, an oxygen-containing
group, a nitrogen-containing group or a sulfur-containing
group,

R14 ig a group selected from a branched alkyl group
of 3 to 30 carbon atoms wherein an aryl group is

substituted for a hydrogen atom of the branched alkyl
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group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, plural
groups indicated by X may be the same or different and

plural groups indicated by X may be bonded to each other

to form a ring.

10. An olefin polymerization catalyst comprising:
(A-2) the transition metal compound of any one of
claims 6 to 9, and
(B) at least one compound selected from:
(B-1) an organometallic compound,

(B-2) an organoaluminum oxy-compound, and
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(B-3) a compound which reacts with the

transition metal compound to form an ion pair.

11. A procesgs for olefin polymerization, comprising
polymerizing an olefin at polymerization temperature in
the range of 60 to 250 °C in the presence of a olefin
polymerization catalyst including a transition metal
compound which is represented by the following formula
(I} and in which the net charge parameter of the central

metal M is not more than 2.00:

¢y

wherein M is a transition metal atom of Group 4 to Group
5 of the periodic table,

m is an integer of 1 to 5,

Q is a nitrogen atom or a carbon atom having a
gubgtituent group R2,

A i1s an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent group RS,

Rl is an aliphatic hydrocarbon group which may be
subgtituted with an aromatic hydrocarbon group or an
alicyclic hydrocarbon group wherein the aliphatic

hydrocarbon group has 5 to 30 carbon atoms,
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R? to R® may be the same or different, they are each
a hydrogen atom, a hydrocarbon group, an oxygen-
containing group, a nitrogen-containing group, a sulfur-
containing group, a boron-containing group, an aluminum-
containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound
residual group, a silicon-containing group, a germanium-
containing group or a tin-containing group, two or more
of them may be bonded to each other to form a ring, and
when m is 2 or greater, at least one of groups indicated
by R? to R5 contained in one ligand and at least one of
groups indicated by R? to R® contained in another ligand
may be bonded to each other,

whén m is 2 or greater, Rls, R2s, R3s, R4s, or RSs
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 hydrocarbon
group, an oxyden-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, plural
groups indicated by X may be the same or different and
plural groups indicated by X may be bonded to each other

to form a ring.
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12. A process for olefin polymerization, comprising
polymerizing an olefin at polymerization temperature in
the range of 60 to 250 °C in the presence of an olefin
polymerization catalyst including a transition metal
compound which is represented by the following formula
(I-a) and in which the net charge parameter of the

central metal M is in the range of 1.70 to 2.00:

(I-a)
wherein M is a transition metal atom of Group 4 to Group
5 of the periocdic table,

m is an integer of 1 to 5,

A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent group RS,

Rl2 ig an aliphatic hydrocarbon group which may be
substituted with an aromatic hydrocarbon group or an
alicyclic hydrocarbon group wherein the aliphatic
hydrocarbon group has 5 to 30 carbon atoms,

R? and RS to R? may be the same or different,
they are each a hydrogen atom, a hydrocarbon group, an

oxXygen-containing group, a nitrogen-containing group, a
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sulfur-containing group, a boron-containing group, an
aluminum-containing group, a phosphorus-containing group,
a halogen-containing group, a heterocyclic compound
residual group, a silicon-containing group, a germanium-
containing group or a tin-containing group, two or more
of them may be bonded to each other to form a ring, and
when m is 2 or greater, at least one of groups indicated
by R?2 and R> to R? contained in one ligand and at least
one of groups indicated by R?2 and R® to R? contained in
another ligand may be bonded to each other,

when m is 2 or greater, Rlag, R2g, R5s, Rfs, R7s,
R8s, or R®s 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 hydrocarbon
group, an oxygen-containing gfoup, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, plural
groups indicated by X may be the same or different and
plural groups indicated by X may be bonded to each other
to form a ring.

13. A process for olefin polymerization, comprising
polymerizing an olefin at polymerization temperature in

the range of 60 to 250 °C in the presence of an olefin
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polymerization catalyst including a transition metal
compound which is represented by the following formula

(I1):

(I1)
wherein M is a transition metal atom of Group 4 to Group
5 of the periodic table,

mis 1 or 2,

Rl is an aliphatic hydrocarbon group which may be
substituted with an aromatic hydrocarbon group or an
alicyeclic hydrocarbon group wherein the aliphatic
hydrocarbon group has not less than total 5 carbon atoms,

R10 and Rl to R!3 may be the same or different, they
are each a hydrogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group or a sulfur-containing
group, and two or more of them may be bonded to each
other to form a ring,

R14 ig a hydrocarbon group or a hydrocarbon-
substituted silyl group,

when m is 2, at least one of groups indicated by R10

to R4 contained in one ligand and at leagt one of groups
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indicated by R9 to R!* contained in another ligand may be
bonded to each other,

when m is 2, Rls, R1.0g, Rllg, Rl2g, Rl3g, or Rl4s 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 hydrocarbon
group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, plural
groups indicated by X may be the same or different and
plural groups indicated by X may be bonded to each other

to form a ring.

14. A process for olefin polymerization of any one
of claims 11 to 13, wherein the olefin polymerization
catalyst further includes

(B) at least one compound selected from:

(B-1) an organometallic compound,
(B-2)} an organoaluminum oxy-compound, and
(B-3) a compound which reacts with the

transition metal compound to form an ion pair.
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15. A process for olefin polymerization, comprising
polymerizing an olefin at polymerization temperature in
the range of 60 to 250 °C in the presence of a olefin

polymerization catalyst of claim 3.

16. A process for olefin polymerization, comprising
polymerizing an olefin at polymerization temperature in
the range of 60 to 250 °C in the presence of an olefin

polymerization catalyst of claim 4.

17. A process for olefin polymerization of claims
15 or 16, wherein the olefin polymerization catalyst
further includes
(B) at least one compound selected from:
{B-1) an organometallic compound,
(B-2) an organocaluminum oxy-compound, and
(B-3) a compound which reacts with the

transition metal compound to form an ion pair.

18. A process for olefin polymerization, comprising
polymerizing an olefin at polymerization temperature in
the range of 60 to 250 °C in the presence of a olefin
polymerization catalyst including a transition metal
compound which is represented by the following formula

(IT):
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(I1)
wherein M is a transition metal atom of Group 4 to Group
5 of the periodic table,

m is 1 oxr 2,

Rl is an alicyclic hydrocarbon group which may be
substituted with an aromatic hydrocarbon group or an
aliphatic hydrocarbon group wherein the aliphatic
hydrocarbon group has not less than total 5 carbon atoms,

R10, Rl and R!3 may be the same or different, they
are each a hydrogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group or a sulfur-containing
group, and two or more of them may be bonded to each
other to form a ring,

R1?2 is a hydrocarbon group, an oxygen-containing
group, a nitrogen-containing group or a sulfur-containing
group,

R14 ig a hydrocarbon group or a hydrocarbon-
substituted silyl group,

when m is 2, at least one of groups indicated by R10

to R4 contained in one ligand and at least one of groups
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indicated by R® to R!% contained in another ligand may be
bonded to each other,

when m is 2, Rls, R%gs, Rllg, Rl2g, R13g, or Rl%s 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 hydrocarbon
group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
containing group, and when n is 2 or greater, plural
éroups indicated by X may be the same or different and
plural groups indicated by X may be bonded to each other

to form a ring.

19. A process for olefin polymerization of claim
18, wherein the olefin polymerization catalyst further
includes
(B} at least one compound selected from:
(B-1) an organometallic compound,
(B-2) an organoaluminum oxy-compound, and
(B-3) a compound which reacts with the

transition metal compound to form an ion pair.



