6 Decenmber 2004 1 TITLE PROCESS FOR PRODUCI NG POLAR OLEFI N COPOLYMER AND
POLAR OLEFI N COPOLYMER OBTAI NED THEREBY 5 FI ELD OF THE § Réeditbh&dohhe
present invention relates to a process for producing a polar olefin
copolynmer and a polar olefin copolyner abtained by the process. Mire
particularly relates to a process for producing a polar olefin 10

copol ynmer conprising copolynerizing a non-polar olefin and a polar olefin
in the presence of a specific catalyst and a polar ol efin copolymner
obt ai ned by the process. BACKGROUND OF THELE NVENTI ON 15 The ol efin pol ymer
is generally excellent in mechanical properties, and hence has w dely been
empl oyed in varoedshi ebas PROBHCANGOROSAR! ORBIEGEd COPSAYMER SN Da FOLAR ¢ 5.
However, since the demands for physical properties of olefin polyners have

been diversified recentl)OLEﬂIﬂ|¢09mm¥ME&n©B§AENEB VHRERBEY properties have
|ncrea5|ngly been desired.

5 FIELD OF THE INVENTION

The present invention relates to a process for
producing a polar olefin copolymer and a polar olefin
L copolymer obtained by the process. More particularly
relates to a process for producing a polar olefin
10 copolymer comprising copolymerizing a non-polar olefin and
a polar olefin in the presence of a specific catalyst and

a polar olefin copolymer obtained by the process.

BACKGROUND OF THE INVENTION

15 The olefin pblymer is generally excellent in
mechanical properties, and hence has widely been employed
in varied fields such as ones of molded products of all
sorts. However, since the demands for physical properties
of olefin polymers have been diversified recently, olefin

20 polymers with various properties have increasingly been
desired.

As an example of olefin polymers satisfying such
demands, known is a polar olefin copolymer obtained by

copolymerizing a non-polar olefin and a polar olefin to



As an exanple of olefin polyners satisfying such demands, known is a polar
ol efin copol yner obtained by copolynerizing a non-pol ag pekahbdr 2ap4 a pol ar
olefin to 6 Decenber 2004 2 provide properties which cannot be expected in
a polynmer consisting of non-polar olefing only. Radical polymerization
method is well known as a conventional process for producing a polar
ol efin copolyner by 5 copol ynerizing a non-polar olefin and a polar olefin,
and for exanple, ethylene-vinyl acetate copolyners and ethylene-acrylic
ester copol yners have been produced by this nethod. In producinq aepolar
ol ef i n copol yRAVie tMECPRETtaF “ROCROFIIROT 3% DFPREFRBd I r BabPI g CT
conditions at a high tenperature and under high pressure are often
required. |ncaeweingueh ePRcRALEANEESI 1ERePR  Nas HRfeIFksired a process
capabl e of producing a polar ol efin copolyner under nore noderate
condi tions. 1% lgner pratckes MeEhprodacrayl akperar2sl &f.FRNEERSEPRE:  under
| ess strict conditions than the conventional ones, the process for
copol yneri zi mracaen- pot aprofletingaadpalar olefin copolymer by
5 copolymerizing a non-polar olefin and a polar élefin, and
for example, ethylene~vinyl acetate copolymers and
ethylene-acrylic ester copolymers have been produced by
this method.
In prdducing a polar olefin copolymer by the radical
10 polymerization method, reaction conditions at a high
temperature and under high pressure are often required. In
view of such circumstances, there has been desired a
process capable of producing a polar olefin copolymer
under more moderate conditions.
15 As a process for producing a polar olefin copolymer
under less strict conditions than the conventional ones,
the process for copolymerizing a non-polar olefin and a
polar olefin using a transition metal complex catalyst has
been reported recently. For example, Brookhart et al.
20 disclosed a process for producing a copolymer of a non-
polar olefin such as ethylene and methyl acrylate under
moderate conditions using a diimine complex of palladium

(J. Bm. Chem. Soc. 1998, 120, 888 etc.). There are only a

few cases, however, in which a non-polar olefin and a



polar olefin using a transition netal conplex catal yst has been reported
recently. For exanple, Brookhart et al. 20 disclosed a piRegsseri004
produci ng a copol yner of a non- polar olefin such as ethyl ene and net hyl
acryl ate under noderate conditions usingza diimne conplex of palladium
(J. Am Chem Soc. 1998, 120, 888 etc.). There are only a few cases,
however, in which a non-polar olefin and a 6 Decenber 2004 3 polar olefin
have been copol ynerized by using a transition nmetal conplex catalyst, and

t he kinds of polar olefjns enplq¥ab e tg be cqggégne%;zed arg. sti IIlon
linmted. In tHelabdAs 5t TPt heT P AL Peeit 4esy red the TR/ oprrent
of a process for frodUC|ng a polar olefin OF éner Mhl% S sggerlor

the capacity Hefral cepepiarersatabyat potad bref Kh"4nd°tapa ?5 3tebbESi ning a
pol ar olefin copolyner mnth excel l ent properties THE

| NVENTI ON TheeTpe BR¥He1 ¢ nive P ofichasYBeehZ rade*f nSHg% HF“E‘H above
situation of the prior art. An object of the present invention is to

provide a process fbe %@%d@%@ﬁ% %ltb%Fé?nolE??ﬁecBﬁﬁl?%%? Lapabre gpe
obtaining a polar olefin
development of a process for producing a polar ‘olefin

copolymer which is superior in the capacity for
copolymerizing a polar olefin and capabie of obtaining a

polar olefin copolymer with excellent properties.

10 OBJECT QOF THE INVENTION

The present invention has been made in light of the
above situation of the prior art. BAn object of the
present invention is to provide a process for producing a
polar olefin copolymer capable of obtaining a polar olefin

15 copolymer with exéellent'properties under mild
polymerization conditions, and also to provide a polar

olefin copolymer obtained by the procéss.

SUMMARY OF THE INVENTION

20 The process for preparing a polar olefin copolymer of
the present invention comprises:
copolymerizing a non-polar olefin and a polar olefin
in the presence of a catalyst comprising
(A0) a compound of a transition metal selected from

25 Groups 3 to 11 of the periodic table, which is represented



15 copol yner with excellent, properties under mld polynerization
conditions, and also to provide a polar ol efin copol yngbegdhisdrnods by t he
process. SUMVARY COF THE | NVENTI ON 20 The process for preparing a polar

ol efin copolynmer of the present |nvent|oq conprises: copolynerizing a
non-polar olefin and a polar olefin in the presence of a catalyst
conprising (AO a conpound of a transition netal selected from 25 Goups 3
to 11 of the periodic table, which is represented 6 Decenber 2004 4 by the

follow ng forwul anél¥o1beWKag( EbrwheseiimyMis a transition netal atom
15 % (M)

selected from Goups 3 to 1l

of the periodic table, 5 mis an integer of 1

to 6, nis a nunber satigfying a valence of(tM L is a ligand coordinated to
M and each ligand L has a feature that when the val ue obtai ned by

subtracting the

thtléll:e§H”MOfLst Ber whRk ?t?BﬁrH¥ta§Sa9§ﬁle§&Q§ger f?og\ens' ty

10 functional .method, of the conpounds on the |eft-hand
’ Groups 3 to 11 of the periodic table,

m is an integer of 1 to 6,
n is a number satisfying a valence of M,

L is a ligand coordinated to M and each ligand L has

a feature that when the value obtained by subtracting the

total sum of the whole energy, as determined by a density

10 functional method, of the compounds on the left-hand

member from the whole energy, as determined by a density

functional method, of the compound on the right-hand

member in the following chemical formula (2) and the value.

obtained by the same subtraction in the following chemical

15 formula (3) are defined as éoordination energy E1 of

ethylene and coordination energy E; of methyl acrylate,

respectively, the difference AE (AE=E;-Ej;) between the :

coordination energy Ej of ethylene and the coordination

energy E; of methyl acrylate is 50 kJ/mol or less,

20



menber fromthe whole energy, as determned by a density functional
met hod, of the conmpound on the right-hand nenber in thgpeaddisupMrngs chem cal
formula (2) and the value. obtained by the sane subtraction in the
foll owi ng chemcal 15 formula (3) are denfei ned as coordi nation energy El of
et hyl ene and coordi nati on energy E2 of hyl acrylate, respectively, the
difference Z~E (L E=Ei - E2) between the coordination energy Ex of ethylene

and the coordination energy E2 of nmethyl acrylate is 50 kJ/nol or |ess, 20
4, 6 Decenber 2004 5 La-MLa-Mb b b M OW (2) b

/)ﬂe b /}Ae b
La—M + La—M_ (2)
g&’
Me 1P /Me b
__M/ + OMe ===—==| .
La L (3)
OMe

wherein M is the same transition metal atom selected
from Groups 3 to 11 of the periodic table as M in the
5 formula {1), a is an integer of 1 to 3, b is an electric
qharge of the compound in the blankets [ ] and is 0 or +1, .
and Me is a methyl group,
and
X is a hydrogen atom, a halogen atom, an oxygen atom,
10 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, silicon-containing
15 group, a germanium-containing group and a tin-containing
group, and when n is 2 or greater, plural atoms oxr groups
indicated by X may be the same or different, and plural

groups indicated by X may be bonded to each other to form



(3) wherein Mis the sane transition nmetal atomselected from Goups 3 to
11 of the periodic table as Min the 5 fornmula (1), a i§pRRhI®984 Of 1 to
3, bis an electric charge of the conpound in the blankets [ ] and is O or
+1,. and Me is a nethyl group, and X is a hydrogen atom . a hal ogen atom
an oxygen atom 10 a hydrocarbon group, @n oxygen-cont ai ni ng group, a

sul fur containing group, a nitrogen-containing group, a boron- containing
group, an al um num contai ning group, a phosphorus-containing group, a

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

si | i con=cont & rfi ‘15 group, a germani umcontai ning group and a

tin-cont ai ni , and wh is 2 t
nai careq by X oy e FHE S APt oot b ot o o Ph0Er Phgdeol s

by X may be bonded to each other to form 6 Decenber 2004 6.a_ring. The
ot her enbodi MMk oo+ Tw?ﬁﬁéi#@%ﬁ e%%?i %V%Spb%Tagg%Pg%?ﬁséopolyner of

t he -i nvention conpri ses: . :
m)copolymerizing a non-polar olefin and a polar olefin

5 in the presence of a catalyst comprising
(A0) a compound of a transition metal selected from
Groups 3 to 11 of the periodic table, which is representéd
. ' by the above formula (1), and
(B) at least one compound selected from the group
10 consisting of
(B-1) an organometallic coﬁpouﬁd,
(B-2) an organoaluminum oxy-compound, and
(B~3) a compound which reacts with a transition metal.
compound (A0) to form an ion pair.

15 In the present invention, the transition metal
compound of the formula (1) is preferably a compound of a
transition metal selected from Groups 4, 5, 6 and 11 of ¢
the periodic table.

Further, the other embodiment of the process for

20 producing a polar olefin copolymer of the invention

comprises:
cépolymerizing a non~polar olefin and a polar olefin
in the presence of a catalyst comprising:

(Al) a reaction product of



copolynmerizing a non-polar olefin and a polar olefin 5 in the presence of a
catal yst conprising (AOQ a conpound of a transition netah.sghgshegdsfrom
Goups 3 to 11 of the periodic table, which is representeg y the above
formula (1), and (B) at |east one conmpound selected fromthe group 10
consisting of (B-1) an organonetal lic conpound, (B-2) an organoal uni num
oxy-conpound, and (B-3) a conpound which reacts with a transition netal..
conmpound (AO) to forman ion pair. 15 In the present invention, the

transition netal cqQnmpound of the fornmula (1).is preferably a copgpound of a
transition netal s c;e(‘?‘t ﬁr?ﬁod}ﬂcg%{]&@,aréll%mannd&)ﬁ alofseblt%cetep%rl di'c
table. Further, the other enbodi pent_of the process fo 0. produci ng a

pol ar ol ef i n SR fer b qek%“%jnﬁn?#othhe coTpt ¢ Je%:t%%{)%l‘éﬁ%&il ztfg a
non-polar olefin and a palar olefin ip th gregen e of a catalyst

conprising: (FAPDTFEES iQX1Eﬂ?mﬁR%l?ﬁl%ﬁ T oy
' M’ X .. {e)
5 wherein M’ is a transition metal atom selected ‘from Groups
4, 5, 6 and 11 of the periodic table,
k is a number satisfying a valence of M’, and
X is a hydrogen atom, a halogen atom, an oxygen atom,
a hydrocarbon group, an oxygen-containing group, a sulfur-—
10 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
15 group, and when k is 2 or greater, plural atoms or 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, and
(A-1) a compound represented by the following formula

20 (I) :

3
R \ (1)




7 (C) a conmpound of a transition netal selected from Goups 4, 5 6 and 11
of the periodic table which is represented by the follgW.pgnbgmapha (c):
MXk ... (c) 5 wherein M is a transition netal atom sel ected from G oups
4, 5, 6 and 11 of the periodic table, k is a nunber satisfying a val ence of
M , and X is a hydrogen atom a hal ogen a@onl an oxygen atom a

hydr ocar bon group, an oxygen-containing group, a sulfur- 10 containing
group, a nitrogen-containing group, a boron containing group, an

aIunlnun}cont@hgkggnggoyg aﬁ Rgpg%RhQE CQ”E%&@MEQ 9LQUR. 4 seleniym

hal ogen- contalnlng group roc c ¢ Compound residual “grSup;

si | i con- cont ai r QU erm contai ni n r a.tin-containing
15 group, andégk 9 g 1tro§rea gr pruraP ato%%gorggFoGpg ‘i AlFcat ed by

X may be the sanme gf d|f @rent ural u qﬁ ted b
bonded to each ot hgr oftRY 2% | s eD (&g%) und* 5 Ié%e?ﬁ‘%ﬁ
the fol l ow ng fR g%ogen a o% aRﬁalogen atom, a hydrocarbon group, an
5 oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, a boron-containing group, an

aluminum~containing group, a phosphorus-containing group,

N

i,f a heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
10  containing group, two or more of them may be bonded to
each other to form a ring;
and
(B) at least one compound selected from the group
consisting of:
15 (B~1) an organometallic compound,
(B-2) an organcaluminum oxy-compound, and
(B-3) a compound which reacts with the reaction
product (Al} to form an ion pair.
Further, the other embodiment of the process for
20  producing a polar olefin of the invention comprises:
copolymerizing a non-polar olefin and a pblar olefin
in the presence of a catalyst comprising:

(A2) a reaction product of



(1) 6 Decenber 2004 8 wherein Ais an oxygen atom a sulfur atomor a
selenium atom or a nitrogen atom having a substituent g Receab& B4t 0 R6
may be the sane or different, they are each a hydrogen atom a hal ogen
atom a hydrocarbon group, an 5 oxygen-containing group, a

sul fur-containing group, a nitrogen-contarning group, a boron-containing
group, an alum num contai ni ng group, a phosphorus-containing group, a
het erocyclic conpound residual group, a silicon- containing group, a

[ tai t f 0.
ger mani um cont ai ni g Wtrﬂde 4 aloc&q{‘gladlrgrpgneg_r U%Be)l

t hem may be bonded to rto forma ring l:Tpeast one

conpound sel e% q%ng rqpmg h ggr%upll c(g)psil_}% oundgdlcliétg%) a0, or gapomet allic

conpound, organoa um num oxy co corrpound whi ch

reacts vvlthth reactio rooduct n ign,pair. Further, the
ot her enbodi et resferfth%é]pk?}gc%ss bcg hnd prmean 'l

(A-11) a compound represented by the following

5 formula (II):

wherein D is a nitrogen atom or a phosphorus atom,
Q is a nitrogen atom or a phosphorus atom, or a
10 carbon atom substituted with a substituent RI3,
S is a nitrogen atom or a phosphorus atom, or a
carbon atom substituted with a substituent R4,
T is a nitrogen atom or a phosphorus atom, or a
carbon atom substituted with a substituent RS, ¢
15 Rl to RY¥ may be the same or different, they are each
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,
20 & heterocyclic compound residual group, a silicon-

containing group, a germanium-containing group or a tin-



20 producing a polar olefin of the invention conprises: copolynerizing a
non-pol ar olefin and a polar olefin in the presence of @Deadmbard004
conprising: (A2) a reaction product of 6 Decenber 2004 9 (C) a compound of
a transition netal selected from Goups 4, 5 6 and 11 of the periodic
table, which is represented by the abovelGormula (c), and (Aii) a
conpound represented by the followwng 5 fornmula (I 1) : wherein Dis a
nitrogen atom or a phosphorus atom Qis a nitrogen atomor a phosphorus
atom or a 10 carpon atom substituted with a substituent R13, Sis a

ni trogen at orrOrtal S phbr e at'hth ObrMarecarbbhent BaYshBsPrrdeddtRith a
substituent R14, T is a nitrogen atom or a phosphorus atom or a carbon
at om subst it B2 WP HReR SabsPFTuBnfirdS, 15 R11 to R16 may be the same or
different, they are each a hydrogen atom a hal ogen atom a hydrocarbon
group, an o0x3%@n-containing group, a sul fur-containing group, a

nitrogen-containin? group, a boron-containing group, an
B) at least one compound selected from the group

5 consisting of:
{B-1) an organometallic compound,
(B-2) an organoaluminum_oxy—compound, and
(B~3} a compound which reacts with the reaction
product (A2) to form an ion pair.

10 Further, the other embodiment of the process for
producing a polar olefin copolymer of the invention
comprises:

copolymerizing a non-polarx olefin and a polar olefin
in the presence of a catalyst comprising:

15 (A3) a reaction product of

(C’) a compound of a transition metal selected from
GroupsIB to 11 of the periodic table, which is represented %
by the following formula {(c’):

MXy, <. (e")

20 wherein M is a transition metal atom selected from Groups
3 to 11 of the periodic table,

k is a number satisfying a valence of M, and

X is a hydrogen atom, a halogen atom, an oxygen atom,
a hydrocarbon group, an oxygen-containing group, a sulfur-

25 containing group, a nitrogen-containing group, a boron-



al um num cont ai ni ng group, a phosphorus-containing group, 20 a heterocyclic
conmpound residual group, a silicon- containing group, a December 2004

germani um contai ning.-group or a tin 6 Decenber 2004 10 contai ni ng group,
two or nore of them may be bonded to each other to forma ring; and (B) at
| east one conpound selected fromthe groupg 5 consisting of: (B-1) an
organonetal | i ¢ conpound, (B-2) an organoal um num oxy-conpound, and (B-3) a
conmpound which reacts with the reaction product (A2) to forman ion pair.
10 Further, the other enbodi ment of the process for producing a polar

ol efin copol yrertafnime §rvent i on abonprimesenitabol yreyFeipg a non- pol ar

olefin and a polar olefin in the presence of a catalyst conprising: 15
(A3) a react immwgphauet-ofni{dl)insg corpepnda ofa bogemarsintamingt alraal ect ed
from Goups 3 to 11 of the periodic table, which is represented
heterocyclic compound residual group, a silicon—conta@ning
group, a germanium-containing group or a tin-containing
5 group, and when k is 2 or greater, plural atomé Oor groups
indicated by X may be the same or different, and plural
groups indicated by X may be bonded to each other to form
N a ring, and

{A-1ii) a compound represented by the following

10 formuala (IIT):

R4 A (1

| R?_S R27

wherein A is an oxygen atom, a sulfur atom or a selenium
atom, or a nitrogen atom having a substituent R2¢, and

15 R2} to R28 may be the same or different, they are each
a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxXygen—-containing group, a sulfur-containing group, a
nitrogen-containing group, a boron-containing éroup, an
aluminum-containing group, a phosphorus-containing group,

20 a heterocyclic compound residual group, a silicon-

containing group, a germanium-containing group or a tin-



by the following fornmula (c'): MXk ...(c') 20 wherein Mis a transition

metal atom selected fromGoups 3 to 11 of the periodigpt is a
nunber satisfying a valence of M and X is a hydrogen a gngggﬁﬁgpggen at om

an oxygen atom a hydrocarbon group, an oxygen-contai ning group, a sulfur-
25 contai ning group, a nitrogen-containin@ group, a boron t 6 Decenber 2004
11 containing group, an alum num containing group, a phosphorus-containing
group, a hal ogen-contai ning group, a heterocyclic conmpound residual group,
a silicon-containing group, a gernmani umcontaining group or a

tin-contai ni MEPBEEFOUY e’ R 95 PO8e ¢f ehbeR, mpyubal bangrsl 60 groups
i ndicated by X may be the sane or different, and plural groups indicated
by X may be barledtheedeh Heratbi®drm a ring, and (A-iii) a conpound
represented by the followwng 10 forrmula (111) : wherein Ais an oxygen
atom a sul fur at ofhorothar|emieeament cof the process for producing a

polar olefin copolymer of the invention comprises:
5 copolymerizing a non-polar olefin and a pélar olefin
in the presence of a catalyst comprising:
(A3) a reaction product of
i_z (C’) a compound of a transition metal selected from
Groups 3 to 11 of the periodic table, which is represented
10 by the above formula (c¢’), and
(A=1ii) a compound represented by the above formula
{(IIT1);
and
(B) at least one compound selected from the group .
15 consisting of:
(B-1) an organometallic compound,
(B—Z)Van organcaluminum oxy-compound, and
{(B-3) a compound which reacts with the transition
"metal compound (A3) to form an ion pair.
20 In the present invention, the transition metal
compound of the formula (c’) is preferably a cgmpound of a
transition metal selected from Groups 4, 5, 6 and 11 of

the periodic table.



atom or a nitrogen atom having a substituent R26, and 15 R21 to R26 nmay be
the same or different, they are each a hydrogen atom @rﬁa£@&§aoé£0n] a
hydr ocar bon group, an oxygen-containing group, a sulfur-contal ning group,
a nitrogen-containing group, a boron-containing group, an

al um num cont ai ni ng group, a phosphorus-clént ai ni ng group, 20 a heterocyclic
conpound residual group, a silicon- containing group, a
germani um containing group or a tin 6 Decenber 2004 12 contai ni ng group,
two or nore of th be honded to each other to forma ring. The other
enbodi nent of thee%:‘rg%ﬁ?s’ ffEﬂe PP OURT SRPF Py f % RIGpsTSHerobf t he

i nvention cogg&hgfs; S5 copolynerizing a non-polar olefin and a polar olefin
in the prese CHE I cohpl13i FRPOYMRSL £ et i BrvpRbleet of (C) a
conmpound of a transition netal selected from Goups 3 to 11 of the
periodi c tabl®™RhiTHis represented 10 by the above forrmula (c¢'), and

(A-i.i1) a compound represented by the above formula (1I1) ;
copolymerizing a non-polar olefin and a polar olefin

5 in the presence of a catalyst comprising:
(Ad4) a compound of a transition metal selected from

Groups 4, 5, 6 and 11 of the periodic table, which is

&

i_} represented by the following formula (IV):

(IV)

10 wherein M’ has the same meaning as that of M’ in the
formula (c),
m is an integer of 1 to 6,
A, R! to R* and R® have the same meanings as those of
A, R' to R’ and R® in the formula (I},
15 n is a number satisfying a valence of M", and
X has the same meaning as that of X in the formula
(1), and when n is 2 or greater, plural atoms or groups
indicated by X may be the same or different, aﬁd plural

groups indicated by X may be bonded to each other to form

20  a ring,

and



and (B) at |east one conpound selected fromthe group 15 consisting of:
(B-1) an organoanetallic conmpound, (B-2) an organoaluni@gﬂ%ﬁ§%ﬁggagpound,

and (B-3) a conpound which reacts with the transition neta
to forman ion pair. 20 In the present invention, the transi
conpound of the fornmula (c') is preferablysa conpound of a

compound (A3)
ti on netal
transition

netal selected fromGoups 4, 5, 6 and 11 of the periodic table. 6
Decenber 2004 13 Further, the other enbodi nent of the process for
produci ng a pol ar olefin copolyner of the invention conprises:

copol yneri zi ng a nén} patateakef oneandmpopobasedketied f5omnthhegpresence of

a catalyst conprising: (A4) a conpound of a transition netal

sel ected from

G oups 4, 5, 6oandstingfofhe periodic table, which is represented by the

following formula (IV): R2 R1
(B-1) an organometallic compound,

(B-2) an organoaluminum oxy-compound, and

5 {(B~3) a compound which reacts with the trénsition

metal compound (A4) to form an icn pair.

Further, the other embodiment of the process for

comprises:

producing a polar olefin copolymer of the invention

10 copolymerizing a non—-polar olefin and a polar olefin

in the presence of a catalyst comprising:

(A5) a compound of a transition metal selected from

Groups 4, 5, 6 and 11 of the periodic table which is

represented by the following formula (V)

R‘I’I
i

(V)

15
wherein M’ has the same meaning as that of M/
formula (c},

m is an integer of 1 to 6,

in the

D, Q, S, T and R to R have the same meanings as

20 those of D, Q, S, T and R' to R in the formula (II),

n is a number satisfying a valence of M',

and



R3 ~J:,-MXn (N) 10 wherein M has the sane neaning as that of M in the
formula (c), mis an integer of 1 to 6, A Rl to R4 andg Bechas 2bhe sane
nmeani ngs as those of A Rl to R4 and R6 in the formula (1) , 15 nis a
nunber satisfying a valence of M, and X has the sane neaning as that of X
inthe formula (1), and when n is 2 or dbeater, plural atoms or groups

I ndi cated by X nay be the sane or different, and plural groups indicated
by X nmay be bonded to each other to form 20 a ring, and 6 Decenber 2004 14
(B) at |east one conpound selected fromthe group _consisting of: (B-1) an
or ganonet al | i ¢ corpd\ffd, tEB- A yditod Urh bexﬁc]dhptd?ﬁdfoﬁrﬂld 8 (B-3)
a conpound which reacts with the transition netal conpound £A42: to forman
i on pair FurtBer, an Widier? eibotli Herdf e he DIYRs2FYPS ©f groups

indicateq by X may be the same or different, and plural
groups indicated by X may be bonded to each other to form
5 a ring,
and
(B} at least one compound selected from the group
consisting of:
(B~1) an organometallic compound,
10 . (B-2) an organcaluminum oxy-compound, and
{(B-3) a compound which reacts with the transitioﬁ
metal compound {A5) to form an ion pair.
Further, the other embodiment of the process for
producing a polar olefin copolymer of the invention
15 comprises:
copélymerizing a non~polar olefin and a polar olefin
in the presence of a catalyst comprising:
(p6) a compound of a transition metal selected from
Groups 3 to 11 of the periodic table, which is represented

20 by the following formula (VI):

(VD




produci ng a pol ar olefin copolyner of the invention conprises: 10

copol ymeri zing a non-polar olefin and a polar olefin igapthe nregence of a
catal yst conprising: (A5) a conpound of a transition nmetal selected from
Goups 4, 5 6 and 11 of the periodic table which is represented by the
following formula (V) R11 15 R12 N . QALQ\/IXn (V) S, _r mwherein M has
the sanme neaning as that of M in the formula (c), mis an integer of 1 to
6, DD Q S, T and R11 to R15 have the sane neanings as 20 those of D, Q
S, Tand R® to R15 in the formula (I I), n is a nunber satisfying a

val ence of M, and 6 Decenber 2004 15 X has the sane neaning as that of X

'n the formila (1) A)%20%00 158 QLaJ185" 8L cRhUTEE 1 ONPRL BLOHRT A
(C").,
m is an integer of 1 to 6,
5 A and R?** to RY have the same meanings as ‘those of A
and R** to R?’ in the formula (III),
n is a number satisfying a valence of M, and
X has the same meaning as that of X in the formula
(1), and when n is 2 or greater, plural atoms or groups
10 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.
The other embodiment of the process for producing a
polar olefin copolymer of the present invention comprises
15 copolymerizing a non-polar olefin and a polar olefin in
the presence of a catalyst comprising:
(A6) a compound of a transition metal selected from
Groups 3 to 11 of the periodic table, which is represented
by the above formula (VI), and
20 (B) at least one compound selected from the group
consisting of:
(B-1) an organometallic compound,
(B-2) an organoaluminum oxy-compound, and
(B-3) a compound which reacts with the transition

25 metal compound (A6) to form an ion pair.



I ndicated by X may be the same or different, andlplural groups
by X may be bonded to each other to form 5 a ring, ands; {Ble dler
conmpound sel ected fromthe group consisting of: (B-1) an organ

i ndi cat ed

oot

t one
allic

conpound, 10. (B-2) an organoal um num oxy- conpound, and (B-3) a conpound
which reacts with the transition netal cdéhpound (A5) to forman ion pair.

Further, the other enbodi mnent of the process for producing a polar olefin
copolynmer of the invention 15 conprises: copolynerizing a non-polar olefin

and a polar olefin_in the presence of a catalyst conpri,sing: (A6) a
Tl A0S g gt i he

conpound of a trangiti*Gf PE%&F” ePEYERE *PPom D83

periodic table, which is represented 20 by the follgﬂgng formula (V1):

R21 R23 N- - - - PO e thec dmfditizody L) s prefera

compound of a

transition metal selected from Groups 4, 5, 6 and 11 of

the periodic table.

5 The polar olefin copolymer of the present invention

is obtained by any of the above processes.

Hereinafter, a compound which reacts with a reaction

with a reaction product (A2) to form an ion pair,

10 compound which reacts with a reaction product (A3)

a

to

L ' product (Al) to form an ion pair, a compound which reacts

form

an ion pair, a compound which reacts with a transition

metal compound (A4} to form an ion palr, a compound which

reacts with a transition metal compound (A3) to form an

ion pair and a compound which reacts with a transition

15 metal compound (A6) to form an ion pair are referred to as

"lonizing ionic compound™.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is an explanatory diagram, which illustrates

20 one embodiment of the preparation process of an olefin

polymerization catalyst to be used in the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

25 The process for preparing a polar olefin copolymer

R22



16 wherein M has the sane neaning as that of Min the fornula (C). mis an

integer of 1 to 6, 5 A and R21 to R27 have the sane nmeagimgsqias cobhose of A
and R21 to R27 in the fornmula (I111), n is a nunber satistying a val ence of .
M and X has the sane nmeaning as that of X in the formula (1), and when n

is 2 or greater, plural atoms or groupsl8 10 indicated by X may be the sane
or different, and plural groups indicated by X may be bonded to each ot her
to form a ring. The other enbodi ment of the process for producing a polar
ol efin copol yner of the present invention conpris

YABLLZiNg a
non- pol ar ckefondamd o porarpbPetih +RVERE PF eb H%%S%%égggggglyst
conprising: (A6) a conpound of a transition netal selected from G oups 3

to 11 of theepeinefiiertable, which is represented by the above formul a

VI), and 20 (B) at |east one conpound selected fromthe gr nsistin
gf:)(B-l) an gréahenpra¢$$@ é@nngﬁE?Fing a. po.ar Ofékln goggPYNQQ 9

according to the invention comprises:

5 copolymerizing a non-polar olefin and a polar olefin
in the presence of a catalyst comprising

a compound (AQ0) of a transition metal selected from

Groups 3 to 11 of the periodic table, which is represented
by the formula (1) wherein each ligand L has a feature

10 that when the value obtained by subtracting the total sum
of the whole energy, as determined by a density functional
method, of the compounds on the left-hand member from the
whole energy, as determined by a density functional method,
of the compound on the right-hand member in the chemical

15 formula (2) and the value obtained by the same subtraction
in the chemical formula (3) are defined as coordination

energy E; of ethylene and coordination energy E; of methyl ¢
acrylate, respectively, the difference AE (AE= Ei-E2}
between the coordination energy E; of ethylene and the

70 coordination energy Ez of methyl acrylate is not more than
50 kJ/mol, and optionally,

at least one compound (B) selected from the group

consisting of an organometallic compound (B-1), an
organoaluminum oxy-compound (B-2) and an ionizing ionic

25 compound (B-3); or



(B-2) an organoal um num oxy-conpound, and (B-3) a conpound which reacts

with the transition 25 nmetal conpound (A6) to form an §eR.habdr 2064 Decenber
2004 17 In the present invention, the transition netal conpoun& otl} t he

formula (M) is preferably a conpound of a transition netal selected from
Goups 4, 5 6 and 11 of the periodic taple. 5 The polar ol efin copolyner
of the present invention is obtained by any of the above processes.
Herei nafter, a compound which reacts with a reaction product (A) to form
an ion pair, a conpound which reacts wth a reaction product (A2) to form
an ion pair, a 10copepooediwhinghar egoteoniatrh odefdaceineh prsdict (A3Hiro
form an ion pair, a conpound which reacts with a transition netal
conpound (A4)int aHeompmesrnicen ofaiar cad adoprowedpatiisgmg reacts with a
transition netal conpound (A5) to forman ion pair and a compound which
reacts with a transiddaonibh mpebalctorgoandofid®unco (Cr miam itormrpaitiane
referred to as "ionizing ionic conpound". BRI EF DESCRI PTI ON OF THE DRAW NG
metal selected from Groups 4, 5, 6 and 11 of the periodic
5 table, said compound (C) being represented by the
following formula (c), and a compound represented by the
following formula (I) or (II}, and
at least one compound (B) selected from the group
consisting of an organometallic compound (B-1}, an
10 organocaluminum oxy-compound (B-2Z) and an ionizing ionic
compound (B-3); or
copolymerizing a non-polar olefin and a polar olefin
in the presence of a catalyst comprising
a reaction product of a compound (C') of a transition
15 metal selected from Groups 3 to 11 of the periodic table,
said compound (C') being represented by the following
formula {(c'), and a compound represented by the following
formula (XII), and optionally,
at least one compound (B) selected from the group
20 consisting of an organometallic compound (B-1), an
organoaluminum oxy-compound (B-2) and an ionizing ionic
compound (B-3); or

copolymerizing a non-polar olefin and a polar olefin

in the presence of a catalyst comprising

25 a compound of a transition metal selected from Groups



Fig. 1 is an explanatory diagram which illustrates 20 one enbodi nent of

the preparation process of an ol efin polynerization cat S Bgs used in
the present invention. DETAI LED DESCRI PTI ON OF THE | NVI E%f%ﬂkgg @%e

process for preparing a polar olefin copolynmer 6 Decenber 2004 18 accordi ng
to the present invention is described in ggtail hereinafter. The process
for preparing a. polar olefin copolynmer according to the invention
conprises: 5 copolynerizing a non-polar olefin and a polar olefin in the
presence of a catal yst conprising a conpound (AO) of a transition netal

sel ected froms,Gsoupsaddt 011droththgepesdodi cababl esaihi €bmpSuhepbesert ed
by the fornmula (1) wherein each ligand L has a feature 10 that when the

val ue obt ai negebyesdhteacbiyngnthect pbakngupbrafhibhervhobe ener gyundas
determ ned by a density functional nethod, of the conmpounds on the

Ieft-hand nmenber fpemihst Whel 8cRPSLAN. (BF Q@l@éﬂéﬁeﬂr@M @hQ?@§bh$
functional nethod,  of the conpound-on the right-hand nmenber in the
chem cal censisting of an organometallic compound (B-1), an
5 organoaluminum oxy-compound (B-2) and an ionizing ionic
compound (B-3); or
copolymerizing a non-polar olefin and a polar olefin
in the presence of a catalyst comprising
a compound of a transition metal selected from Groups 3 to
10 11 of the periodic table, said compound being represented
by the following formula (VI), and optiocnally,
at least one compound (B) selected from the group
consisting of an organometallic compound (B-1), an
organoaluminum oxy-compound (B-2) and an ionizing ionic

15 compound (B-3).

At first, the components forming the catalyst
employed in the present invention are described below in
order.

Transition Metal Compound (AC)

20 The transition metal .compound (AO) is represented by
the following formula (1)
LipMXp | (1)
In the formula (1), M is a transition metal atom
selected from Groups 3 to 11, preferably Groups 4, 5, 6

25 and 11, of the periodic table. Specific examples of such



15 formula (2) and the val ue obtained by the sanme subtraction in the
chem cal fornmula (3) are defined as coordination energngé{: Her® PM ene and
coordi nati on energy E2 of nmethyl acrylate, respectively, fe Qitterence LE
(AE= E1--E2) between the coordination energy El of ethylene and the 20
coordi nation energy E2 of nmethyl acrylatejpjs not nore than 50 kJ/nol, and
optionally, at |east one conpound (B) selected fromthe group consisting
of an organonetallic conpound (B-1), an organoal um num oxy-conpound (B-2)
and an ionizing ionic 25 conpound (B-3); or 6 Decenber 2004 19
copol yneri zi ngransanipal aetallekitomand nalpakascahefium, ivttidienpr esence of a
catal yst conprising a reaction product of a conpound (C) of a transition
nmet al sel ect edahtoenGiayps i4aniumg andcbhiam,t he fpeuimgdivanaliitahl e, said
conmpound (C) being represented by the following fornula (c), and a conpound
represent ed by il unf, Oltla@wan@nd, ocMtommifik), @b llbkenuand taindsaast, one
conpound (B) selected fromthe group ~ consi'sting of ‘an organonetal lic
compound (B- lhan@Rnese, rhenium, iron, ruthenium, cobalt, rhodium,
5 nickel, palladium, platinum, copper and silver. Of these,
preferable are transition metal atoms selected from Groups
4, 5, 6 and 11 of the pericdic table, such as titanium,
zirconium, hafnium, vanadium, niobium, tantalum, chromium,
molybdenum, tungsten, copper and silver, and more
10 preferable are titanium, vénadium and chromium.
In the formula (1), m is an integer of 1 to 6,
preferably an integer of 1 to 4.
In the formula (1), n is a number satisfying a
valence of M, specifically an integer of 0 to 5,
15 preferably an integer of 1 to 4, more preferably an
integer of 1 to 3.
In the formula (1), L is a ligand coordinated to M
and each ligand L has a feature that when the value
obtained by subtracting the total sum of the whole energy,
20 as determined by a density functional method, of the
compounds on the left-hand member from the whole energy,
as determined by a density functional method, of the
compound on the right-hand member in the chemical formula

(2) and the wvalue obtained by the same subtraction in the

25 chemical formula (3) are defined as coordination energy E;



10 or ganoal um num oxy-conpound (B-2) and an ionizing ionic conpound (B-3);
or copolynerizing a non-polar olefin and a polar olefing sence of
a catal yst conprising a reaction product of a conpound ?ge?enté]%b?aze?fansi tion
15 netal selected fromGoups 3 to 11 of the periodic table, said conpound
(C) being represented by the followng #ormula (c¢'), and a conpound
represented by the followwng fornmula (Il1), and optionally, at |east one
conmpound (B) selected fromthe group 20 consisting of an organonetallic
conpound (B-1), an organoal um num oxy-conpound (B-2) and an ionizing ionic
conpound (B-®f srhywlopot yaned | o analorepotperay efi iametdydolamirwlatien  in
the presence of a catal yst conprising 25 a conpound of a transition netal
sel ect ed fr omeGmpst 6 Decenberd 200Ar0cet, A5, (BEankh ~Ek) obettive gpertiradi ¢
tabl e, said conmpound being represented by the followng formula (1V) or
(V), and at |eastdioret conpowdgy B), sdl edthed drcomnche gy arqrrdionsi semng of
an organonetal li ¢ conpound (B-1), an T . '
energy E; of methyl acrylate is not more than 50 kJ/mol.

5
/}Ae b /}Ae b
La—M + La—M, (2)

/)Me ' /}Ae b
+ E-ONI ES== -
‘ La—M - € La—M ( 3)
OMe

In the chemicél formulas (2) and (3}, M is the same

transition metal atom selected from Groups 3 to 11 of the
10 periodic table as M in the formula (1}.

This ligand L may take any coordination form to the
metal so long as the coordination energy difference AE is
not more than 50 kJ/mol. Examples of the coordination
forms include covalent bond, coordinate bond,-ionic bond

15 and hydrogen bond. Further, the ligand 1L may be a
monodentate ligand or a polydentate ligand such as a
bidentate ligand coordinated to the transition metal atom

M, and to the metal, any atom of the ligand L may be



5 organoal um num oxy- conpound (B-2) and an ionizing ionic conpound (B-3);
or copolynerizing a non-polar olefin and a polar ol efi ng peRed: nggsence of
a catal yst conprising-a conmpound of a transition netal selecte rom G oups
3 to 10 11 of the periodic table, said conmpound being represented by the
following fornmula (VI), and optionally, 23 |east one conpound (B) selected
fromthe group consisting of an organonetallic conpound (B-1), an
or ganoal um num oxy- conpound (B-2) and an ionizing ionic _ 15 conpound
(B-3) At first, the conponents formng the catalyst enployed in the
present inventbgdiaréedescri bed below in order. Transition Metal Conpound
(AO 20 The transition netal conpound (AO) is represented by the follow ng
formula (1) L,,, MIX tnhelchempcehe fthormies () anM i($)a r dadsiat inoyast al
atom selected fromGoups 3 to 11, preferably Goups 4, 5 6 25 and 11
of the peri odifc thabllégaBgecilf,i enex&nplsegnofelswdhyic charge of the
compound in the brackets { ]. b is 0 or +1. a is
5 determined by the ligand L and a valence of the transition
metal atom M, and is selected from integers of 1 to 3 so
that the electric charge of the compound [Ly;-M-Me] can be
0 or +1.
In the chemical formulas (2) and (3), Me is a methyl
10  group.
In the proéess of the invention, the value obtained .
by subtracting the total sum of the whole energy, as
determined by a density functional method, of the
compounds on the left-hand member from the whole energy,
15 as determined by aAdensity functional method, of the
compound on the right-hand member in the chemical formula
(2) and the value obtained by the same subtraction in the
chemical formula (3) are defined as coordination energy E;
of ethylene and coordination energy E» of methyl acrylate,
20 respectively.
The density functional method used herein means
calculation using Program ADF2000.01 and using BLYP method.
In the calculation procedure, the structure of each

compound in the chemical formulas (2) and (3) is optimized,

25 and the whole energy of each compound having the optimized



6 Decenber 2004 21 transition netal atons include scandium yttrium

| ant hanoi d, titanium zirconium hafnium vanadium ni@phj.dsmpd-anhal um
chrom um nol ybdenum- tungsten, manganese, rhenium iron, ruthenium
cobalt, rhodium 5 nickel, palladium platinum copper and silver- O
these, preferable are transition netal aéns selected from Goups 4, 5, 6
and 11 of. the periodic table, such as titanium zirconium hafnium
vanadi um ni obium tantalum chrom um nolybdenum tungsten, copper and
silver, and nore 10 preferabl e are titanium vanadium and chromium In the
formula (1), MHIENGEnisgeriorlated 6, Thppef Bhanigtah PRRegerthe 1hebdes.
In the formula (1), n is a nunber satisfying.a_ valence of M specifically
an integer of cBarg@ysof15hs spaPabngsarn fhEger s handomembgyr d npitdeer abl y
an integer of 1 to 3. Inthe formula (1), L is a ligand coordinated to M
and each |igafdiemifead forEplar d20hd6 ®RbLrERECFalyem sheavhed shynergy .
subtracting the total sum of the whole energy, 20 as determ ned by a
density functpﬁﬂﬂhqngqmﬂgqufophéhe right-hand member in the chemical

5 formula {2), and the value obtained is taken as
coordination energy E; of ethylene. Likewise, the total
sum of the whole energy of the compounds on the left-~hand

.- member in the chemical formula (3) is subtracted from the
whole energy of the compound on the right-hand member in

10 the chemical formula (3), and the value cobtairied is taken
as coordination energy E, of methyl acrylate.

In the optimization of the structure, for the central
metal, a triple zeta type function is used as a basis
function; for atoms bonded to the metal atom among a

15 methyl group coordinated to the central metal, all atoms
in ethylene and methyl acrylate and atoms in the ligand L,
double zeta type functions are used as basis functions,
and for the other atoms, single zeta type functions are
used as basis functions. In the chemical formula (3), a

20 structure in which oxygen of the carbonyl group is
coordinated to the central metal M of the comﬁlex is shown
as a coordination structure of methyl acrylate, and the
coordination structure is determined by the result of the
structure optimization calculation. As a result of the

25 calculation, if the olefinic carbon of methyl acrylate and



conpounds on the |eft-hand nmenber fromthe whole energy, as determ ned by
a density functional nmethod, of the conpound on the righf. 5 er in
the chemical formula (2) and the val ue obtained by the sane subtraction in
the 25 chem cal fornmula (3) are defined as coordination energy El 6
Decenber 2004 22 of ethylene and coordi nais on energy E2 of nethyl acrylate,
respectively, the difference LsE (,~sE= E1-E2) between the coordination
energy El of ethylene and the coordination energy E2 of nethyl acrylate is
not nore than 50 kJ/nol. 5 Me La-MIn the chem cal fornmulas (2) and (3), M
is the sane tthansédtoml medadl al omsel ect edl f robeGroupsn 3 tioe 1dholet he 10
periodic table as Min the formula (1). This ligand L may take any
coordi nati on dogigy ocf hehe nedt@posod | Dageasct hetedonsimat tlom ehengyure.
difference DE is not nore than 50 kJ/ nol. Exanples of the coordination
forns include covatieat, bome, witobs démat @y bofdshé onties banda ibedndphydnngen
bond. Further, the ligand L may be'a
structure is calculated. In this case, for the central
5 metal, a triple zeta type function is used as a basis
function, and for the other atoms, functions obtained by
adding polarization functions to double zeta type
functions are used as basis functions. In addition,
correction of Pauli's relativistic potential is made .
10 Based on the whole energy of each compound, the total sum
of the whole energy of the compounds on the left-hand
member is subtracted from the whole energy of the compound
on the right-hand member in each of the chemical formulas
(2) and (3), and the values obtained on the chemical
15 formulas (2) and (3) are taken as coordination energy E;
of ethylene and coordination energy E; of methyl acrylate,
respectively. Then, the difference AE between the
coordination energy E; of ethylene and the coordination

energy E; of methyl acrylate is calculated according to

20  the equation AE = E; - Ej.

In the present invention, a non-polar olefin and a
polar olefin are copolymerized in the presence of a
catalyst comprising a compound of a transition metal

selected from Groups 3 to 11 of the periodic table, said



nonodentate |igand or a polydentate |ligand such as a bidentate |igand

coordinated to the transition netal atom M and to the at om of
the ligand L may be b b La-Mb oMe (2) ,b (3) 6 DecenbeGr %%%hbeégﬁbﬁt

coordinated In the chemcal forrmulas (2) and (3), a is a nunber of the
ligands L, and b is an electric charge obgthe conpound in the brackets [
]. bis Oor +1. ais 5 determned by the ligand L and a val ence of the
transition netal atomM and is selected fromintegers of 1 to 3 so that
the electric charge of the conpound [La-MMe] can be 0 or +1. In the

chem cal fcwrg&&%%&&@ éHH{Jfﬁrndw%éé% qjﬁﬁﬁﬁyh,having a difference AE,

between the coordination energy of ethylene and the
coordination energy of methyl acrylate, of not more than
50 kJ/mol and being represented by the above formula (1).
5 Fach of the coordination energy E; of ethyiene and
the coordination energy E; of methyl acrylate indicates a

degree of stabilization due to coordination of each

Va

monomer to the transition metal, and the difference AE 1is
a measure of difference between the degrees of
10 stabilization. In the present invention, the difference
AE is not more than 50 kJ/mol, preferably not more than 30
kJ/mol, more preferably not more than 20 kJ/mol.
In the formula fl), X denotes a hydrogen atom, a
halogen atom, an oxygen atom, a hydrocarbon group, an
15 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-
20 containing group or a tin-containing group. When X is an
oxygen atom, M and X are bonded through a double bond.
Examples of the halogen atoms include fluorine,
chlorine, bromine and iodine.

Examples of the hydrocarbon groups include alkyl



10 group. In the process of the invention, the value obtained by
subtracting the total sumof the whole energy, as detespLasd,P¥ody density
functional nmethod, of the conpounds on the |eft-hand nenber fromthe whole
energy, 15 as determ ned by a density functional nethod, of the conpound
on the right-hand nmenber in the chem cal formula (2) and the val ue
obt ai ned by the sane subtraction in the chemcal fornula (3) are defined
as coordination energy E1 of ethylene and coordination energy E2 of nethyl
acrylate, 20 respectively. The density functional nmethod used herein neans
cal cul ation usin Proucl:ramADleiJ
%

cal cul ation ot re, e sﬁef' %gfqu?ée 0 le’giél%o\’ﬁbgﬁgn ilROt .eé{ylégetr?‘i%ggll'
o {2 ety S A e P P BB DR L P8,
mhen, the oLl sun ol Ll el SneLat ol Lo COTPAUIED, ol el hand
the compound aonnd t.artldearrr\ér?p;l-;hagdlkré%y ergrior{l;;[shesucc ergsc%rlinyl, propenyl and
5 cyclohexenyl; arylalkyl groups such as benzyl, éhenylethyl
and phenylpropyl; and aryl groups such as phenyl, tolyl,
e dimethylphenyl, trimethyiphenyl, ethylphenyl, propylphenyl,
| biphenyl, naphthyl, methylnaphthyl, anthryl and
phenanthryl. These hydrocarbon groups may also include
10 halogenated hydrocarbon groups, specifically those groups
of 1 to 30 carbon atoms in which at least one hydrogen is
replaced with halogen. Of these, hydrocarbon groups of 1
to 20 carbon atoms are preferable.
Examples of the oxygen-containing groups include an
15 oxy group; a peroxy group; a hydroxy group; a hydroperoxy
group; alkoxy groups such as methoxy, ethoxy, propoxy and
butoxy; aryloxy groups such as phenoxy, methylphenoxy,
dimethylphenoxy and naphthoxy; arylalkoxy groups such as
phenylmethoxy and phenylethoxy; an acetoxy group; a
20 carbonyl group; an acetylacetonato group (acag); and an
0OX0 group.
Examples of the sulfur-containing groups include
sulfonato groups such as methylsulfonato,

triflucoromethanesulfonato, phenylsulfonato,



5 formula (2), and the value obtained is taken as coordination energy El1 of
et hyl ene. Likewi se, the total sum of the whole energy @be&gﬁmEQ punds on
the left-hand nenber in the chemcal fornula (3) is subtracted fromthe
whol e energy of the compound on the right-hand nenber in 10 the chem cal
formula (3), and the value obtained is t&en as coordination energy E2 of
met hyl acrylate. In the optimzation of the structure, for the central
netal, a triple zeta type function is used as a basis function, for atons
bonded to the netal atom anong a 15 nethyl group coordinated to the central

netal , all at,RE ylishigldnateye pardliehbylldonyicate and atoms in the Iigand
L, double zeta type functions are used as basis functions, and for the

other atoms, Si;nw8 28l Aot fyReizitens tafie sobsed Laenhasksul ioakitons p- n
the chemcal formula (3), a 20 structure in which oxygen of the carbonyl

group is coQifiNajkd, 4 A RARiHAla N i td ffudrie etomgplesuliforshionn  as a
coor.di nation structure of nethyl acrylate, and the coordination structure

is determ nedﬁ]ﬁy Lhe IpOfs e asStleatlst 10ntiatioz abhen yoahau iatdta-  As
a result of the calculatiion, if the olefinic carbon of nethyl acrylate

and 6 Decgmber, 2004 ) finato, p-toluenesulfinato,

trimethylbenzenesulfinato and pentafluorobenzenesul finato;
an alkylthio group; an arylthio group; a sulfate group; a
sulfide group; a polysulfide group; and a thiolate group.
Examples of the nitrogen—contaiﬁing groups include
10 an amino group; alﬁylamino groups such as methylamino,
dimethylamino, diethylamino, dipropylamino, dibutylamino
and dicyclohexylamino; arylamino or alkylarylamino groups
such as phenylamino, diphenylamino, ditolylamino,
dinaphthylamino and methylphenylamino; and alkyl or
15 arylamine groups guch as trimethyamine, triethylamine,
triphenylamine, N,N,N’,N’ -tetramethylethylenediamine
{(tmeda)} and N,N,N',N’—tetraphenylpropylenediamine (tppda) .
Examples of the boron-containing groups include BRas(R
is hydrogen, an alkyl group, an aryl group which may have
20 a substituent, a halogen atom or the like).
Examples of the aluminum~containing groués include
A1R, (R is hydrogen, an alkyl group, an aryl group which

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



25 the central nmetal M have nutual interaction, the whole energy of the

conpound is calculated using the structure. Then, the whglLe. anehgys of the
t hus obtained optimum structure is calculated. In this case, for the

central 5 nmetal, a triple zeta type function is used as a basis function,
and for the other atons, functions obtai ?8d by adding polarization
functions to double zeta type functions are used as basis functions. In
addition, correction of Pauli's relativistic potential is made. 10 Based
on the whol e energy of each conpound, the total sum of the whole energy of

the conpounds on the,hefds handn pﬂé&é%ﬂﬁdﬁﬂéfﬁhﬁifqﬁéﬁﬁsMm@&Eu@aergy

of the conpound on the right-hand nenber in each of the chem cal fornulas

(2) and (3), %Qaim%%@?i%’t@'k@%’sOé‘uélﬁ‘ea§h@mr§@&hy1§p}ﬁ@§ﬁmiﬁé,(2) and

(3) are taken as coor on energy E1 of ethylene and coordi nation

energy E2 of @ﬂ%_%g@ﬁ%g fne LESPEFLLVE] YnedDEMmothgidif ference AE

between the coo energy E1 of ethylene and the coordination
eneto) £ °f PEBH AL B Larsah ket ace Loy ndlpb eecaal on &
5 tritolylphosphine; phosphite groups (phosphido groups)
such as methylphosphite, ethylphosphite and
phenylphosphite; a phosphonic acid group; and a phosphinic
acid group.
Examples of the halogen-containing groups include
10 fluorine-containing groups such as PFg and BF,; chlorine-
containing groups such as Cl04 and SbCle; and iodine-
containing groups such as TI04.
Examples of the heterocyclic compound residual groups
include residual groups of nitrogen—containingrcompounds
15 such as pyrrole, pyridine, pyrimidine, quincline and
triazine, oxygen-containing compounds such as furan and
pyran and sulfur-containing compounds such as thiophene;
and these heterocyclic cémpound residual groups which are
further substituted with substituents such as alkyl or
20 alkoxy groups of 1 to 30 carbon atoms, preferably 1 to 20
carbon atoms.
Examples of the silicon~containing groups include
hydrocafbonnsubstituted silyl groups such as phenylsilyl,

diphenylsilyl, trimethylsilyl, triethylsilyl,



pol ar olefin are copolynerized in the presence of a catalyst conprising a

conpound of a transition netal selected from Goups 3 ¢ geddid:2b
periodic table, said 6 Decenber 2004 26 conpound containPﬁg eac% @fgand L

having a difference LE, between the coor&ination energy of ethylene and
the coordination energy of nethyl acryl at'e, of not nore than 50 kJ/nol
and being represented by the above fornmula (1). 5 Each of the coordination
energy E1 of ethylene and the coordination energy E2 of nethyl acrylate
indicates a degree of stabilization due to coordination of each monomner
to the transi tivaprmptvaisiland thecdicflbbesnt¢eilfli strapireasiselgh . di fference
bet ween the degrees of 10 stabilization. In the present invention,: the
di fference LEeitsyictiphenglshdngl50tkitonglsipyéf endbkyinaphbrestihgn ;30
kJ/ mol, nmore preferably not nore than 20 kJ/nmol. In the formula (1), X
denot es a hydhggercatrbon-aubbalicgéedasaiylantbrgyggnoapemsuahhydr ocar bon
group, an 15 oxygen-containing group, a sulfur-containing group, a
ni trogen- cont airiimeg hyleupylachbeen- cantabni-sgbgtayptednalkyl groups
al um num cont ai ni ng group, a phosphorus-containing group,
5 such as trimethylsilylmethyl; and silicon-substituted aryl
groups such as trimethylsilylphenyl.
Examples of the germanium-containing groups include
groups wherein silicon is replaced with germanium in the

aforesaid silicon-containing groups.

10 Examples of the tin-containing groups include groups
wherein silicon is replaced with tin in the aforesaid
silicon-containing groups.

When k is 2 or greater, plural atoms or groups
indicated by X may be the same or different, and plural

15 groups indicated by X may be bonded to each other to form

a ring.

The bond form between X and the transition metal atom ¢
M is not specifically restricted, and examples of the bond
forms between X and the transition metal atom M include

20 covalent bond, coordinate bond, ionic bond and hydrogen

bond.

The ligands L and the transition metal atoms M in the
formula (1) is quite the same as those in the chemical

formulas (2) and (3), including the valence of the metal,



a hal ogen-contai ning group, a heterocyclic conpound residual group, a
silicon-containing group, a gernani um 20 containi Ng gr 0Ptk 2004
tin-containing group. Wien X is an oxygen atom M and are on8ed t hr ough
a doubl e bond. Exanples of the hal ogen atons include fluorine, chlorine,
brom ne and i odi ne. Exanples of the hydr@tarbon groups include al kyl 6
Decenber 2004 27 groups such as nethyl, ethyl, propyl, butyl, hexyl,

octyi., nonyl, dodecyl and eicosyl; cycloal kyl groups of 3 to 30 carbon.
atons such. as cyclopentyl, cy.clohexyl, no.rborn.yl. and adanmantyl;

al kenyl groupstSYgR dmpaPd .a RIPREW |1 anthds eyl ahexenyigsearfdahiklyas gr oups
such as benzyl, phenylethyl and phenyl propyl; and aryl groups such as

phenyl, tolyl,, . Q{d@%@é@}%{yﬂy tddut hyd phenylotieshyl phenyl, propyl phenyl
bi phenyl, napht hyl, nethyl napht'hyl, anthryl and phenanthryl. These

hydr ocar bon groups may al so i nclude 10 hal ogenated hydrocarbon groups,
specifically those groups of 1 to 30 carbon atons in which at |east one

hydrogen is replaced wt al n. O these, hydrocarbon groups of 1 to
20 car bon atéﬁgﬁgﬁﬁﬂ%#%%¥£5%¥e§gfl _ .

5 The reaction product (Al) is a reaction pfoduct of a
compound {(C) of a transition metal selected from Groups 4,
5, 6 and 11 of the periodic table which is represented by
the following formula (¢), and a compound represented by
the following formula (I).
10
(Transition Metal Compound (C)}
M Xy o (c)
In the above formula {(c), M’ is a transition metal
atom selected from Groups 4, 5, 6 and 11 of the periodic
15 table, and examples thereof include metal atoms of Group 4
such as titanium, zircopium and hafnium; metal atoms of
Group 5 such as vanadium, niobium and tantalum; metal
atoms of Group 6 such as chromium, molybdenum and
tungsten; and metal atoms of Group 11 such as copper,
20 silvér and gold. Of these, titanium, vanadium and
chromium are preferable.
¥ has the same meanings as that of X in the formula

(1). When k is 2 or greater, plural groups indicated by X



Exanpl es of the oxygen-containing groups include an 15 oxy group; a peroxy

group; a hydroxy group; a hydroperoxy group; alkoxy gropRs.s4i¢hoss
nmet hoxy, ethoxy, propoxy and butoxy; aryl oxy groups such as phenoxy,

met hyl phenoxy, di et hyl phenoxy and napgéhoxy; aryl al koxy groups such as
phenyl met hoxy and phenyl et hoxy; an acetdxy group; a 20 carbonyl group; an
acetyl acetonato group (acac); and an oxo group. Exanples of the

sul fur-containing groups include sulfonato groups such as nethyl sul fonato,
trifluoronethanesul fonato, phenyl sul fonato, 6 Decenber 2004 28 icated
benzyl sul f ongtp, pd-ti0d uenes ubi adiafl Dz rent sty Bt s P Hnh? 8
triisobutyl benzenesul fonato, p- chl orobenzenes. ul fofato and

pentafluoroQ&?ZQQ§§%l$@nﬁé@dedsu¢fémehoogh@up%osﬁ%ﬁma% hetfyl sul finat o,
phenyl sul fi nato, 5 benzyl sul finato, p-toluenesulfinato

tri met hyl benzenesyl i Dag Os 8de Peat aébuox oprenzanesyl s + hae®; "ehiitaPkyTt hi o

group; an arylthio group; a sulfate group; a sulfide group; a polysulfide

grorpaeand ayt hhgkahg gb@H@figxﬁﬁﬁtﬁScbiomheammtm@@é%ac@n@%y%}%atggaﬁﬁs

o 5 a coordinate bond, an ionic bond, a hydrogeniboﬁd or the
like.

The k is a number satisfying a valence of M’, and
determined according to a valence of the transition metal
M’ and a valence of X so© that these positive and negative

10 valences are neutralized.

In this regard, if an absolute value of é valence of
the transition metal M’ is indicated by a, and an absolute
value of a valence of X is»indicated by b, then the
relationship is represented by the following formula:

15 a=Db X k. |

In particular, when M’ is T7i3* and X is Ccl7, for
example, k is 3 so that the transition metal compound
represented by the formula (c) becomes TiCl;. In another
case where M’ is 7% and X is S04, k is 2 so that the

20 transition metal compound represented by the formula (cC)
becomes Zr(SO4}z-

similarly, in the case where X comprises IwO O MOIe
groups, k is determined by dividing into two or mMOre

numbers in order that the positive and negative valences



10 an am no group; al kylam no groups such as net hyl am no, di nethyl am no,

di et hyl am no, dipropylam no, dibutylam no and dicycl ohepylamdaopoaryl am no
or al kyl aryl ami no groups such as phenyl am no, di phenyl anm no, ditolylam no,
di napht hyl ami no and net hyl phenyl am no; aB? al kyl or 15 aryl am ne groups

such as trimethyam ne, triethylamne, triphenylanm ne,

N, N, N, N -tetranet hyl et hyl enedi am ne (tneda) and

N, N, N , N -tetraphenyl propyl enedi am ne (tppda). Exanples of the

bor on-contai ni ng groups include BR4(R is hydrogen, an alkyl group, an aryl
group which reye hemer r 20i zedubSoirt geatplg haNo§BR SE6M YNERe X i ke) .
Exanpl es of the al um num -containing groups include AlR4 (R is hydrogen,

an al kyl gr ougemst &8y tgs okipnahi ch gnmyphavied 2255t Hifeht V2 HRaPbgén at om
or the'like). 6 Decenber 2004 29 Exanples of the phosphorus-containing -
groups incl udga)énial &§! phesphixe s oupdicaidd dzy thi mersy YFoSPHTRT

tri butyl phosphine and tricycl ohexyi phosphine; triaryl phosphi ne groups such

as triphenyl phpsphbneiandn8itateal yy phosphichen piresphitee WM phosphi do

groups) such as methyl phosphite, ethyl phosphite and _

5 wvalence of the other of Xs is indicated by b, and the
number thereof is indicated by k2, then the relationship
is represented by the following formula:

a = by X ki + b X ka.
In particular, when M’ is V" and Xs are 0% and Cl17,

10 for example, the transition metal compound represented by
the formula (c) becomes VOCls or VO:Cl. In another case
where M’ is V%" and Xs are 0°° and 50427, the transition
metal compound represented by the formula (c) becomes
[VO] [S04] .

iS Examples of ﬁhe transition metal compounds
represented by the_formula (c) include halides of
transition metals such as TiCls, TiClg, TiBrsz, TiBra, ZJ:Cl,;,'i
7rBrs, HEfBr,, HECls, VCl,, VCls, VBr4, VBrs, NbCls, NbBrs,
TaCls, TaBrs, CrCls, CrClz, MoCls, MoCls, WClg, WCls, CuCly,

20 CuBr., AgCl; and AuCly; complex compounds of transition
retal halides (e.g., TiCls: 2(THF) and ZrClg - 2 (Et0)) and
electron donor compounds (e.g., tetrahydrofuran (THE)},

acetonitrile or diethyl ether); transition metal compounds

having halogen atoms such as oxyhalides of transitiocn



phenyl phosphi te; a phosphonic acid group; and a phosphinic acid group.
Exanpl es of the hal ogen-containing groups include 10 fdpgetd.ng;:eqid ai ni ng
groups such as PF6 and BF4; chlorine- containing groups such as Cl104 and
SbC16; and i odi ne- contai ni ng groups suc? as 104. Exanples of the

het er ocycl i ¢ conmpound residual groups include residual groups of

ni trogen-contai ni ng conpounds 15 such as pyrrole, pyridine, pyrimdine,
qgui noline and triazine, oxygen-containing conpounds such as furan and
pyran and sul fur-containing conpounds such as thiophene; and these

het er ocycl i ¢ redrpotinds ¥ @si audArYF oupsi itlen ¥PElzf Wfher Efbkti tNRARF i th

substituents such as al kyl or 20 al koxy groups of 1 to 30 carbon atons,

preferably | @OR0.2, cdprBBh, atofEl: ExX4eRdCds , ofiOFhe: S1PaBen- E8Rtai M TP gr oups
i ncl ude hydrocarbon-substituted silyl groups such as phenylsilyl,

di pheny| si | yl4HA0ri eyl SC YOH) 4. iCatbhyl 'SPEY [ O ke /DECESEIt 1200 AnoR |
tripropylsilyl, tricyclohexylsilyl, triphenylsilyl, . nethyldiphenylsilyl,
tritolylsilylcansotndsnaphthys shygtocarbon groups such as Ti(CHzPh),;
5 transition metal compounds having oxygen-containing groups
such as Ti(0-iPr),, Zr{0-iPr),4, Cul(acac)a, MoO(acac)z,
W (OPh)s, Cr(acac)s, VO{acac),, V{acac)i, Mo(CO})s, W(CO)¢ and
s [VO]} [S0O4] * 5H20; and transition metal compounds having
nitrogen—-containing groups such as Ti(N(Me):z)4 and
10 Zr(N(Me)2)s-
As the transition metal compound (C), M’ is
preferably titanium, vanadium, chromium or copper, and X
is preferably a halogen atom, an alkyl group, an oxygen-—
containing.group or a nitrogen-containing group, more
15 preferably a chlofine atom, a bromine atom or a methyl
group.
The reaction product (A1) is arreaction product of
the transition metal compoqnd {C) represented by the

formula {c) and the compound (A-1i) represented by the

20 following formula (I).

{Compound (A-i))

25




hydr ocar bon-substituted silyl ether groups such as trinethylsilyl ether;
silicon-substituted al kyl groups 5 such as trinmethyl silybegidne: 2oand
silicon--substituted aryl groups such as trinethylsilyl phenyl. Exanples of
t he germani um contai ni ng groups include 3groups wherein silicon is replaced
with germaniumin the aforesaid silicon-containing groups. 10 Exanpl es of
the tin-containing groups include groups wherein silicon is replaced with
tinin the aforesaid silicon-containing groups. Wen k is 2 or greater,
plural atonms or groups indicated by X may be the sanme or different, and
plural 15 groups indicated by X may be bonded to each other to forma

ring. The bond forpp hetavegmt1and tihe at nansint iosy geet alt oat oMM )i s anot
specifically restricted, and exanples of the bond forns between X and the

transition metalesat opM i Q@qdp 2 & cmalhgnta deend,- eor dihat en bonskyen oni ¢
bond and hydrogen bond. The ligands L and the transition netal atons Min

the. fornula a(%gm hey fUld & the Samas: tsoseni (et he chemical  fornulas (2)

and (3), including the val ence of the netal,

5 Rl to R6 may be the same or different, they are each
a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxygen—containing group, a sulfur-containing groﬁp, a
nitrogen-containing group, a boron-containing group, an
aluminum-containing group, a phosphorus—cqntaining group,

10 a heterocyclic compound residual group, a silicon—
containing group, a germanium-containing group or a tin-
containing group.

The halogen atoms include £fluorine, chlorine, bromine_
and iodine.

15 Examples of tﬁe hydrocarbon groups include straight-
chain or branched alkyl groups pf 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms, such as methyl, ethyl, n- ¢
propyl, isopropyl, n-butyl, isobutyl, sec—butyl, tert-
butyl, neopentyl, n-pentyl and n-hexyl; straight-chain ox

20 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 ethynyl and propargyl; cyclic saturated

25 hydrocarbon groups of 3 to 30 carbon atoms, preferably 3



6 Decenber 2004 31 but the nunbers a of the ligands and n in those formnul as

are not necessarily equal to each other. Reaction Pr odu&be&lfﬁge&oa’be
reaction product (Al) is a reaction product of a conpound

transition nmetal selected from G oups 4 6 and 11 of the perlodlc tabl e
which is represented by the follow ng fc?r6rrul a (c), and a conpound

represented by the following fornmula (I). 10 (Transition Metal Conpound
(©Q) MXk -- (c) In the above formula (c), M is a transition netal atom

sel ected from %ﬁgorﬁ,a@)@d ddcpfad heypespadier, 18,4 ahheyand exanpl es

t her eof i ncl u atoms of Goup 4 such as tltanl um zirconi um and

haf ni t
naf ni um e ago¥ ]Eé’%%m?%lsuc Wit SHE ML A8 é’@&ﬁ%%%nur&p@iy@@@aﬁagg%gm

at ons as cnromum no m and t ungst en

metal atoms of, G andaﬁs SOPPEL g& ,}}y&l; 20 g0l gy i s L hese,

titanium van umare prerera
cyclopentadienyl, indenyl and fluorenyl; aryl groups of 6

5 to 30 carbon atoms, preferably 6 to 20 carbon atoms, such
as phenyl, benzyl, naphthyl, biphenylyl, terphenylyl,
phenanthryl and anthryl; and alkyl-substituted aryl groups,

F ; such as tolyl, isopropylphenyl, t-butylphenyl,
dimethylphenyl and di-t-butylphenyl.

10 In the above hydrocarbon groups, the hydrogen atom
may be replaced with halogen, and examples of these
halogenated hydrocarbon groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atomsf include trifluoromethyl,
pentafluorophenyl and chlorophenyl.

15 In the above hydrocarbon groups, the hydrogen atom
may also be replaced with another hydrocarbon group, and
examples of these aryl-substituted alkyl groups include ¢
benzyl and cumyl.

Further, the above hydrocarbon groups may have

20 heterocyclic compound residual groups; oxygen-containing
groups, such as an alkoxy group, an aryloxy grfoup, an
ester group, an ether group, an acyl group, a carboxyl
group, a carbonato group, a hydroxyl group, a peroxy group
and a carboxylic anhydride group; nitrogen-containing

25 groups, such as an amino group, an imino group, an amido



X has the sanme neanings as that of X in the formula (1). Wen k is 2 or
greater, plural groups indicated by X 6 Decenber 2004 32paBynthe 2bbe sane or
different, and plural groups indicated by X nay be bonded to each other to
forma ring. Bonding style between X and3pa transition nmetal atom M has
no specific restriction, and may be a coval ent bond, 5 a coordinate bond,
an ionic bond, a hydrogen bond or the like. The k is a nunber satisfying a
val ence of M, and determ ned according to a valence of the transition
metal M angraupal encemetioXgseuphat hhesezposi irvepand hegatizcno 10

val ences are neutralized. In this regard, if an absolute value of a val ence
of the trangibi,pn BEtak M girsupndacatedoBy arcapd ancgbsol yweupalae of a
val ence of X'is indicated by b, then the relationship is represented by the

follow ng fonRdldanclyrdup,baXchankopaibiugyl an, aiieiindl girsupi, 34 adez$ is
A , for .exanplé, kis 3 so that the transition netal. conpound -
represented Ry Juhe iRl M@ niGhn ReAeRRSHiCES firdmarel Refino group;

5 sulfur-containing groups, such as a mercapto group, a
thioester group, a dithioester group, an alkylthio group,
an arylthio group, a thiocacyl group, a thicether group, a
thiocyanato group, an isothiocyanato group, a sulfonato
ester group, a sulfonamido group, a thiocarbozyl group, a

10 dithiocarboxyl group, a sulfo group, a sulfonyl group, a
sulfinyl group and a sulfenyl group; phosphorus~containing
groups, such as a phosphido group, a phosphoryl group, a
thiophosphoryl group and a phosphato group; silicon-
eontaining groups; germanium-containing groups; or tin-

15 containing groups.:

Of the above groups, preferable are straight-chain or
branched alkyl groups of 1 to 30 carbon atoms, preferably ¢
1 to 20 carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl,

20 neopentyl and n-hexyl; aryl groups of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atoms, such as phenyd, naphthyl,
biphenylyl, terphenylyl, phenanthryl and anthryl; and
substituted aryl groups such as the above aryl groups

which are substituted with 1 to 5 substituents such as

25 halogen atoms, alkyl or alkoxy groups of 1 te 30 carbon



case where M is Zr4+ and X is S042, kis 2 so that the 20 transition

metal compound represented by the formula (c) becones hn | ar |
in the case where X conprises two or nore groups, k isggéégéﬁggégphy 4

dividing into two or nore nunbers in order that the It [
positive and negative
val ences 6 Decenber 2004 33 are neutrali?ed. For exanple, in the casg wher e
X conprises two ki nds of groups, if an absolute value of a valence of one
of Xs is indicated by bl, and the nunber thereof is indicated by kl; and

an absol ute valyg of,.arav@ignce of ' '
,015 1@ £ Y 1§N Q! Ahe 0t aofomés, iand radiclated by b2, and
the nunber thereof is indicated by k2, then the relationship is d

represented hy hhe f o Mg £ of il &0 acarhrdh Adis + a2 Déde®lyi 6 to 20
parti cul ar, mhé% Nﬁfﬁicgga and Xs are 05?:and a-, fg‘for engplef}the

transition met repr ted b h
HdtP | represented by the formula (c) becomes VOC13 or
VO2CL. In anot her case where M is V4+ and. Xs are 02_ ;nd S042-, . the

transition netal conpound represented by the fornmula (c) becone
[ S041 . The heterocyclic compog%d resicdual géoaps are gycgygﬂ

5 groups containing 1 to 5 hetero atoms therein, ‘and
particular examples.of the hetero atoms include O, N, S5, P
and B. Particular examples of the cyclic groups include
monocyclic and polycyclic groups of 4 to 7 members, and
preferable are monocyclic and polycyclic groups of 5 to 6

10 members. As concrete examples, there may be enumerated
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~-containing

15 compounds such as.thiophen; and these residual groups
which are further substituted with substituents such as
alkyl or alkoxy groups of 1 to 30 carbon atoms, preferably
1 to 20 carbon atoms.

The oxygen-containing groups are groups containing 1

20 to 5 oxygen.atoms therein, but the above-mentioned
heterocyclic residual groups are excluded. Similarly
excluded from the oxygen-containing groups are groups
containing a nitrogen atom, a sulfur atom, a phosphorus

atom, a halogen atom or a silicon atom, and having a



15 Exanples of the transition nmetal conpounds represented by the formula
(c) include halides of transition netals such as Tid i hABr 3,
TiBr4, ZrCl4, ZrBr4, Hf Br4, Hf O 4i VCl4, VC15, VBr4, Vﬁbﬁrg}_éNb%i%@ﬁbBrS,
TaCl5r TaBr4, CrCl3, CrCl2, MCl5, MOC13 9m6161 WC151 CuCl2, 20 CuBr2,
AgCl2 and AuCl2; conpl ex conpounds of trgnsi tion nmetal halides (e.g., TiCl4
2 (THF) and ZrCi4 2 (Et20) ) and el ectron donor conpounds (e.g.,
tetrahydrofuran (THF), acetonitrile or diethyl ether); transition netal
conpounds havi ng hal ogen atons such as oxyhalides of transition 6 Decenber

2004 34 net aldi regticbersd ZrOGEEh HIOGIET POSL AN EBIIeVEERE - NESsIE L es
Cr@2C12r MOBr, MOC13, M@2C12i WOCl4, WR2Br2, CuCl2 2CuO 4H20, CuBr2
Cu (OH) 2, CuBf ZhSQuyGH)~XNtaHngId | DIPURE &l nC i ctihdsh Haw gt oup.
hydr ocar bon groups such as Ti (CH2Ph)4; 5 transition nmetal conpounds havi ng
oxygen- cont aiam ngr groxpsgreueh &3 SHC0-GIYP 4, a7re PR [HOUR, BN (AEHe) 2,
MbO-(acac) 2, W(OPh) 5, C (acac) 3, VO (acac) 2, V (acac) 3i M &CO) 6,
WCOc, and §Mhp| SDAtarbeR0 anolp s snstaiornaies af r@apm oundsd hayy ag
ni t rogen-contai ning groups such as Ti (N(Me)2)4 and 10 Zr (N.(Me) 2) 4.
5 group, a peroxy group and a carboxylic anhydride group.
Of these, an alkoxy group, an aryloxy group, an acetoxy
group, a carbonyl group and a hydroxyl group are
preferable. When these oxygen—-containing groups contain
carbon atoms, 1 to 30 carbon atoms are preferable, and 1
10 +to 20 carbon atoms are more preferable.
The nitrogen-containing groups are groups containing
1 to 5 nitrogen atoms therein, but the above-mentioned
heterocyclic residual groups are excluded. Examples of
the nitrogen-containing groups include an amino group, an
15 imino group, an amido group, an imido group, a hydrazino
group, a hydrazono group, & nitro group, a nitroso group,
a cyano group, an isocyano group, a cyanato group, an
amidino group, a diazo group and ammonium salts derived
from an amino group. Of these, an amino group, an imino
20 group, an amido group, an imido group, a nitro group and a
cyano group are preferable. When these nitrogen-
containing groups contain carbon atoms, 1 to 30 carbon

atoms are preferable, and 1 to 20 carbon atoms are more

preferable.



As the transition nmetal conpound (C), M is preferably titanium vanadi um
chrom um or copper, and X is preferably a hal ogen atoq;Dg%nﬂkggb@group, an
oxygen- containing group or a nitrogen-containing group, nore preferably
a chlorine atom a bromne atomor a nethyl group. The reaction product
(Al') is a reaction product of the transition nmetal conpound (C
represented by the formula (c) and the conpound (A-i) represented by the
20 following formula M (Conpound (A-i)) R 3 6 Decenber 2004 35 In the
formula (1), Ais an oxygen atom (-0O), a sulfur atom(-S-), a selenium
atom (-Se-) or a Hheregéhuratenthaning GreuBst PEGeAECRBS(CRNERBNINE 15 R
to R6 may be the sane or different, they are each a hydrogen atom a

hal ogen at omtoaShydidcar beomgr chgrean é%ﬁgéﬁﬁcéﬁﬁaﬁﬁmﬁ@tgpﬁﬁﬁ; a

sul fur-containing group, a nitrogen-containing group, a boron-containing
group, an ahetiemorycdritaireisigugloggou@sphlaspscdycednt aFRaHpLgrFoap,

the sulfur-containing groups include a mercapto group, a

5 thiocester group, a dithiocester group, an alkylthio group,
an arylthio group, a thioacyl group, a thicether group, a
thiocyanato group, an isothiocyanato group, a sulfonato
group, a sulfonamido group, a thiccarboxyl group, a
dithiocarboxyl group, a sulfo group, a sulfonyl group, a

10 sulfinyl group and a sulfenyl group, a sulfonate group and
a sulfinate group. Of these, a sulfonate group, a
sulfinate group, an alkylthio group and an arylthio group
are preferable. When these sulfur-containing groups
contain carbon atoms, 1 to 30 carbon atoms are preferable,

15 and 1 to 20 carbonAatoms are more preferable.

The silicon-contalning groups a;e groups containing 1
to 5 silicon atoms therein, and examples thereof include a i
silyl group, a siloxy group, a hydrocarbon-substituted
silyl group and a hydrocarbon-substituted siloxy group.

20 Particular examples of the hydrocarbon-substituted silyl
groups include methylsilyl, dimethylsilyl, triﬁethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl,

dimethyl-t-butylsilyl and dimethyl (pentafluorophenyl)silyl.



10 a heterocyclic conpound residual group, a silicon- containing group, a

ger mani um contai ning group or a tin- containing group. A at ons
i nclude fluorine, chlorine, bromne and iodine. 15 Exé%%?%@ﬁ%?gﬁﬁé

hydr ocar bon groups include straight- chain or branched al kyl groups of 1 to
30 carbon atons, preferably 1 to 20 car Bon atonms, such as nethyl, ethyl,
n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert- butyl, neopentyl,
n-pentyl and n-hexyl; straight-chain or 20 branched al kenyl groups of 2 to
30 carbon atoms, preferably 2 to 20 carbon atoms, such as vinyl, allyl and
i sopropenyl ; Ot rehiegiet- chvaife reo Usr dch &t dyEilY lgr sUpetdry 12 1% 30 carbon
atons, preferably 2 to 20 carbon atons, such as ethynyl and propargil;
cyclic sat ur atreche2B viyedrigGar ko ygrsdupsl -ofd i3 thy 130 1edr b e i sl S bk et er abl y
3 6 Decenber 2004 36 to 20 carbon atons, such as cyclopropyl, cyclobutyl,
cycl opentyl , chyed tohebpHererics iddenemtdy 15 igyodn el tinlsat -ur &86d 3 chy@rdoar bon
groups of 5 to 30 carbon atons, such as cycl opentadienyl, indenyl and
fluorenyl; amppefraise ofreb trimethylsilyl, triethylsilyl,
5 triphenylsilyl and dimethylphenylsilyl. Particular

examples of the hydrocarbon-substituted siloxy groups

include trimethylsiloxy. When these silicon-containing

groups contain carbon atoms, 1 to 30 carbon atoms are

preferable, and 1 to 20 carbon atoms are more preferable,
10 The phosphorus~containing groups are groups

containing 1 to 5 phosphorus atoms therein, but the above-

mentioned heterocyclic residual groups are excluded.

Examples of the phosphorus-containing groups include a

phosphino group, a phosphoryl group, a phosphothioyl group
15 and a phosphono grbup.

The boron-containing groups are groups containing 1

to 5 boron atoms therein, but the above-mentioned

heterocyclic residual groups are excluded. Examples of

the boron-containing groups include a boron substituted
20 with an alkyl group, a boron substituted with an aryl

group, a boron halide and a boron halide substituted with

an alkyl group. Particular examples of the borons

substituted with alkyl groups include (Et)2B-, (1Pr)aB—,

(iBu);B-, (nCsH;;)2B-, CgHi4eB- (9-borabicyclononyl group) ;



5 to 30 carbon atons, preferably 6 to 20 carbon atoms,. such as phenyl,
napht hyl , bi phenylyl, terphenylyl, phenanthry“?ﬁﬁ nﬁ#&ﬁbdﬁ; and

benzyl ,

al kyl -substituted aryl groups, such as tolyl, isopropy
t - butyl phenyl, di et hyl phenyl and di-t-butyl phenyl. 10 In t he above

hydr ocar bon” groups, the hydrogen atom n&Y be replaced w th hal ogen, and

exanpl es of these hal ogenated hydrocarbon groups of 1 to 30 carbon atons,

preferably 1 to 20 carbon atons, include trifluoromnethyl,

pent af | uor ophenyl and chl orophenyl. 15 In the above hydrocarbon groups,

hydr ogen at ope ritayudlaso eanpdplsaced thet boanotherndytdrtogardon tdr cupy 1 and

exanpl es of these aryl-substituted al kyl groups include benzyl and cunyl.
t he gabaye hydiechyr hanBgr gups pat iaMe 2 G hedEraac vl itth € doposnd

groups; oxygen-containing groups, such as an al koxy group, an

aryl oxy gf oupaladieseStR1 @WOWT1,aR phhetconaupexampaeyl ogr aup, bd reaf boxyl

Furt her,

r esi dual

group, a carbonato group, a hydroxyl

t he

group, a peroxy group and a carboxylic

anhydride greuR;idaist REe-iaQitad Mg 28 1gM10WpSuIGhaSdRN (@) BECIgN G an

i m no group,

R

5

10

15

20

an am do 6 Decenber 2004 .
{(iBu)BCl-. 1In these, Et denotes an ethyl group, iPr

denotes an isopropyl group, and iBu denotes an isobutyl
group.

Examples of the aluminum-containing groups include
AlR; (R is hydrogen, an alkyl group, an aryl group which
may have a substituent, a halogen atom or the like).

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

The heterocyciic compound residual group, the oxygen—
containing group, the nitrogen-containing group, the
sulfur-containing group, the boron-containing group, the
germanium—-containing group, the tin-containing group, the
silicon-containing group and the phosphorus-containing
group are each preferably the group wherein the
characteristic atom group thereof is directly éonded to N,
C or a carbon atom in A in the formula (I).

The above examples of the groups indicated by Rl to

A\

RS are more specifically described below.



37 group, an imdo group, a hydrazino group, a hydrazono group, a nitro
group, a nitroso group, a cyano group, an isocyano grogDec@&nbaa0alo group,
an am di no group, a diazo group and ammoni um salts derived froman am no
group; 5 sul fur-containing groups, such a nercapto group, a thioester
group, a dithioester group, an alkylthio group, an arylthio group, a

t hi oacyl group, a thioether group, a thiocyanato group, an isothiocyanato
group, a sulfonato ester group, a sul fonam do group, a thiocarboxyl group,

10 dithi b | f | f | | i |
e oup and o el r Al AP PRl S OB B Sl DV QP S M1 LY

phosphi do group, a ph horyl grou t hi ophosphoryl group and a
hosphat o gr ot ;t§?|?£g 5yc%ﬁ?g?ﬁiﬁ CHr AT LS %?%an?%??g%ntgTﬂFﬂﬁoﬁﬁbups;
pnhosp 9 s
or tin- 15 contalnlng groupg. O the boge ?rou s%%Pr§$erablg are
st rai ght - chai hBP  CBYRAchR P AF kY gt DTpPLtBFY 127 oA bon bt grgsferred
preferably | to 20 carbon atons, such as nethyl, ethal, n-propél,
i sopropyl , n-%ﬁ???}e?SBEUF?F,agﬁkgﬁﬁtQF?uPSbh?%}?dQOP BOPENt yF - BAd n- hexyl ;
aryl groups of 6 to 30 carbon atons, preferably 6 to 20 car,bon atons, such
as phenylﬁ na%h@ﬁghylphenoxy and 2,4, 6-trimethylphenoxy; preferred
examples of the acyl groups include formyl, acetyl,
benzoyl, p-chlorobenzoyl and p-methoxybenzoyl; and
preferred examples of the ester groups include acetyloxy,
benzoyloxy, methoxycarbonyl, phenoxycarbonyl and p-
10 chlorophenoxycarbonyl.

Of the nitrogen-containing groups, preferred examples
of the amido groups include acetamido, N-methylacetamido
and N-methylbenzamido; preferred examples of the amino
groups include alkylamino groups such as methylamino,

15 dimethylamino, diethylamino, dipropylamino, dibutylamino
and dicyclohexylamino, and arylamino groups or‘alkylaryl
‘groups such as phenylamino, diphenylamino, ditolylamino,
dinaphthylamino and methylphenylamino; preferred examples
of the imido groups include acetimido and benzimido; and

20 preferred examples of the imino groups include methylimino,

ethylimino, propylimino, butylimino and phenyiimino.

Of the sulfur containing groups, preferred examples
of the alkylthio groups include methylthio and ethylthio:;
preferred examples of the arylthio groups include

25 phenylthio, methylphenylthio and naphthylthio; preferred



bi phenyl yl, terphenylyl, phenanthryl and anthryl; and substituted aryl
groups such as the above aryl groups which are substit | to 5
substituents such as 25 hal ogen atons, al kyl or al koxy %F%ﬂ%ﬁ&%?o%4t 30
carbon 6 Decenber 2004 38 atoms, preferably 1 to 20 carbon atons, and aryl
or aryloxy groups of 6 to 30 carbon atoﬁﬁ, preferably 6 to 20 carbon
atons. The heterocyclic conpound residual groups are cyclic 5 groups
containing 1 to 5 hetero atons therein, and particul ar exanples of the

hetero atons jncl ude O S, R gfartd oyl @ry examleg afi s he cyclic
groups i ncl uc?examn%ineoscy%ﬁ :\Echeandﬁpoo ycy%lgfc gé oups 01'11‘ 4 to rren%ers, and
preferabl e are nonocyclic an cyel] L PUPSy Afhdh ¢ P16 JO: ABIRGES. As
concrete exaﬁ§Q§f§iﬁﬁﬁ%’ﬁ%?: é%ﬂ%%é%%% PreS| ual %roups of y

ni tr ogen- cont ai nLng. COMpoLNds. SUCh 8%, cBYLLQ! Eae YTd dbiS, YCT gl e,

qui nol i ne and®t¥ ] groups of oxygen-tontaini ng compounds
such as furan_ and n, residual.gr fur - &l P9 15 gapmpounds
such as thioﬁﬁ%ﬁ?yﬁg%{f%gigofé%g%%%gug$§§%§£ %@ﬁc %fgf%urt er substituted
with subs%lt%SPéEEEEgQ ggamples of the sulfonamido groups include
phenylsulfonamido, N-methylsulfonamido and N-methyl-p-

toluenesul fonamido.

Examples of the sulfonate groups include
methylsulfonato, trifluoromethanesulfonato,

10 phenylsulfonato, benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonatoe, p-—
chlorobenzenesulfonato and pentafluorobenzenesulfonato;
examplés of the sulfinato groups include methylsulfinato,
phenylsulfinato, benzylsulfinato, p~-toluenesulfinato,

15 trimethylbenzenesﬁlfinaté and pentafluorobenzenesulfinato.

Among the phosphorus-containing groups, examples of
the phosphino groups include dimethylphosphino and
diphenylphosphino; examples of the phosphoryl groups
include methylphosphoryl, isopropylphosphoryl and

20 phenylphosphoryl; examples of the phosphothioyl groups
include methylphosphothioyl, isopropylphosphoéhioyl and
phenylphosphothioyl; and examples of the phosphono groups

include phosphate groups such as dimethylphosphate,



al kyl or al koxy groups of 1 to 30 carbon atons, preferably | to 20 carbon
atons. The oxygen-contai ning groups are groups contai ni @PedemBZR 2004 5 0oXxygen
atons therein, but the above-nentioned heterocyclic residual groups are
excluded. Simlarly excluded fromthe oxygen-containing groups are groups
containing a nitrogen atom a sulfur atom a phosphorus atom a hal ogen
atomor a silicon atom and having a 6 Decenber 2004 39 direct bond of such
an atom and an oxygen atom Exanpl es of the oxygen-containing groups

i ncl ude an al koxy group an aryl oxy gro ester_grou an et her group,
an acyl grou%%l%Qgé?%%kgmoﬁ?Bﬁ e %X%a?%éﬁ%ﬁiiéﬁ?ﬁé%agghy§¢%x?l 5 group, a
peroxy group and a carboxylic anhydride group. O these, an al koxy group,

an aryl oxy greRpsSPharhee®®ky 9§PBHp, a carbonyl group and a hydroxyl group

are preferable. Wien these oxygen-containi ng groups _contain__carbon atons,

1 to 30 carbon at oR€°aPe PPEFef APIRS %EdetﬁbfﬁcwﬁéeéﬁFBg Yat8fts are nore
pref'erable. The nitrogen-containing groups are groups containing 1 to 5
nitrogen atonsdiheeBEngrpuPst Reeapele- Hehitponegided to each otheér to

5 form an aliphatic ring, an aromatic ring, or azhydrocarbon
ring containing a heteroc atom (e.g., a nitrogen atom),
which rings may have a substituent respectively.

The compounds represented by the formula (I) in which
R?® and R! are bonded to form an aromatic ring are

10 represented by the following forumula (I-a):

rR® R'" ... (I-a)
15 |
wherein A, R}, R? and R® to R have the same meanings
respectively as those of A and R' to R® in the aforesaid
formula (I). R*, R? and R® to R! may be the same or
different, and two or more of them may be bonded to each
20 other to form a ring.
Among the compounds represented by the above formula
(I) or (I-a}, particularly preferable are the compounds in

which R> is a hydrogen atom.



het erocyclic residual groups are excluded. Exanples of the

ni t rogen-cont ai ni ng groups i nclude an am no group, an 15 DedéABerP0Oyp, an
am do group, an imdo group, a hydrazino group, a hydrazono group, a nitro
group, a nitroso group, a cyano group, an isocyano group, a cyanato group,
an am dino group, a diazo group and a umsalts derived froman am no
group. O these, an am no group, an imno 20 group, an am do group, an
imdo group, a nitro group and a cyano group are preferable. \Wen these

ni trogen- containing groups contain carbon atons, 1 to 30 carbon atons are
preferable, and | The 2tomeasbhods at @pee st adriey prefdrabliea 6 )Deicemierci2004
40 The sul fur-contai ning groups are groups containing 1 to 5 sulfur atons
therein, but ghe rdbava- REnienednddet evotyehi anresodaal cgr bugsaater is

excl uded. Exanples of the sulfur-containing groups include a nmercapto
group, a 5 thdoestes @IﬁO&l’@omahéirinhld__}Ogséﬂbsgiﬂu@ntaﬂ al dey | tdp 00 O] b@an
aryl'thio group, a thloacyl group, a thiocether group, a thiocyanato group,’

an isothiocyanatorg@losping sythaonat er-gyeoup, a sul fonam do group, a
t hi ocar boxyl group, a

5

. {I-b)

wherein R}, R?, R% R!* to R'® have the same meanings as
those of R' to R® in the above formula (I), R', R? R®, R
to R may be the same or different and two or more of
10 them may be bonded to each other to form a ring.

Among the compounds represented by the above formula
(I-b), particularly preferable are compounds in which RS
is a hydrogen atom.

Examples of such compounds represented by the formula

15 (I) are giveh below.



di t hi ocar boxy!
and a sul fenyl
sul fonate group, a

group,

group are preferable.

at ons,
nore preferable.
5 silicon atons therein,
si | oxy group,

trimethylsilyl,

di phenyl net hyl si l yl, ¢

di met hyl -t -butyls
41 OF these,
et hyl silyl,

a sul fo group,
group, a sulfonate group and
sul finate group,
When t hese sul fur-contai
1 to 30 carbon atons are preferabl 7 15
The silicon-containing groups

a sul fonyl

group,

a sul finatgep
an al kylthio group an
ni ng groups

a 10 squinyI

5 an ari?

gr oup
t hese,

thio

contai n carbon
and 1 to 20 carbon atons are
are groups containing 1 to

a

and exanpl es thereof include a silyl group, a
a hydrocarbon-substituted silyl group and a ,
hydr ocar bon-substituted siloxy group. 20 Particul ar exanpl es t he
hydr ocar bon-substituted silyl groups include yl silyl, di ylsilyl,
ethylsilyl, diethylsilyl, tri I silyl,
mehenyIS|IyIPUd|nethyl nyl silyl,
yand di met hyttpent af | uor nyI)S|IyI GhtEcenber 2004
pr ef able are net IS|IyI dlne ilyl tr trhyl si |yl
di et hyl triet slmyl t }fphenyIS|IyI
Parti mJarIy prefeﬁ@ble are t thyl silyl,, t hyl silyl,

triphenylsilyl.

=

.
N\ NH
Ph




5 triphenylsilyl and di nethyl phenylsilyl. Particular exanples of the
hydrocar bon-substituted siloxy groups include trinmethy} getoxyer 2¥hen these
silicon-containing groups contain carbon atons, 1 to 30 carbon atons are
preferable, and 1 to 20 carbon atons are g®re preferable. 10 The
phosphor us-cont ai ni ng groups are groups containing 1 to 5 phosphorus. atons
therein, but the above- nentioned heterocyclic residual groups are
excl uded. Exanples of the phosphorus-containing groups include a
phosphi no group, a phosphoryl group, a phosphothioyl group 15 and a
phosphono group. The~Qoron-containi pg groups are groups containing 1 to 5
boron atons therei t the abovef nenti oned teérpcyclic regidyal groups
are excluded. Exanpheg of the bor gont ai ni ng @ ps incl udboron
substituted 20 wit al kyl group, ta.boron ut ed mﬁ&p awaryl

/Tl i de subst :=sed with ~an=gjkyl group.
Parti cul ar exanpl e3—afy t he borons\ stitutedqw th al kyl grRQUPS i ncl ude
(Et)2B-, (iPr) (i Bu) 2B-, @8- (9- bor apitdl ononyl
group) ; 6 Dec§ 2004 42 '

— =N ==\

P OH S\ OH S OH
—N; | —’ —’
N o4 S OH N OH

OMe _ OEt




particul ar exanples of the borons substituted with aryl groups include
(C6R5) 2B-; particul ar exanples of the boron halides ingbageniRetdos
particul ar exanples of the boron halides substituted with al kyl groups
include (Et)BCl- and 5 (iBu)BCl-. In thesgg Et denotes an ethyl group, iPr
denotes an isopropyl group, and i Bu denotes an isobutyl group. Exanples of
the al um num containi ng groups include AlR4 (R is hydrogen, an al kyl
group, an aryl group which 10 may have a substituent, a hal ogen atom or
the |like). Exanples of the gernmani um containing groups or the
tin-containing groups include groups wherein silicon is replaced with
germaniumor tin in the above-nentioned silicon-containing groups. 15 The
het er ocycl i ¢ conpound residual group, the oxygen- containing group, the

ni trogen-containing group, Hfhe sulfur-containing groypy,he
bor on- cont ai ni ng grouakfa%@ f.ger mani um cont ai ni ng g[o__:JLgf tin-containing

group, the silicon:cgntaining|greup and the phqspHorus-centaining 20 group
are each preferably e group ein the charag istic a group
EP?TeOf is dire tI‘\bQﬂged to, / C gr a carbpon tgﬁ}in A\ﬁg e fornul a




The above exanples of the groups indicated by RL to R5 are nore
specifically described bel ow. 6 Decenber 2004 43 OF thes pxyaais: 6604 ai ni ng
groups, preferred exanples of the al koxy groups include nethoxy, ethoxy,
n- pr opoxy, 1 sopropoxy, n-butoxy, |sobutﬁ%y and tert-butoxy; preferred
exanpl es of the aryl oxy groups include phenoxy, 2,6 5 dinethyl phenoxy and
2, 4, 6-trinethyl phenoxy; preferred exanples of the acyl groups include
formyl, acetyl, benzoyl, p-chlorobenzoyl and p-nethoxybenzoyl; and
preferred exanples of the ester groups include acetyl oxy, benzoyl oxy,

met hoxycar bonyl , phenoxycar bonyl and p- 10 chl orophenoxycarbonyl. O the
ni trogen-cont ai ni ng groups, preferred exanpl es 1 i

acet am do, N-- acet am do met hyl benz
the ami no group cl ude al kyl D_groups ; F
di met hyl am no t hyl am no m no, di
di cycl ohexyl ampag and aryl am nme=gr oups or al k

phenyl am no, dgphenyl am no
met hyl pheny\ ani pe-sHpr ef er t €t

=N i PR ‘ N \——N
P N SH . t Pr
Ph i Pr
: i Pr

iPr

i Pr PH

iPr




of the imdo groups include acetimdo and benzi m do; and 20 preferred
exanpl es of the imno groups include nethylimno, ethypaidisherPo@PY! i M no,
butylim no and phenylimno. O the sulfur containing groups, preferred
exanples of the alkylthio groups include nmethylthio and ethylthio;
preferred exanples of the arylthio groups3include 25 phenylthio,

nmet hyl phenyl t hi o and naphthylthio; preferred 6 Decenber 2004 44 exanpl es of
the thioester groups include acetylthio, benzoylthio, nethylthiocarbonyl
and phenyl t hi ocarbonyl; preferred exanples of sulfonato ester groups

i ncl ude nethyl sul fonato, ethylsulfonato and phenyl sul fonato; and 5
preferred exanples of the sulfonam do groups include phenylsulfonam do,

N- et hyl sul f onami do and N-nethyl -p-- tol uenesul fonam do. Exanpl es of the

sul fonate groups inglude nethylsulfonato, trifl uegonmethanesul fonato, 10
phenyl sul f onat o, | sul f onat o, r Ol uenesul f

tri nmet hyl benzenesu ato, triisob benzenest
chl or obenzenesul f ondt o and pent af | ugr obenzenesu

sulfinato groups [ ude nethylsul iNnat o, # . =N
H § 1
N N‘Ph N
Ph Ph
PH




phenyl sul fi nato, bhezyl sul finato,

p-t ol uenesul fi nato,

15

tri met hyl benzenesul fi nato and pentafluorobenzenesulflrug ecert NP B804 he

phosphor us- cont ai ni ng groups, exanpl es of
di et hyl phosphi no and di phenyl phosphi no;
i ncl ude net hyl phosphoryl,
exanpl es of the phosphot hi oyl
i sopropyl phosphot hi oyl
phosphono groups
Decenber 2004 45 diisopropyl phosphate and
phosphoric acid group, Two or nore groups

gr oups

i sopr opyl phosphsz yl
i ncl ude net hyl phosphot hi oyl ,
and phenyl phosphot hi oyl ;
i ncl ude phosphate groups such as di net hyl phosphate, 6

t he phosphlno groups |nclude
exanpl es of the phosphoryl groups
and 20 phenyl phosphoryl;

and exanpl es of the

di phenyl phosphate, and a
of RL to R6, preferably the

adj acent groups thel , may be bo to each othe 0 5 formamsaliphatic
ring, an aromatic reé o, or a hydrog n ring contng a he at om
(e.g., a nitrogen aton), whi ch rings¥may have a subs#1tuent respéctively.
The .conpounds repre ed by the fQLt la (1) in whic R3 and R4}l are bonded
to forman aronatlc rlng are 10 repgfesented by the follow ng f Yrul a
(1Wa): SH SH SH
iPr tBu Ph
N N =N =N
tBu Sipha CN‘
t By ; ; »;
_ ~N N N

L.

SH

tBu




15 wherein A, Rl, R2 and R5 to R10 have the sane neanings respectively as
those of A and RL to R6 in the aforesaid forrmula (1) . nﬁ%%QB gy RS to R1
may be the sane or different, and two or nore of then1nay % onded to
each 20 other to forma ring. Anong the conpounds represented by the above
formula (1) or (I-a), particularly prefédable are the conpounds in which
R5 is a hydrogen atom 6 Decenber 2004 46 The conpounds represented by the
formula (1) in which R3, R4 and R5 are bonded to forman aromatic ring and
A is a nitrogen atomhaving a substituent R6 are represented by the

foIIovvingforrruIa(I-b) 5R12... (I-b) wherein R, R2, R6, R11 to R15
have the sane nea t heSs, of R1 I n the>g ka (1), R,
R2, R6, R11 to R y be t ame or |different 4 of 10 them
may be bonded to eagh ot her orma ri

\
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Anong the conpounds represented by the above fornula (I-b), particularly

preferable are conpounds in which R6 is a hydrogen ato E§ﬁ"l§%l of such
conpounds represented by the fornmula 15 (1) are given gbleo 2%iN NH

nPr Ph Ph =N NH Ph* Me3Si 6 Decenber 205044 47 tBu h Ph F?h l-N ~ I'I'N Phi
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N Ph NMe tBu Et QO 48 d
6 December 2004

NH Ove ?Ph O2Ph -NH W N NNH tBu Ph NM tBu Fh
2004 6 Decenber 2004

6 Decenber

35

1Bu

t Bu

1Bu

e

CH

. ‘/N;
OH

tBu

t Bu

H
SiMe3



O
>3
M
O
23
5
(q\]
o @
-
B of
- R
2%
S
N L
n
MN
oZ
o
8
o
o
O N
— o
n o
<€
o o
m
M
— O
L Z
a
o .
a
a.”
Orr
oaa
[
<._
S 5
~ @D
e
L <t
o
> O
(9\]

49 6 Decenber
"t Bu PhS

Decenber

6

(4]
L o)
O = - = -z =
L @ 8] /N Q
g 2 | 5 & T 3 NVIN/ o
A \ 2\ \ —

MeQ

Y g % m o 7 3 > z
WI,WMFIN/L W . U . Q- Bmt nm.w u x 9 @. N/ 5 & NWMM/ : Q m
U @r@ r@ NQ(@ L3 f@

OMe -

{Bu

tBu

tBu



OH SMe N -A SMe 6 Decenber 2004 54 Ot OH SO2Me v - SO2Ph ~NMe2 OH OPh 55 OH
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iNtBu -tBu 6 Decenber 2004 57 CF3 58 6 Decenber 2004 6 Decenber 2004 59
0 F
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61 Et ?Pr nBu N N 'Pr 62 OOH Et OOEt 6 Decenber 2004 6 Decenber 2004 63
CF3 d Bd BdO d F3C A B 6 Decenber 2004 6 December 2004
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64 The reaction between the transition netal conpound (C) and the conpound
represented by the formula (1) is carried out, for exa?Fkgﬂn@§25 §4 | ows.
The transition netal conpound (C) and the conpound 5 ( are m xed at

| ow tenperature in the presence of a solvent, and then stirred at a
tenperature of -78 Cto roomtenperaturefQor under reflux, for 1 to 48
hours. As the solvent, any solvent generally used for such reaction is
enpl oyabl e. Above all, a polar solvent such 10 as ether or tetrahydrofuran
(THF), and a hydrocarbon sol vent such/ag toluene are preferable. Wen R5 in
the formula (1) is _a hydrogen atom sq t the conpound has an active
hydr ogen group, t reaction with thf Lransition netal aund (O may be
15 conduct ed afte e conmpound (1) HK aeen cont acted mn a base to
prepare a salt, akter the conpouno has been co racted ith a
silicon conpou to p uce a silig ound. As th base used in this
case, there naj b%HHgnu rat ed bas c alkall netal
butyl lithium sodi u droxi d SHH eart t%I ‘
tu

as et hyl magn m br om and
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organi ¢ bases such as triethylam ne and pyridi ne.
there may be enunerated 6 Decenber
trimethylsilylchloride and
the transition netal
Xinthe 5 fornula (c)

conpound (1)

(r).
t he conmpound (1)
usually 1 to 6
transition neta
conmpounds (1)
added successi

conpound in which

transition netal

As the
2004 65 aIkyIsinIchi
triethylsilylchloride. By t
conmpound (C) and thﬁlconpound (1), at
is substituted with a Iigand derived fromthe

Bebdfi5er 264

The nunber of such |igands can be adjusted by altering the
charge ratio between the transition netal
As the nol ar

conpound
ati o betweep the transitjon netal
h the reacti ¢, the conﬂ%ﬁnd (1) Ts in an anount of
! preferahly 1 to 4 nopN based on 1MWpl of the
cotrpound (l . #in the rejactHon, two nmere ki nds of

A ring t edCtion / Int Fanner t he
plural kinds of |igands are coordinated to the

can be synthe5|zed
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The proportion of ligands coordinated to the transition 20 netal can be
adj usted by altering the charge ratio between two or qﬁﬁe klnd? &g
conmpounds (1). When any of R1 to R4 and R6 in the conpo ¢ qum'g

hydrogen atom a substituent other than a hydrogen atom nay be introduced
in any stage of the reaction. 6 Decenber 04 66 The conposition and
structure of the reaction product. (Al) cdn be confirnmed by anal yzing

t hrough el emental analysis, X-ray crystal structure analysis, nass

spectrum NVR_AR or the | 5 The t obt ai ned regction product (Al)
contains the @aftér-nentio ransitio tal conp (I\O and as the
case nmay be, cowFains al so conpound which a p X in the
formula (c) is bstituted with a ligandyderived fro the conmpound (1)
(the conpound \ -a)), the@nreacted 10ftran5|t|on £ conpound (O, the
cormpound (1) ﬂthers. A

be .used in f m- of

/N
H
N
S / O0OH
N
H
N =
VAR




15 The netal in the conpound contained in the obtained reaction product
(Al') may be replaced with another transition nmetal selg¢f.gdnhd20h4 oups 4,
5, 6 and 11 of the periodic table by a conventional procedure. It is also
possible to further convert a substituent__ 20 other than the |igand derived
fromthe compound (lI) contained in the cg?rpound (Al-a) in the reaction
product (Al). Concretely, the residual hal ogen group may be converted
into a hydrocarbon group, and ghe am do group may be conpverted into a

hal ogen group_ 6 pPec er 2004}67 Reaction Product (A2) The catal yst
conponent (Azf S |yt eact i on goregduct of [ T ansi ti ongnefal conmpound (C)
represented by i and a conpbupg represen by the foll ow ng
5 formula (11F¥: FS - F/D-YR 10 In the 3dbove formulaY(I1¥, O denotes a
ni trogen atom N N

H
N




or a phosphorus atom Q denotes a nitrogen atom (=N-) or a phosphorus atom
or a carbon atom substituted with a substitutent 15 Rl = ) . S
denotes a nitrogen atom (-N=) or a phosphorus atom (-3;§?&%§£%§%%ﬁbon atom
substituted with a substitutent R14 (-C(R19)=) . T denotes a nitrogen atom
(=N-) or a phosphorus atom 20 (=P-), or 8 carbon atom substituted with a
substitutent R15 (=C(R15)-) . R11 to R16 may be the sanme or different, and
have the sanme neanings as those of RL to R6 in the fornula (1) . 6
Decenber 2004 68 In these R11 to R16, the heterocyclic compound residual
group, the oxygen-gentadtiiggetkedrhe md tncgen-t iconted td g @rnooymdt he

sul fur-contai ning group, the boron- containing group, the

ger mani um cont@i N HOWbmpdehd | Fer €0 Gédivg Giouformlita (1) is
silicon-contalning group and the phosphorus-containing group are each
preferably the, GroMp out, for example, as follows.

The transition metal compound (C) and the compound
5 (I) are mixed at a low temperature in the presence of a
solvent, and then stirred at a temperature of -78 °C to

room temperature, or under reflux, for 1 to 48 hours.

Vs

As the solvent, any solvent generally used for such

reaction is employable. BAbove all, a polar solvent such
10 as ether or tetrahydrofuran (THF}, and a hydrocarbon
solvent such as toluene are preferable.

When R® in the formula (I) is a hydrogen atom so that
the compound (I) has an active hydrogen group, the
reaction with the transition metal compound (C) may be

15 conducted after tﬁe compound (I) has been contacted with a
base to prepare a salt, or after the compound (I) has been
contacted with a silicon compound to produce a silicon
compound. As the base used in this case, there may be
enumerated basic alkaii metal compounds such as n-

20  butyllithium and sodium hydroxide; basic alkali earth
metal compounds such as ethylmagnesium bromide; and
organic bases such as triethylamine and pyridine. As the

silicon compound, there may be enumerated



wherein the characteristic atomgroup thereof is directly bonded to N, a

carbon atom a carbon atomin Q S or T, or Din thef eq{eﬁgb% 10 Two
or nore groups of R'" to R16, preferably the adjacent u%én may

be bonded to each other to forman aliphatic ring, an aronatlc rlng, or a
hydrocarbon king containing a hetero atdﬁl(e.g., a nitrogen aton), which
rings may have a substituent respectively. 15 Anong the conpounds
represented by the fornula (11), particularly preferable are the conpounds
in which RI6 is a hydrogen atom Exanples of such conpounds represented by
the fornula 41kyiafeydeNesrbetowsu2l &sDecenbeny2008y Bevedr PHe68n8i Me3

MeO, Owe 70 Si Ph3
triethylsilylchloride.
By the ;ga;;ioqmbetwgen the transition metal compound
(C} and the compound (I), at least a part of X in the
5 formula {c) 1s substituted with a ligand derivéd from the
compound (I). The number of such ligands can be adjusted
by altering the charge ratio between the transition metal
v compound (C) and the compound (I).
As the molar ratio between the transition metal
10 compound (C) and the compound (I) in the reaction, the
compound (I) is in an amount of usually 1 to 6 mol,
preferably 1 to 4 mol, based on 1 mol of the transition
metal compouﬁd (C}).
In the reaction, two or more kinds of compounds (I}
iS may be used, and é different kind of compound (I} may be
added successively during the reaction process. In this
manner, the compound in which plural kinds of ligands are
coordinated to the transition metal can be synthesized.
The proportion of ligands ccordinated to the transition
20 metal can be adjusted by altering the charge ratio between
two or more kinds of compounds (I).
When any of R! to R' and R® in the compound (I) is a
hydrogen atom, a substituent other than a hydrogen atom

may be introduced in any stage of the reaction.
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The composition and structure of the reaction product
(B1l) can be confirmed by analyzing through elemental
analysis, X-ray crystal structure analysis, mass spectrum,
NMR, IR or the like.

The thus obtained reaction product [Al) céntains the
after-mentioned transition metal compound {(IV), and as the
case may be, contains also the compound in which a part of
X in the formula (¢} is substituted with a ligand derived
from the compound {I} (the compound (Al-a)), the unreacted
transition metal compound (C), the compound (I} and others.

After the reaction, the reaction product (Al) may be
used in the form of mixture without purification, or with
purification by distillation, recrystallization or the
like.

The metal in the compound contained in the obtained
reaction product (Al) may be replaced with another
transition metal selected from Groups 4, 5, 6 and 11 of
the periodic table by a conventional procedure.

It is also possible to further convert a substituent
other than the ligand derived from the compougd (1)
contained in the compound (Al-a} in the reaction product
(B1). Concretely, the residual halcgen group may be
converted into a hydrocarbon group, and the amido group

may be converted into a halogen group.
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Reaction Product (AZ)

The catalyst component (A2) is a reaction product of
the transition metal compound (C) represented by the
formula (c) and a compound represented by the following

5 formula (II}).

10
In the above formula tII), D denotes a nitrogen atom
or a phosphorus atom.
Q denotes a nitrogen atom (=N-) or a phosphorus atom -
(=P-), or a carbon atom substituted with a substitutent
15 R (=C(RY)-).
S denotes a nitrogen atom (-N=) or a phosphcorus atom
(-P=), or a carbon atom substituted with a substitutent
R14 (—C(qu)=).
T denotes a nitrogén atom (=N-) or a phosphorus atom
20 (=P-), or a carbon atom substituted with a substitutent
R} (=C (R!S)-).
R to R may be the same or different, and have the

same meanings as those of R! to R® in the formula (I).



74 /\ SiMe3 OI\' 'Y HN i 6 Decenber 2004 75 The reaction between the
transition netal conmpound (C) and the conpound represe@b%gag%xbeg formul a
(I'1) is <carried out, for exanple, as follows. The transitron neta
conmpound (C) and the conpound 5 (Il) are mxed at a |ow tenperature in the
-presence of a solvent, and then stirred 68 a tenperature of -78 Cto

t enperat ur e,

solvents as previously cited

or under reflux, for | to 48 hours. As the solvent, the sa

room
nme

for the preparation of the reaction product

(Al') are 10 enpl oyable. Wen R16 in the formula (1) is a hydrogen atom so
that the conpound ¢}1}nBas am act ipre, hyds agan oM i & Nempound

10

15

20

residual group, the oxygen-~containing group, the nitrogen-
containing group, the sulfur-containing group, the boron-
containing group, the germanium-containing group, the-tin—
containing group, the silicon-containing group.and the
phosphorus-containing group are each preferably the group
wherein the characteristic atom group thereof is directly
bonded to N, a carbon atom, a carbon atom in Q, S or T, orx
D in the formula (II}.

Two or more groups of rR* to RIS, preferably the
adjacent groups thereocf, may be bonded to each other to
form an aliphatic ring, an aromatic ring, or a hydrocarbon
ring containing a hetero atom (e.g., a nitrogen atom),
which rings may have a substituent respectively.

Among the compounds represented by the formula (II},
particularly preferable are the compounds in which R'® is
a hydrogen atom.

Examples of such compounds represented by the formula

{({II) are given below.



reaction with the transition netal compound (C) may be conducted after the
conpound (I11) has been contacted with 15 a base to preggb%“%g§?bb 40r after
the conpound (11) has been contacted with a silicon conpoun produce a
silicon conmpound. As the base and the SI| gon compound wused in this case,

t he-sane ones as previously cited for preparation of the reaction
product (Al) may be 20 enunerated. By the reacti on between the transition
nmet al conpound (© and the conpound (I1), at least a part of Xin the

formula (c) bstitute th a ligand degjved fromthe _conmpound (I1)
The nunber of h |igand n be adj ust ¢
the charge rat betmeen transition ne
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Decenber 20 '6 by altering
conpound and t he
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may be used, and a different kind of compound (I1) may be 10 added
successively during the reaction process. In this manneg ok ‘§3689unds- in
whi ch plural kinds of ligands are coordinated to the transition netal can
be synthesized. The proportion of |ligands coordinated to the transition
metal can be adjusted by altering the chafhe ratio between 15 two or nore
ki nds of. conpounds (Il). Wien any of Rl1 to R15 in the conmpound (Il) is a
hydrogen atom a substituent other than a hydrogen atom nay be introduced
in any stage-of the reaction. The conposition and structure of the reaction
product 20 (A2) can be confirnmed by anal yzing through el enental analysis,
X-ray crystal .structure analys{s, nass spectrum NWMR IR or the like. The
t hus obtaine? 3ACTY ging the after-nentioned
4 Decenber 2004 77 case nay be,
contains al so ¥ X in the mula (c) is
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Jﬂnd (rr) and

NH NH ;
/// - J\H //> W
SlMeg P SiM83 SiPhs SiPhMeg
COOH
— t Bu {Bu
TCSHw | . iPr
N
N . =N N
NH
NH A NH
[ " /" ///
Z giEt, . A~pn SiMes
(L QU I
i Pr iPr OD /@\
iPr iPr
N ~N
e | /N /N
4 " S O NH H
.
A O [ 4

N Ph /N ~N
/ NH .
/" A1y /\H /"
#
tBu &

tBu tBu

e
-0
BO
-

N =N =N
NH
JNH NH NH /
- / / Z ~tBu
tBu 7 ™ tBu &

tBu




5 others. After the reaction, the reaction product (A2) may be wused in the
formof mxture without purification, or with purlflca?tgc q;/ 0
distillation, recrystallization or the I|ike. 10 The FfPﬁf?ﬁg %onpound
contained in the obtained reaction product (A2) may be replaced with
another transition netal selected from Gpups 4, 5 6 and 11 of the
periodic table by a conventional procedure. It is also possible to further
convert a substituent 15 other than the |ligand derived fromthe conpound
(11) contained in the conpound (A2-a) in the reaction product (A2) .
Concretely, the re5|dua° Ral ogen group may be converted into a hydrocarbon
group, and the am do p may b conVr : >

React i on Produ A3) cataly (A3) is
the transition al pound  ( epre eht ed b%rﬁ
conmpound repres nted by the following fayrmula (I
Decenber 2004 . : #N N
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78 In the formula (c'), mis a transition netal atom selected from G oups
3 to 11, preferably Goups 4, 5 6 and 11, of the perHQﬁic taﬁ?& and
speci fic exanples thereof include scandium yttrium Ila Fﬁ?ﬁﬁ ?1tanium
5 zirconium hafnium vanadi um niobium tantalum chromum nolybdenum
tungsten, manganese, rhenium iron, ruthemum cobalt, rhodium nickel
pal | adium platinum copper and silver. O these, preferable are
transition nmetal atonms selected fromGoups 4, 5 6 and 11 of the periodic
‘table, 10 such as titanium zirconium hafnium vanadi um ni obium
tantal um chrom um nol ybdenum tungsten, copper and silver, and nore
preferable are titanium vanadiumand chromum X and k ve sane
nmeani ngs as those of X and k in 15 the above formula (cJ. en is 2 or

greater, plural groups indicated by X e the same gyydiffergnt, and
pl ural groups indidateg by X may be bgnded t a ring.

20 R24 . (I11)
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6 Decenber 2004 79 In the above formula (l111), A denotes an oxygen atom
(-0-), asulfur atom(-S-) or a seleniumatom (-Se-), or~a nitr at om
having a substitutent R26 (-N (R26) --) R21 to R28 nay ({)Qe?el%beggﬁ@‘por
different, and have the 5 sanme meanings as those of RL to R6 in the fornula
(1) . Inthese RZ1 to R28, the hetero-cofitai ning conpound residual group,

t he oxygen-contai ning group, the nitrogen- containing group, the

sul fur-contai ni ng group, the boron- containing group, the

ger mani um cont ai ni ng group, the.tin- 10 containing group, the -
silicon-contaiang group and the phosphorus-containing group are each
preferably th oup wherein the characteristic atomgroup thereof is

directly bonded“to N, a rbon at om or Amhn/the formula~(111). Two or nore
groups of R21 tb R28, pref€fably the 15 adjacent groups tlhereof, may

be. bonded to eath other tesNforman alip cring, an a ticring, or a

hydrocarbon g containifng a hetero atom(e.g., a nitrpgen aton), which

ri ngs may havge substit ugn i'Pespectivel/. ng the co Hds represented

by the formula=111)220 p cularly pre ble are the ounds in which

R28 is a hydrogen atom
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Exanpl es of such conmpounds represented by the formula (111) are given

bel ow. 6 Decenber 2004 80 Ove 6 Decenber 2004 81 Owe 8 Ada=ad tyl) CF3
6 Decenber 2004 OVe 6 ---(CN2) (CH2)6 6 Decenber 2004 ?‘F?énqbreéggﬁ]on
between the transition netal conpound (C ) and the conpound represented by
the formula (I1l) is carried out, for exaple, as follows. The transition
nmetal conmpound (Cr) and the conpound
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5 (Il'l) are mxed at a |ow tenperature in the presence of a solvent, and
then stirred at a tenperature of -78 Cto roomtenperaBtemis 2664er
reflux, for 1 to 48 hours. As the solvent, the sanme solvents as previously
cited for the preparation of the reaction product (A) are 10 enpl oyabl e.
When R28 in the formula (111) is a hydrogénh atomso that the conpound
(I'11) has an active hydrogen group, the reaction with the transition netal
conmpound (C ) nmay be conducted after the compound (I11) has been contacted
with 15 a base to prepare a salt, or after the conpound (I11) has been
contacted with a sThe coracoipoune:voepr odecerans st 1 onone canpoundouAs t he
base and the silicon conpound wused in this case, the sane ones as
previously cit{ed &ntd théecpnppanat reprotetbedrieacthentpraduat ((A)) imay be

20 enunerated By the reaction between the transition netal conmpound (C)
and t he conpogagdr{tdl put pt fbeaska@ppartaof tXiiowshe fornula (c') is
substituted with aligand derived fromthe ™ conpound (l111). The nunber of -
such ligands can bené Pesesbeior004t84 compound (C) and the compound
5 (IT}) are mixed at a low temperature in the pre;ence of a
solvent, and then stirred at a temperature of -78 °C to
room temperature, or under reflux, for 1 to 48 hours.

As the solvent, the same solvents as previously cited

for the preparation of the reaction product (Al} are
10  employable.

When R'® in the formula (II) is a hydrogen atom so
that the compound (II) has an active hydrogen group, the
reaction with the transition metal compound (C) may be
conducted after the compound (II) has been contacted with

15 a base to prepareva salt, or after the compound (II) has
been contacted with a silicon compound to produce a
silicon compound. As the base and the silicon compound
used in this case, the .same ones as previcusly cited for
the preparation of the reaction preduct (Al) may be

20  enumerated.

By the reaction between the transition metal compound
(C) and the compound (II), at least a part of ¥ in the

formula (c) is substituted with a ligand derived from the

compound (II). The number of such ligands can be adjusted



adjusted by altering the charge ratio between the transition netal
conpound (C ) and the conpound (I11). As the nolar ratio-betwee e
transition nmetal conpound (C ) and the conpound (I111) i F%@ﬁgég%@?on, t he
5 conmpound (I11) is in an anount of usually 1 to 6 nol, preferably 1 to 4
nol , based on 1 nol of the transition ne?%J compound (C ). In the
reaction, two or nore kinds of conpounds (Il1l1) nay be used, and a
different kind of compound (I1l) may be | O added successively during the
reacti on process. In this manner, the conmpounds in which plural kinds of

| i gands are begorditrated tbet heatgansitionbaewakncaheberaynfihéshzeetalThe
proportion of ligands coordinated to the transition netal can be adjusted
by altering thempbanhge (Cat hadbeheeennpbutido (0r) nore ki nds of conpounds
(rrr)y. wWen any of R21 to R27 in the conpound (I1l) is a hydrogen atom a

substituent other phamha hyleegeatabobprtwagnbehéentradscedonnmanylst age of
t he reaction. Thg conposi tion apd structure‘of'the'Teaction'pTOdUCt"'ZO '
(A3) can be ceshigongpd hy)aaabyzhagcbhpeugh ehenenhakheapab¥shisn , Xty

crystal structure analysis, mass spectrum NVR IR or the like.
5 compound (II) is in an amount of usually 1 to ¢ mol,
preferably 1 to 4 mol, based on 1 mol of the transition
metal compound (C).
- In the reaction, two or more kinds of compounds (II)
may be used, and a different kind of compound (II}) may be
10 added successively during the reaction process. In this
manner, the compounds: in which plural kinds of ligands are
coordinated to the transition metal can be synthesized.
The propoxtion of ligands coordinated to the transition
metal can be adjusted by altering the charge ratio between
15 two or more kinds.of‘compounds (I1).

When any of R to R in the compound (II) is a
hydrogen atom, a substituent other than a hydrogen atom
may be introduced in any stage of the reaction.

The composition and structure of the reaction product

20 (A2) can be confirmed by analyzing through elemental
analysis, X-ray crystal structure analysis, ma;s spectrum,
NMR, IR or the like.

The thus obtained reaction product {(A2) contains the

after-mentioned transition metal compound (V), and as the



The thus obtained reaction product (A3) contains the after-nentioned

transition netal conmpound (VI), and as the 6 Decenber 4 85 ¢c may be,
contains also the conmpound in which a part of X in thégﬁgFﬁgpé%@%x) is

substituted with a ligand derived fromthe conpound (I111) (the conpound
(A3-a)), the unreacted transition conpound’ (C ), the conpound (I1l) and 5
others. After the reaction, the reaction product (A3) may be wused in the
formof mxture without purification, or with purification by
distillation, recrystallization or the like. 10 The netal in the conpounds

contained in theeohhai Bed chpBEEhONaPEEJUEE CASPoiBY DE weptRCcgdp¥tthor
another transition netal selected fromGoups 4, 5 6 and 11 of the

periodic tablg by aneomyenptingnak)praceddse: thtelSwaks0ape3ghbhe deg ifurd her
convert a substituent 15 other than the ligand derived fromthe conpound

(111) contai pedm RhENecmeBRABNG TEA3(Rhel BohBBuhBAGRROA) BT OdHEt  (A3)
Concretely, the residual -hal ogen group may beé —converted into a hydrocarbon
group, and thgnhaphdecdr @¥Bnsition compound {C), the compound (II) and

5 others. |

After the reaction, the reaction product (A2) may be
used in the form of mixture without purification, or with
purification by distillation, recrystallization or the
like.

10 The metal in the compound contained in the obtained
reaction product ({A2) may be replaced with ancother
transition metal selected from Groups 4, 5, 6 and 11 of
the periodic table by a conventional procedure.

It is also possible to further convert a substituent

15 other than the liéand derived from the compound (II)
contained in the compound (A2-a) in the reaction product
(AZ). Concretely, the residual halogen group may be
converted into a hydrocarbon group, and the amidc group
may be converted into a halogen group.

20 Reaction Product (A3)

The catalyst component (A3} is a reaction product of
the transition metal compound (C’) represented by the
formula (¢’) and a compound represented by the following

formula (III).
25 MXy , c.o (e



may be converted into a hal ogen group. 20 Transition Metal Conmpound (A4)

The transition netal conpound (A4) is a conpound of a Sitli t al
selected from Goups 4, 5 6 and 11 of the periodic téipgaﬁﬂ¥%gaqgﬁ

represented by the followng formula (I\9 . 6 Decenber 2004 86 -N-. R3
"M Xn (wherein the dotted line (----) of ---M neans that a coordinate
bond is fornmed, but a conmpound having no coordinate bond is also included
in the present 5 invention.) In the above forrmula (IV), M has the sane
meaning as that of M in the fornula (c), and particularly preferable is
a titanium atom alwarizei iowmtbm (@ chribm um at oa okt bon coppel atoem 10 The
mis an integer of 1 to 6, preferably an integer of 1 to 4. A has the sane
nmeani ng as thatleftddi irttheGfoupsl & R1 1b, RArandr&Helhaveothe 4$anmk, méani ngs

as those of R
and 11, of the pe:iog;q_table,.and specific examp;es
thereof include scandium, yttrium, lanthanum, titanium,

5 zirconium, hafnium, vanadium, niobium, tantaluﬁ, chromium,
molybdenum, tungsten, manganese, rhenium, iron, ruthenium,
cobalt, rhodium, nickel, palladium, platinum, copper and
silver. OFf these, preferable are transition metal atoms
selected from Groups 4, 5, 6 and 11 of the periodic table,

10 such as titanium, zirconium, hafnium, wvanadium, nicbium,
tantalum, chromium, molykdenum, tungsten, copper and
silver, and more preferable are titanium, vanadium and
chromium.

X and k have the same meanings as those of X and k in

15 the above formula'(c). When k 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.

20 e

.- (ILI1}



15 to R6 in the formula (1) . Two or nore groups of Rl to R4 and R,
preferably the adjacent groups thereof, may be bonded ¢ p.gagh, 9hher to
forman aliphatic ring, an aromatic ring, or a hydrocarbon ring containing
a hetero atom(e.g., a nitrogen atom, 207¥hich rings may have a
substituent respectively- When m is 2 or‘greater, one group of RL to R4
and R6 contained in 6 Decenber 2004 87 one |igand may be bonded to one
group of RL to R4 and R6 contained in another |igand, and Rls, Res, Ras,
Rds or R6s may be the sane or different. The n is a nunber satisfying a
val ence of M, andls tbaceerepyfanmitheegbfibi B densteprenepabbgnantiont eger
of 1 to 4, nore preferably an integer of 1 to 3. X has the sane neani ng as
that of X in the—feraubalipc) atihen~A~)so2 arsgiteaien, atdre ptieal . gooups
indicated by X nmay be the sane or different, and the plural groups 10

i ndi cated by Ximmyobe bonueHavéongashsobhéedtubefibr R (HNIR?®) The transition

met al conpound represented by the fornmula (1V) wherein R3 and R4 are
bonded to each ot hgf' te Fdrmwarbardmatiane oy disf fepresemed hyve hehe
fol |l owi ng _ .

5 same meanings as those of R' to R® in the formula (I).

In these R*' to R*®, the hetero-containing compound
residual group, the oxygen-containing group, the nitrogen-—
containing group, the sulfur-containing group, the boron-
containing group, the germanium-containing group, the tin-—

10 containing group, the silicon-containing group and the
phosphorus~containing group are each preferably the group
wherein the characteristic atom group thereof is directly
bonded to N, a carbon atom or A in the formula (III}).

Two or more groups of rR?! to R%, preferably the

15 adjacent groups tﬁereof, may be bonded to each other to
form an aliphatic ring, an arcmatic ring; or a hydrocarbon
ring containing a hetero atom (e.g., a nitrogen atom),
which rings may have a substituent respectively.

Among the compounds represented by the formula (IIL),

20 particularly preferable are the compounds in which R%® is
a hydrogen atom.

Examples of such compouﬁds represented by the formula

(III}) are given below.



formula (I1V--a). 15 RR R ...(lIV-a) In the above fornula (IV-a), A M, X
m and n have the sanme neani ngs respectively as those o mand
20- nin the formula (1V). Rl, R and R6 to R1L may be ti&%ﬁ%’pﬂ&t&
different, 6 Decenber 2004 88 and have the_sane neanings as those of R to
R6 in the fornmula (1) . Two or nore of R¥9 R2 and R6 to RI1O may be bonded
to each other to forma ring. Anong the transition netal conpounds
represented by 5 the forrmula (1V), the conpounds wherein mis 2, and one
group of R to R4 and R6 contained in any one ligand is bonded to one

group of RL to R4 apd R6 contained in nother | igand are represented, for
exanple, by the fo W ng forrrula(li% O ...(IV-b) 15

CH
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In the above formula (I1V-b) , A, M, X and n have the sane neanings
respectively as those of AA M, X and n in the aforesai V). Rl
to R4 and R6 may be the sane or different, and 20 haveq%ﬁg&%gﬁgbg%gnings as
those of RLto R6 inthe formula (I) Two or nore of RL to R4 and R6 may be
bonded to each other to forma ring. A %by be the sane as, or different
fromA, and denotes an oxygen atom (-0-), a sulfur atom(-S-) or a 6
Decenber 2004 89 seleniumatom (--Se-), or a nitrogen atom having a bondi ng
group R6, (-N(R6') -) . Rl, to R4 and R6' may be the sanme or different,
and have the same neanings as those of RL to R6 in the formula 5 (1)

Two or nore of R" to R4, and R6 nay be bonded to each other to forma ring.

Further, R1 to R4 and R6 may be the ganme as, or differentjfromRl' to R4,
and R6' respectivalyr Y denotes a behdiRY group or a si ®ond, in which
p sel ected fro R4 is bonded tg | east one

10 at | east one g LA
group sel ected ¥, to R4. Although ffthere

il | OJ” )IN
| Ji g

-
.

X F




is no specific restriction on the bonding group, it desirably has a
structure wherein the nmain chain consists of or erably 4
to 20 atonms, nore 15 preferably 4 to 10 atons. The bonésﬁé&gﬁgﬁgéﬁgy have a
substituent. As the bonding group indicated by Y, there nay be enunerated
groups containing at | east one el enent sel%ect ed from oxygen, sulfur,
carbon, nitrogen, phosphorus, silicon, 20 selenium tin, boron and so on.
Exanpl es of such groups include chal cogen atom contai ni ng groups such as
-0-, --S and -Se-; nitrogen or phosphorus atomcontaining groups such as
-NH-, -N (CH3) 2--, -PH and -P (CH3) 2-; hydrocarbon groups of 1 to 20
carbon atons such as -CH2-, -CH2-CH2 6 Decenber 2004 90 and -C (CH3) 2--;
resi dual groups of cyclic unsaturated ' hydrocarbons of 6 to 20 carbon atons

such as benzene, apht hal ene and ant hracenge; resi dual oups of
$to 20 carbok at ons and ceht ai ni ng hetero

het er ocycl i ¢ conpgunds havi ng
i~} Ahd furafp; Jsilicon

atons such as py A%, qui no
at om cont ai ni ng 'AC}B)Z-, nat om cont ai ni ng
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as -SnH2- and --Sn (CH3) 2-; and boron atom containing gro
-BH, -B (CH3) - and --BF-. 10 The conpounds representegFQ
(I'V-b) in which R3 and R4 are bonded to R3' and R4' to fo
ring are represented by the foll ow ng for% la (IV-c). 15
R10 ...(1V-c) 20 In the above fornmula (I V-

ups such

as

Yerhth? 2b@4 mul a

rman  aronmatic

K~r-H I

" RO

), A, M, X and n have the sane

meani ngs respectively as those of AA M, Xand nin the fornmula (I1V). R1,
R2 and R6 to RO may be the sanme or different, and have the same neanings

as those of RL to R6 in the 6 Decenber 2004 91 formula (1)

Two or

nor e of

Rl, R2 and R6 to RIDemmedss idontetdan davh totaneri tor arrhad rdamgpouid may be

the sane as, or different fromA and denotes an oxygen at

om (-0-),

a

sul fur atom (-&)) amd hsatampumatep(eSmted dry ahe tfogertat ohi havi sg a

bondi ng
carried out, for example, as follows.

The transition metal compound (C’) and the compound

5 (III) are mixed at a low temperature in the presence of a

solvent, and then stirred at a temperature of -78

room temperature, or under reflux, for 1 to 48 hours.

AN

for the preparation of the reaction product (Al) are

10 employable.

°C to

As the solvent, the same solvents as previously cited

When R*® in the formula (III}) is a hydrogen atom so

that the compound (III) has an active hydrogen group, the

reaction with the transition metal compound (C)

may be

conducted after the compound (III) has been contacted with

15 a base to prepare a salt, or after the compound (III) has

been contacted with a silicon compound to produce a

silicon compound. As the base and the silicon compound

used in this case, the same ones as previously cited for

the preparation of the reaction product (Al)

20  enumerated.

may be

By the reaction between the transition metal compound

(C'} and the compound (III}, at least a part of X in the

formula f{c’) is substituted with a ligand derived from the

compound (III}). The number of such ligands can be



group R(-N(R6') -) . RI" , R2” and R6, to RID nmmy be the sane or
different, and have the sane neanings as those of Rl t ' formul a
(I) . Two or nmore of R', R2" and R6' to R10' may be 10 gg%ghﬁ{gb?ach ot her
to forma ring. Further, Rl, R2 and R6 tgo R10 nmay be the same as, or
different fromR', R’ and R6 r to R10' respectively. Y denotes a bondi ng
group or a single bond, in which at |east one group selected fromRl, R2
and R6 to R10 is 15 bonded to at |east one group selected fromR', R2' and
R6' to R10'. h there is no specific restriction on the bonding

group, it des‘_f“';ia‘l'h‘ﬁ)g‘gg‘%a‘%yaaéF‘?Et‘:?%r%h ehRFdct et LoePRt ¢l ntB®nsi sts of 3
or nore atons, preferably 4 to 20 atons, nore preferably 4 to 10 atons.
The bondi ng grbotps2bifRay"RETE GOBRBERTt dent . 223 the BoMEPwed gfdlp! i ndi cat ed
by Y, there may be enunerated the same groups as indicated by Y in the
formila (IV-b). AnbhgthhenplansFetbn hetareRrobpRURERNT bhiesentealby the
above formula (1V), conmpounds in which RR R4 and R5 3 6 Decenber 2004 92
compound (C’) and the compound (III) in the reaction, the
5 compound (ITI) is in an amount of usually 1 to 6 mol,
preferably 1 to 4 mol, based on 1 mol of the tramnsition
metal compcound (C’}.
In the reaction, two or more kinds of compounds (III)
may be used, and a different kind of compound (ITII) may be
10 added successively during the reaction process. In this
manner, the compounds in which plural kinds of ligands are
coordinated to the transition metal can be synthesized.
The proportion of ligands coordinated to the transition
metal can be adjusted by altering the charge ratio between
15 two or more kinds of compounds (III).
When any of R*' to R?*’ in the compound (III) is a
hydrecgen atom, a substituent other than a hydrogen atom
may be introduced in any stage of the reaction.
The composition and structure of the reaction product
20 (A3) can be confirmed by analyzing through elemental
analysis, X-ray crystal structure analysis, maés spectrum,
NMR, IR or the like.

The thus obtained reaction product (A3) contains the

after-mentioned transition metal compound (VI), and as the



are bonded to forman aromatic ring are represented by the foll ow ng

formula (1V-d).
and n have the

the formula (1V).
have the sane neanings as those of RL to R6 in the formula (1) . Further,

two or nore of these Rl, R2 and R11 to R15 15 may be bonded to each other
to forma ring.

the formula (

2004'%%%

December

10

15

20

R 5Rl4 ... (IV-d) In the above for
[ [ remé?é\‘)gilrl"\{)g(bomandn|n

10 sanme neani ngs respectively as thos

Rl, R2 and R11 to R15 ngy be the sane or different and

Exanpl es of the transition netal conpounds represented by

Ry 8k ELNERL s (Y0) coBdL gL o fl e BSL O 020 6

X in the formula {c’) is substituted with a ligand derived

from the compound (III) (the compound (A3-a)), the

unreacted transition compound (C’), the compound (III) and

others.

After the reaction, the reaction product (A3) may be

used in the form of mixture without purification, or with

purification by distillation, recrystallization or the

like.

The metal in the compounds contained in the obtained

reaction product (A3) may be replaced with another

transition metal selected from Groups 4, 5, 6 and 11 of

the periodic table by a conventional procedure.

It is also possible to further convert a substituent

other than the ligand derived from the compound (ITII)

contained in the compound (A3-a} in the reaction product

(A3).

Concretely, the residual halogen group may be

converted into a hydrocarbon group, and the amide group

may be ceonverted into a halogen group.

Transition Metal Compound (A4)

The transition metal compound (A4) is a cbmpound of a

transition metal selected from Groups 4, 5, 6 and 11 of

the

periodic table which is represented by the following

formula (IV):



MO | EEQRC N.. ~ZrMe3 ZrBr3 JZrCl3 p O 6 Decenber 2004 94 -1Bu tBu Th

NZr (CH2Ph) 3 Ph F3C, P,h N__, ~aBr4 F3C tBu tBu Th Ph Th SNMB3 ). 3p6L i Pr) 3
2", Ph OV O
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ce L (IV)
(wherein the dotted line {(----) of N----M’ means that a
coordinate bond is formed, but a compound having no
coordinate bond is also included in the present
- 5 invention.)
In the above formula (IV), M’ has the same meaning as
that of M” in the formula (c), and particularly preferable
is a titanium atom, a vanadium atom, a chromium ztom or a
copper atom.
10 _ The m is an integer of 1 to 6, preferably aﬁ integer
of 1 to 4.

A has the same meaning as that of A in the formula

R' to R* and R® have the same meanings as those of R?
15 to R® in the formula (I).

Two or more groups of R' to R' and R®, preferably the
adjacent groups thereof, may be bonded to each other to
form an aliphatic ring, an aromatic ring, or a hydrocarbon
ring containing a hetero atom (e.g., a nitrogen atom),

20 which rings may have a substituent respectively. When m

is 2 or greater, one group of R! to R' and R® contained in



.?Ph Cd3 Ph tBu M S02Ph -4 ~ N MOC13 Ph tBu >Tid2 EEOCO 1" / 2 Ph
tBu Rh =N\ ~WC14 N | tBu >Ti Cl12 6 December 2004

87

one ligand may be bonded to one group of R!' to R* and R®
contained in another ligand, and R's, R®s, R%s, R's or R®s
may be the same or diffgrept?
The n is a number satisfying a valence of M’, and
5 concretely an integer of 0 to 5, preferably an;integer of
1 to 4, more preferably an integer of 1 to 3.
X has the same meaning as that of X in the formula
(c). When n is 2 or greater, the plural groups indicated
by X may be the same or different, and the plural groups
10  indicated by X may be bonded to each other to form a ring.
The transition metal compound represented By the
" formula (IV) wherein R?® and R* are bonded to each other to

form an aromatic ring is represented by the following
formula (IV-a).

15

.. (IV=-a)

In the above formula (IV-a), A, M’, ¥, m and n have

the same meanings respectively as those of A, M’, X, m and

200 n in the formula (IV).

R', R® and R® to R' may be the same or different,



PHt Bu Bu 95 -=No---.W13 i Pr i Pr- h Ph- Phi Pr N--:~W5C12 Si Ph3

0_---—W(OPh)4 r Pr i P 6 Decenber 2004 6 Decenber 2004.98,12f 260fecenber
2004 6 Decenber 2004 98 -

and have the same meanings as those of R to R® in the
formula (I). Two or more of R*, R? and R® to R'" may be
bonded to each other to form a ring;
Anong the transition metal compounds represented by
5 the formula (IV), the compounds wherein m is 2, and one
group of R' to R® and R® contained in any one ligand is
bonded to one group of R! to R? and R® contained in another

ligand are represented, for example, by the following
formula (IV-b}.

10

ce. (IV=D)
15

In the above formula (IV-b), A, M', X and n have the
same meanings respectively as those of A, M’, X and n in ‘
the aforesaid formula (IV).
R' to R! and R® may be the same or different, and
20 have the same meanings as those of R' to R® in the formula
(I). Two or more of R' te R? and R® may be bonded to each
other to form a ring.

A’ may be the same as, or different from A, and

denotes an oxygen atem (-0~), a sulfur atom {(-S-) or a



Ti (CH2Ph)3 N, Ph iPr t Bu N~. Ph tBu Ph ------ NbCi 4 .-..TaBr4 O CE tBu N-S

M3 N N, 1 CN-- -Zr(Nwe)3 40 ------ Hf Me3 tBu 6 Deceyysgy, & I\[ N
--_ - ~sSvad /caBr2r rd2 Zr(OiPr)3 "IN ....... VCl 2 __e_rr?o%?%%rz
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selenium atom (-Se-), or a nitrogen atom having a bonding

group RY (~-N(R®)-).

R to R* and RY may be the same or different, and
have the same meanings as those of R' to R® in the formula

5 (I). Two or more of RY to R“'and R* may be bonded to
each other to form a ring. Further, R to R’ and R® may be
the same as, or different from RY to RY and R®
respectively.

Y denotes a bonding group or a single bond, in which

10 at least one group selected from R' to R? is bonded to at
least one group selected from R' to R*. Although there
is no specific restriction on the bonding group, it
desirably has a structure wherein the main chain consists
of 3 or more atoms, preferably 4 to 20 atoms, more

15 ©preferably 4 to 10 atoms. The bonding group may have a
substituent.

As the bonding group indicated by Y, there may be
enumerated groups Contaiﬁing at least one element selected
from oxygen, sulfur, carbon, nitrogen, phosphorus, silicon,

20 selenium, tin, boron and so on. Examples of such groups
include chalcogen atom-containing groups such‘as ~O~, =S8-—-
and -Se-; nitrogen or phosphorus atom-containing groups
such as —-NH-, -N(CH;),~, =PH- and ~P(CH3},-; hydrocarbon

groups of 1 to 20 carbon atoms such as -CHp-, -CH,-CH,-



SSsJl, ,StBu ,,S_S,SSiPh3. "' . v-CNS rN _-Ti(NEt3)rN
/H(SiEta)3 , a 7aCld 7TaBr3 St Bu ' -'-tBu Et N tBU -PBescber HE 2
| WC12 :T1012 ZrBr2 2 12 O 2 2 Ph 6 Decenber 2004 100 & a S &8 )
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and -C(CH,),~; residual groups of cyclic unsaturated

hydrocarbons of 6 to 20 carbon atoms such as benzene,
naphthalene and anth;acgne;Are§idga}_g:qusmof
heterocyclic compounds having 3 to 20 carbon atoms and

5 containing ﬁetero atoms such as pyridine, quinoline,
thiophene and furan; silicon atom-containing groups such
as -SiH,- and =-5i(CH;},-; tin atom-containing groups such
as -SnH,~ and -Sn{CH,;),-; and boron atom-containing groups
such as —-BH-, -B(CH,;)- and -BF-.

10 The compounds represented by the formula (IV-b) in
which R® and R*! are bonded to R* and RY to form an

aromatic ring are represented by the following forumula

(IV-c).
15
7
RS
]
R ee . (IV=C)
20 In the above formula (IV-c), A, M, ¥ and n have the

same meanings respectively as those of A, M, X and n in

the formula (IV).

R!, R? and R® to R may be the same or different,

and have the same meanings as those of R' to R® in the



2 02 SSEt3 ""SiPh2Me NbCl 3 r~TaBr3 O 2 SMe 6 Decenber 2004 SMe 101 rd

S2Me v -SO2Ph ' NMe2 NHSO2Me v - NHSO2Ph -ZrMe2 , A .-' ZpeQPh2206R 2 SMe
-~SPh 102 6 December 2004 103 MeO t BL ~tBu 0
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formula (I). Two or more of R!, R? and R® to RY® may be
bonded to each other to form a ring.
A méy bg ?Eers§me és{_orldiﬁfgyent from A, and
denotes an oxygen atom {-0-), a sulfur atom (-S5-) or a
5 selenium atom (-Se-), or a nitrogen atom having a bonding
group RY (—N(Ry)m).

RY, R* and R* to R!” may be the same or different,
and have the same meanings as those of R' to R® in the
formula (I). Two or more of RY, R* and R* to R!™ may be

10 bonded to each other to form a ring. Further, R', R? and
R® to R may be the same as, or different from Ry, R?’ and
R® to R respectively.

Y denotes a bonding group or a single bond, in which

at least one group selected from R', R? and R® to R is

15 Dbonded to at least one group selected from RY, R* and R%®
to R . Although there is no specific restriction on the
bonding greoup, it desirably has a structure wherein the
main chain consists of 3 or more atoms, preferably 4 to 20
atoms, more preferably 4 to 10 atoms. The bonding group

20 may have a substituent. As the bonding group indicated by
Y, there may be enumerated the same groups as-indicated by
Y in the formula (IV-b).

Among the transition metal compounds represented by

the above formula (IV), compounds in which R, R and R®



6 Decenber 2004 1 / \' | SiMe3 'Ph 104 tBu v -tBu 6 Decenber 2004 tBu ~tBu
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are bonded to form an aromatic ring are represented by the

following formula (IV-d).

(IV-d).

In the above formula (IV-d), M’', X, m and n have the
10 same meanings respectively as those of M', X, m and n in
the formula (IV}.

R!', R? and R' to R may be the same or different and
have the same meanings as those of R' to R® in the formula -
(I). Further, two or more of these Rl, R? and R to R?®

15 may be bonded to each other to form a ring.

Examples of the transition metal compounds

represented by the formula (1IV), (IV-a), (IV-b), (IV-c)

and (IV-d) are given below.

20
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115 FF TET-F;;TiCl2 TiG2 " TiCl2 ;TiCl2 z ' " \-VO 2 6 Decenber
2004 116 In the case of a conpound of a nmetal of G oup ¢gpetdsosonppund in
whi ch such a netal of Goup 4 is replaced wi th another netal of G oup 4 may
be included in the above exanpl es. Concre?éli y, when a specific exanple is a
Ti 5 conpound, the conpound wherein Ti is replaced wwth Zr or Hf can al so
be enunerated. Simlarly, in the case of a conpound of a netal of G oup 5,
t he conpound in which such a netal of Goup 5is replaced with another
metal of Group 5 may be included in 10 the above exanpl es. Concretely, when
a specific exanple 1is a V conmpound, the conpound wherein V is replaced
wth No or Ta can also be enunerated. Mreover, in the case of a conpound
of a nmetal of
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G oup 6, the compound in which such a netal of Goup 6 is 15 replaced with
another netal of Group 6 may be included in the above expapSisero6oncretely,
when a specific exanple is a C conpound, the conpound wherein Cr is
replaced with M or Wcan al so be enunerd@ved. Furthernore, in the case of
a conmpound of a netal of 20 Goup 11, the conpound in which such a netal

of Goup 11 is replaced with another netal of Goup 11 may be included in
t he above exanpl es. Concretely, when a specific exanple is a Cu conpound,

t he conpound wherein Cu is replaced with Ag or Au can al so be enunerat ed.

6 Decenber 2004 11& Transition al Conmpound ( The transptspn netal
conpound (M is g npound of a nsition e t cted fr oups 4, 5,
6 and 11 t he period i I s>represented) by 'he fielT owf ngiPr5

formula (V): M Ne..
neans that a N o
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coordi nate bond is fornmed, but a conpound having no coordinate bond is
also included in the present invention.) 15 In the aboy@ecahpataosV), M
has the sanme neaning as that of M in thﬁﬁfornula (c), and particularly
preferable is a titaniumatom a vanadium“atom a chrom umatomor a
copper atom D, Q S and T have the sane neani ngs respectively as 20 those
of Db Q S and Tin the formula (11). The mis an integer of 1 to 6,
preferably an integer of 1 to 4. Rl11 to R15 may be the sane or different,
and have the sanme neanings as those of Rl1 to R16 in the formula (I11). 6
Decenber 2004 118 Two or nore groups of Rl11 to R15, preferably the adjacent
groups thereof, may be bonded to each other to forman aliphatic ring, an
aromatic ring, or ydr ocar bon cont ai ni a hetero ym (e.g., a

nitrogen atom, W 5 rings ve a subs ent respe vely. When.m
is 2 or  greater, ¢ne group of “to R 5 conthined in arfy~gnhe- |igand may
be bonded to one gtnﬁm@ﬁhﬁq; to %ﬂﬁﬂﬂ%ﬂ'n '“yﬂMes i ——
{ N {
Ph Ph h
ipr  tBu tBu Ph Ph
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in anot her |igand, and Rlls, Rl12s, R13s, Rl4s or R 5s may be the sanme or
different. 10 The n is a nunber satisfying a val ence of g Mecergtitd 2090nCcretely
an integer of 0 to 5, preferably an integer of 1 to 4, nore preferably an
integer of 1 to 3. X has the sane neaning9% s that of X in the formula (c)
When n is 2 or greater, the plural groups indicated 15 by X may be the
sane or different, and the plural groups indicated by X may be bonded to
each other to forma ring. Anong the conpounds represented by the formul a
(V), the conpour jn which mig™, and one gr of R11 t®R15 contained

in any one |igand.i8 bonded one &g p of R' to R15 co ned in another
| i gand are represented, for exanp e, by the fol I'ftw ng for fila (V-a). 6 '
Decenmber 2004 11/§'-“"'-‘|'|((3‘w(ﬁe@))3 5 | pNt-heove for ladré/r ™ D Q
S and T have thg sa neanlngs res ctlvely as th 6 X h? D, Q S
and T in the fo a (V)_ R11 may be tpesg ﬁe d{fe¥ ent, and have
t he -
iPr tBu
A7 (0P N VClz Avor, - A (Bry
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10 sane neanings as those of R" to R6 in the fornula (I11). Two or nore of
R11 to R15 may be bonded to each other to forma ring.g Becdi®erbeod he sanme
as, or different fromD, and denotes a nitrogen atom or a phosphorus atom
15 Q may be the same as, or different fré¥ Q and denotes a nitrogen atom
(=N-) or a phosphorus atom (=P-), or a carbon atom substituted with a
substituent R13' (=C(R1")-) S may be the sane as, or different fromsS,
and 20 denotes a nitrogen atom (-N=) or a phosphorus atom (--P=), or a
carbon atom substituted with a substituent R14, (- C(R14')=) T may be the
sane as, or differept fromT, and denotes a nltrogen atom (=N-) or a
phosphorus atom(— et bstituted
with a substltuent e or

di fferent, and have
(I) 5 Two or nore

sBu iBu tBu




forma ring. Further, R' to R15 may be the sane as, or different fromRLl
to R15' respectively. Y denotes a bonding group or a sigpk&hiRdood N Whi ch
at | east one group selected fromRl1l to R15 is bonded to at 10 | east one
group selected fromRl1l" to R15 . Althougipthere is no specific
restriction on the bonding group, it desirably has a structure wherein the
mai n chain consists of 3 or nore atons, preferably 4 to 20 atons, nore
preferably 4 to 10 atons. The bonding group nmay have a 15 substituent. As
t he bondi ng group indicated by Y, there may be enunerated the sane groups
as indicated by, Y in the fornmula (l1V-b). Exanples of the transition netal

conpounds reented by forrrul \/) or ®) are given below. 20 6
Decenber 2004X24 F3C Si W : " Si Med Me3 a S ) 122 COOH
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t Bum~Il -ABU 2 Zr(CH2Ph)2 2 i Pr' -iPr 1VQ 6H43 CrCl(PMe3) 1! 2 tBu
tBu v ---tBu 6 Decenber 2004 6 Decenber 2004 123 OVe | Fphecember Phoa f COHL3
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126 Ti (CH,Ph)2 T (C2Ph)2 2 Y-N 2 1-111-1 N/TIC13 /ZrCd3 6 Decenber 2004
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129 In the case of a conpound of a netal of Goup 4, the conpound in which
such a metal of Goup 4 is replaced with another mnetalgphedipodys My be

i ncluded in the above: exanples. Concretely, when a specific exanple is a
Ti 5 conpound, the conpound wherein Ti ig406eplaced with Zr or Hf can al so
be enunerated Simlarly, in the case of a conpound of a netal of Goup 5,
the conmpound in which such a netal of Goup 5is replaced with another
metal of Group 5 may be included in 10 the above exanpl es. Concretely, when
a specific exanple 1is a V conmpound, the conpound wherein V is replaced
with Nbo or Ta can al so be enunerated. Mreover, in the case of a conpound
of a netal of Goup 6, the conmpound in which such a netal of Goup 6 is

15 replaced with another nmetal of G oup 6 nay be included in the above
exanpl es. Concretely, whepn a specific exanple is a C conpound, the

conpound wher ei IS [EFuaced W M or ! n al so enuner at ed.
¥ a conpaund of a1 of 2 oup 11, the
2

Furt-hernore, in case
t h anot her net al

I
conmpound i n whic uch a metal of Goup 11 isfreplaced
of Goup 11 may ‘§Br@l To Yol =N A NTaBrg N DNarine
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I n the above exanples. Concretely, when a specific exanple is a Cu
compound, the compound wherein Cu is replaced wth AQ @Defihifealo@ S0 be
enunerated. r e 6 Decenber 2004 130 Transition Metal Conpound (A6) The
transition nmetal conpound (A6) is a conpdlihd of a transition netal
selected fromGoups 3 to 11 of the periodic table which is represented by
the followwing 5 formula (M) : RR2Z RR1 R23'FR-... /IN---- R24 10
(wherein the dotted line (----) of NN---Mneans that a coordinate bond is
formed, but a compound having no coordinate bond is also included in the
present invention.) 15 In the above formula (VI), Mhas the sanme neaning

as
PR
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that of Min the fornmula (c'), and preferred is a transition netal atom
selected fromGoup 4, 5 6 and 11 of the periodic tab$®esateherasodi tani um
zirconium hafnium vanadium niobium tantalum chrom um nolybdenum 20
tungsten, copper and silver, and particuli@ggly preferred is titanium

vanadi um or chromum The mis an integer of 1 to 6, preferably an integer
of 1 to 4. 6 Decenber 2004 131 A has the sane neaning as that of Ain the
formula (I111) . R21 to R27 nay be the sane or different, and have the
sanme neani ngs as those of R21 to R28 in the fornmula (111). 5 Two or nore
groups of R21 to R27, preferably the adjacent groups thereof, nmay be bonded
to each other to forman aliphatic ring, an aromatic ring, or a

hydr ocar bon ri ng copt aining a hetero atom(e.g., a nitrogen atom, which

rings may have gtituent respeciipely. When mi or greater, one
caoptasned in @ and eb d to one group
i anot h i and R2 FgZS, R23s, R24s,

group of R21 t
1 ’
@A

of R21 to R27
R25s, R26s or




R27s may be the sane or different. The n is a nunber satisfying a val ence
of M and 15 concretely an integer of 0 to 5, preferablypagmpdreogs of 1
to 4, nore preferably an integer of 1 to 3. X has the sane neani ng as that
of Xinthe formula (c)'. Wien n is 2 ofogreater, the plural groups
indicated by X may be the sane or different, and the plural groups 20

i ndi cated by X may be bonded to each other to forma ring. Anobng the
conpounds represented by the fornmula (VI), the conpounds in which mis 2,
and one group of R21 to R27 contained in any one ligand is bonded one
group of R21 tg 6 Decenber 2004 132 R27 contained jn another |ligand are
represented, fpor i ’ 5...(Vl-a) In
t he above for 5 ani ngs
respectively ag n._&@ﬁﬁa7 may be
t he same or di\fy % 1 to R28

in the formul a (




Two or nore of R21 to R27 may be bonded to each other to 15 forma ring. A
may be the sane as, or different fromA, and denotes agppexassh28bopm (-0-),
a sulfur atom(-S-) or a seleniumatom (-Se-), or a nitrogen atom having a
bonding group R26' (-N (R26') - ) 20 RRI® to R27' mmy be the sanme or
different, and have the sane neanings as those of R to R6 in the formula
(E). Two or nore of R21° to R27' may be bonded to each other to form a
ring. Further, R21 to R27 nmay be the sanme as, or different fromRZl' to
R27, respectively. 6 Decenber 2004 133 Y denotes a bonding group or a
single bond, in which at |east one g{oup selected fromR21 to R27 is
bonded to at |east one group seleg fromR21'" to R Al t hough there is
no specific resty ion on the bondpng group, it 5 debly has a
structure wherei e main chain co 5ts of 3 or nope atons, preferably 4
to 20 atons, noré . Pl “Rg-grtqup may have a

substi tuent. H% di ng group N-n_@l?e ed by Y, ay lbe enuner at ed
t he same groups &é\ ated by %iQ/t e
Q Q tBu
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10 formula (1V-b). Exanples of the transition netal conpounds represented
by the formula (VI) or (VI-a) are given below. 1Tl C2f -g Decembdr<0J4 Cl 2
~Ti Me.2 /2 6 Decenber 2004 VBr 135 Owe 6 Decenber 2004 WBr2 136 | .TiBs2 6

Decenber 2004 137 c12 r0112(thf) 6 Decenpgr 2004 138
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W ,1 3 6 Decenber 2004 r' 6 Decenber 2004 139 140 Owve u c! O 6 Decenber
2004 6 Decenber 2004 141 =N Ph(PPh3) | - 11 -1 _ NiPh(Ptﬂ?gge3 c§§6&fber 2004
142 Further, in the above exanpl es, conpounds in which he transition
nmetal is replaced with anot her transitiogz'netal of the same G oup may be
enuner at ed. For exanple, when a specifit“exanple is a Ti conpound, the
conpound 5 wherein Ti is replaced wwth Zr or Hf can al so be

P , . Ph.
=N, = —Ne.,
N\, —CuCl NN ~=CuCl
N L /2 >0

tBu




enunerated. In processes of the invention, for the above transition netal
compound (Al), (A2), (A4) or (A5), a non- polar olefin gpdcgnpgbghs ol efin
are copolynerized in the 10 presence of a catalyst conprising these
transition nmetal conpounds and at | east e conmpound (B) selected fromthe
group consisting of (B-1) an organonetal I'i'c conpound, (B- 2) an'

or ganoal um num oxy-conpound and (B-3) an ionizing ionic conpound. 15
Further, in the processes of the invention, for the above transition netal
conmpound (AO), (A3) or (A6), it is one of the preferred enbodinents that a
non-pol ar olefin and a polar olefin are copolynerized in the presence of a
catal yst conprising these transitin netal conpounds and| 20 the conponent
(B). Next, each conpound as theiﬁpnponent (B%mjs descr

Organonetal I'i ¢ conmpfund Exanpl e§, of _the orga llic c
i ncl ude 25 organ Qt V1iGle co“_i~| Ekéontalﬁ
2, G 2and G

Decenber 2004 143 G o(p?
such :



as those described bel ow. (B-1a) O ganoal um num conpound represented by the
followng fornula: 5 RamAl (ORb) nHpXq wherein Ra and ROpiBy,.ie -bHe sanme or
different and-are: each-a hydrocarbon group of 1 to 15 carbon atom; 10,
preferably 1 to 4 carbon atons; X is a halogen atom and in, n, p and q
are nunbers satlsfyl ng the conditions ofllf<m S3, 0:n<3, O p<3., 0:5: <3
and mtn+p+q, = 3. (B-1b) Al kyl conplex conpound conprising a netal of G oup
1 and al um num and represented by the followi ng 15 forrmula: MAIRa4
wherein M is Li, Na or K; and Ra is a hydrocarbon group 20 of 1 to 15
car bon atons, eferably 1 car bo ons. (B-1gyxDi al kyl conpound
containing a of Go or Grou and reprted by the foll ow ng
formul a: RaRb 5 6 Dece 2004 144

/N._
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wherein Ra and Ro may be the sane or different and are each a hydrocarbon
group of 1 to 15 carbon atons, preferably 1 to 4 carboppatQnmer2808 M is
My, Zn or Cd. Exanpl es of the organoal um num conpounds (B-l1a) 5 1 nclude:
an organoal um num conpound represented by;§he following formula: Ra,A 1l
(OPM 3 -m 10 wherein Ra and Rb may be the sane or different and are each a
hydr ocarbon group of 1 to 15 carbon atons, preferably 1 to 4 carbon atons,
and mis preferably a nunber satisfying the condition of 1.5-m-S3; 15 an
or ganoal um num conpound represented by the follow ng fornula: RamAl X3-m 20
wherein Ra is a hydrocarbon group of 1 to 15 carbon atong, preferably 1 to
4 carbon atons, Is a halogerf atom and m is preferably a nunber
satisfying th ifion of ; Fumi num und represented
by the follow n rmul a: 25




6 Decenber 2004 145 RamAl H3-m wherein Ra is a hydrocarbon group of 1 to 15
carbon atoms, preferably 1 to 4 carbon atons, and mis giRighrgdbyof 5
nunber satisfying the condition of 2:nk3; and an organoal um num conpound
represented by the follow ng fornul a: 13 ganAl (ORb) nXg wherein Ra and Rb
may be the sane or different and are ea H%a hydr ocarbon group of 1 to 15
carbon atons, preferably 1 to 4 carbon atons, X is a halogen atom and m
15 n and q are nunbers satisfying the conditions of O<m3, 0 <.n<3, 0:qg<3
and mtn+q = 3. Particul ar exanpl es of the organoal um num conpounds (B-1a)
i nclude: tri-n-al kilariofi aaRs, cSuehcasrerided hyf anehdhupf @poup 4, the
triethylalumnum tri-n-butylalumnum tripropylal um num _
tripentylalun¢ﬁmﬁPuﬂ¢ihéxyhépbnﬁﬁGhlatmﬁéﬁﬁy@élﬁﬁ¢m®n4ahﬁ replaced with
tridecyl al um num branched-chain trial kyl al um nuns, such as

another metal of Group 4 may be included in the above

examples. Concretely, when a specific example is a Ti
5 compound, the compound wherein Ti is replaced éith Zr or
Hf can also be enumerated.
Similarly, in the case of a compound of a metal of
Group 5, the compound in which such a metal of Group 5 is
replaced with another metal of Group 5 may be included in
10 the above examples. Concretely, when a specific example
is a V compound, the compound wherein V is replaced with
Nb or Ta can alsoc be enumerated.
Moreover, 1n the case of a compound cf a metal of
Group 6, the compound in which such a metal of Group 6 is
15 replaced with anofher metal of Group 6 may be included in
the above examples. Concretely, when a specific example
is a Cr compound, the compound wherein Cr is replaced with
Mo or W can also be enumerated.
Furthermore, in the case of a compound of a metal of
20  Group 11, the compound in which such a metal of Group 11
is replaced with another metal of Group 11 may.be included
in the above examples. Concretely, when a specific
example 1is a Cu compound, the compound wherein Cu is

replaced with Ag or Au can also be enumerated.



triisopropylalurninum triisobutylalumnum 25 tri-sec-butylalum num
tri-tert-butylalumnum 6 Decenber 2004 146 tri-2- et hy piataphsd-vohnum
tri-3-nethylbutylalum num tri-2-nethyl pentylal um num
tri-3-nethylpentylalum num tri-4-nethyl §ntylaluninun1

tri-2-methyl hexyl al um num tri-3-nethy|ngylaluninun1and

tri-2-ethyl hexylalum num 5 tricycloal kyl al um nuns, such as
tricycl ohexyl al um num and tricyclooctylal um num .triarylalum nuns, such
as triphenyl al um and tritolylalumnu di al kyl al um num hydri des, such
as 10 di et hyl ak ey Phydetde af | al um num hydri de;

trial kenyl alum nuns, e.g., those represented by the fornmula (i-C4Hg) xAly
(C5H10) z (whereinT®e yramgitianemedeh aomposnti (&5 huhber ,cammbwd 2x§ , asuch
as isoprenyl al um num al kyl al um num al koxi des, such as 15 i sobutyl al um num
met hoxi de, i sbbaRgi bt oni RekRRet Boxedeedndronsebatpbakund nufm asdpidpoxti de;

di al'kyl al um num al koxi des, such as di net hyl al um num net hoxi de,

di et hyl al um ntheephoxpdécahdble which is represented by the following

5 formula (V):

. {V}
10
(wherein the dotted line (--—--) of N----M’ means that a
coordinate bond is formed, but a compound having no
coordinate bond is aiso included in the present
invention.)
15 In the above formula (V), M" has the same meaning as

that of M’ in the formula (c), and particularly preferable
is a titanium atom, a vanadium atom, a chromium atom or a
copper atom.

D, Q, S and T have the same meanings respectively as

20 those of D, Q, S and T in the formula (II).

The m is an integer of 1 to 6, preferably.an integer
of 1 to 4.

R to R' may be the same or different, and have the

same meanings as those of R'' to R!® in the formula (II).



di but yl al um num but oxi de; 20 al kyl al um num sesqui al koxi des, such as

et hyl al um num sesqui et hoxi de and butyl al um num  sesqui pgloxigenropartially
al koxyl at ed al kyl al um nuns, such as those having an average conposition
represented by 25 Ra2.5A1 (ORb) 0.5; 6 DEQ%nber 2004 147 di al kyl al um num
aryl oxi des, such as di et hyl al um num phenoXide,

di et hyl al um num( 2, 6-di -t - butyl - 4- et hyl phenoxi de), ethy

al um nunbi s(2, 6-di -t-butyl -4-nmet hyl phenoxi de) 5

di i sobutyl al um un( 2, 6-di -t-butyl -4--nethyl phenoxi de) and _

i sobut yl al um Ausbios( RoGedigroupgt Pt K m&%ﬁpheﬂéﬁf@éﬁ?lai ARy P&D aFEREM
hal i des, such as dinethyl al um num chl oride, diethylalum ntimchl ori de,

di but yl al uni ngmcetsisortinge eodi ettayl deukiandadbrenedeand "eF did Sebi y@al um num
chl oride; al kyl al um num sesqui hal i des, such as ethyl al um num

sesqui chl ori de,l ipiapial wiingumagesqaretlior ird@dan®r et iyldiagsran £ing

sesqui brom de,
containing a heteroc atom (e.g., a nitrogen atom), which
5 rings may have a substituent respectively. When m is 2 or
greater, one group of R to R™ contained in any one
ligand may be bonded to one group of R'' to R contained
in another ligand, and R's, R's, R's, R'’s or R's may be
the same or different.
10 The n is a number satisfying a valence of M‘, and
concretely an integer of 0 to 5, preferably an integer of
1 to 4, more preferably an integer of 1 to 3.
X has the same meaning as that of X in the formula
(c}. When n is 2 or greater, the plural groups indicated
15 by X may be the séme or different, and the plural groups
indicated by X may be bonded to each cother to form a ring.
Among the compounds represented by the formula (V),
the compounds in which m is 2, and one group of R to R'
contained in any one ligand is bonded one group of R'' to

20 RY contained in another ligand are represented, for

example, by the following forumula (V-a).



partially hal ogenated al kyl al um nuns, such as 15 et hyl al um num di chl ori de,
propyl al um num di chl ori de and butyl al um num di brom de; - ¢y 1 num
hydri des, such as 'diethylal um num hydride and di butyl a g%?%ﬁ%%%b%?:de;
partially hydrogenated al kyl al um nuns, e..qg,, 20 al kyl al um num di hydri des,
such as ethyl al um num di hydri de and pro&??aluninun1dihydride; and
partially al koxyl ated and hal ogenat ed al kyl al um nuns, such as

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

et hyl al um num et hoxybrom de. 6 Dece 004 148 Al so enpl oyabl e are

conpounds anal ogous to the organogtum nunXcompound -l a). For exanpl e,
t here can be nentioned o&gano | um Rum co

qg§f¥her in two or nore
- al um num conpounds ar hroughja-nitfogen atom 5 such as (C2H5)
2AIN (C2H5) Al (C2H5) 2 '

_ pags (B-1Db) include
Li Al (C2H5) 4 and Li Al (CYH15% 4p- er conpounfds, lal s¢ enpl oyabl e as the
organonetal | i ¢ conmpounds\ (B-=1) in

ude nethyl I ithiu
.. (V-a)

In the above formula (V-a), M", X, n, D, Q, S and T
have the same meanings respectively as those of M’, X, n,
D, Q, S and T in the formula (V).
R* to R!® may be the same or different, and have the
10 same meanings as those of R' to R in the formula (II).
Two or more of R to R® may be bonded te each cher to
form a ring.
D’ may be the same as, or different from D, and
denotes a nitrogen atom or a phosphorus atom.
15 Q' may be thé same as, or different from Q, and
denotes a nitrogen atom (=N-} or a phosphorus atom (=P-},
or a carbon atom substituted with a substituent R'?
(=C(R™")-).
S’ may be the same as, or different from S, and
20. denotes a nitrogen atom (-N=) or a phosphorus atom (~P=),
or a carbon atom substituted with a substitueﬁt R (-
C(R*)=).
T" may be the same as, or different from T, and

denotes a nitrogen atom (=N-) or a phosphorus atom {(=P-),



10 ethyllithium propyllithium butyllithium nethyl magnesi um brom de,

met hyl magnesi um chl ori de, ethyl nagnesi um brom de, ethy&FEg§ﬁ§£gﬁbghloride,
propyl magnesi um brom de, propyl magnesi um chl ori de, butyl magnesi um brom de,
but yl magnesi um chl ori de, 15 di net hyl magnesi um di et hyl magnesi um

di but yl magnesi um and but yl et hyl nagnesi u?® Conbi nati ons of conpounds
capabl e of producing the above-nentioned organoal um num conpounds in the
pol ynmeri zati on system e.g., 20 a conbination of hal ogenated al um num and
al kyll'ithiumand a conbination of hal ogenated al um num and al kyl nagnesi um
are al so enployabl earSbnt heonr ganstitat &d cwcolmpausass B: ddn< t RE

or ganoal um num conpounds are preferable. 6 Decenber 2004 149 The

or ganonet al | i ¢=CcorpOuAgs (B-1) nentioned above are used singly or in

conbi nation of two or nore kinds. (B-2) ' O anoal um ni umox --conpound 5
The or ganoal umi num RXY- EONRYUNEa( Bo@) chayshiee cprUpRténat, ahnai nexane or a

benzene-i hsol ubl e”
the same meanings as those of R' to R® in the formula (I).
5 Two or more of R™ to R™ may be bonded to each other to
form a ring. Further, RY to R'® may be the same as, or
different from R' to R'Y™ respectively.
Y denotes a bonding group or a single bond, in which
at least one group selected from R to R is bonded to at
10 least one group selected from R to R . Although there
is no specific restriction on the bonding group, it
desirably has a structure wherein the main chain consists
of 3 or more atoms, preferably 4 to 20 atoms, more
preferably 4 to 10 atoms. The bonding group may have a
15 substituenﬁ. As the bonding group.indicated by Y, there
may be enumerated the same groups as indicated by Y in the
formula (IV-b).

Examples of the transiticn metal compounds

represented by the formula (V) or (V-a) are given below.

20



or ganoal um num oxy- conpound such as exenplified in Japanese Patent

Lai d- Open Publication No. 78687/1990. The conventional alyiilnoxapg,can be
prepared by, for 10 exanple, the foll ow ng processes, and IS generally
obt ai ned as a hydrocarbon solvent solution. (1) An organoal um num conpound
such as trialkylalum numis added to a hydlocarbon nedi um suspension of a
conpound contai ni ng adsorption water or a 15 salt containing water of
crystallization, e.g., nmagnesium chloride hydrate, copper sulfate hydrate,
alumi num sulfate hydrate, nickel sulfate hydrate or cerous chloride
hydrate, to allow the organoalun1nun1conpound to react with the adsorption
wat er or the wat f cryst. ation. Water, ice wat er vapor is
allowed to direc act on g organoalunl conpound S
trial kyl al um num i tol uene, etYlyl ether or

t et rahydr of uran. | _Lg&egg_ 25

-~ |[\

| - |

FaCx ; CF3 F MeO

/N)Crol /N)orar )">)Cr0| )Crol(thf)
L

SiMeg SlMe3




medi um such as decane, benzene or toluene. The alum noxane may contain a
smal | anmobunt of an organonetal lic conmponent. Further, 6tmb§m££?§0@'e t hat
5 the solvent or the unreacted organoalun1nun1conpound is distilled off
fromthe recovered solution of alum noxane and the remainder is

redi ssolved in a solvent or suspended iniZ poor solvent for alum noxane.
Exanpl es of the organoal um num conpounds used for 10 preparing the

al um noxane i nclude the same organoal unm num conpounds as previously
described with respect to the organoal um num conpound (B-la) . O these,
preferable are trlalk | al um nuneand tricycl oal kyl al um nuns. Particularly
preferable is trigfre ql umppum L 15pfthe or ganoal um num conpounds are used
singly or in corbipatien of t Exanpl es of the solvents
used for preparing i rbons, such as

benzene, tol uene Nxygne hi@hat i ¢ hygrac rgons
such as pent ane, e, i@, dodecan % decane and
oct adecane; alicyc %ydrocar S t opent an Eohexane,

cycl ooctane and zch a& gasol i ne,

gngclope E/ne l%ctlons.

T|!CsH13
AN N7HCHP),

R S

tBu




kerosine and gas oil; and hal ogenated products of these 25 aromati c,
aliphatic and alicyclic hydrocarbons (e.g., 6 Decenber gﬁgéﬁ$§}nggorlnated
or brom nated products thereof). Also enployable are ethers such as et hyl
ether and tetrahydrofuran. O the solvenigﬁ particularly preferable are
aromati ¢ hydrocarbons and aliphatic hydro bons. 5 The benzene-insol ubl e
or ganoal um num oxy-conpound for use in the invention is preferably an

or ganoal um num oxy- conpound contai ni ng an Al conponent which is soluble in
benzene at 60 C, in an amount of usually not nore than 10 % preferably
not nore than 5 % partigged arly 10 preferably not nore than 2 % in terns

of Al atom That |s t e benzene-| nsol or ganoal ygi num oxy- conpound i S
preferably inso arlnglﬂ:;BIub

n benzen he or ganoal um num
oxy- conpound is r ganga unlnun& Hgont ai ni ng
boron and 15 rep sente by the fo Io%ﬂns fornul

& LR R21 AL--O'B
OA- R1\21  pee \ R
/ N AN ./// -

tBu
. | AN
=N
/N>)NbBr3 SRR NS
. - TaC 2 ¥ Ta
/ = 2 s / Fi
s {Bu & tBu
SiMEa,




20 (i) wherein R20 is a hydrocarbon group of 1 to 10 carbon atons; and
each R21 may be the sanme or different and is a hydrogeygpatoieraohdl 0gen
atom or a hydrocarbon group of 1 to 10 carbon atonms. 6 Decenber 2004 152
The organoal um num conpound contai ni ng borgn and represented by the
formula (i) can be prepared by allowng an al kyl boronic acid represented
by the followng formula (ii): 5 R20-B- (OH) 2 wherein R20 is the sane
group as described above, to react with an organoal um num conpound in an
i nert 10 solvent at a tenperature of -80 Cto roomtenperature for 1
mnute to 24 hours under an inert gas atnosphere. Exanples of the-

al kyl boronic acids represented by the fornula (ii) include nethyl boronic

acid, ethylboronic acid, isopropylboronic acid, n-propyl bononi g acid, n 15
but yl boroni ¢ acid, isobutyl boronic acid, n-hexyl boronic (/\w_j}\>
| . | — Brz..-N

' /N-"""Zr X
g \ # By

/N"----\f N /N-""':Tl N —
N\ N//,
/ N NN\ 7/ N
e -V




aci d, cycl ohexyl boroni c acid, phenyl boronic acid, 3,5-
dlfluorophenylboronlc aci d, pentafluorophenylboronlc acg peTalol

3, 5- bls(trlfluoronethyl)phenylboronlc acid. O these, pgg¥erar?g0%re

met hyl boroni ¢ acid, n-butyl boronic acid, %% i sobut yl boroni ¢ aci d,
3,5-dif|uorophenylboronic acid and penta‘Tuorophenbeoronic acid. These

al kyl boronic acids are used singly or in conbination of two or nore kinds.
Exanpl es of the organoal um num conpounds to be 25 reacted with the

al kyl boronic acid include the sane 6 Decenber 2004 153 organoal um num
conpounds as previously described with respect to the organoal um num
conpound (B—Ia & these,, preferable are trfalkylaluninuns and
trlcycloalkylal iunms. Particularly preferable are' 5 trinethylalum num
trlethylalunlnu and triis utylalunlnun1 hese organoa um num conpounds
are used S|ng conb of two_oF-: lnds 10al um num
oXxy--conmpounds ( ﬁtlo’ggégkggbe are US;E$E¢®55§ Ozgiiﬁggﬁkﬁ hon of

two or nore

ZI’M =]
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(B-3) lonizing ionic conpound The ionizing ionic conpound (B-3) includes a
conpound which reacts with the reaction product (Al) t hpn pair
a conmpound which reacts with the reaction product 15 (AgP%g%H%%?R?ﬁn ion
pair, a conmpound which reacts with the reaction product (A3) to form.an
ion pair, a conmpound which reacts with ti2nsition metal conpound (A4) to
form an ion pair, a conpound which reacts with transition netal conpound
(A5) to forman ion pair, and a conpound which 20 reacts with transition
metal compound (A6) to forman ion pair. Any conpound which forns an ion
pair by the contact wth at |east the reaction products and the transition
nmet al conpounds is enpl oyabl e as the conpound (B-3). Exanples of such
conmpounds includes Lewis acids, 25 ionic rpounds, borane conpounds and
car borane conpoun 6 Decenber. 2004 154 de i bed in Japanh

se Patent
Lai d- Open Publ i cdti ons No. $/1950/1989, 0. 502036/ 1989 ZrCHIPRS/ 1991,
No. -~ 179006/ 199 tTﬁgj-ﬁ(:;,’lZaO??O 198 caprhNo. DO EFGHIBIN ngl ». Patent No.
. : S
A

5,321,r06. A he e& pgly co 2and‘an |N gly conmpo nay al so be

enpl oyed.
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The Lewis acids are, for exanple, conmpounds represented by BR3 (R is
fluorine or a phenyl group which may have a substituen uori ne,
met hyl or trifluoronethyl) . Exanples of such conpoundirgﬁ%ﬁmgzo@%
trifluoroboron, triphenyl boron, tris(4-fluorophenyl)boron,
tris(3,5-difluorophenyl)boron, tris(4- flu@fonethyl phenyl)boron,
tris(pentafl uorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)boron and
tris(3,5- dinethyl phenyl) boron. 15 The ionic conpounds are, for exanple,
conpounds represented by the following fornula (iii): R24 R22R2s . BO
~R25 B26 ... (iii) 20 In the above fornula, R22 is H+, carboniumcation,
oxoni um cati on, ammoni um cation, phosphonium cation, cycloheptyltrienyl
cation, ferroceniumcation having a transition netal, or the like. 6

Decenber 2004 155 to R26 may. be the sane of different aqd are each
, , A NCrMe
/N>Cr01 )Q>Orbl )“> | A
2 2
BB b -
LN " SiMes ~




an organi c group, preferably an aryl group or a substituted aryl group.
Exanpl es of the carboniumcations include tfi 5 substi tﬁb%g? Bgps UM
cations, such as triphenyl carboniumcation, tri(nmethyl pheny 1.§car boni um
cation and tri (di methyl phenyl)carbonium cation.. Exanples of the anmoni um
cations include trialkylamoni um cations,128uch as tri met hyl ammoni um
cation, 10 triethylammonium cation, tripropylanmoni um cati on,

tributyl amonium cation and tri (n-butyl) anmonium cati on;

N, N-di al kyl ani l'i nium cations, such as N, N dinethylaniliniumcation,

N, N-di ethylaniliniumcation and N, N 2,4, 6-pentanethylaniliniumcation; and
di al kyl anmmoni um 15 cati ons, such as di (i sopropyl)anmoni um cation and

di cycl ohexyl ammoni um, cati on. Exampl es of the phosphoni um cations include
triaryl phosphoni umi ons, suc @ tri phenyl phdsphoni um / cati on

tri (met hyl phenyl ) phesphani um cathgn and 20 tri ofalei>
cati-on.” R22 is prefetabl'y carboni

n cati on or aymoni um ca

particul arly prefer Ceri phenyl ca ni um & e NR N th'i}T"éin t-id)j um
cation or N, N-di et 2l iniu o/
tBu Ph 5




6 Decenber 2004 156 Al so enployable as the ionic conpound is a trialkyl -
substituted ammonium salt, a N, N-di al kyl anilinium salt 6Be éﬁ‘xlﬁ%’rﬁ dyﬁmmni um
salt or a trlarylphosphonlun1salt Exarripl'es of the tria kyI -substituted
ammonium salts 5 include trlethylannnnluntetra(phenyl)boron

tri propyl anmoni unt et r a( phenyl )boron, tri ¢# butyl) anmoniuntetra (phenyl)
boron, trinmethylamoni untetra(p-tolyl)boron

trimet hyl anmoni untetra(o-tolyl)boron, tri(n 10

but yl ) anmoni unt et r a( pent af | uor ophenyl ) bor on,

tripropyl amoni unt et ref{®, ¢ga sk et hy | phegydndaorony detidn-of Group 4, the
but yl ) anmoni unt et ra( m m di net hyl phenyl ) boron, tri(n- butyl)

ammoni unt et r a¢Pmp s i fid uoK onet By | phenyd )boron,off rdfdup 4 is replaced with
butyl ) ammoni untetra(3, 5-ditrifluoronethyl phenyl)boron and 15 tri(n-butyl)

amoni : unt et r abet kot yhe bor 08f Exaup! esmof Bdheid: Mdakal kyl aenel dpbym sal ts

I ncloude N, N--di net hyl ani'l'i'hi unt €t ra(phenyl)boron, N, N-
di et hyl ani | i nénahet ea( phasndpdarion ambNaNsbebiGic example is a Ti

pentanethylanlIlnluntetra(phenyl) ‘boron. 20 Exanpl es of the dial kyl anmoni um
salts includec@hpdund, the compound wherein Ti is replaced with Zr or
HE can also be enumerated.
Similarly, in the case of a compound of a metal of
Group 5, the compound in which such a metal of Group 5 is
replaced with ancother metal of Group 5 may be included in
10 the above examples. Concretely, when a specific example
is a V compound, the compound wherein V is replaced with
Nb or Ta can also be enumerated.
Moreover, in the case of a compound of a metal of
Group 6, the compound in which such a metal of Group 6 is
15 replaced with anoﬁher metal of Group 6 may be included in
the above examples. Concretely, when a specific example
is a Cr compound, the compound wherein Cr is replaced with
Mo or W can also be enumerated.
Furthermore, in the case of a compound of a metal of
20 Group 11, the compound in which such a metal of Group 11
is replaced with ancother metal of Group 11 may-be included
in the above examples. Concretely, when a specific
example is a Cu compound, the compound wherein Cu is

replaced with Ag or Bu can also be enumerated.



propyl ) ammoni unt et r a( pent af | uor ophenyl ) boron and
di cycl ohexyl anmoni unt et r a( phenyl ) boron. Further enpl oyabhgcshdr BBo4 ONi €
conpounds are triphenyl carbeni untetraki s(pentafluorophenyl)borate, N N 25
di et hyl ani |'i ni unt et r aki s( pent af | uor ophenyl ) borate, 6 Decenber 2004 157
ferroceniumetra(pentafluorophenyl)boratel,30

tri phenyl car beni unpent aphenyl cycl opent adi enyl conpl ex,

N, N- di et hyl ani |'i ni unmpent aphenyl cycl opent adi enyl conpl ex and a boron
compourid' represented by the -fbrmiila ("iv) 5 10 wherein Et is an ethyl
group, or thelfangutactHiviietdd CekpBxanpl(dé)of the borane conpounds i ncl ude:
decaborane; salts of anions, such as 20 bis [tri (n-butyl) amonium
nonaborate, bis[tThéntbatyli}iammatal] denabondt €a6) bis[d radiipduiyIds a
anmoni unj undecabor at e,

transition metal selected from Groups 3 to 11 of the

periodic table which is represented by the following

5 formula (VI):

R22 R2!
R23 \[\(_
L Ty osMXn
< ) R4 A
m
R25 RZT
... (VI)
10
(wherein the dotted line (——--) of N----M means that a
coordinate bond is formed, but a compound having no
| coordinate bond is also included in the present
invention.)
15 In the above formula (VI), M has the same meaning as
that of M in the formula {(c’), and preferred is a

transition metal atom selected from Group 4, 5, 6 and 11
of the periodic table such as titanium, zirconium, hafnium,
vanadium, niobium, tantalum, chromiﬁm, molybdenum,

20  tungsten, copper and silver, and particularly preferred is
titanium, vanadium or chromium.

The m is an integer of 1 to 6, preferably an integer

of 1 to 4.



bi.s [tri (n-butyl) amoni un] dodecaborat e,

bi s[tri(n-butyl)ammoni un) decachl or odecaborate and 25 bi&pkidhbd-Rotit yl)

anmoni un] dodecachl or ododecaborate; and 6 Decenber 2004 158 salts of

nmetal i ¢ borane anions, such as tri(n-

but yl ) anmoni unbi s( dodecahydr i dododecabor at®d) cobaltate (I111) and

bi s[tri(n-butyl)ammonium bis- (dodecahydri dodddecaborat'e) nidkelate ('I11)
5 Exanpl es of the carborane conpounds include: salts of anions, such as

4- car banonaborane, 1, 3-di carbanonaborane, 6, 9-di carbadecabor ane,

dodecahydri do- | - phényks| tBedisearcharwendbgr asefhat of A in the formula

dodecahydri do-1 - net hyl -1, 3- di car banonabor ane, 10 .

undecahydri do-(I1I3-)di met hyl -1, 3- di car banonabor ane, 7, 8-di car baundecabor ane,

2, 7- di car baundecabor ane,

undecahydri do- 7, 8- & hetchyH* 7m8y dbe at bausstes abor@i®ferent, and have the

dodecahydri do- 11- et hyl - 2, 7-di car baundecaborane, -~~~ 7T

tri(n-butyl)aswmor urenricasbadecalbocatod, RS to R? in the formula (III).

tri(n-butyl)ammoni um| -carbaundecabor at e,

tri(n-butyd) amweniotmmoreaghatede oD@ bty R [ i fife Patk b)) AMPRAI A acent
| .-trinmethylsilyl-I|-carbadecaborate,

: groups thereof, may be bonded to each other to form an
aliphatic ring, an aromatic ring, or a hydrocarbon ring
containing a hetero atom {e.g., a nitrogen atom), which
rings may have a substituent respectively. When m is 2 or

10 greater, one group of R** to R?’ contained in any one
ligand may be bonded to one group of R** to R?? contained
in another ligand, and R21s, Rzzs, R23s, R”s, sts, R%®s or
R*’s may be the same or different.

The n is a number satisfying a valence of M, and

15 concretely an intéger of 0 to 5, preferably an integer of
1 to 4, more preferably an integer of 1 to 3.

X has the same meaning as that of X in the formula
(c)’. When n is 2 or greater, the plural groups indicated
by X may be the same or different, and the plural groups

20 indicated by X may be bonded to each other to form a ring.

Among the compounds represented by the fo;mula (V1) ,

the compounds in which m is 2, and one group of R¥ to R?’

contained in any one ligand is bonded one group of R% to



tri(n-butyl)ammoni unbrono-| - car badodecabor at e,
tri(n-butyl)ammoni um -6-carbadecaborate, 20 6 December 2004

tra. (n--butyl)anmmoni um 6- car badecabor at e,
tri(n-butyl)ammoni um 7- car baundecabor at e,

tri (n-butyl)amoni um 7, 8- di car baundecabor d82,
tri(n-butyl)amoni um 2, 9-di car baundecabor at e,

tri(n-butyl)amoni undodecahydri do-8-nethyl-.7,9- 25 di carbaundecaborate, 6
Decenber 2004 139 tri(n-butyl)anmmoni unundecahydri do-8-ethyl -7, 9-

di car baundecabdr acentaine@ininbatykheammgeuduadecabydssdar 8abutyl-7, 9

di car baundecaboxat 5 tri (n-butyl)amoni unundecahydri do-8-allyl-7,9-,

di car baundecabotatele, by the following formula (VI-a).

tri (n-butyl)ammoni unundecahydrido-9-trinmethylsilyl-7,8- dicarbaundecaborate
and tri(n-butyl)ammoni unundecahydri do- 4, 6-di bronp-7- 10 car baundecabor at e;
and 'salts of netallic carborane anions, such as tri (n-butyl) ammoni unbis-
(nonahydri do-1, 3-

5

- . (VI-a)

In the above formula (VI-a), A, M, X and n have the

10 same meanings respectively as those A, M, X and n in the
formula (VI).

R?' to R may be the same or different, and have the
same meanings as those of R to Rn in the formula (III).
Two or more of R*' to R?’ may be bonded to each other to

15 form a ring. |
A’ may be the same as, or different from A, and

denotes an oxygen atom (-0-), a sulfur atom (-S-) or a
selenium atom (~Se-), or a nitrogen atom having a bonding
group R®*®" (-N(R%®)-).

20 R*' to R¥ may be the same or different, and have the
same meanings as those of R* to R® in the formuﬁa (I). Two
or more of R*¥ to R’ may be bonded to each other to form
a ring. Further, R*' to R* may be the same as, or

different from R*Y to R?” respectively.



di car banonaborate)cobaltate(lll), tri (n-butyl) amoni unbis
(undecahydri do-7, 8 15 di carbaundecaborate)ferrate(ll1)6Degempei290ty| )
anmoni unbi s(undecahydri do-7, 8- di . carbaundecaborate)cobaltate(lll),
tri(n-butyl) ammoni unbi s(undecahydri do-7,183

di car baundecabor at e) ni ckel ate(111), 20 tri(n-butyl)

ammoni unbi s(undecahydri do-7, 8- di car baundecabor ate)cuprate(lll),
tri(n-butyl) amoni unbi s(undecahydri do-7, 8-

di car baundecabor at @) [ LI r (D y . . .
annpniunbis(nonahygn?ggeggg-éi%SPH§Fé7$§Qgé E} a single bond, in which
di car baundecahor e teCLlL) er 2004 .16Q.6ri(n-butyl)
annoniunbis(nggaﬁ%g%%déﬁg,gg&#he?ﬁgﬁggggv?rom RO PR ML BBH6AY o at

dicarbaundecaggggkg%ghrgggbg(gghéthghgagﬁdgfénép R?'. Although there

tri(n-butyl)afmorii unbi ‘bronooe -
dicaxbaundecaggoE%t%%'%ggaltate&ILI . 5 trig Fthi gn-but¥IL anmoni un] bis
(undecahydri do-7-'“carbaundécabsratré ¢RPoREL ERFI PPNALBPs BEPLPN- Bitt yI )
nmoni- i n rido-7-
a PH]Q§S(%eg§%gEX9 hgg a structure wherein the main chain consists
of 3 or more atoms, preferably 4 to 20 atoms, more
preferably 4 to 10 atoms. The bonding group may have a
substituent.ﬁ*ﬁé.the bonding group indicated by Y, there
may be enumerated the same groups as indicated by Y in the
10 formula (IV-b).
Examples of the transition metal compounds

represented by the formula (VI) or (VI-a) are given below.



car baundecabor at e) manganate(1V), bis[tri(n-butyl)

ammoni unj bi s(undecahydri do-7 10 car baundecabor at e) cobal ¢ Beeqmhar 2084

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

car baundecabor at e) ni ckel ate(1V). The hetenrgpoly conpound conprises an atom
of silicon, phosphorus, titanium germanium arsenic or tin and one or 15
nore atons sel ected from vanadi um ni obi um nol ybdenum and tungsten.
Exanpl es of such compounds include phosphovanadi ¢ aci d, gernanovanadic
acid, arsenovanadic acid, phosphoniobic acid, germnoni obic acid,
siliconol ybdi c acid, phosphonol ybdic acid, titanonolybdic 20 acid,

ger ranonol ybdi ¢ aci d, | ar senonol ybdi,c acijd, stannonvol ybdi ¢ aci d,

ger manot aungst dvang Ci0 Q dotupgst di i P5=Tigr,
ger manonol ybdotiungst ovafjadi i 5 Decei 2004
161 acid, phospRonol ' i

specifically, saltslof)thede acids,




wi-th netals of Goup 1 or 2 of the periodic table such $s | thiu sodi um
potassi um rubidium desium beryllium 5 magnesium ca Pﬁﬁﬁﬁx§gpg tium and
barium organic salts of the above acids such as triphenylethyl salt, and
i sopoly conpounds. These heteropoly conpounds and i sopoly conpounds nmay

be used singly or in conbination of two of3¥ore kinds. 10 The i oni zi ng

i oni ¢ conpounds (B-3) nentioned above may be used singly or in conbination
of two or nore kinds. (C) Carrier In the present invention, the

bel ow described carrier 15 (C) can optionally be used by supporting at

| east one conponent selected fromthe above-nentioned reaction products
(Al) to (A3) apd transiti conpounds \(AO and (A9) to (A6) (referred

to as "Conmponent A" | hereiynafter east ong conpound %el ected
from 20 the ¢rgan Clp Q he organoal YA y conpound
~[("¥fdrred to_as " Colipoune, B
r

(B-2) and the}ion w-0NITC COo A

herei nafter). \The carrlier (C) optional|y|lused in thée inVeiti an
i norgani ¢ or oygani onpgund i n\t he of/ granu

solid.i As the inor i ¢ cbrfpounds, p s 2




6 Decenber 2004 162 oxides, inorganic chlorides, clay, clay mnerals or
i on- exchange | ayered conpounds are preferable. Exanpl egPgeerabns 2664 ous
oxi des include Si02, A1203, MO ZzZrO T102r B203, CaO MO, BaO Th02, and
conpl ex 5 conpounds or m xtures containing these oxides,,such as natural

or synthetic zeolite, Si02-MjO Si O2-Al 2086 Si02- Ti 02, Si02-V205,

Si 02-Cr203 and Si 02-Ti @2-MgO. O these, preferable are conpounds contai ni ng
Si 02 and/ or Al1203 as the main conponent. 10 The inorgani c oxi des may
contain small amounts of carbonate, sulfate, nitrate and oxi de conponents,
such as Na2CO3, K2CO3, CaC03', MyCO3, Na2SO4, Al12(S04) 3,. BaSO4, KNO3r
My(NO3) 2, Al (NO3)3, Na20, K20 and Li20. Although the porous oxides differ
in their propentie 15 dependi ng uporlthe type and the prieparati on process
t hereof, the carrier sed i h the Nnventi has| a panticle

di anmeter of 10 to 30O @ ce area
of 50 to'1, 000 nRtgF Rrefi 3007 TR/ dare, ot of?0.3




100 to 1,000 C, preferably 150 to 700 C, prior to use. Exanples of the

i norgani ¢ chlorides enployable in the invention includebMg&Gnther OB 2, MhCl2
and MhBr2. The inorganic chloride may be used as it is, or nmay be used 25
after pulverized by, for exanple, a ball mll or an 6 Decenber 2004 163
oscillating mll. The inorganic chloride Hey also be used as fine '
particles of a obtained by dissolving the inorganic chloride in a solvent
such as al cohol and then precipitating using a precipitate. 5 The cl ay

enpl oyable as a carrier in the invention is generally conposed mainly of
clay mnerals. The ion- exchange | ayered-conpounds enpl oyable as a carrier
in the invention is conpounds having a crystal structure wherein planes
formed by ionic bonding or the like a | am nated 10 in parallel to one
another with a weak {bogd strength, and che ions contained therein are
exchangeable Most cTéyaqagnerals ,éghange | a onpounds.

The clay, the clay nerals and the | XChange | ayere MpouTi 4

enpl oyable in the |nv tion are not fled to natural 15 ngs but include
synthetlc ones. ;

o

&;}WC&, OY_..-wocr2 &)}wa@




Exanpl es of such clay, clay m nerals and ion-exchange |ayered conpounds
include clay, clay minerals and ion crystalline conpoua@scéalhirr2g04ayer ed
crystal structures such as hexagonal closest packing type, antinony type,
20 CdA 2 type and Cdl 2 type. Particul ar exanples of the clay and the clay
m nerals include kaolin, bentonite, kibustti clay, gairone clay,

al | ophane, hisingerite, pyrophyllite, mca, nontnorillonite, vermculite,
chlorite, palygorskite, 25 kaolinite, nacrite, dickite and hall oysite.
Particul ar 6 Decenber 2004 164 exanples of the ion-exchange |ayered
conpounds include crystalline acid salts of polyvalent nmetals, such as a Zr
(HAsO4) 2 H20,, a-Zr (HPO 2, a-4r (KPO4) 2, 3H20, a-Ti

(HAs04) 2 H20Q/ a--8ff*(HPOY) 2 - H2O, y-Zr. (HP04) 2, /Y-Ti
y-Ti (NHAPO4) H2 v, t/he cI m met-als an
| ayer ed conpounds ﬂe$e'ébe t hose~Hayi-agia pore| vol

on pores having a radids off not Illess tjham 20/A by al mercu y1%
nethodJ of not \| ess




10 than 0.1 cc/g, and are particularly preferably those having a pore
volume of 0.3 to 5 cc/g. The pore volune is neasured havi ng a
radius of 20 to 3x104 A by a mercury penetration nethggDhgﬁggggG%%rcury
porosineter. If a conpound having a pore %Blune, as neasured on 15 pores
having a radius of not |ess than 20 A of'3Pess than 0.1 cc/g is used as
the carrier, high polynerization activity tends to be hardly obtained. It
is also preferable that the clay and the clay mnerals to be used in the
invention are subjected to 20 chem cal treatnents. Any of surface
treatnments, for exanple, to renove inpurities attached to the surface and
to influence on the crystal structure of the clay, are enployable.
Exanpl es of such chemical treatnents include acid treatnent, alkali
treatnment, salt treatnent and 25 organi ¢ substance treatnment. The acid
treatnment can 6 Decenber 2004 165 contribute to not only renoving :
inpurities fromthe surface but also eluting cations such as Al, Fe and My
present in the crystal structure to increase the surface area 'The alkal
treatnment' can de,,fftoy crystal source '




5 of clay to bring about change in the structure of the clay. The salt
treatment and the organic substance treatment can prodggR... i 28¥/MP! €,
ionic conposites, nolecular conposites, or organic derivative to change
the surface area or the distance between |ayers. 10 The ion-exchange

| ayered conmpound for use in the inventioOmy be a | ayered conpound in

whi ch the exchangeabl e ions between | ayers have been exchanged with ot her
| arge and bul ky ions utilizing ion exchange properties to enlarge the

di stance between the layers. 15 The bulky ion plays a pillar-like roll to
support the layer structure and is generally called a "pillar".

I ntroduction of other substances between |ayers of a |ayered conpound is
called "inter i i he guest conpounds to be.intercal ated
i nclude cati
al koxi des, suych a
hydr-ocar bon ¢ '
[Al 1304 (OH)
Decenber 2004
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166 The conpounds nentioned above may be used singly or in conbination of
two or nore kinds. The intercal ation of the conpounds d out

f the presence of polyners obtai ned by hydronS|s of 5Wﬁ§?g?¢&§&b? oxi des
such as SI(OR)4, AI(OR)3 and G¢(OR)4 (R ? a hydrocarbon group or the
|ike) or in the presence of colloidal i&o gani ¢ conpounds such as Si 02.
Exanpl es of the pillars include oxides produced by intercalation of the
above-nmentioned netallic hydroxide ions between |layers, 10 foll owed by
dehydration under heating. The clay, clay mnerals and ion-exchange | ayered
conpounds nention may besusedlas th be uysed after

‘they are subjected to,a tyeat ment of he |ike.

Mor eover, they nm do-after fhey S: dsorption
or dehydratj o vhealing.” Theselsy wetady m nefal xcHarge

| ayer ed conpbunds naw be psed singl I nore

ki nds. O the& abo ntijoned net eri g sy pre and cl ay
m neral s, and*par ul arfy2 preferabl e i i

hectorite, tenorité and

o 1!.\
1




synthetic mca. The organic conpound is, for exanple, a granular or
particul ate solid conpound having a particle dianeter oé %ém%92684300 pm
Exanpl es of such conmpounds include 6 Decenber 2004 167 ymer s
produced using an a-olefin of 2 to 14 carphpn atons such as ethyl ene,
propyl ene, 1-butene or 4-nethyl-l- pentene as a main ingredient,
(co) pol yners produced using vinylcyclohexane or styrene as a main
ingredient, and 5 nodified products thereof. (D) Organic conpound conponent

In the polymerizati fs.th nt ow descrihed, specific
organi ¢ conpound cg%ggﬁent B)Q%% b%@e 5xamP|8%a|F9m8888 STHE HP@&ﬁlc

conpound conp n p IIy use ove polynerizability and
properties of%?%e%rggéﬁéiéagnéyyi T qﬁﬁﬁgsng tﬁ@ogPﬁénFEaE§ﬁﬁdﬁﬁds

i ncl ude al cohgl.g,1p Lic p nds carboxylic acids, 15 carboxylic acid
esters, phospho?ﬁ% %gﬂgghn %ﬁl 3#'6ﬁhF@§ &n “HQFEGéﬁQtedF%yd?%%@Pbéns As

t he alcohols t he . C Cco unds, those
%ﬂgn Q c1 ic exaggﬂe QS a Tg compound, the compound

5 wherein Ti is replaced with Zr or Hf can also Be
enumerated.

In processes of the invention, for the above
transition metal compound (A1), (A2), (A4) or (B5), a non—
polar olefin and a polar olefin are copolymerized in the

10 presence of a catalyst comprising these transition metal
compounds and at least one compound (B) selected from the
group consisting of (B-1) an organometallic compoﬁnd, {B-
2) an’ organocaluminum oxy-compound and (B-3) an ionizing

ionic compound.

15 Further, in the processes of the invention, for the
above transition metal compound (AO0), (A3) or (A6), it is
one of the preferred embodiments that a non-polar olefin t
and a polar olefin are copolymerized in the presence of a
catalyst comprising these transitin metal compounds and

20 the component (B).

Next, each compound as the compenent (B} is described.

{B-1) Organometallic compound

Examples of the organometallic compound (B~1) include

25 organometallic compounds containing metals of Group 1,



represented by R31--OH (R31 is a hydrocarbon group of to .50 carbon atons
or a hal ogenat ed hydrocarbon group of 1 to 20 50 car béﬁD%ﬁeB‘rh?VWe

general ly enpl oyed. Preferable alcohols are those wherein R31 is a

hal ogenat ed hydrocarbon group. Prefer abt® phenol i ¢ conmpounds are
preferably those wherein the a,a -positions to the hydroxyl group are
substituted with hydrocarbon groups of 25 1 to 20 carbon atons. 6 Decenber

2004 168 As b i i h : ted hy R32- R32
hydr ocar bon C’tgxtrbq(;‘1 pa%f %?ydtdopcgta%?%oéfog"lspgr%!rsse%(rﬂfstg“%h%e@%ﬁ&t‘:e&a &rfoc('?alrodblns :

group of 1t carbon at.qns referably a hal ogenated' hydrocarbon group
"of -11to 503%55%a0r onqoeac eclarbe Yheral |y enpl oyed. As the carboxylic acid

esters, al kyl or (Zgr_yl e%t ers f the carboxylic acids represented by
R32-COOH are  gener aldly i MUY POk el es gt drbokye i ¢ acid

esters having-:hal-ogenat-ed hydroecarbon groups -such--as 10 -n-butyl - -
perchl_orocrg%olgacfwelqhgn?%‘i 2% richl oroacetate for the purpose to inprove
pol ymer i gabi lity. As the phosphorus conpounds, phosphoric acids having

RapAL (ORP) nH X,

wherein R® and RP may be the same or different and are
each a hydrocarbon grouﬁ of 1 to 15 carbon atems,

1 preferably 1 to 4 carbon atoms; X is a halogen atom; and m,
n, p and q are numbers satisfying the conditions of O<m=3,
0=n<3, O§p<3, 0=£g<3 and min+p+qg, = 3. |

(B-1b) Alkyl complex compound comprising a metél of

Group 1 and aluminum and represented by the following

15 formula:
M2A1R2, ¢

wherein M? is Li, Na or K; and R? is a hydrocarbon group
20 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 and represented by the following formula:

RaRbM3

25



P-O-H bond, phosphates having P-OR bond or P=0O bond and phosphi ne oxide
conpounds are preferably enployed. 15 The sul fonates us ' hnvention
are those represented by the following fornula: 0 11 @Qﬁ#&%@?@fs 33 On
20 In the above fornmula, Mis an elenent jgf Goup 1 to Goup 14 of the
periodic table. R33 is hydrogen, a hydrocarbon group of 1 to 20 carbon
atons or a hal ogenat ed hydrocarbon group of 1 to 20 25 carbon atons. 6
Decenber 2004 169 X is a hydrogen atom a hal ogen atom a hydrocarbon
group of 1 towi2@reanbdh atdrR® orya bealtbgesaned olry dridcareon gnaupref 1 to 20
carbon atons. ifi is an integer of | to 7, and 1 5 As hal ogenat ed

hydr ocar bons, egbhos o pd mpaadbcar pooup tef rachd or b dez asen exesmps ) fi ed.

preferably 1 to 4 carbon atoms; and M3 is Mg, Zn or Cd.
' Examﬁiesrdf‘the organéalumindﬁ caﬁpoﬁnds (B¥1a5
5 include:
an organocaluminum compound represented by the

following formula:

R2, Al (ORP) 5_

10
wherein R2 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 m is preferably a
ﬁumber satisfying the condition of 1.5=m=3;

15 an organoaluminum compound represented by the

following formula:

RaAlX3-m

20 wherein R® 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;

an organcaluminum compound represented by the
foliowing formula:

25



O her transition netal conpounds In the polynerization of the present

I nvention, 10 transition netal conpounds other than th ] oned
transition nmetal conpound (AO and (A4) to (A6) can be%ﬁgge\é'%egg%éi

conbi nation. Exanples of the other transifgson netal conpounds include the
foll owi ng conpounds. 15 (a-1) Transition netal im de conpound represented
by the following formula: R31 R32 R33' N R34 MXq In the above formula, M
is atransition nmetal atomof Goup 8 to Goup 10 of the periodic table,
preferably nickel ReqgallHsadi um or platinum 6 Decenber 2004 170 R3' to R34
may be the sane or different and are each a hydrocarbon group of | to 50
carbon atons, a hal ogenated hydrocarbon group of 1 to 50 carbon atons, a
hydr ocar bon-

wherein R® is a hydrocarbon group of 1 to 15 carbon atoms,
‘preferably 1 to 4 carbon atoms, and m is preferably a
5 number satisfying the condition of 2=<m<3;
and
an organoaluminum compound represented by the
T following formula:

10 R2,AL {ORP) Xq
wherein R2® 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, X is a halogen atom, and m,

15 n and g are numbers satisfying the conditions of O0<m=3, O
=n<3, 0=g<3 and m+n+q = 3.

Particular examples of the organcaluminum compounds
{B—1la) include:
tri—n—alkylaluminums, such as trimethylaluminum,

20  triethylaluminum, tri-n-butylaluminum, tripropylaluminum,
tripentylaluminum, trihexylaluminum, trioctylaluminum and
tridecylaluminum;

branched-chain trialkylaluminums, such as
triisopropylaluminum, triisobutylaluminum,

25 tri-sec-butylaluminum, tri-tert-butylaluminum,



substituted silyl group, or a hydrocarbon group 5 substituted with a
substituent containing at |east one elenent selected fé@@&g&&&gg@p,

oxygen, phosphorus, sulfur and silicon. Two or nore of tThé groups
indicated by R31 to R34, preferably adjaggnt groups, may be bonded to each
other to 10-forma ring. qis an integer of 0 to 4. X is a hydrogen atom
a hal ogen atom a hydrocarbon group of 1 to 20 carbon atons, a hal ogenated
hydrocarbon group of 1 to 20 carbon atons, an oxygen-contai ning group, 15
a sul fur-cont akhrAgmgtbupbuaydklimdnuueont ainBAagegheiipuoylaluminum,

ni trogen-containing group. Wien q is 2 or greater, plural groups indicated
by X may be theisdneethydpéfheyéatun{acd) Trandimeohyirpéatyasideieampound
represented by the following fornula: 20 R ((En}Al MXp R' 6 Decenber
2004 171 tri-4-methylpentylaluminum, tri-2-methylhexylaluminum,

tri-3-methylhexylaluminum and'tri—Z—ethglhexyialﬁmiﬁuﬁ;
5 tricycloalkylaluminums, such as tricyclohexylaluminum
and tricyclooctylaluminum;

-triarylaluminums, such as triphenylaluminum and

o |r\\

B tritolylaluminum;
dialkylaluminum hydrides, such as
10 diethylaluminum hydride and diisobutylaluminum hydride;
trialkenylaluminums, e.g., those represented by the
formula (i-C4Hg),Bl,(CsHip). (wherein x, y and z are each a
positive number, and z22x), such as isoprenylaluminum;
alkylaluminum alkoxides, such as
15 isobutylaluminum méthoxide, isobutylaluminum ethoxide and
isobutylaluminum isopropoxide;
dialkylaluminum alkoxides, such as
dimethylaluminum methoxide, diethylaluminum ethoxide and
dibutylaluminum butoxide;
20 élkylaluminum sesquialkoxides, such as
ethylaluminum sesquiethoxide and butylaluminum.
sesquibutoxide;
partially alkoxylated alkylaluminums, such as those
having an average composition represented by

25 Rag_5Al(ORb)0,5F



In the above fornmula, Mis a transition netal atom of C?oupr to G oup g
of the periodic table, preferably titanium zirconium ha R an

R ' may be -tie sanme or different and are each 5 a h @t’ lxﬁgg%% a
hydrocarbon group of 1 to 50,carbon atongy a halogenated hydrocarbon gr oup
of 1 to 50 carbon atons, a hydrocarbon-substituted silyl group, or a
substituent having at | east one elenent selected from nitrogen, oxygen,
phosphorus, sulfur and silicon. 10 mis an integer of O or 2. nis an
integer of 1 to 5 Aiktk@nadtAmhah & PuPxildectp SnEMPad6 of the periodic
tabl e, specifically boron, carbon, nitrogen, oxygen, silicon, phosphorus,
sul fur, germaaiufhysaheniviin bhenekidd,the |ike, preferably carbon or
silicon. Wien nis 2 or greater, plural of A may be the sanme or different.

Eis a substiam@ﬁhﬁmaaumgnah be@SB10Bebﬁtfmemtme§ﬁ9§ﬁhgﬁoﬁ5883CafbO“
hydr ogen, oxygen, hal ogen, nitrogen, phosphorus, boron and

silicon. VWhenefhy$a2umiWom29sqh, E-amytbguthe- &aﬁﬁtﬁplﬂhéﬁs&gaé) or may be
bonded to each other to forma ring. p is an integer of
5 diisobutylalumium(2, 6-di-t-butyl- 4~methylphenoglde) and
isobutylaluminumbis (2, 6-di-t-butyl-4-methylphenoxide);

dialkylaluminum halides, such as

- xl\

dimethylaluminﬁm chloride, diethylaluminum chloride,
dibutylaluminum chloride, diethylaluminum bromide and
10 diiscbutylaluminum chloride;
alkylaluminum sesquihalides, such as ethylaluminum
sesquichloride, butylaluminum sesquichloride and
ethylaluminum sesquibromide,
partially halogenated alkylaluminums, such as
15 ethylaluminum dichloride, propylaluminum dichloride and
butylaluminum dibromide;
dialkylaluminum hydrides, sﬁch as
diethylaluminum hydride and dibutylaluminum hydride;
partially hydrogenated alkylaluminums, e.g.,
20 alkylaluminum dihydrides, such as ethylaluminum dihydride
and propylaluminum dihydride; and
partially alkoxylated and halogenated alkylaluminums,
such as ethylaluminum ethoxychloride, butylaluminum

butoxychloride and ethylaluminum ethoxybromide.



X is a hydrogen atom a halogen atom a hydrocarbon group of 1 to 20
carbon atons, a hal ogenated hydrocarbon 25 group of 1 ¢ Be ge%% ce§586)41 at ons,
an oxygen-containing group, 6 Decenber 2004 172 a sul f ur-Cont ai A ng group,
a silicon-containing group or a nitrogenig®ontaining group- Wen p is 2 or
greater, plural groups indicated by X may be the sane or different. X is
preferably a hal ogen atom a hydrocarbon group 5 of 1 to 20 carbon atons
or a sulfonato group. (a-3) Transition nmetal di phenoxy compound represented
by the follow ng fd¥ag &nqygd)el -are0cduiundgsA §mm lFgdits 1o tites above
formula, Mis a transition netal atomof Goup 3 to Goup 11 of the
peri odi ¢ tabl eerdarsgall ymiaren eawtp@amd ntieder) of ForoexbmpAeandhAraarmreasd a
hydr ocarbon group of 1 to 50 15 carbon atons, a hal ogenated hydrocarbon
group of 1 to Nt parddneagaons Lol murhycngoantbn Wreogp ortwo hat agenat ed
hydrocarbon group of 1 to 50 carbon atons each having a

. - Tdluminuim compounds are combined through a nltrogen atom,
5 such as (CgHs)ZAlN(Czﬂs)Al(C2H5)2-

Examples of the compounds (B-1lb) include LiAlL (C,Hs)4
and LiAl(CjHls)g

Other compounds, alsoc employable as the
organometallic compounds {B-1) include methyllithium,

10 ethyllithium, propyllithium, butyllithium,
methylmagnesium bromide, methylmagnesium chloride,
ethylmagnesium bromide, ethylmagnesium chloride,
propylmagnesium brdmide, propylmagnesium chloride,
butylmagnesium bromide, butylmagnesium chloride,

15 dimethylmagnesium, diethylmagnesium, dibutylmagnesium and
butylethylmagnesium.

Combinations of compounds capable of producing the §
above-mentioned organoaluminum compounds in the
pelymerization system, e.g.,

20 a combination of halogenated aluminum and alkyllithium and

a combination of halogenated aluminum and alkylmagnesium,

are also employable.
Of the organometallic compounds {(B-1), the

organcaluminum compounds are preferable.



substituent containing oxygen, sulfur or silicon; and A and A nay be the
sane or different. 20 B is a. hydrocarbon group of 0 tog pR-SALRGGoAL OB, a
hal ogenat ed hydrocarbon group of 1 to 50 carbon atons, a group represented
by RIR2Z, oxygen or sulfur. RL and R2 af®deach a hydrocarbon group of 1 to
20 carbon atoms or a hydrocarbon group of 1 to 20 carbon atons containing
at 6 Decenber 2004 173 | east one hetero atom and Z is a carbon atom a
nitrogen atom a.sulfur ato 0s con, at,om = p is a
nunber sati sfyl ng Tzn?/a?e E(’:reorg%tﬂp 8&%6{?} %o eﬁf at’j}[‘)efnlléarné1 og en Qtom a
hydr ocar-bon 0 20 carbhon at ons enat ed hyk
group of 1 to 5 %%?%oﬁla? HBOIah”o%VE%h”%%h?%r% % %r%ﬁdﬂo 10
sul fur-contai ning group, a silicon-containing group or

ni t rogen-containing group. Wien p is 2 or greater pIuraI groups X nmay be
the same or different or n he bonded t 10 each other to forma ring.
(a-'-4) Transition netal cefps -HHM, heT Bwi ng fornul a and

conprising a |ligand havin cI entadlen skele on_cont ai ni ng at | east
ongpheterg 9 The orggno ¥umggum oxy-cC mpound % —2) may be 9

ogarbon

conventional eluminoxane or a benzene-insoluble
organcaluminum oxy-compound such as exemplified in
%“? Japanese Patent Laid-Open Publication No. 78687/1990.

The conventional aluminoxane can be prepared by, for

10  example, the following processes, and is generally
obtained as a hydrocarbon solvent solution.

(1) An organocaluminum compound such as
trialkylaluminum is added to a hydrocarbon medium
euspension of a compound containing adsorption water or a

15 salt containing water of crystallization, e.g., magnesium
chloride hydrate, copper sulfate hydrate, aluminum sulfate
hydrate, nickel sulfate hydrate or cerous chloride hydrate, g
to allow the organoaluminum compound to react with the
adsorption water or the water of crystallization.

20 (2} Water, ice or water vapor is allowed to directly
act on an organoaluminum compound such as trialkylaluminum
in a medium such as benzene, toluene, ethyl ether or
tetrahydrofuran.

(3) An organotin oxide such as dimethyltin oxide or

25 dibutyltin oxide is allowed to react with an



atom 15 (I )a X "Xo ~X - (Ra X--?° (Ra (Ra Mc 20 In the above

formula, Mis atransition netal atomof Goup 3 to G e
periodic table. X is an atomof Goup 13, Goup 14 or G?g%8%¥§ggpb¥he
periodic table, and at |east one X is anléPenent other than carbon. 25 a
is O or 1. 174 6 Decenber 2004 Each R may be the sane or different and is a

hydrogen atom a hal ogen atom a hydrocarbon group, a hal ogenated

hydr ocar bon grou a. hydrocarbon-substituted sil oup.._or a_hydrocarbon
gr oup substit%f%%hoﬁ}?%lau@uBgTP?ﬁg ts%c%oﬁ?alﬁ%%%kgiar%%% YBne"ef enent

sel ected fromnitrogen oxygen ghogghorus, sugfrr and silicon. Two or
more of R meyCHeBontEd 20 2EERA"Gt hBF F8 FoP M 5T VRS

The aluminoxane may contain a small amount of an
organometallic component. Further, it is possible that
5 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

10 preparing the aluminoxane include the same organocaluminum
compounds as previously described with respect to the
organcaluminum compound (B-la). ©Of these, preferable are
trialkylaluminums and triecycloalkylaluminums.
Particularly preferable is trimethylaluminum.

15 ) The organoaluminum compounds are used singly or in
combination of two or more kinds.

Examples of the solvents used for preparing the
aluminoxane include aromatic hydrocarbons, such as benzene,
toluene, xylene, cumene and cymene; aliphatic hydrocarbons,

20 such as pentane, hexane, heptane, octane, decane, dodecane,
hexadecane and octadecane; alicyclic hydrocarppns, such as
cyclopentane, cyclohexane, cyclooctane and
methylcyclopentane; petroleum fractions, such as gasoline,
kerosine and gas o0il; and halogenated products of these

25 aromatic, aliphatic and alicyclic hydrocarbons (e.g.,



bis an integer of 1 to 4. When b is 2 or greater, groups [((R) a)5-X5] may
be the sane or different, and Rs 10 nay be bridged to @E@ﬁ: PHehog C IS a
nunber satisfying a valence of M Y is a hydrogen atom a halogen atom a
hydrocarbon group of 1 to 20 carbon atoiBl a hal ogenat ed hydrocarbon

group of 1 to 20 carbon atons, an oxygen-containing group, 15 a

sul fur-containing group, a silicon-containing group or a

ni trogen-containing group. Wen ¢ is 2 or greater, IU{aI roups i ndi cated
by Y may be tFHRIEMRIBEIIPEfRFFRLNALRY p?&éh%kﬁbﬁﬁﬂgﬂg o~ edtPOt her to form
aring. (a-5) Transition netal conpound represented by the 20 fornula
PB(Pz) 3MX, , . $TP1A¥EbBVRTEoPFIRES TR 25 tFEmel t3Oe e atomof Goup 3
to Goup 11 of the periodic table. Ris a hydrogen atom a hydrocarbon
group of 1 totobrakuepshvaddns Of HhaVgeidted MY GCEBY G ePiet o
20 25 carbon atons. 175 6 Decenber 2004 Pz is a pyrazolyl group or a
substitut ed p@,’:fgzgrgqnaté@:’ohﬁ't_irOCabens and aliphatic hydrocarbdrs.
5 The benzene-insoluble organocaluminum oxy—c:ompound' forxr
use in the invention is preferably an organcaluminum oxy-
compound containing an Al component which is soluble in
§~; benzene at 60 °C, in an amount of usually not more than
10 %, preferably not more than 5 %, particularly
10 preferxably not more than 2 %, in terms of Al atom. That
is, the benzene-inscluble organoaluminum oxy-—compound is
preferably insoluble or sparingly soluble in benzéne.
The organocaluminum oxy-compound is, for example, an

organcaluminum oxy-compcund containing boren and

15 represented by the following formula (i):

R21 R20 R21
Al—O——B——0—A| _
/ \ o (1)
R21 R21
20
wherein R20 is a hydrocarbon group of 1 to 10 carbon
atoms; and each R?l may be the same or different and is a

hydrogen atom, a halogen atom or a hydrocarbon group of 1

to 10 carbon atoms.



nis a nunber satisfying a valence of M X is a hydrogen atom a

hal ogenator, " a hydrocarbon 5 group of 1 to 20 carbon ahouk...2-h@4 0genat ed
hydrocarbon group of 1 to 20 carbon atons, an oxygen-containing group, a
sul fur-containing group, a silicon-contail®ng group or a

ni trogen-containing group. Wien n is 2 or greater, plural groups indicated
by X may be the same or different or may 10 be bonded to each other to form

i ng. -6) T jti t d ted.by th fol | ow
oor s, (30) TranL ] gn. Rkl SOMRRUAG,SBEAoEBAET, R4 e bR bt 10
d h I t G 15 of t 20 i odi ¢ tabl 2,1
and 2 cach, ap:eLamenL ol LoD 1001 119, 20 R ot b, oDy LS o

different, they are ch a hydrogen atom _a hal ogen atom a hydrocarbon
o o1 e B Be R on et A R e aRbtad Ry T Bear b CHE Bt T 2 o
20 carbon atons, an oxygen-containing group, a sulfur 6 Decenber 2004 176
cont-ai ni ng grd&b)or a silicon-containing group, and two or

5

R20-B- (OH) ; (i1)

"

- wherein R?% is the same group as described above,

Ay

to react with an organocaluminum compound in an inert

10  solvent at a temperature of -80 °C to room temperature for

1 minute to 24 hours under an inert gas atmosphere.
Examples of the alkylborcnic acids represented by the

formula (ii) include methylboronic acid, ethylboronic acid,

lsopropylboronic acid, n-propylboronic acid, n-

15 butylboronic acid, isobutylboronic acid, n-hexylboronic
acid, cyclohexylboronic acid, phenylboronic acid, 3,5-
difluorophenylboronic acid, pentafluorophenylboronic acid
and 3,5-bis(trifluoromethyl)phenylboxonic acid. Of these,
preferable are methylboronic acid, n-butylboronic acid,

20 isobutylboronic acid, 3,5~difluorophenylboronic acid and
pentaflucrophenylboronic acid.

These alkylboronic acids are used singly or in
combination of two or more kinds.
Examples of the organcaluminum compounds to be

25 reacted with the alkylboronic acid include the same



nore of them nmay be bonded to each other to form (a-7) Conpound corrpri si ng
a a ring. conpound represented by the foll ow ng forwl%%@%g% ition 5
8 to Goup 10 of the periodic table: R51 NNR52 N-P R53 netal at om of
Goup 10 In the above fornmula, R51 to R5453fmy be the sane or different,

they are each a hydrogen atom a hal ogen atom a hydrocarbon group of 1 to
20 carbon atons or a hal ogenated hydrocarbon group of 1 to 20 carbon
atoms, and two or ggre of them may be bonded to e other to forma 15

acC
ring. (a-8) TPRARRP HmﬁEP§|088HBBGH8 ?EpPE%Eh?Bﬁlbyg?ﬁﬁr?BeﬁuﬁlFH t he

above formula, Mis a transition nmetal atomof Goup 3.to Goup 11 of the
periodi c tabléesPeCt to the organoaluminum compound (B-la). O©f these,

preferable are trialkylaluminums and
“tricycloalkylalifmintums. Partitularly préferable are’
5 trimethylaluminum, triethylaluminum and
ftriiscbutylaluminum. These organcaluminum compounds are

used singly or in combination of two or more kinds.

AT

The organcaluminum oxy~-compounds (B-2) mentioned

above are used singly or in combination of two or more

10 kinds.

{B~3) Tonizing ionic compound

The ionizing ionic compound (B-3) includes a compound
which reacts with the reaction product (Al) to form an ion
pair, a compound which reacts with the reaction product

15 (A2) to form an ion pair, a compoﬁnd which reacts with the
reaction product (A3) to form an ion pair, a compound
which reacts with transition metal compound (A4) to form
an ion pair, a compound which reacts with transition metal
compound (A5} to form an ion pair, and a compound which

20 reacts with transition metal compound (A6) to form an-ion
pair. Any compound which forms an ion pair by the contact
with at least the reaction products and the transition
metal compounds is employable as the compound (B-3).

Examples of such compounds includes Lewls acids,

25 ionic compounds, borane compounds and carborane compounds



25 mis an integer of 0 to 3_ followng fornmula: 6 Decenber 2004 177 n is
an integer of 0 or 1. pis an integer of 1 to 3. gis gpa 2964 | sfying
a valence of M R61: to X68 may' be the same or different, they are each 5

a hydrogen atom a hal ogen atom a hydrodafbon group of 1 to 20 carbon
atons, a hal ogenated hydrocarbon group of .1 to 20 carbon atons, an
oxygen- cont ai ni ng group a sulfur- contai ning group, a silicon-containing

Bonded 1o eact SRR ERoLT Tar e fr 8 PaoBRE LR Ba TR, Fubli b BT ERINES Liom
a hydrocarbonSggggg{gé%gatO%B Sggéggzbe%QnE a f?&@@?{?§§9 throcarbon

group of 1 to ton?alnlng gro
S Ot o B8 B S ST T “%a&?céf“?%‘fm@/f%%@gd e cat ed

P.ynz:,( ey be the, SaMenS” L1LLeT Rk Ofa Mk o RS RN TSt phgT to forma

5 iscopoly compound may also be employed.
The Lewis acids are, for example, compounds

represented by BR3 (R is fluorine or a phenyl group which

S

may have a substituent such as fluorine, methyl or

il )

trifluoromethyl). Examples of such compounds include

10 trifluoroboron, triphenylboron, tris(4-fluorophenyl)boron,
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.

15 The ionic compounds are, for example, compounds

represented by the following formula (ii1):

24
R22R23 g;l_st
[
R oo (iid)
20 In the above formula, R22 is H¥, carbonium cation,

oxonium cation, ammonium cation, phosphonium cation,
cycloheptyltrienyl cation, ferrocenium cation having a

transition metal, or the like.



Y is a group to bridge a boratabenzene ring and is carbon, silicon or

germanium 20 Ais an elenent of Goup 14, Goup 15 or QHQﬁ%§29Q4 t he
periodic table. (a-9) Transition netal conpound other than the aforesaid
conmpound (a-4) and containing a |igand h&4 ng cycl opentadi enyl skeleton. 6
Decenber 2004 178 (a--10) Conpound contai ni ng nmagnesium titani um and

hal ogen as essential ingredients Copolynerization 5 In the process for
produci ng a polar qglefin pol ymer according to the present invention, a
non-pol ar ol efin dHd t& Bg%)d?a)blhéﬁ‘ ithearse Mo psl Pidherédt Rché 5 &3hlke of a
catal yst conprising the aforesaid conponents (A). and (B) Fig. 1 shows an
exanpl e of t R PRt | BP WP odeset dFak e arp B i PBY yiterd zat i on cat al yst
used in the present invention. Non-polar olefin neans the unsaturated

hydr ocar bon =@nststRERA odrehrdePuRt ons and hydrogen atoms only. Exanpl es

of the non polar olefins include a-olefins of 2 _ o
. Examples of the carbonium catiocns include tri-

5 substituted carbonium cations, such as triphenylcarbonium
cation, tri(methylphenyl)carbonium cation and
tri{dimethylphenyl)carbonium cation.

%f% Examples of the ammonium cations include
trialkylammonium cations, such as trimethylammonium cation,

10 triethylammonium cation, tripropylammonium cation,
tributylammonium cation and tri(n-butyl)ammonium cation:;

N, N-dialkylanilinium cations, such as N, N-
dimethylanilinium cation, N,N-diethylanilinium cation and
N,N-2,4, 6-pentamethylanilinium cation; and dialkylammonium

15 cations, such as di{isopropyl)ammonium cation and
dicyclohexylammonium cation.

Examples of the phosphonium cations include
triarylphosphonium cations, such as triphenylphosphonium
cation, tri(methylphenyl)phosphonium cation and

20 tri(dimethylphenyl)phosphonium cation.

R?2 is preferably carbonium cation or ammonium cation,
particularly preferably triphenylcarbonium cation, N, N-

dimethylanilinium cation or N,N-diethylanilinium cation.



15 to 20 carbon atoms- such as ethyl ene, propylene, 1-butene, 1-pentene,
3-net hyl -1--butene, 1-hexene, 4-nethyl-I|-pentene, 3-netDeterhbpand£ne,
1-octene, 1l-decene, 1-dodecene, 1- tetradecene, 1-hexadecene, 1-octadecene
and 1-eicocene; cycloolefins of 3 to 2018@rbon atoms such as cycl opent ene,
20 cycl ohept ene, norbornene, 5-nethyl-2-norbornene and tetracycl ododecene;
di enes or polyenes which are cyclic or chain conpounds having two or nore

doubl e bonds, and aV|n 0 Larhon at ons, prefer t 0. 20, car bon
atoms, such as but’adt eng" Jr%%%?]g tq}?etlh?ﬁl c\fp Cg a%ﬁé?"
ent adi ene, ent ent di en 1,4-h adlene
E 3- hexadi ene> 3? %lbﬁg%ﬁliﬂ%Oﬂﬁu ad?%% i gﬁég%gﬂlaﬂfbﬁ%”m aft]

1, 6- oct adi ene ct adi ene, yl i dene norb rnene, vjnyl norbornene

G oyl boent adtifLe y SHRP R %aﬁlge%al amﬂewfphosphomrx

4- et hyl i dene- 8- ne |-1,7-no0 ene a | - -1 -decatri ene;
aronatic vinyl ﬁ%ﬂ%ess% h rikﬁg ?ﬁhﬁﬁ %??r%ﬂﬁ?“lum sal€s

m net hyl st yrene - | styrene, di met h Ist rene, o-ethylstyrene, m
et hyl styrene Ja%l‘bd%t E’g’/%é‘f’i})’iﬁ%ﬂ‘o'&h‘&“g“?h’g’/‘? &%%/ BREXARECN OF 10 t hese,

preferable are a -olefins, and partlcularly
trlpropylammonlumtetra(phenyl boron, tri{n

butyl)ammoniumtetra (phenyl)boron,
?;f trimethylammoniumtetra{p-tolyl)boron,
trimethylammoniumtetra (o-tolyl)boron, tri(n-

10  butyl)ammoniumtetra{pentaflucrophenyl)boron,
tripropylammoniumtetra(o,p-dimethylphenyl)boron, tri(n-—
butyl)ammoniumtetra(m,mfdimethylphenyl)boron, tri{n-
butyl)ammoniumtetra (p-trifluoromethylphenyl)boron, tri(n-
butyl)ammoniumtetra(3,5mditrifluoromethylphenyl)boron and

15 tri(n-butyl)ammoniumtetra{o-tolyl)boron.

Examples of.the N,N—dialkylanilinium salts include
N,N~dimethylaniliniumtetra (phenyl)boron, N,N-
diethylaniliniumtetra (phenyl)boron and N,N-2,4, 6—
pentamethylaniliniumtetra (phenvl)boron.

20 Examples of the dialkylammonium salts include di{(1-
propyl) ammoniumtetra (pentafluorophenyl)boron and
dicyclohexylammoniumtetra (phenyl)boron.

Further employable as the ionic compounds are
triphenylcarbeniumtetrakis{pentafluorophenyl)borate, N,N-

25 dimethylaniliniumtetrakis(pentafluorophenyl)borate,



preferable is ethylene. The polar olefins of the present invention are
unsaturated hydrocarbons having polar groups. Exanples gphesans rbee! ude: 15
unsat urated carboxylic acids such as acrylic acid, 3-butenolc acid,

4- pent enoi ¢ acid, 5-hexenoic acid, 6- hedténoic acid, 7-octenoic acid,

8- nonenoi ¢ acid, 9- decenoic acid, 10-undecenoic acid, 11-dodecenoic acid,
12- tridecenoic acid, 13-tetradecenoic acid, 14-pentadecenoic 20 acid,

15- hexadecenoi ¢ aci d, . 16- hept adecenaoi c acid, 17- octadecenoic acid,

18- nonadecenof@raeraniygtereadeapratlaerarheny hbhereb2anoi ¢ acid,
21-docosenoi c acid, 22- tricosanoic acid, nethacrylic, acid,

2- et hyl - pent BRéPReN®EFarben2UAPRBEARPERY bty ehoPe bef denpl ocabmbetyl - 4- 25
pentenoi c acid, 3-vinyl-benzoic acid, 4-vinyl-benzoic acid, 6 Decenber 2004
180 2, 6- hept alli Bnéige M%32144nﬂ§65?65?Pbéﬁ2§FVG%@@?UEadb@ﬂYén@P@Pé€Kd,
allyl mal oni ¢ acid, 2-(10-undecenyl)malonic acid, fumaric acid, itaconic
aci d, bicycl oftd2aiposonhepipaerid- €gpBeggnted- i Bhangorviieégcldv) :- hept ene
5 2, 3-dicarboxylic acid,

5
CFs
® ©
FaE H(Etp_O)zB
CFs3
4 - (iv)
10
wherein Et is an ethyl group, or the formula (v):
CF3
® O
Na-B
15 ' . CFs /4 - (V)

Examples of the borane compounds include:
decaborane;
salts of anions, such as
20 bis{tri(n-butyl)ammonium]nonaborate,
bis[tri(n-butyl})ammonium]decaborate,
bis[tri{n-butyl)ammonium]undecaborate,
bis(tri(n-butyl)ammonium] dodecaborate,
bis[tri (n-butyl)ammonium]}decachlorodecaborate and

25 bis[tri(n-butyl}ammonium]dodecachlorododecaborate; and



nmetallic salts thereof such as sodiumsalt, potassiumsalt, lithiumsalt,

zinc salt, magnesiumsalt and calciumsalt, unsaturatagD@ammﬁxgbgﬁ esters

t hereof such as nmethyl 10 ester, ethyl ester, n-propyl ester, isopropyl

ester, n- butyl ester, isobutyl ester andsg5-norbornene-2-yl)ester (when

the unsaturated carboxylic acid is dicarboxylic acid, both nonoester and
diester may be included.), and unsaturated carboxylic acid am des thereof
such as 15 N, N-di net hyl am de émhen the unsaturated carboxylic acid is

di carboxyl i c acid, SBotR Rénd&kRde iangodrani deirag . beuchnebuded (pr

unsaturated carboxylic anhydrides such as naleic anhydride, itaconic

anhydri de, su@Hﬁﬂ%ﬁ%ﬂﬂ?@dNW@éﬁ(Q@dﬁ§@bwﬂéﬁ¢pd§@§@ﬁﬁpéaéﬁhydbadéﬁts

(2, 7-octadi ene-| - yl)succinic anhydride, tetrahydrophtalic anhydride and

bi cycl o 2. 2. 1]-8-Dheptdedkdsd tF-idincarsody kmmoadydbiige; vinyl esters such as

vinyl acetate, vinyl propionate, vinyl caproate, vinyl caprate, vinyl

| aurat e, vinyl{dESlestadaichtiglogtvdlenappir attel) higkedatet(ddé) .6 Decenmber 2004 181

5 Examples of the carborane compounds include:

salts of anions, such as 4—carbanonaborane,
1, 3-dicarbanonaborane, 6,9-dicarbadecaborane,
dodecahydrido-1-phenyl-~1, 3-dicarbanonaborane,
dodecahydrido-l-methyl-1, 3-dicarbanonaborane,

10 undecahydrido-1,3-dimethyl-1, 3—-dicarbanonaborane,
7,8-dicarbaundecaborane, 2,7-dicarbaundecaborane,
undecahydrido~7,8-dimethyl-7, 8-dicarbaundecaborane,
dodecahydrido-11l-methyl-2, 7-dicarbaundecaborane,
tri(n-butyl)ammonium-1l-carbadecaborate,

15  tri(n-butyl)ammonium-li-carbaundecaborate,
tri(n-butyl)fammonium-i1-carbadodecaborate,
tri{n-butyl)ammonium-l1-trimethylsilyl-l-carbadecaborate, ¢
tri(n-butyl)ammoniumbromo-l-carbadodecaborate,
tri(n-butyl)ammonium-é-carbadecaborate,

20 tri(n-butyl)ammoniun-6-carbadecaborate,
tri(n-butyl)ammonium-7-carbaundecaborate,
tri(n-butyl)ammonium-7,8-dicarbaundecaborate,
tri{n-butyl})ammonium-2, 9-dicarbaundecaborate,

tri{n-butyl)ammoniumdodecahydrido-8-methyl~7, 9-

25 dicarbaundecaborate,



hal ogenat ed ol efins such as vinyl chloride, vinyl fluoride, allyl brom de,
allyl chloride and allyl fluoride; silylated ol efins sgpRcerd@ser 2004
aTlyltrinmethylsilane, 5 diallyldinethylsilane, 3-butenyltrinethylsilane,
allyltriisopropylsilane and allyltriphenylssil ane; unsaturated nitriles such
as acrylonitrile, 2- cyanobicyclo[2.2.1]-5-heptene and 2, 3-

di cyanobi cycl o[ 2. 2. 1] - 5- heptene; 10 unsaturated al cohol conpounds such as
al Iyl al cohol, 3-butenol, 4-pentenol, 5-hexenol, 6-heptenol, 7-octenol,

8- nonenol , 9- 88&dRobPutyd) annepénrndecabydeéenob-ahbyd27, Pri decenol, and
unsaturated esters thereof such as acetate, benzoate, propionate,
caproate, capfacarbpapggcébandtes stearate; substituted phenols such as

vi nyl phenol and allyl phenol; unsaturated ethers such as nethyl vinyl

et her, et hyl vinyl(nebhéyl) amnpnpembydeeehedridbt-§Hbnbpyt7eher, 20

allyl butyl ether, allylnethallyl ether, methoxy styrene and ethoxy
styrene; unsatlératbduagexeiegatgch as but adi ene nonooxi de, T T

5 tri(n-butyl)ammoniumundecahydrido-8-allyl-7,9-,
dicarbaundecaborate,

tri(n-butyl)ammoniumundecahydrido-9-trimethylsilyl-7,8-

AN

dicarbaundecaborate and
tri{n-butyl)ammoniumundecahydrido-4, 6-dibromo-7-

10  carbaundecaborate; and

salts of metallic carborane anions, such as
tri(n-butyl)ammoniumbis (nonahydrido-1, 3~
dicarbanonaborate)cobaltate (III),
Eri(n—butyl)ammoniumbis(undecahydrido~7,8—

15 dicarbaundecaborate) ferrate(III),
tri (n-butyl)ammoniumbis (undecahydrido-7, 8~
dicarbaundecaborate)cobaltate(III}, i
tri(n-butyl)ammoniumbis (undecahydrido-7, 8~
dicarbaundecaborate)nickelate (I1I),

20 tri(n-butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate) cuprate (111},
tri(n-butyl)ammoniumbis (undecahydrido-~7, 8-
dicarbaundecaborate)aurate (II1),
tri(n-butyl)ammoniumbis (nonahydrido~7,8-dimethyl~7, 8~

25 dicarbaundecaborate) ferrate(III),



1, 2- epoxy-7-octene and 3-vinyl - 7- oxabi cycl o[ 4. 1. 0] hept ane, unsaturated

al dehydes such as acrol ein and undecenal and 25 unsat urg@pgesgbabs t her eof

such as di nethyl acetal and 6 Decenber 2004 182 diethyl acetal; unsaturated

ket ones such as nethyl vinyl ketone, ethyyinyl ketone, allylnethyl ketone,
allylethyl ketone, allylpropy-1 ketone'; allylbutyl ketone and al

-yl benzyl - 5 ketone and unsaturated acetals thereof such as dinethyl

acetal and diethyl acetal; unsaturated thioethers such as allyl nethyl

sul fide, 77 attyl{phenyyl sarfioieimial 4 {lorsdprdopydo-sl Fiddiene &l 34+ y8- pr opyl

sul fide and 4-pentenyl phenyl sulfide; unsaturated 10 sulfoxides such as
al 1yl phenyl sl £ oxbaien dendbansiat ustat@chisul Toines such as al | yl phenyl

sul fone; unsaturated phosphi nes such as allyl di phenyl phosphine; and

unsat ur at ed phosphiine: PXj sesosietb as ( a1yt chqdemH ydphdsphi e oxi de. 15

Further, unsaturated hydrocarbons having two or nore of the above

menti oned pol@cgriospsdatesenptoyadbeltate (111),

5 tris{tri(n-butyl)ammonium]bis (undecahydrido-T-
carbaundecaborate)chromate(IIl),
bis[tri(n-butyl)ammoniumlbis (undecahydrido-7-
carbaundecaborate}lmanganate (IV),
bis{tri{n-butyl)ammonium]bis (undecahydrido-7-

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

The heteropoly compouhd comprises an atom of silicon,
phosphorus, titanium, germanium, arsenic or tin and one or

15 more atoms selected from vanadium, niobium, molybdenum and
tungsten. Examples of such compounds include
phosphovanadic acid, germanovanadic acid, arsenovanadic :
acid, phosphoniobic acid, germanoniobic acid,
silicomolybdic acid, phosphomolybdic acid, titanomoclybdic

20 acid, germanomolybdic acid, arsenomolybdic acid,
stannomolybdic acid, phosphotungstic acid, germanotungstic
acid, stannotungstic acid, phgsphomolybdovanadic acid,
phosphotungstovanadic acid, germanotaungstovanadic acid,

phosphomol ybdotungstovanadic acid,

25 germanomolybdotungstovanadic acid, phosphomolybdotungstic



Exanpl es thereof include vinyl benzoic acid, nethylvinylbenzoate,

vi nyl benzyl acet ate, hydrexystyrene, 4-(3-butenyl oxy) nmeg bytert 2004 €,
allyltrifluoroacetate, o 20 chlorostyrene, p-chlorostyrene, divinyl benzene,
gl ycidyl acryl ate, allylglycidylether, (2

perfl uoropropyl)-2-propenyl et her, |inal ool oxide, 3-

al l yl oxy-1, 2- propanedi ol , 2-(allyloxy)ethanol, N allylnorpholine,
allylglycine, Nvinyl pyrrolidone, 6 Decenber 2004 183

al l'yltrichl oresiibanghoaphghbliyBabRYbdiikaneid, metallic salts of these

al Iyl di met hyl (di i sopropyl am no)silane, 7- octenyltrinmethoxysilane and

al 1yl oxytri meabybsi, | apecirakhyhgxyseipleny! takangcids, t Rgrpekampokefins, 5
unsat urated carboxylic derivatives (especially, acid anhydrides, esters
and ani des), hakegeeated eketirBspon oW nybestaesparecphef eared. shpnt e

pol ynmeri zation, the way of charging the conponent (A) into a

pol yneri zat i onit@ackor scusaae pbt8aehunl0ra8ABeRANt cethemf €8d1:091 RLACESS
and the order of feeding can be chosen as desired, but for reference, sone

exanpl es RrendiyyeRilgl OWaicium, strontium and barium, organic salts of

the above acids such as triphenylethyl salt, and isopoly

compounds .

A -

These heteropoly compounds and isopoly compounds may
be used singly or in combination of two or more kinds.
10 The ionizing ionic compounds (B-3) mentioned above

may be used singly or in combination of two or more kinds.

(C) Carrier

In the present invention, the below-described carrier
15 {C) can optionally be used by supporting at least one
component selected from the above-mentioned reaction
products (Al) to (A3) and transition metal compounds (A0) ¢
and (A4} to (A6} (referred to as “Component A”
nereinafter) and/or at least one compound selected from
20 the organometallic compound (B-1), the organocaluminum oxy-
compound (B-2) and the ionizing ionic compound (B-3)
(referred to as “Compound B” hereinafter).
The carrier (C) optionally used in the invention is
an inorganic or organic compound in the form of granular

25 or particulate solid. As the inorganic compounds, porous



(1) The component (A) and the conponent (B) are fed to the polynerization
reactor in an arbitrary order. 15 (2) A catal yst obtai ngeghBy iR euhpUSIy
contacting the conponent (A) with the conponent (B) is fed to the
pol ymeri zation reactor. (3) A catal yst cadsponent obtained by previously
contacting the conponent (A) with the conmponent (B), and 20 the conponent
(B) are fed to the polynerization reactor in an arbitrary order. In this
case, these conponents (B) may be the sane_or different. 184 6 Decenber
2004 (4) A caP¥P¢6e.cérpsAentcwrBlerhdehe €bAloneheY(ALNeralsupporred on
the carrier (C, and the conponent (B) are fed to the polynerization
reactor in anc&cbenesar yagedes. ceBpoangst argsprafierabhet he conponent (A) and
the 5 conponent (B) are supported on the carrier (C):is fed to the
pol ymeri zati on rea€kdlpPles) oA EhrcabPgspugonpbaent inhereéenSibe cdhpanent (A)
and the conponent (ZB) are supported on the carrier (C), and the conponent
(B) -are fed t#9neipblyFaPezaBr@n B eddCor Ba® ,afhérbi erdrgompdex. In this
case, these
5 compounds or mixtures containing these oxides, such as
natural or synthetic zeolite, Si0;-Mg0, Si0;-Al,03, Si0,-
TiOQ, SiOz—V205, SiOz"'CI‘zO;} and SiOz-TiOz-MgO. Of these,
T T preferable are compounds containing Si0O; and/or Al,03 as
the main component.
10 The inorganic oxides may contain small amounts of
carbonate, sulfate, nitrate and oxide components, such as
Na2C03, K2C03, CaCO3~, MgCO3, Nc':12804, Alz(304)3, BaSO4, KNO3,
Mg(NOg)z, Al(NO3)3, Nas0, K0 and Lis0.
Although the porous oxides differ in their properties
15 depending upon the type and the preparation process
thereof, the carrier preferably used in the invention has
a particle diameter of 10 to 300 pm, preferably 20 to 200
pm, a specific surface area of 50 to 1,000 m?/g,
preferably 100 to 700 m?/g, and a pore volume of 0.3 to
20 3.0 cmd3/g. If necessary, the carrier may be calcined at
100 to 1,000 °C, preferably 150 to 700 °C, prior to use.
Examples of the inorganic chlorides employable in the
invention include MgCl,, MgBr,, MnCl, and MnBr,. The

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

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



conponents (B) may be the sanme or different. (7) A catalyst conponent
wherein the conponent (B) is supported on the carrier §Qkeerdtndo2bhe
conponent (A) are fed to the polynerization reactor in an arbitrary order.
15 (8) A catal yst conponent wherein the défponent (B) is supported on the
carrier (C, the conponent (A), and the conponent (B) are fed to the

pol yneri zation reactor in an arbitrary order. In this case, these

t B he. di ff g 9),A t, wh '
her component TR L2 T atpbbt tod ‘IF CHE R Sk ohd Y Cormgormh e S ei n
th t ' ted th ' fed th
POl yrer | 2at i Of° r GABY P RLGLEarBr (7 algC oL BED  P6 BDLEeRbEH 20B8° 185 (10) A

t wh in th t (A i t ed t [ C
Component whet BPRCERES CONBBIGRL {85 F8LEEBpoFiel on EHEORANIPER (PP and
the conponent %§i8§ggﬁied to.the polynerization reactor in an 5 arbitrary

order- In thig* B2 UONPBnBnPECEBYIhaYt - be the same or different.

11) The onent_(A), . the copponent (B) and the
(11) gpnp Tée)clay empfgyabTe s)a carrier in the invention is

generally composed mainly of clay minerals. The ion-

exchange layered-compounds employable as a carrier in the

A1

= invention is compounds having a crystal structure wherein

planes formed by ionic bonding or the like are laminated

10 in parallel to one another with a weak bond strength, and
the ions contained therein 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

15 ones but include synthetic ones.

Examples of such clay, clay minerals and ion-exchange
layered compounds include clay, clay minerals and ion
crystalline compounds having layered crystal structures
such as hexagonal closest packing type, antimony type,

20 CdCl; type and CdI, type.

Particular examples of the clay and the clay minerals
include kaolin, bentonite, kibushi clay, gairome clay,
allophane, hisingerite, pyrophyllite, mica,
montmorillonite, vermiculite, chlorite, palygorskite,

25 kaolinite, nacrite, dickite and halloysite. Particular



or gani ¢ conpound conponent (D) are fed to the polynerization reactor in an
arbitrary order. 10 (12) A conponent obtained by previ o4iplyesiabagdi ng the
conponent (B) with the conponent (D), ang.,the conponent (A) are fed to the
pol ymeri zation reactor in an arbitrary order. (13) A conponent wherein the
conponent (B) and the 15 conponent (D) are supported on the carrier (Q),
and the conponent (A) are fed to the polynerization reactor in an
arbitrary ordennm il of alalivsl GRMReRRN 29Bk-alnedmByubHaYiioushie
contacting the conponent (A) with the conmponent (B), and 20 the conponent
(D) are fed I ri. i QA Vo 1 & Ltr.ar rder, 15) A
cat al yst con%%ﬁé%%lg‘cblt%ﬁg&%ﬁ;sagﬁglﬁg?l y Y cor?t gc?‘%galtsﬁegggnpoﬁer?% (A

with the cowsé%gé .i‘yy]ggﬁ_%(}rm@bgm?’ (B)z Apged he coppenentr( Pogng, fed

to the 6 Decenber ynmerizatfon reactor i'n an  arbitrary o dér. 1In
this case these gorponents | Bl, my e\ he 5aTe 08 b ar ent-16 kot ,
cat al yst conponent o tégizne y prev(i ou IB§ 22y r% e tY ' 1) 2
5 and 'Y—Tl (NH4PO4) 2 - HpO,
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

A1

than 20 A by a mercury penetration method, of not less
10 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 3x104 A by
a mercury penetration method using a mercury porosimeter.
If a compound having a pore volume, as measured on
15 pores having a radius of not less than 20 A, of less than
0.1 cc/g is used as the carrier, high polymerization
activity tends to be hardly obtained.
It is also preferable that the clay and the clay
minerals to be used in the invention are subjected to
20 chemical treatments. Any of surface treatments, for
example, to remove impurities attached to the surface and
to influence on the crystal structure of the clay, are
employable. Examples of such chemical treatments include
acid treatment, alkali treatment, salt treatment and

25 organic substance treatment. The acid treatment can



contacting the conponent (A) with the conponent (B), and a 5 conponent
obt ai ned by previously contacting the conponent (B) vm'g;begéﬁ%eq,g@@ﬁnent (D)
are fed to the polynerization reactor in an arbitrary order. In this case,
these conponents (B) may be the sanme orlgfifferent. (17) A conponent
wherein the conponent (A) is 10 supported on the carrier (C), the conponent
(B) and the conponent (D) are fed to the polynerization reactor in an
arbitrary order. (18) A conponent wherein the conponent (A) is supported
on the carri TG ibuRl & dotfpotehit THIAT s BPUITE i VisisI § ¢ ont act i ng
t he conponent (B) with the conponent (D) are fed to the polynerization
reactor in arf@rbHiEe Yyt drerel i)y Aakiey studbriforfeht Thtaithedo by
previously contacting the conponent (A), the conponent (B) and the 20
conponent ( D)P¥&3¢nbnen aitd herys ke hns Bttt e yEoridegreasq ddhg csypkace
pol yneri zation reactor. (20) A catalyst conponent obtained by previously
contacting t her€dnpdiienti kALl ttheadomidnas BStasy e stedmedmaitym® with
one anot her, and the conponent (B) are 6 Decenber 2004
5 of clay to bring about change in the structure of the clay.

The salt treatment and the organic substance treatment can

produce, for example, ionic composites, molecular

Ak,

composites, or organic derivative to change the surface
area or the distance between layers.

10 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
other large and bulky ions utilizing ion exchange
broperties to enlarge the distance between the layers.

15 The bulky ion plays a pillar-like roll to support the
layer structure and is generally called a "pillar".
Introduction of other substances between layers of a
layered compound is called "intercalation". Examples of
the guest compounds to be intercalated include cationic

20 inorganic compounds, such as TiCly; and ZrCl,; metallic
alkoxides, such as Ti{OR}4, Zr{(OR})4, PO(CR}3 and B{OR}3 (R
is a hydrocarbon group or the like}; and metallic
hydroxide ions, such as [Al1304(0H)24)7%, [Zrs(OH):4]1%* and

[Fe;0 (OCOCH3) g] *.



187 fed to the polynerization reactor in an arbitrary order. In this case,
these conponents (B) may be the same or different- (21)gHe&itRk¥8d4 Wherein
t he conponent (A), the 5 conmponent (B) and the conponent (D) are supported
on the carrier (C) is fed to the polyneﬂﬁéation reactor. (22) A catalyst
conponent wherein the conponent (A), the conponent (B) and the conponent
(D) are supported on the carrier (C, and the conponent (B) are fed to the

e suppor carrier ( conpone!
10 ol yrer i zal i on kRackanobNaa0 ALRLILALY SLISL il 40V . £858 0L 0ESS,

conponents (B) ma e same”or eren
prepol yneri zed_onto, a sol.id catal yst conponent wherein the conponent (A)
1 224 % ﬁyg $gesﬁb%%

and, if necessarﬁ?mFﬁg cgﬁpgne (%f 4 Fted on the carrier (©O. 15
| i qui d phase

The pol yneri zati on

ymert ﬁﬁgniggﬁﬁg%giﬁﬁg Qut b?,’. oo Al oumd rried out
pol yneri zation such"&s BBI?ﬁe ??a PO B3 d¥Pendt ot
Py ocar bon el ShFof FaSBRER PResoUNFF SPHLPHATE Bol JREF? SaE Bnofnc ude
213![ gﬂgf Ic hiydracarhons ,,5uch a3 Rfopane. jbugane, Zplep(gR%nf’anQief)&%n(eOR)r];ep(tRane’
is a hydrocarbon group or the like) or in the presence of
colloidal inorganic compounds such as $i0;. Examples of
;Q? the pillars include oxides produced by intercalation of
the above-mentioned metallic hydroxide ions between layers,
10 followed by dehydration under heating.

The clay, clay minerals and lon-exchange layered
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

15 after they are subjected to water adsorption or
dehydration under heating. The clay, clay minerals and
ion-exchange layered compounds may be used singly or in
combination of two or more kinds.

Of the above-mentioned materials, preferable are clay

20  and clay minerals, and ﬁarticularly preferable are
montmorillonite, vermiculite, hectorite, tencorite and
synthetic nica.

The organic compound is, for example, a granular or

particulate solid compound having a particle diameter of

25 10 to 300 pm. Examples of such compounds include



decane, dodecane and kerosine; alicyclic hydrocarbons such as
cycl opent ane, cycl ohexane and net hyl cycl opent ane; ar onsg pecdiyists 0664 bons
such as benzene, toluene and xyl ene; 6 Decenber 2004 188 hal ogenat ed
hydr ocar bons such as ethyl ene chloride, 1Kl orobenzene and di chl oronet hane;
and m xtures of these hydrocarbons. A non-polar olefin or a polar olefin
Itself can be used as the solvent.. 5 In the copolinerization of a non- pol ar
olefin and a gol ol efin_using the ol efln riz %ngn catal st_as
ment i oned aboV ?ﬂ%y%%ﬁ%oﬁéﬂ?“?%$ Hﬁ§n%eaﬁs éﬂ °Lnputt bf EEPPy
10-12 to 10-2_ppl greferabl h g to based on é |t of the
reaction vol UfE " Tn tHe 10 praé ﬁPerneéﬁ?Y ﬁneEV% Y5 he % is
used in a relat vely_ low concentrati,on, an olefin can be nerlzed with
2 b gh pol yneP EDEFREYeHCE ORED. RS dBiponehte! %Offymm PSR heshgh an
amount that the gg]aﬁ_ﬁat o of thg onent to the 15 tran5|t|on
metal at om (MOPYMYCSTRIERE Eopon&XF S A) 27 (B- ﬁ}?l ERFBRANEYY - D rres
usual I'y 0501 to 19 QO refera I¥ 9 05 to 50, 000.

mdd1 1ié eof.

pkoducts t

(D) Organic compound component

- In the polymerization of the invention, the below-—

Al

described specific organic compound component (D) may be
10  optionally used.

The organic compound component (D} is optionally used
to improve polymerizability and properties of the
resulting polymer. Examples of the organic compounds
include alcohols, phenolic compounds, carboxylic acids,

15 carboxylic acid esters, phosphorus compounds, sulfonates
and halogenated hydroéarbons.

As the alcohols and the phencolic compounds, those
represented by R31-OH (R3! is a hydrocarbon group of 1 to
50 carbon atoms or a halogenated hydrocarbon group of 1 to

20 50 carbon atoms) are generally employed. Preferable
alcohols are those wherein R3! is a halogenated
hydrocarbon group. Preferable phenolic compounds are
preferably those wherein the o,a'-positions to the
hydroxyl group are substituted with hydrocarbon groups of

25 1 to 20 carbon atoms.



The conponent (B-2) may be used in such an anmount that the nolar ratio of
the alum numatomin the conponent 20 (B-2) to the tragnpetdntrnodal atom
(Mor M) in the conmponent (A) ((B-2)/(Mor M)) becones usually 10 to
500, 000, preferably 20 to 100, 000. The é&fponent (B-3) may be used in such
an amount that the nolar ratio of the conponent (B-3) to the 6 Decenber
2004 189 transition netal atom(Mor M) in the conponent (A ((B 3)/(Mor

used, when the cofborent St B bt SR ot (I SNl an Amount
0.1 to5: wheRORh6REbbE B AL e eotpanen Ta-3) S e an amount
0,005 10 1 GRd= BRGAJEAST EONBURERTS ()| &0 Corparent (B3P T Sich 4n
or et orably OPTSE78D I ner B EoRB=5EBL TEFRLET CHLBR oa ehchampunt. of
the non- pol Al e 1 ane) D3P YLt 218 Bnpiggekn the
As the carboxylic acid esters, alkyl or aryl esters
of the carboxylic acids represented by R32-COCH are
= generally employed. Of these, desirable are carboxylic
acid esters having halogenated hydrocarbon groups such as
10 n-butyl perchlorocrotonate and ethyl trichloroacetate for
the purpose to improve polymerizability.
As the phosphorus compounds, phosphoric acids having
P-O-H bond, phosphates having P-OR bond or P=0 bond and
ﬁhosphine oxide compounds are preferably employed.

15 The sulfonates used in the invention are those

represented by the following fprmula:

20
In the above formula, M is an element of Qroup 1 to
Group 14 of the periodic table.
R33 is hydrogen, a hydrocarbon group of 1 to 20
carbon atoms or a halogenated hydrocarbon group of 1 to 20

25 carbon atoms.



pol ymeri zation, and each proper anopunt is determ ned 15 according to the
kind. of olefin to be used and copolynerization ratio o tH8F9 ymer to
be obtained. In using the polynerization catalyst as nentioned above, the
pol yneri zation tenperature may be in the gange of usually -50 to 200 C,
preferably 0 to 170 C. The 20 polynerization pressure may be in the range
of usually atnospheric pressure to 100 kg/cnR, preferably-atnospheric
pressure to 50 kg/cn2. The pol ynerization reaction can also be carried out
by any of batchw s¥, iseni hydmbopronoasomand baheffAaboasopr ogebydsoCcBumer t he
pol ynmeri zation can 190 6 Decenber 2004 be conducted in two or nore stages
under diff er egtroupeadt ilomoc@ddiceirbrs. aThasnmolkeguhatogenghed ofiyd hecaebaht i ng
pol ar ol efin copolynmer can be regulated by allowi ng hydrogen to be 5
present in therpopyngrilzab @® spsbem atomg.changi ng the pol ynerization
tenperature. The nol ecul ar wei ght can al so be regul ated by changing the
type of the conponentis(Bh ifltegpdal af al ebifi,capdl yi=af the present
i nvention, as conpared with conventional olefin polynmers, has

: 5 As halogenated hydrocarbons, chloroform and carbon

tetrachloride are exemplified.

Other transition metal compounds

In the polymerization of the present invention,

10 transition metal compounds other than the above mentioned
transition metal compound (A0) and (A4) to {A6) can be
used in combination.

Examples of the other transition metal compounds
include the following compounds.

i5 (a-1) Transition metal imide compound represented by

the following formula:

R31 i
I
32
RN
MXq
2
20 R

In the above formula, M is a transition metal atom of
Group 8 to Group 10 of the periodic table, preferably

nickel, palladium or platinum.



10 excel l ent adhesion properties, coating properties, conpatibility,
hydrophilic properties, oil resistance and the like, sogphatntd26@n be used
in such application fields that those characteristics are used
effectively. Further, the polar ol efin gopolyner of the present 15
invention can also be used as nodifiers by mxing wwth other polynmers such
as pol yet hyl ene, pol ypropylene and the |ike. According to the present
invention, a polar olefin copolyner can be produced by copolyner|2|ng a
non-pol ar "20 ol efRi3h andR¥ pelyabeoltbki mawet hradhi §hrpot yard i ¥eg i 9pch a
activity. Exanples The present inventionis further described with 25.
reference t o Hyhirdeal dowi rg-exany ds,tobtd icarskoukdols, 6aDbeénbenazeed 191
construed that the invention is in no way limted to those exanples. The
structures ofhyidecompaungsowubta dedo B0 karbeynehesiss exaypires awnos -
determ ned by 270 M+ 2--1H R 5 (Japan El ectron Optics Laboratory GSH- 270
Model ), FT-I Rubstituted silyl group, or a hydrocarbon group

5 substituted with a substituent containing at least one
element selected from nitrogen, oxygen, phosphorus, sulfur

and silicon.

MU
]

Two or more of the groups indicated by R3l to R34,

preferably adjacent groups, may be bonded to each other to
10 form a ring.

g is an integer of 0 to 4.

X is a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to 20 carbon atoms, a halogenated hydrocarbon
éroup of 1 to 20 carbon atoms, an oxygen-containing group,

15 a sulfur-containing group, a silicon-containing group or a
nitrogen-containing group. When g is 2 or greater, plural
groups indicated by X may be the same or different.

(a-2) Transition metal amide compound represented by

the following formula:

20 Rf
|
N
(EmA) 7 >

l
Rn



(SH MADZU FTI R-8200D Mbdel ), FD-mass spectronmetry (Japan . Electron Optics
Laboratory SX-102A Mdel), netal content analysis (analypkgnber &y met hod
after dry ashing and dissolution in dilute nitric acid, device: SH MADZU

I CPS 10 , 8000 Mvbdel ), and el enental analysis for carbon, hydrogen and
nitrogen (Hel aus CHNO Mbdel ). The intrinsic viscosity (11) was neasured in
decalin at 135 C. 15- Synthesis' Exanple | Synthesis of |igand precursor
(L1) To a 100-nl reactor thoroughly purged with nitrogen, 40 m of

ethanol, 0.71 g (fn62hMbbvf AtdilAe 8nds’ 4. 8bangi{{oh8netml )@fom of
3-t-butyl salicyl al dehyde were introduced 20 and continuously stirred at

room t enper aiyr e f of 24 NS 6 T tirRaghkirabdsel whiboe , was-cereentrat ed under
reduced pressure to renove the solvent, and the concentrate was purified

by a silica gel. colum 40 QB AR dr 83 6i0k.23 Mol , yield: 95 % of a
conpound (Ilganf precursor (L1)) i 25 represented by the follow ng fornula
5 a hydrogen atom, a hydrocarbon group of 1 to 50, carbon
atoms, a halogenated hydrocarbon group of 1 to 50 carbon
atoms, a hydrocarbon-substituted silyl group, or a
substituent having at least one element selected from
nitrogen, oxygen, phosphorus, sulfur and silicon.

10 m is an integer of 0 or 2.

n is an integer of 1 to 5

A is an atom of Group 13 to Group 16 of the periodic
table, specifically boron, carbon, nitrogen, oxygen,
éilicon, phosphorus, sulfur, germanium, selenium, tin or

15 the like, preferably carbon or silicon. When n 1is 2 or
greater, plural of A may be the same or different.

E is a substituent having at least one element ¥
selected from carbon, hydrogen, oxygen, halogen, nitrogen,
sulfur, phosphorus, boron and silicon. When m is 2, two

20 of E may be the same or different, or may be bonded to
each other to form a ring.

p is an integer of 0 to 4.

X is a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to 20 carbon atoms, a halogenated hydrocarbon

25 group of 1 to 20 carbon atoms, an oxygen-containing group,



6 Decenber 2004 1H NMR(CDC13) : 1.47 (s, 9H) , 6.88 (dd, 1H) , 7.24-7.31

(m 4H) , 5 7.38-7.46(m 3H), 8.64(s,1H), 13.95(s, 1H) | R peadnber 2885, 1590,
1610 cm , FD-rmass spectronetry: 253 (M) ,ynthe5|s Exanple 2 10 Synthesis of
ligand precursor (L2) Raction and purifikE&tion were carried out in the same
manner as in Synthesis Exanple 1 except that 0.95 g (7.58 mol) of

sal i cyl al dehyde was used instead of the 3-t- butylsalicyl al dehyde, to
thereby obtain 1.39 g (7.05

, % of
precursor (L&) )BEu} ﬁéﬁr‘éé’é‘r’f@éd‘% tgﬁé’ul(%l Iaoﬂl&dcfgf}/’? wirs g%ﬁg? agggﬂgo?gﬁgg
solid-solution. (L2) 193 FD mass s ectro ry:. 197 (Mt enbe
Synt hesi s Ex @@ IS ISHANSSINS q gﬁ@BuPsbﬁ 2(E§) §e%§65 18

react or thoroughl urged with t
of aniline a,gd_rgcglp% 5.nc? cated bym rm%gyeq)e 1t5hoe ns1alrnoe]c oe:lft rc]ié}.r}oge rent 0 9 (53 mmol )

X is preferably & halogén atom, & hydrocarbon group
5 of 1 to 20 carbon atoms or a sulfonato group.
(a-3) Transition metal diphenoxy compound represented

by the following formula:

B/AAF“—Q\MXP
\\A%F_O
10
Tn the above formula, M is a transition metal atom of
Group 3 to Group 11 of the periodic table.
1 and m are each an integer of 0 or 1.
A and A' are each a hydrocarbon group of 1 to 50
15 carbon atoms, a halogenated hydrocarbon group of 1 to 50
carbon atoms, or a hydrocarbon group or a halogenated
hydrocarbon group of 1 to 50 carbon atoms each having a
substituent containing oxygen, sulfur or silicon; and A
and A' may be the same or different.
20 B is a hydrocarbon group of 0 to 50 carbon atoms, a
halogenated hydrocarbon group of 1 to 50 carbop atoms, a
group represented by RIR2Z, oxygen or sulfur. R! and R2

are each a hydrocarbon group of 1 to 20 carbon atoms or a

hydrocarbon group of 1 to 20 carbon atoms containing at



. (53 Mol ) of pyrrol e-2-carboxyal dehyde were introduced and further 1 m
of a formc acid was added. Thereafter, the m xture wasgDRBhbYIQ0V84 Y
stirred at roomtenperature for 10 24 hours. The reaction sol ution was
concentrated under reduced pressure to Aéhove the solvent, and the
concentrate was purified by a silica gel colum to obtain 6.0 g (34.9

nmmol, yield: 66 % of a conpound (ligand precursor (L3)) represented by
thefolhwmngfor

~H- N 3
6 3(d 1H) 6 bOTah Gy TRt eet e wf%(%%iﬁdboé "S4e87) 7y hALELGER)
9. 85(brs, lkb FD—nass spectronetry %g Decenber 2004 _194. Synt hesi s
Exanpl e 4 Synthedi s? o?ufgﬁﬁnﬂt6Wecﬁrg ?SQL95u%b359§0%rnﬁ 7 eAttBP F§8Fbughly
purged with nitrogen, g of 2;4-di-t-butyl phenol d SC nl of acetic
acid 5 were added. pT%St%e“H?Q?Er%atﬁsﬁthgoﬁ %%ﬁ?r% ed nitric acid was

ra |d| dr opwi se added under coolin Af ter th . e
P y pY is a hydr¥ogen agom a halogen atom, a hydrocarbon

5 group of 1 to 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen-containing group,
a sulfur-containing group, a silicon-containing group or a
;_r nitrogen—conﬁaining group. When p is 2 or greater, plural
groups X may be the same or different or may be bonded td
10 each other to form a ring.
{a—4) Transition metal compound represented by the
following formula and comprising a ligand having

cyclopentadienyl skeleton containing at least one hetero

étom:
15 .
(R)?
3
a a
R ~x 7~ R mye
3 / .
(R)a/x )&(R)a
b
20 In the above formula, M is a transition metal atom of

Group 3 to Group 11 of the periodic table.

X is an atom of Group 13, Group 14 or Group 15 of the
periodic table, and at least one X is an element other
than carbon.

25 a is 0 or L.



dropwi se addition was conpleted, the resultant m xture was stirred at the
sane tenperature for 1 mnute and poured 11 10 di et hyl @bbesmpwasompshed
with water and concentrated. The concent’dte was purified by a col um
chromat ography to obtain 5.1 g (yield: 84% of yellow crystals. 1HNWR
(CDC13i 6) : 11. 41 (s, I'H , 7.94 (d, 1H, 2Hz) , 15" 7.63 (d, 1H, 2Hz) ,
1.43 (s, 9H , t he_t ot al of th abov obt ai ned
conpound, 50 ny og éé&pa%%gdlun1c§rﬁgﬂeaﬂa %gggﬁfe%? thahdl 2 veYLrO%8ided
to a 200-m rggﬁtor n t he nlxture ﬁaa stlrEed for 20 48 agurs under
hydrogen of 1°& nﬁsSheF 898re§§u9e STHEYTPEALPPBNISBIEL i Bn"RASIFPPEE ed

t hr ough CElIt dand then the _sol ve nt. was distil]ed off to obtain 4.1 g
(yiel d: 5@5’ ] PB 8F§?§‘Pa| 8 ﬁdéocﬁiﬁ CPERStigytedssgdvidIrppp 2Hz)
, 6.82 (d IH % E enber 2004 195.5.70(s,1 3.19(br1H),

141(s, 9H), 1. 9§ Es, y@ﬁfcéﬁ §BqféhtPy S ?SéétdtS V¥heNapovabsbi&PREE conpound

5 and 50 @ cﬁ e%hanol were_added to a_100-ml reactor
alning at least one element selected from nitrogen,

oxygen, phosphorus, sulfur and silicon. Two or more of R
may be bonded to each other to form a ring.
3 b is an integer of 1 to 4. When b is 2 or greater,
groups [((R}z)s—Xs] may be the same or different, and Rs
10 may be bridged to each other.

¢ is a number satisfying a valence of M.

Y is a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen-containing group,

15 a sulfur-containing group, a silicon-containing group or a
nitrogen—cdntainihg group. When c is 2 or greater, plural
groups indicated by Y may be the same or different, and
may be bonded to each'ofher to form a ring.

(a=5) Transition metal compound represented by the

20  formula PB(Pz)3MX,.

In the above formula, M is a transition metal atom of
Group 3 to Group 11 of the periodic table.

R is a hydrogen atom, a hydrocarbon group of 1 to 20
carbon atoms or a halogenated hydrocarbon group of 1 to 20

25 carbon atoms.



t horoughly purged with nitrogen, and 1.63 g of "benzal dehyde and 1.0 m of
acetic acid were further added to the reactor. The m Xtgipgc.agsersbhg red at
roomtenperature for 24 hours. The reactijgp solution was 10 ' concentrated,
and then the concentrate was purified by a colum chromatography to obtain
3.2 g (yield: 80% of a conpound (ligand precursor (L4)) represented by
the followng formula (L4) as yellow crystals. OH tBu (L4) 15 tBu
1HNVR(C(c) C13r b) Pzgig0a(pyrakplyl7goeuy. op fmulR¢)ituzed 78y xazoln) |
7.48-7.43(m 3H), 7.25(d,1H,2Hz), 7.17 (d, 1H, 2Hz) , 1. 4 6 (s, 9H) , 1.35
(s, 9H) 20 Sygrhepi-s Exanple 5 6 Decenber 2004 196 Synthesis of |Ii and
precursor (L5) 1.40 g (12.8 nmmol) of o-am nophenol and 50 ml of ethanol
were added to a 100- gt reactbert hotdafhiygpargetence of M.

X igd hydydgen atom, & halogen &toni, a hydrocarbon
5 group of 1 to 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen—contaihing group,
a sulfur-containing group, a silicon-containing group or a
e nitrogen-containing group. When n is 2 or greater, plural
groups indicated by X may be the same or different or may
10 be bonded to each other to form a ring.

(a=6) Transition metal compound represented by the

following formula:

43 R44
41 /
R Y1>< R45
15 X
R42 y? /FQ:‘R46
R*8 R*7

In the above formula, Y! and Y3 may be the same or
different and are each an element of Group 15 of the
20 periodic table, and Y2 is an element of Group 16 of the
periodic table.
Rl to R% may be the same or different, they are each
a hydrogen atom, a halogen atom, a hydrocarbon group of 1
to 20 carbon atoms, a halcgenated hydrocarpon group of 1

25 to 20 carbon atoms, an oxygen-containing group, a sulfur-



wWith nitrogen; and 1.63 g (15.9 mol ) of benzal dehyde and 5 1.0 m of
acetic acid were further added to the reactor. The m X§ pe&NRs 2664 rred at
roomtenperature for 24 hours. The reacb%gn sol uti on was concentrated, and
then the concentrate was separated and purified by a colum chromat ography
to obtain 1.74 g (8.83 mmol, yield: 69% of 10 a conpound (Iligand
precursor (L5)) represented by the following formula (L5) as yell ow

crystals. IHNMR{LRGEY Roup & la (8:11Ebn-cdn@ridB {BuHana two or
7.52-7.43(m3H), 7. 32--7@16 pm 3H) 7.04-6.86(m 2H) r{lijé FD- mass spectronetry:

197 (L5) Synthesd %#X@@hqnéy 20 SYpLHesi 8o 0fsdth 03Nk PreSUESOE 4LBIndo a
300-mL reactor equipped with a Dean and Stark tube, 18.2 g (0.12 nol) of

p-ni trobenzal dehyde, PP el RESRIDEE 2004 dSio Skt Aoke o 00 AU OF

p-t ol uenesul foni c aC| nonohydr and 1 of t ol uene were added; and
stirred underegef f 4 owing formula and a transition metal atom of Group

5 8 to Group 10 of the periodic table:

R51 N__R52
\ Y
p—mp/
- 54
- R53 N—R
10 In the above formula, R5! to R3¢ may be the same or

different, they are each a hydrogen atom, a halogen atom,
a hydrocarbon group of 1 to 20 carbon atoms or a
halogenated hydrocarbon group of 1 to 20 carbon atoms, and
two or more of them may be bonded to each other to form a |
15 ring.
{a-8) Transition metal compound represented by the

following formulé:

RS!
R R62 é RES
\Y . M
20 2] A O %
R RE3 RES

p

In the above formula, M is a transition metal atom of
Group 3 to Group 11 of the periodic table.

25 m is an integer of 0 to 3.



for 2.5 hours. The reaction solution was cooled down to room tenperature
and washed twice with 100 m of an 5 aqueous sol ution of D3adn¥catBgs sodi um
hydr ogen carbonate and once with pure water . The resul tant organi c phase
was dried with anhydrous nmagnesium sul fate, followed by distilling off
the solvent, and the resultant product was dried wth a vacuum punp to
obtain 30.9 g (yield: 92% of 10 a conpound (a) represented by the
following formula asia ayeih@@g@klof(@xaﬂ 19)2 N2 (a) 15 To a 2-litter
reactor thoroughly purged with nitorgen, 28.2 g (0.10 npl) of the above
obt ai ned conpound §a)sagf iRPO¢EL &f dryoTHF were introduced, and they were
cooled to -65 C. Subsequently, to the reactor, 330 m (0.33 nol) of

Viny|UﬁgneSiU”brOnhdﬁs(é“%uHBErSQEHEéPpin&ﬂé @éP@Mtéeogomadded with a
droppi ng funnel over a period of 25 mhnhutes, and they were stirred at -40

C for 1 hour: The rea ut. Lo d it f ous
_ reactd qvs gl ULLOPLYaS,ROUS LA ] PEQrdnd | ﬁo‘? 6@%8@98

sol uti on of saturated ammoni um chl oride and further 300

2004 5 a hydrogen atom, a halogen atom, a hydrocarbon group of 1

to 20 carbon atoms, a halogenated hydrocarbon group of 1
to 20 carbon atoms, an oxygen—-containing group, a sulfur-

R containing group, a silicon-containing group or a

A

nitrogen-containing group, and two or more of them may be
10 bonded to each other to form a ring.

X is a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen-containing group,
a sulfur-containing group, a silicon-containing group or a

15 nitrogen-containing group. When g is 2 or greater, plural
groups indicated by X may be the same or different or may
be bonded to each other to form a ring.

Y is a group to bridge a boratabenzene ring and is
carbon, silicon or germanium.

20 A i1s an element of Group 14, Group 15 or Group i6 of
the periodic table.

(a-9) Transition metal compound other than the
aforesaid compound (a-4) and containing a ligand having

cyclopentadienyl skeleton.



198 di et hyl ether was added, followed by repeating extraction operation
twi ce- The organic |ayer was concentrated and 200 m. of plkndedd m of
0.5 M hydrochl oric acid aqueous solution were added to,-the concentrate,
followed by 5 stirring at roomtenperat uf7€ for 20 m nutes. Thereafter, 200
m of an aqueous solution of saturated sodium carbonate was added to
confirmthe m xture being PH > 8. Then, an extraction operation with 100 ni
of ethyl acetate was repeated tw ce, and.the resultant product was purified
10 , by a col unmm cHRoRE o§PERRY o COBFALALTE. BRGNEFi-EMd: ?gﬂ?lugfagcgonpound
(b) represented by the followng fornula as a light yellow solid. 1HNWR
(CDC13) : 6. 621p%% @S, epgentizal Jngregdephs 2H) |
7.34-7.37(t,.1H),"'7.65-7.68(d,1H, 15 7 . 93-7.97 (d, 1H , 10.13 (s, 1H
FD- mass spectronetry: 145 El enental anal ysis: Measured values (% C
74.4; H4.7, N9.6 Theoretical values (wt% C 74.,5; H4.9; N9.7 (b)

' Copolymerization

5 In the process for producing a polar olefin copolymer
according to the present invention, a non-polar clefin and
a polar olefin are copolymerized in the presence of a
catalyst comprising the aforesaid components (A) and (B).
Fig. 1 shows an example of the preparation process of the

10 olefin polymerization catalyst used in the present
invention.

Non-polar olefin means the unsaturated hydrocarbon
consisting of carbon atoms and hydrogen atoms only.
ﬁxamples of the non polar olefins include a-olefins of 2

i5 to 20 carbon atoms such as ethylene, propylene, l-butene,
l-pentene, 3-methyl-l-butene, 1-hexene, 4-methyl-1-pentene,
3-methyl-l-pentene, 1l-octene, l-decene, 1-dodecene, 1- ¢
tetradecene, l-hexadecene, l-octadecene and l-eicocene;
cycloolefins of 3 to 20 carbon atoms such as cyclopentene,

20 cycloheptene, norbornene, 5—methyl~2—norbornene and
tetracyclododecene; dienes or polyenes which are cyclic or
chain compounds having two or more double bonds, and
having 4 to 30 carbon atoms, preferably 4 to 20 carbon

atoms, such as butadiene, isoprene, 4-methyl-1,3-



6 Decenber 2004 199 To a 100-nl reactor thoroughly purged wi th nitrogen,

1.20 g (8.27 mmol) of the above-obtai ned conpound (b), wat er ed
ethanol, 0.77 g (8.27 mvol) of aniline and acetic acidégggt;rﬁgggﬁnnunt).

wer e- added, and-.--they were 5 stirred at7% oom tenperature for 3 hours. The
reaction solution was concentrated, and then the concentrate was .purified
by a colum chronatography to obtain 1.53 g (yield: 85% of a conpound
(ligand precursor (L6)) represented by the following formula (L6) as a
light 10 , yebkowadikne 1lHNVR DM iens, 50-B60(tadiEpe 7 110-neX0CAEBAY
8.63(s,1H), 10.76(bs,1H) FD-mass spectronetry: 220 (L6) 15 Synthesis
Exanpl e 7 Synnhesthaﬁiémganh,@wk&xn@iﬂnqdjﬁr3%@@@ﬁﬁéﬁnWas1@érppé@déﬁﬁehn
the sane manner as in 20 Synthesis Exanple 1, except that 0.76 (7.62
mol ) of cycuoﬁemykaamene,mms6usedaﬁhsnead1cﬂ~Qﬂﬁadi&ﬁQquKhY©E§ e
| néfbornene; viﬁyi'norbornené, dicydioééntadiene, j—mefhyi~
5 1,6-octadiene, 4-ethylidene=-8-methyl-1,7-nonadiene and

5, 9-dimethyl~1, 4, 8-decatriene; aromatic vinyl compounds’

such as styrene, o-methylstyrene, m-methylstyrene, p-

methylstyrene, o,p-dimethylstyrene, o-ethylstyrene, m-

ethylstyrene and p-ethylstyrene; and vinylcyclohexane. Of
10 these, preferable are a-olefins, and particularly

preferable is ethylene.

The polar olefins of the preseﬁt invention are

unsaturated hydrocarbons having polar groups. Examples

thereof include:

15 unsaturated carboxylic acids such as acrylic acid,
3-butenocic acid, 4-pentencic acid, 5-hexenoic acid, 6
heptenoic acid, 7-octenoic acid, 8-nonenoic acid, 9-
decenoic acid, 1l0-undecenoic acid, ll-dodecencic acid, 12-
tridecenoic acid, 13-tetradecenoic acid, l4-pentadecenoic

20_ acid, 1l5-hexadecenoic aéid, l6-heptadecencoic acid, 17-
octadecenoic acid, 18-nonadecenoic acid, l9—e;cosenoic
acid, 20-heneicosancic acid, 2l-docosenoic acid, 22-
tricosanoic acid, methacrylic acid, 2-methyl-pentenoic
acid, 2,2-dimethyl-3-butencic acid, 2,2-dimethyl-4-

25 pentenoic acid, 3-vinyl-benzoic acid, 4-vinyl-benzoic acid,



(7.58 mml) of salicyl aldehyde was used instead of 3-t 6 Decenber 2004 200

butyl sal i cyl al thyde. The sol vent was distilled off to 69@ ' %0@41 g

. (7.43 mmol, yield: 98% of a conpound (ligand precursor ‘%% represented

by the following formula. .(.L7) .as a y&lowoil. 5 FD-nmass spectrometry:

203 (L7) Synthesis Exanple 8 10 -Synthesis of |igand precursor (L8) Reaction

was carried out in the same manner as in Synthesis "Exanple 1, except that

1.15 g (7.58 mmol ) of 2- hydroxy-5-nmethoxybenzal dehyde was used instead of

3-t- butyl sal? cythgrieriene Frldol et~ WP MR T9EY 10919 15 obtain 1.69

g (7.43 mol, yield: 98% of a conpound (ligand precursor (L8)) _

represent ed yenhendbt | awitg a¥ by s oqig)acwsd arf orldtgedsicen yEpigd 8 L c

spectronetry: 227 6 Decenber 2004 201 (L8)
acid, fumaric acid, itaconic acid, bicyclo[2.2.1]-5-

“heptehe-2-carboxylicdcid and bicyclo[2.2.1]-5-heptene~
5 2,3-dicarboxylic acid,
metallic salts thereof such as sodium salt,
potassium salt, lithium salt, zinc salt, magnesium salt
and calcium salt,
unsaturated carboxylic esters thereof such as methyl

10 ester, ethyl ester, n-propyl ester, isopropyl ester, n-
butyl ester, isobutyl ester and (5-norbornene-2-yl)ester
(when the unsaturated carboxylic acid is dicarboxylic acid,
both monoester and diester may be included.), and

unsaturated carboxylic acid amides thereof such as

15 N,N-dimethyl amide {when the unsaturated carboxylic acid
is dicarboxylic acid, both monoamide and diamide may be
included.}

unsaturated carboxylic anhydrides such as maleic
anhydride, itaconic anhydride, succinic anhydride,

20 isobutenyl succinic anhydride, (2,7-octadiene-1-
yl)succinic anhydride, tetrahydrophtalic anhydride and
bicyclo[2.2.1]-5-heptene-2, 3-dicarboxylic anhydride;

vinyl esters such as vinyl acetate, vinyl propionate,

vinyl caproate, vinyl caprate, vinyl laurate, vinyl

25 stearate and vinyl trifluoroacstate;



Synt hesi s Exanple 9 Synthesis of |igand precursor (L9) 5 Reaction was
carried out in the sanme manner as in , Synthesis Exanplq;Dga?g%QQP@4thal

2.05 g (7.62 mmol ) of n- octadecyl am ne was used instead of aniline, 0.95
g (7.58 mmol) of salicyl aldehyde was uggd instead of 3-t

butyl sal i cyl al dehyde, and as a solvent 120 ml of a 10 tol uene/ et hanol
sol vent (volune ratio: 5/1) was used instead of- ethanol.

distilled off to obtain 2.75 g (7.35 mmol, yield: 97% of a conpound

(l'igand precursor hah8hknbepuesertfedsbyucheatoliowlnghlbeidel avin9) as a
yel l ow oil.

Synt hesi s Exanpls 142, Syntikasivsoafi dd,gand vir etuiosdde( bhg) aReadt i on was

carri ed out
0:34 g--.
aniline and

e,
i

10

15

20

25

15 FD-mass spectronetry: 373 V. (L9) 202 6 Decenber 2004

in the sane manner as in -Synthesis Exanple- |-, except. that

(3:8L,dmRly;- of 5 1,4-tetranethyl enedi ami ne was used instead of

silylated olefins such as allyltriméthylsilane,
diallyldimethylsilane, 3-butenyltrimethylsilane,
allyltriisopropylsilane and allyltriphenylsilane;

unsaturated nitriles such as acrylonitrile, 2-
cyanobicyclo[2.2.1]-5-heptene and 2,3-
dicyanobicyclo[2.2.1]-5-heptene;

unsaturated alcohol compounds such as allylalcohol,
3-butenol, 4-pentenol, 5-hexenol, 6-heptenol, 7-octenol,
8-nonenol, %-decenol, 10-undecenol, ll-dodecencl and 12-
tridecenol, and unsaturated esters thereof such as acetate,
5enzoate, propionate, caproate, caprate, laurate and
stearate;

substituted phenols such as vinyl phenol and allyl
phenol;

unsaturated ethers such as methylvinyl ether,
ethylvinyl ether, allylmethyl ethex, allylpropyl ether,
allylbutyl ether, allylmethallyl ether, methoxy styrene
and ethoxy styrene;

unsaturated epoxides such as butadiene monooxide,
1, 2-epoxy—-T-octene and 3~-vinyl-7-oxabicyclo[4.1.0]heptane,
unsaturated aldehydes such as acrolein and undecenal and

unsaturated acetals thereof such as dimethyl acetal and

m xed
The sol vent was



0.95 g (7.58 mmol ) of salicyl aldehyde was used instead of
.3--t-butyl salicyl al dehyde, and that the reaction was gaLLd£5k94H4 Under
reflux while dewatering through a Dean and Stark tube. After the solvent
was distilled off, the 10 resultant prodigx was recrystallized from hot
met hanol (MeOH) to obtain 0.56 g (1.90 mml, yield: 50% of a conpound
(l'igand precursor (L10)) represented by the followng fornula (L10) as
yel l ow crystals. FD-mass spectronetry: 296 15 sz .Synthesis Examle 11
(L10) Synt heglisetdfyl iap@icdor ecursor (L11) 20 Reaction was carried out in
the sanme manner as in Synthesis Exanple 1, except that 0.44 g (3.81 nmol)
of 1, 6- hexanet hyl emsditaniatedvde tesed isvstheas SELANLVIRY lakGto®%5 g (7.58
nmol ) of salicyl aldehyde was used instead of 6 Decenber. 2004 203

3-t-but yl sal i eyl diehytleketaore t Hakl e thege thedPnRas addnlicdd Youtkefefes -
reflux while dewatering through a Dean

"atlylpropyl ketone, allylbutyl ketone arnd allylbenzyl
5 ketone and unsaturated acetals thereof such as Qimethyl
acetal and diethyl acetal;

unsaturated thiocethers such as allylmethyl sulfide,

AL
N

allylphenyl sulfide, allylisopropyl sulfide, allyl—-n-
propyl sulfide and 4-pentenylphenyl sulfide; unsaturated
10 sulfoxides such as allylphenyl sulfoxide; and
unsaturated sulfones such as allylphenyl sulfone;
unsaturated phosphines such as allyldiphenyl phosphine;
and unsaturated phosphine oxides such as allyldiphenyl

phosphine oxide.

15 Further, unsaturated hydrocarbons having two or more
of the above mentioned polar groups are employable.
Examples thereof include vinylbenzoic acid,
methylvinylbenzoate, vinylbenzylacetate, hydrexystyrene,
4-{3-butenyloxy)methyl benzoate, allyltrifluorocacetate, o-

20 chlorostyrene, p-chlorostyrene, divinylbenzene,
glycidylacrylate, allylglycidylether, (2H-
'perfluoropropyl)—2—propenylether, linalooloxide, 3-—
allyloxy-1,2-propanediol, 2-(allyloxy)ethanol, N-

allylmorpholine, allylglycine, N-vinyl pyrrolidone,



and Stark tube. After the solvent was distilled off, the resultant

. product- was-recrystallized fromhot McOHto - 5 obtai @D%céﬁbdﬁ26§449 nmol
yield: 929 of a conpound (Iligand precursg%% (L11)) represented by the
following .fornula (L11) as yellow crystals. FD-mass spectronmetry: 324 Q
10 (LI'1) Synthesis Examle 12 Synthesis of |ligand precursor (L12) Reaction
and purification were carried out in the 15 sane manner as in Synthesis

used | nsi ead QT AN o0 HRa GO E tBY G g2 bl | yield: 0%

For mul 5 (L12) 85 TG0 o ot i hais e etriet 1. 268 6 Decenber 2004

204 (L12) Syn%ﬂ%%ﬁ%f%ﬁ?ﬂ@é%é&%silane and allyloxytrimethylsilane,
allYléxytriphenyl‘siléﬁé.‘ As the poiar oiéfiné,

5 unsaturated carboxylic derivatives (especiallyt acid

anhydrides, esters and amides), halogenated olefins or

vinylesters are preferred.

P

In the polymerization, the way of charging the

{ﬂ]
"

component (A) into a polymerization reactor, usage of each
10  component, the feeding process and the order of feeding

can be chosen as desired, but for reference, some examples

are given below.

(1) The component (A) and the component (B) are fed
to the polymerization reactor in an arbitrary order.

15 (2} A catalyst obtained by previously contacting the
component (A) with the component (B) is fed to the
polymerization reactor.

{3} A catalyst component obtained by previously
contacting the component (A) with the component (B), and

20 the component (B) are fed to the polymerization reactor in
an arbitrary order. In this case, these comporents (B)

may be the same or different.



Synthesis of Ti-L1 conplex To a 300-nl reactor thoroughly dried and purged
with argon, 1.785¢g (7.05 mml) of the ligand precursor (L1) and 100 m of

di et hyl ether were introduced, and they were cooled to -78 C and stirred.
To the resulting mxture, 4.78 m of m8butyllithium (1.55 mmol/m -n-hexane
solution, 10 7.40 mml) was dropw se added over a perlédDeﬁe%bﬁfn%@@% and
they were slowy heated to-roomtenperature and continuously stirred at
roomtenperature for 4 hours to prepare a lithiumsalt solution. The

sol ution was dropw sey added wdow &&&tmwﬂéyaé%g'%;rgngm%(m 15

(0.5 nnDI/n1--heptane sol ution, of a titani um

{et rachi of i ge- sebusi0dy gy fwena o erdwl dagfcheane rfhorllot! Wi Nl N

been cooled to C. After the opmnse tion was conp e

reaction sofuli g Vas g&g%%%¥h{§%gégigé%§5?or e erlg i?g%tln S |rr|ng The

reaction 20 sol ution was er stirre our tSrbom
SRR R S T TS ST

5 component (B} are supported on the carrier (C).is fed to

thg polymerization reactor.
(6) A catalyst component wherein the component (A)

and the component (B) are supported on the carrier (C),
and the component (B) are fed to the polymerization

10 reactor in an arbitrary order. In this case, these
components (B) may be the same or different.

{7} A catalyst component wherein the component (B)

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

15 (8) A catalyst component wherein the component (B)
is supported on the carrier (C}, the component (A), and
the component (B) are fed to the polymerization reactor in ¢
an arbitrary order. 1In this case, these components (B)
may be the same or different.

20 (9) A component wherein the component (A) is
supported on the carrier (C), and a component wherein the
component (B) is supported on the carrier (C) are fed to

the polymerization reactor in an arbitrary order.



washed with 50 nl of nethylene chloride, and the insolubles were renoved.
The filtrate was concentrated wunder reduced pressure t [ e a
solid- The solid was dissolved in 10m --of --nethyl enepm%ﬁlﬁ%dr?lzgg% and 70
m of 5 pentane was slowy added to the déPution with stirring. The
m xture solution was allowed to stand at room tenperature to precipitate
reddi sh brown crystals. The «crystals were filtered through a glass filter
and washed with pentane. The resultant crystals were vacuumdried to 10
,obtain 1.34 g (2. 1500mdl| coppehdnt6dhefedh wheonphpané¢d) (Rprisented by the
followng formula as reddi sh brown <crystals. tBu 15 '"H NVR(CDC13) : 1.35
(s, 18H) , 6.82ppo43efnmpnléHE ca8r@er(9¢)2Hry cbROKBent: wib58inl159@, 1600.
cm' FD-mass spectronetry : 622 (Mt) Elenental analysis : Ti; 7.7,%(7.7)
C, 65.8% (65. BpmHonen®@%(£%. 8 sRPpNrred. bn%hé- Ehrf15h6(ﬂaluendnt®e) S
calcul ated value.. 6 Decenber 2004 206. : ,
component (B} are fed to the polymerlzatlon reactor in an

5 arbitrary order. 1In this case, these components (B) may
be the same or different.

{(11) The component (A}, the component (B) and the

RN
A v

organic compound component (D) are fed to the
polymerization reactor in an arbitrary order.

10 (12} A component obtained by previously contacting
the component (B) with the component (D), and the
component (A) are fed to the polymerization reactor in an
arbitrary order.

{({13) A component wherein the component (B) and the

15 component (D} are supported on the carrier (C), and the
component {A) are fed to the polymerization reactor in an
arbitrary order. ¥

(14) A catalyst component obtained by previously
contacting the component (A) with the component (B), and

20 the component (D) are fed to the polymerization reactor in
an arbitrary order.

{(15) A catalyst component obtained by previously
contacting the component (A) with the component (B), the

compenent (B) and the component (D) are fed to the



Synt hesi s Exanple 14 Synthesis of Ti-L3 conplex In a 100-m .reactor

t horoughly dried and purged wwth 5 argon, 16 m of a di bigs
solution of the Iigand precursor (L3) (1.04 g, 6.08 nng§§%§%#g?ngg in

Synthesis Exanple 3 was introduced and d86led to -78 C. To the solution,
4.2 M (6.08 mmol) of a 1.45 N n-BuLi/hexane sol ution was dropw se added,

and they were slowly heated |0 to roomtenperature. The resultant sol ution
was dropwi se added slowy to a mxture solution of 6.08 mM of a titanium

tetrachl ori depsdbubi@BatQoh WEBLLBL- BEPSANErb SOLYL 0Hrddy 04 1A N &nd 16 N
of diethyl ether, said mxture having been cooled to -78 C. After the

dropwi se 15- addkli enevascenpBhehed, (Ehemaga&éi PReSOLMLI OP YBsrStowky
heated to roomtenperature with stirring. The reaction solution was

further stirred for18noshgs:§1PoUr SoRbok@OM o EAPELATI reaction
solution was filtered throughpa gl%ﬁ%ofilte?. The ?i#¥f%ﬁ€@€%égfy

concentrated X2A+YpRdeh .l educed BELESSUr ent O, PEeci pit; i T olid"
was di ssol ved int5 m gfgﬁgtﬁswgﬁgégﬁlg%?d%?Egngﬁ%oaﬁﬁxgrég%eggﬂenﬁﬁi é

slowly added tambBRese! YbtaBnWht ByShiEvings1y THERPLELLLS YRS alloued to
stand at roomt enperature to
(B) with the component (D) are fed to the polymerization
reactor in an arbitrary order. In this case, these
components (B) may be the same or different.
(17) A component wherein the component (A) is
10 supported on the carrier (C), the component (B} and the
component (D) are fed to the polymerization reactor in an
arbitrary order.
(18) A component wherein fhe component (A) is
supported on the carrier (C), and a component obtained by
15 previously contacting the component (B) with the component
(D} are fed to the polymerization reactor in an arbitrary
order. ¢
{19) A catalyst component obtained by previously
contacting the component (A), the component (B) and the
20 component (D) with one another in an arbitrary order is
fed to the polymerization reactor.
(20) A catalyst component obtained by previously

contacting the component (A), the component (B) and the

component (D) with one another, and the component (B) are



precipitate a bl ackish brown solid. The solid was 25 filtered through a
glass filter and washed with pentane. 6 Decenber 2004 2@5&5&%&96 t ant
product was vacuumdried to obtain 1.10 g (2.90 mol, yield: 79 %9 of a
conpl ex (2) represented by the follow ngl§rnula as a bl acki sh brown solid
5 1IH-NWR (CDC13) : 6. 0--7 . 9 (m 16H) , 7.80 (s, 2H FD- nass
spectronetry: 456 (M+) Elenental analysis Ti; 10.4%(10.5) * The value in (
) is calculated value. 10 Synthesis Exanple 15 Synthesis of Ti-L4 conpl ex
618 ng of thedd gandipr gouinawsri(daA)i cobtdiaredd nn Sntahesits fangple=4. was
dissolved in 10 m of toluene, and 15 the resultant 'solution was dropw se
added to 10 rin ofhigs ted aeenetsd ditd pferitdd am umGhl@y itde: (e M/ 1) at
room tenperature with stirring. After the stirring was carried out at the
sane tenperatafrerd.oent24 hours, the reaction mxture was filtered through a
glass filter. To the = __ S

(21) A catalyst wherein the component (A}, the
5 component (B) and the component (D) are supported on the
carrier (C) is fed to the polymerization reactor.

(22} A catalyst coﬁponent wherein the component (A},

Al

the component (B} and the component (D) are supported on
the carrier (C), and the component (B) are fed to the

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

An olefin may be prepolymerized onto a solid catalyst
component wherein the component (A) and, if necessary, the
&omponent {B) are supported on the carrier (C).

15 The polymerization can be carried out by any of
ligquid phase polymerization such as solution
polymerization or suspension polymerization, and gas phase i
polymerization.

Examples of an inert hydrocarbon media for use in the

20  liguid phase polymerization include aliphatic hydrocarbons
such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane and kerosine; alicyclic hydrocarbons such
as cyclopentane, cyclohexane and methylcyclopentane;

aromatic hydrocarbons such as benzene, toluene and xylene;



20 resultant filtrate, 10 m of n-hexane was added, and the m xture was
allowed to stand at -40 C for 5 hours to 6 December 2004208 1k bans . a
solid. The solid was separated by filtration to obtain 241 ng (yi eld: 33
% of a conplex (3), represented by thel8®llowi ng fornmula as reddi sh brown
crystals. But 5 tBu FD-M5 : 734 (M) , 307 (ligand fragnent) Synthesis Exam
le 16 10 Synthesis of V-L2 conplex (1) To a 300-ml reactor thoroughly dried
and purged with argon, 0.99 g (5.0 mvl) of the ligand precursor L2 and 100
m of THE weriga &g @htie® th y@rekd ieyn yesecle 094 ask Hpl end 8cid @ntdst i rred. To
the resulting mxture, 3.23 m of 15 n-butyllithium (1.55 mmol/nl -n-hexane
sol ution, 5. 0cRT®FIbMRSe £k 0PN SEli aEite Hofvers ade PeXA@ T PE + Or &3 Nyt esrea8d t hey
were slowy heated to roomtenperature and continuously stirred at room

tenperature. ﬁ§@ré€§9@6§st01@&ﬁ£¥”§bf%r olefin or a polar clefin itself
can be used as the solvent
5 In the copolimerization of a non-polar olefin and a

polar olefin using the olefin polymerization catalyst ae

mentioned above, the component (A) may be used in an

#H

amount of usually 107 to 107 mol, preferably 107'° to 1073
mol, based on 1 liter of the reaction volume. In the
10 present invention, even if the component (A) is used in a
relatively low concentration, an olefin can be polymerized
with a high polymerization activity.
The component (B-1) may be used in such an amount
ﬁhat the molar ratio cf the component (B-1) to the
15 transition metal atom (M or M’) in the component (A) ((B-
1)/ (M or M)} becomes usually 0.01 to 100,000, preferably
0.05 to 50,000.
The component (B-2) may be used in such an amocunt
that the molar ratio of the aluminum atom in the component
20 (B~2) to the transition metal atom (M or M’) in the
component (A) ({(B-2)/{(M or M’)) becomes usually 10 to
500,000, preferably 20 to 100,000.
The component (B-3) may be used in such an amount

that the molar ratio of the component (B-3) to the



lithiumsalt solution. The solution was dropw se added 20 slowy to a
m xture solution of 0.62 g (1.67 nmml) of VC1I3 (THF) @pang.d0b4 of THE
said m xture having been 6 Decenber 2004 209 cooled to -78 C. After the
dropwi se addition was conpleted, the read?i on sol ution was slow y heated
to room tenperature with stirring- The reaction solution was further
stirred for another 5--hours at roomtenperature, 5 and THE was distilled
of f under reduced pressure to obtain a solid. The solid was dissolved in
met hyl ene chl &riede it igmd melie li asomuliMesrwif ¢ Lenbledcbppbhnkentat(®on.( (Bhe
filtrate was concentrated and pentane was slowy added to the concentrate
with stirring3td (pr eai pi'tat beaormeddiushall® 1btowhOsopbirdieFhblgolli donas
separated by filtration through a glass filter and washed with pentane. The
resul tant solid wagheacwmprdened (D) obiyaba (Gsd4, gwﬁ@nGQhenaampoyéﬂtd(Bﬂl %
of a conplex (4)..represented by the follomnng formula. (4) 15 20

is the component (B-1), in such an amount that the molar

5 ratio of (D)/(B—l) becomes usually 0.01 to 10, .,preferably
0.1 to 5; when the component (B} is the component (B—2f,

in such an amount that the molar ratio of (D)/(B-2)

“F

becomes usually 0.001 to 2, preferably 0.005 to 1; and
when the component (B) is the component (B-3), in such an

10 amount that the molar ratio of (D)/(B-3) becomes usually
0.01 to 10, preferably 0.1 to 5.

There is no specific restriction on each amount of
the nbn—polar olefin and the polar olefin used in the
bolymerization, and each proper amount is determined

15 according to the kind of olefin to be used and
copolymerization ratio of the copolymer to be obtained.

In using the polymerization catalyst as mentioned ¢
above, the polymerization temperature may be in the range
of usually -50 to 200 °C, preferably 0 to 170 °C. The

20 polymerization pressure may be in the range of usually
atmospheric pressure to 100 kg/cm?, preferably-atmospheric
pressure to 50 kg/cm®. The polymerization reaction can
also be carried out by any of batchwise, semi-continuous

and continuous processes. FPFurther the polymerization can



FD-M5 : 639 (M+) Synthesis Exanple 17 Synthesis of V-L2 conplex (2) 3.30 g
(13 mmol) of (VO (SO4) 5H20 was introduced and di SSOJSb%QerJ:%r%@&IM of
pure water, and the aqueous 210 6 EEcean@ 2004 sol ution was dropw se added
to a solution of 5.13 g (26 mmol) of the Pigand precursor L2 and 100 ml of
95 % ethanol. To the mxture, further 50 m of an aqueous solution of
4.-6 g (56-.mMmmol.) -of sodium acetate was added., . 5 and the reaction

solution was stirred for 20 m nutes under reflux. The reaction solution
was al | owed t BEsFRAHUGEETr dBnFYEnBEr BPEReSERECD FoRlps dbffrEribitate a dark

green powder. The powder was separated by filtration through a glass
filter and wasREGEWPEhCRAEEF1CBFRhanol and ether. 10 The resul tant powder

was vacuum dri ed tghobta'n 4,48 .59.75 mmol, yield; 75 % of a conplex
(5) represented by fh8° 8FF5ﬁaneF bhuph. the FeEWEinaserta o syhihesi s

Exaﬁple 18- copolymer can be regulated by allowing hydrogen to be
5 present in the polymerization system or by chaqging the
polymerization temperature. The molecular weight can also
be regulated by changing the type-of the component (RBR).
T - The poL%;ﬁolefin copplymer of the present invention,
as compared with conventional olefin polymers, has
100 excellent adhesion propérties, coating properties,
| compatibility, hydrophilic properties, oil resistance and
the like, so that it can be used in such application
fields that those characteristics are used effectively.
—Further, the polar olefinlcopolymer of the present
15' invention ean also be used as modifiers by mixing with
other poyymers'such as polyethylene, polypropylene and the

like.
According to the present invention, a polar olefin
copolymer can 5e preoduced by copdlymerizing a non-polar
"20  olefin and a polar olefin with a high polymerization

activity.

Examples

The present invention is further described with

25, reference to the following examples, but it should be



Synthesis of Cr-L1 conplex 20 To a 300-nil reactor thoroughly dried and

purged with argon, 1.785 g (7.05 nmol).of the ligand p [ ) and
100 M of TI-IF were introduced, and they re cool ed t%ﬁﬁ&%@%%%ggé 2004

211 -78 C and stirred. To the resulting m ure, 4.78 mM of n-butyllithium
(1.55 mol / m - n- hexane solution, 7.40 nmol) was dropw se added over a
period of 5 mnutes, and they were- slowy heated- to roomtenperature and

'stirred at roasnd heswanaiurgd o vk ows iltso SRy %Bacggya_ﬂiim&feiem%alc ose

solution. The solution was dropw se added slowy to m xture sol ution of
0.558 g (3.53 ¢yl )1&f chromumtrichloride and 40 m of. THF, said m xture
havi ng been cooled to 78 C. After the dropwi se addition was conpl eted, the

10 reaction sol uti o loukheal ehd 0 fEARLLMRELALE Wt Stirring.

The reaction sol ution magﬁ%urther st!rre%O%%or anot her ours at” room
to obtain & cord et SRS H B R iy vl et 15 o
oo PR H TN (R BoIe.l) 400150 Bt S =
' (SHIMADZU FTIR-8200D Model), FD-mass spectrome£ry (Japan
.Electron Optics Laboratory SX-102A Model), metal content
analysis (a?alysis by ICP method after dry ashing and
dissolution-;ﬂ‘dilute nitric acid, device: SHIMADZU ICPS-—
10 . 8000 Model}, and elemental analysis for carbon, hydrogen
and nitrogen (Helaus CHNO Model).
The intrinsic viscosity (n) was measured in decalin

at 135 °C.

15 Synthesis Example 1

Synthesis of ligand precursor (L1)

To é 100-ml reactor thoroughly purged with nitrogen,
40 ml of ethanol, 0.71 g (?.62 mmol} of aniline and 1.35
g (7.58 mmol) -of 3—t—butylsalicylaldehyde were introduced
.20 and continubusly stirred at room temperature for 24 hours.
The reaction éolution was ;oncentrated under reduced
pressure to remove the solvent, and the concentrate was
purified by a silica gel columﬁ to obtain 1.83 g (7.23
mmol, yield: 95 %) éf a.compound (ligand precursor (L1))

-

25 represented by the following‘formula {L1) as an orange oil.



obtain a green powder. The powder was separated by filtration through a

glass filter and washed with hexane. The resultant -po w§§ uum
dried to obtain 1.04 g 20 (1.76 mol, yiggg: 50 % of a&g%%% exz?gf

represented by the followng fornula. 6 cenber 2004 212 (6) 7-. tBu 5 10

FD- mass spectronetry :592(M+) El enental analysis :Cr; 8.90 (8.8) C 69.3%
(69.0) H 6.4%(6.1) N, 5.0d (4.7) * The value in ( ) is calculated val ue.
Synt hesi s Exanple 19 Synthesis of Cu-LlI conplex To a 100-ml egg- pl ant
flask, 500 nmg (1.97 mol) of the ligand precursor (L1) was introduced and
di ssolved in 30 m of netha%%f:]ind they were heated to 50 C

OH

N

(LD

IH-NMR(CDCls) : 1.47(s,9H), 6.88(dd,1H), 7.24-7.31(m,4H),
5 7.38-7.46(m,3H), B8.64(s,1H), 13.95(s,1H)

IR{(neat) : 1575, ‘1590, 1610 cm®

. FD-mass spectrometry: 253 (M)

Synthesis Example 2

10 Synthesis of ligand precursor (L2)

Raction and purification were carried out in the same
manner as in Synthesis E#ample 1 except that 0.95 g (7.58
mmol) of salicylaidehyde was used instead of the 3-t-
butylsalicylaldeh?de, to thereby obtain 1.29 g (7.05 mmol,
15  yield: 93 %) of a compound (ligand precursor (L2))

represented by the following formula (L2) as an orange

Qlﬁ

N solid-solution.

(L2)




Separately, to. another 50-nl egg-plant flask, 200 ng (1.10 15 mmol) of
copper acetate (11) was introduced and 15 m of netha to
the-flask and they were stirred with raﬁ&ing t he tenpgfg?§%§x?gg§g C. This
copper acetate- nethanol solution was pippetted into the nmethanol solution
of the above ligand precursor (LI) with stirring to 20 inmedi ately
precipitate a brown solid. The solid precipitated was then cooled to room
t enper at ur e, 1( Dacember, 20 13,4ecovered by filtration with a

gl ass filter}ﬁ$ﬁg%%%f%a was mégﬁb ﬁftﬁqfo m of methanol tw ce and vacuum
dried to obtain 510 ng (yield: 82 % of a conplex (7) -.represented by the
followng formula as a luster brown 5 solid. tBu FD-mass spectronetry:

568 (Mr) 10 SQynthesdsg Bx £ 29 Synthesis of V-L7 conplex 1.10 g (. 4. 86,
mmol ) of (VO ssolved in 25 m of MeOH, and to the

sol ution, a solution of . ces (9. 64 mpl ) R TNy d precursor- L7 in
5 ol of ‘NeGH L6 s i( Q- F4 Rk Yrec ey (Q,@ﬂ

5 ‘To a 100-ml reactor thoroughly purged with nitrogen,

150 ml of ethanol, 5.0 g {53 mmol) of aniline and 5.1 g
{53 mmol) of pyrrole-2-carboxyaldehyde were introduced and

further 1 ml of a formic acid was added. 'Thereafter, the

*
%

mixture was continuously stirred at room temperature for

10 24 hours. The reaction solution was concentrated under
reduced pressure to remove the solvent, and the
concentrate was purified by a silica gel column to obtain
6.0 g (34.9 mmol, yield: 66.%) of a compound (liéand
precursor (L3)) represented by the following formula (L3)

15° as a white solid.

Q, . o

i H
N

\- / (L3)

‘H-NMR(CDCl;) : 6.3(d,1H), 6.69(dd,1H), 6.89(d,1lH),
20 _ ' 7.1-7.5(m,4H), 8.29(s,1H), 9.85(brs,1H)

FD-mass spectrometry: 170



15 was dropwi se added at roomtenperature. To the m xture further 1 m of
pyridine was added, and the reaction solution was stirggd.do8.-3ohpurs
under reflux. The resultant reaction solution was allowed to stand at room
tenperature for 2 hours to precipitate a’@?een powder. 20 The powder was
filtered off through a glass filter and washed with nmethanol. Then, the
resul tant powder was 214 6 Decenber 2004 vacuumdried to obtain 1.25 g

(2.65 Mol , vyi . 559 cgnpl ex (8) represented by the follow ng
formula as a 5 hihe8Y pdbmpde S spectrometry : 471. (M+) 5 (8) Synthesis

Exampl e 21 Synthesis of Vs ex.10. t uri jication were
carried out in the sane = ﬁtEQQPL 8t POBPG f ! except that

a
2.19 9.64 mmol ), of | i gand N th
(i gand pr ccursor (L9) 2aRd0rRa FaAErPen e e WAEY HERgE ot hEEPeothy "

thefeby obtain .39 ¢ 60,740k yiphenol and 50-ml of acetic acid

5 were added. To the mixture, 3.0 ml of concentrated nitric
acid was rapidly dropwise added under cooling-' After the
dropwise addition was completed, the resultant mixture was

i stirred at EheAsame temperature for 1 mihute and poured

into 200 ml ;frwater. The organic phase extracted with

10 * diethyl ether was.washed with water and concentrated. The

concentrate was purified by a column chromatography to

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

HNMR(CDC13, 6§ ) : 11.41(s,1H), 7.94(d,1H,2Rz),

15 ’ 7.63(d,1H,2Hz), 1.43(s,9H), 1.29(s,9H)

Theg, the total amount of the above-obtained compound, .
50 mg of 5% palladium carbon and 100 ml of ethanol were
added to a 200-ml reactor, and the mixture was stirred for
220 48 hours under hydrogen of 1 atmospheric pressure. The
reaction solution was filtered through Celite, and then
the solvent was distilled off to obtain 4.1 g (yleld:
89 %) of white crystals.

-~

25 HNMR(CDCl;, §) : 6.92(d,1H,2Hz), 6.82(d,1H,2Hz),



15" yield: 15 %9 of a conplex (9) represented by the following fornula as

a blue green power. FD-nass spedtronmetry : 419- (M) 6 %@@gﬁ?ﬁﬁzg@p4 215
. Synt hesis Exanple 22 8 =0 Synthesis of V-L9 conplex (9 eact 1 on was

carried out in the sane manner as in 'Syni%esi s Exanpl e 20, except that
3.60 g (9.64 mol) of the ligand precursor (L9) was used instead of the
| i gand precursor (L7) and the reaction solvent was changed to a

t ol uene/ net hanol m xed sol vent_ (\vol u ratja;. 1/ After 1Q the sol vent

was distilled off, the resultaht’ proddbt: véagmé%&j%)}ﬁct éci‘ei\/&stf%%xane,

foll owed by evaporation to dryness ﬁ@ﬁ aresult, 2.39 g (2.94 mol, yield:
/ t

61 %9 of a conplex (10) repreée@ﬁﬁf he foll ow ng formul a was obt ai ned
as a light brown power. 15 FD-mass spectronetry : 811 (M) (10)

Subsequently, 2.83 g -of the adbove-obtained conpound -
5 and 50 ml of ethanol were added to a 100-ml reactor
thoroughly purged with nitrogen, and 1.63 g of
‘benzaldehyde and 1.0 ml of acetic acid were further added
;ﬁ; to the reachr; The mixture was stirred‘at room
temperature for'24 hours.. The reaction solution was
10 ' concentrated, andlthen the concentrate was purified by a
column chromatographylto obtain 3.2 g (yield: 80%) of a

compound (ligand precursor (L4)) represented by the

following formula (L4) as yellow crystals.

OH
k’ tBu
H
(L4)
15 ' tBu
1HNMR(CDC13,5) : 8.70(s,1H), 7.%6-7.82{m,2H), 7.73(s,1H),

7.48-7.43(m,3H), 7.25(d, 1H,2Hz),
7.17(d,1H,2Hz), 1.46{(s,9H), 1.35(s,9H)
20

Synthesis Example 5




6 Decenber 2004 216 Synthesis Exanple 23 Synthesis of V-L10 conplex

Reaction and purification were carried out in the
---Synt hesi s- Exanple 20-, except that 1: ﬁ% g 5 (4. SEE%E%iE { ?ﬁe | i gand

precursor (L10) was used instead of the 17I"gand precursor (L7), the solvent
anount was -changed to 100 m and the pyridi ne amount was changed to 2 m.
As a result, 1.13 g (3.12 nmmol, yield: 64 %9 of a conplex (11) represented

by the followi ng fornula S?ﬁtggsigbgginggaﬁg @rgghkgg&snggeen power .

FD- mass spectronetry: 361 nt hesis of V-L11
conpl ex Reaction andg gublnqgaglgﬁo@@rgfchghgqogHgan %Q@ cpafe npnner as
in Synthesis Exanple 20, except that 1.58 nmol ) of the Ilgand

precursor (L1 u d. 20 afygt.he | I (
sol vent annun%%ﬁ£§§ﬂ'zﬁgghgﬁgg%ogon% 283 ?ﬁergg??gFﬁ§$§#§§ﬁﬁ”ﬁt£) anged to

2 h1. As a 1eaUWH it Q%eH (2rRl 1R ¢ Y18 d-mrd 1% o Hnzaldehyde and

 1 5 1.0 ml of acetic acid were further added to the reactor.
The mixture was stirred at room temperature fo; 24 hours.
-The reaction solution was concentrated, and then the
L concentrate was separated and purified by a column
chromatograp;y to obtain 1.74 g (8.83 mmol, yield: 69%) of .
10 " a compound (ligana preéUrsor (L5)) represented by the
féllowing formula (LSf as yellow crystals.
'HNMR (CDC13, 8 ) : 8.71(s,lH)f 7.95-7.88 (m, 2H),
7.52-7.43(m,3H), 7.32-7.16(m,3H)
7.04-6.86(m, 2H)

15 FD-mass séectrometry: 197

@hl - (L3)

Synthesis Example 6

20 : Synthesis of ligand precursocor (L6)
"To a 300-ml reactor equipped with a Dean and Stark

tube, 18.2 g (0.12 mol) of p-nitrobenzaldehyde, 50 ml of



6 Decenber 2004 217 conplex (12) represented by the follow ng fornmula was
obtained as a yellow sh green power. FD-nass spectronetd Heeendid? 2004 Q (12)
5 Synthesis Exanple 25 Synthesis of V-L12 conplex To a 100-m reactor
thoroughly dried and purged with 10 argdf’ 0.43 g (1.61 nmol) of the

| i gand precursor (L12) and 15 m of diethylether were introduced, and they
were cooled to -78 C and stirred. To the resulting mxture, 1.00 m of
n-butyl lithium - N- hexan ' 59 mmol s.dropw se
added over a g]eé’?“é%g%m%{)m rrrllgt 82, Slgogﬁ%}f%%ggf%%% %?]b%vl Iﬂ‘/grhc\é@ %ﬁa€§ room
tenperature and re.for_ 4 hours

LKrred_at roomtenperat (%o epare.a

| thi um sal ¢ SBRuTPBnRITRE S8R0EPEn RS HHdEN S& ddtied Wb 0 5 SaF it i on
0.59 g (1.57 I% gf hVCl3(t )\)}\?3 in ‘ilfgjlm ofl | et hyhlf et her,l dZOOl havitné:j been
cooled to -0 ECFAft 8r "PRESdr opWF s&™Hdldi ¢ gt~ L 1on "Was cooled adown

Yool Temperature and washed twice wWwith 100 ml of an
5 aqueous solution of saturated sodium hydrogen carbonate

and once with pure water. The resultant organic phase was

dried with anhydrous magnesium sulfate, followed by
%f; distilling off the solvent, and the resultant product was

.

dried with a vacuum pump to obtain 30.9 g (yield: 92%} of

10 *a compound (a) represented by the following formula as a
yelloﬁ oil.
(OC4Hg)
NO, - (a)
15 To a Z2-litter reactor thoroughly purged with nitorgen,

28.2 g (0.10 mol} of the above obtained compound (a) and
500 ml of dry THF were iﬁtroduced, and they were cooled to
3 -65 °C. Subsequently, to the reactor, 330 ml (0.33 mol)
of vinylmagnesiumbromide (1M, THF solution) was dropwise
20 added with a dropping funnel over a period of 25 minutes,
and they-were stirred at -40 °C for 1 hour. The reaction
solution was ?oured int§ 1 'liter of an aqueous solution of

saturated ammonium"chloride and further 300 ml of



was conpleted, the reaction solution was slowy heated to roomtenperature
with stirring. The reaction solution was 6 Decenber 2004ip2dGnddibbher
stirred for another 3 hours at roomtenp Sture After the stirring, the
solvent was distilled off under reducedqg essure. Then the renai ned
yell owi sh brown solid was extracted with 30 ml of nethylene chloride-. The
5 extract was filtered through a glass filter to concentrate to about 10

m, and then &5¢rh QEth@%aﬂgswﬁﬁdégde@oim@@@&oby rEF@aEEﬁ%'QkEQE%Q1 Qlid
was filtered off t%roug a gl ass ilter, washed w pent'ane and then

vacuum dried HeeeRtabn Qu3ée9 (@héo 1CYI§§éE 085 BoRbe i £OPRLEXHH13) 10
represented by the followng formula {(13) as a yellow sh brown power.

FD- mass spect@@@ﬁ&ﬁyof 388 %ﬁd(lﬁ) §YBEh@SBS E%gHPbehfér ¥“£@§§'§a§£ﬁlé L6

conplex In a 50-nml Schlenk flask t oroug l'y ssed and purged
argon, 0;85 9561319 MRk Ohaki. kb92RE concentrate, followed by

5 stirring at room temperature for 20 minutes. Thereafter,
200 ml of an aqueous solution of saturated sodium
.carbonate was added to confirm the mixture being PH > 8.

Then, an extraction operation with 100 ml of ethyl acetate
. L

was repeated twice, and the resultant product was purified .
10 » by a column chrométography to obtain 10.6 g (yield: 73%)
of a compound (b) represented by the following formula as
a light yellow solid.
'HNMR (CDCl3) : 6.62-6.65(t,1H), 7.25-7.30(m,2H),
7.34-7.37(t,1H), 7.65-7.68(d,1H),
15 ’ 7.93-7.97(d,1d), 10.13(s,1H)
| FD-mass spectrometry: 145
Elementai analysis : Measured values (wt%)
C 74.4; H 4.7; N 9.6
Theoretical values (wt%)

, 20 ‘ C 74.5; H 4.9; N 9.7

(b)

N 2T




20 precursor (L6) was dissolved in 15 m of diethylether and the solution
was cooled to'-78 C. To the mxture, 2.48 nl (3.9 mmolgpof Lyhdd t hi um
(1.6 M hexane solution) was i 219 6 EECqugr 2004 slowy aéﬁﬁ% b‘$
stirring, and the resultant m xture was adual |y heated to room
tenperature to prepare a lithium salt solution of the ligand. On the other
hand, to-another Schlenk flask 5 thoroughly degassed and purged with argon,

3.86 m (1.93 mmolr}; af 1botani vantebrachbesigel aept anensekukian)
.was introduced at --78C, and further 6 m o dle hy ether was added, and

the mixture was 28l gy . heahge1t 0ok0eALL ERBEEALYES i MEEhc8hpbhRI ( bThe4o
sol ution was again cool'ed 10 down to -78C, and to the sol uti on, the former

prepar ed IItmuuewse%ma%e&eele@heao&heolngaad(@aﬁvqﬁeﬂvaS@fagﬁfﬁlneT%ﬁd
resultant mixture was stirred overni ght at foom tenperature. After

sol vent was db%khhkchQBf W%EQl?stvéﬁHHHE?UWEre3QdHEdOfagHCQEQPOW%E@ane was

added tofiler i nsol ub The filtrate was concentrated and
subjected 40 %%%EX%HalE'%%BhOQeWbEQa@uQ%XQBE 3 hours. The reaction

l

solution was concentrated, and then the concentrate was
purified by a column chromatography to obtain 1.53 g
(yield: 85%) of a compound (ligand precutsor {L6) )
represented gy.the following formula (L6} as a light
10  yvellow oil.
'HNMR (CDCl3) : 6.50-6.60(t,1H), 7.10-7.40(m, 8H),
8.63(s,1H), 10.76(bs,1H)

FD-mass spectrometry: 220

¢

(L6)

a2

15

Synthesis Example 7

Synthesis of ligand precursor (L7)

Reaction was carried out in the same manner as in
20 Synthesis Example 1, except that 0.76 g (7.62 mmol) of
cyclohexyl amine was used tnstead of aniline and 0.95 ¢

(7.58 mmol) of salicyl aldehyde was used instead of 3-t-



di chl oronet hane solvent to obtain 0.94 g (yield: 87 %9 of a conplex (14)
represented by the followng fornula as a dark purple gsgLicghbefboge0

FD- mass spectronetry : 556 (14) 220 Synthgs{s Exanple 27 6 Decenber 2004
Synthesis of V-L4 conplex 5 In 50 mM of hexane, 2.50 g (8.1 mml) of the
ligand precursor (L4) was dissolved, and to the solution, 4.0 M .(6.4
nmml ) of a n-butyllithium hexane solution (1.6 M was dropw se added at

room t enper at w&wgﬂlssylraldwwd@ ternhst 5hhiBALf Qbslghquh 1akqt RerSane
tenperature, the resulting 10 .'yell ow precipitate was separated by

filtration through a1 g@ass f |4§rnund’las%qel‘@ﬂ”98]%§ s of sfiscane and then
dried under vacuumto obtain 1.79 g of I 1thi um phenoxi de  derivative as

a starting materieingQmaund,,Thiss W&erﬂ%cﬂ s9lered i g of THE

at roomtenperature, and the 15 resul ting soluti on was dropw se added to

125 m (2.86 amlg) 0f (13 vana tyd.shloride THE solution (0.023 M
havi ng been cooled to --78C, %wgstér%lng After the :

5 FD- -mass spectrometry: 203

)

Synthesis Example 8

10 Synthesis of ligand precursor (L8)

Reaction was carried out-in the same manner as in
Synthesis 'Example 1, except that 1.15 g (7.58 mmol) of 2-
hydroxy—5—meth6xyﬁenzaldehjde was used instead of 3-t-
butylsalicylaldeﬂyde. The solvent was distilled off to
15 obtain 1.69 g'ﬁ7.43 mmol, yield: 98%) of a compound -
(ligand precurser (L8)) représented by the following
formula (LB8) as an orange oil.

FD-mass spectrometry: 227



dropwi se addition was conpleted, the reaction solution was heated to room
tenperature and stirred for 12 hours. Then, 20 the solypRtemasogenoved
under vacuum and 50 m of toluene was adggd at roomtenperature to prepare
a solution. The solution was filtered through a glass filter to renbve an
inorganic salt contained in the solution. Then, the solution was
concentrated to about 10 ml. To the solution, 25 80 m of n-hexane was
added, and they were stirred for gne 6 Decenber 2004 221 hour. Then, the
resulting precipitate was filterff through a glass filter, washed with
20 M of n-hexane and dried underacuumto obtain 1.23 g of a conpl ex
(15) represented by the follow nglstructural- forrmula (brown 5 powder,
yield: 46 FD-M5s (nfz): 703 (intemsPfty 100 % M+), 309 gjgi)tensity 58 %

i gand fragnment) 10 tBu tBu (15) |15 Cmnt hesi s Exanple 2

MeO

Synthesis Example 9

}q Synthesis of ligand precursor (L9)

k3

.. - . : . '
5 Reaction was carried ocut in the same manner as in

, Synthesis Example 1, except that 2.05 g (7.62 mmol) of n-
octadecyl amine was used instead of aniline, 0.95 g (7.58
mmol) of salicyl aldehyde was used instead of 3-t-
butylsalicylaldehyde, and as a solvent 120 ml of a
10. toluene/ethanol mixed solvent (volume ratio: 5/1) was used

insfead of ethanol. The solvent was distilled off to
obtain 2.75 g (7.35 mmol, yield: %7%) of a compound
{ligand ﬁrecursor‘(L9)) represented by the following
formula (L8) as a yellow oil.

15 FD-mass spectrometry: 373

C1gHa7

N

’d

OH (L9)




Synthesis of V-L5 conplex Reaction and purification were carried out in the
sanme manner as in Synthesis Exanple 27, except that tr|6 éb E@ cursor
(L5) was used in place of the ligand 20 Q&gcursor (L4). E@C g 1.23 g
of a conmplex (16) represented by the fol1T6wi ng structural fornula was
obt ai ned (brown powder, yield: 48 %9. FD-M5 (nmz): 478 (intensity 100 %
M+), 197 (intensity 52 % |igand fragnent) 25 6 Decenber 2004 222 (16)

Examle 1 Ethgkg@gegggbg&gﬁggedq@arboxyl|c aci d anhydride copolyner 5
usi ng conpl ex ss aut ocl ave thoroughly purged with

ni trogen, 250 m of tolu%§?t prpoqgﬁégd %&%c&&%o"Q%ﬂ% phase and the
gas phase were saturated W I car boxylic

acid anhydride (herQFQéEESB %erSBFE%QQ SLEPh ¥ %Rea§a$QQQ§H%e§“95199 1/'hr

of ethylene. Thereafter In terns o | um num ato
Synthesis -Example 1, excent that 034 ¢ (381 mmol) of - -

5 1l,4-tetramethylenediamine was used instead of aniline and
0.95 g (7.58 mmol) of salicyl aldehyde was useé instead of
3-t~butylsalicylaldehyde, and that the reaction was
carried out under reflux while dewatering through a Dean

»
and Stark tuge. -After the sclvent was distilled off, the

10 + resuitant productlwas recrystallized from hot methanol

(MeOH) to obtain 0.56 g (1.90 mmol, yield: 50%) of a
"compound {(ligand precursor (L10)) represented by the

following formula (L10) as yellow crystals.

FD-mass spectrometry: 296

15-
) =N N= Loy
OH HO ‘
. Synthesis Example 11
Synthesis of ligand precurscr {(L11)
20 Reaction was carried out in the same manner as in

Synthesis Example 1, except that 0.44 g (3.81 mmol) of

1, 6-hexamethylenediamine was used instead of aniline and

0.95 g (7.58 mmol) of salicyl aldehyde was used instead of



met hyl al um noxane was added, and then 0.005 mmol of the complex (1)
obtained in Synthesis Exanple 13 was added to initiate peleiRibg@d i on. The
reaction was conducted at 15 25 C for ggnutes in an et hyl ene gas

at nosphere at atnospheric pressure. The& a small amount of i sobutanol

was added to term nate the polynerization. After the polynerization was
conpl eted, the reaction product was introduced into a | arge anount of

met hanol to péeELBhkgaea%Qc91595@hyegvugsd0£h§tpehgnEéac heR. whydrochloric
acid was added, and m Xt ure was Itered through a glass filter. The

resul ting pol yn £ soatef Lhﬁb%n%xéwsnﬁglw aQWQtQ@czegbeargggﬁ 228ean

met hanol , and t urther vacuumdried at 80 C for hours to obtain

1.15 g of a pQM”%rtaé'J\/e%We”Eﬁ'fx?ePf 1{15 el'ét[cv%c?{s De DRI YPE! i he

obtained were carrie As ‘a resu e polymer 5 proved to be an

ethy'ene/NDCArsgeﬁk%g%T %%eh%knhggwgegzgagghglgg N@?Am FULt beby the

coordi nati on éenergy erence S u ate der "the conditions that

In the chegm caf. ,for qvh%Sg<%b.%@dmg%h,dﬁigﬁd?eez%?og%,at@%mboqaed L was a

o
%

{(ligand precursor (L1ll)) represented by the following
formula (L1ll) as yellow crystals.

e FD-mass spectrometry: 324

(L11)
S

Cronno )
10

Synthesis Example 12

o

Synthesis of ligand precursor (L12)
Reection and purification were carried out in the
15 same manner as in Synthesis Example 1, except that 0.82 g
(7.62 mmol) of 2—(aminomethyi)§yridine was used instead of
aniline, to thereby obtain 1.83 g (6.82 mmol, yield: 90%)
of a compound (ligand precursor (L12)) represented by the
following formula (L12) as a yellow oil. .

20 FD-mass epectrometry: 268



10 Iigand of the conplex (1), the nunber a of the ligands was 2, and the
central netal Mwas Ti (IV) . As a result, the coordi n@bea&dmigpenoy

di fference LE was 20.3 kJ/ nol. Exanple 2 4o Et hyl ene- mal ei ¢ anhydri de

copol yner using conlex (2) Polynerization and post-treatnent were carried
out in the same manner as in Exanple 1 except that the conplex (2)
obtained in Synthesis Exanple 14 was used instead of the conplex (1) and
0.5 mmol of nal ei c anhydri de was ey 20 instead of the NDCA, to thereby
obtain 0.06 g of a polyner. Measlygenrents of IR and 13C-NVR of the pol yner
obtained were carried out. As afresNlt, the polyner proved to be an

et hyl ene/ mal ei ¢ anhydri de copofdner containing 0.01 nol % of naleic
anhydride. i 25 Further, V coordi nati on energy di ffer@rdé LE was 6
Decenber 2004 224 cal cul at ed /uffder the conditions that in the chenica
formulas (2) and (3) described above, the ligand L was a |igand of .the.. ..
compl ex (2), the nunber a of i |igands was 2, and the central netal M was
Ti (I1V). As a result, the

5

Synthesis Example 13

Synthesis of Ti-L1 complex

5 To a 300-ml reactor thoroughly dried and purged with
LT kd
argon, 1.785“g (7.05 mmol} of the ligand precursor (L1)
»and 100 ml of diethyl ether were introduced, and they were
cooled to -78 °C and stirred. To the resulting mixture,
4.78 ml of n-butyllithium {(1.55 mmol/ml-n-hexane solution,
10 7.40 mmol) was dropwise addéd over a period of 5 minutes,
and they were slowly heated to room temperature and
continuously stirred at room temperature for 4 hours to
prepare a lithium salt sclution. The sclution was
dropwise~added slowly to a mixture sclution of 7.05 ml
15 (0.5 mmol/ml—hgptane solution, 3.53mmol) of.a titanium
tetrachloride -solution and 46 ml of diethyl ether, said
; mixture having been cooled to -78 °C. After the dropwise
addition was completed, the reaction solution was slowly
heated to room temperature with stirring. The-reaction
20 solution was further stirred for another 8 hours at room
temperature, and the solution was filtered through a glass

filter teo obtain a sclid. The solid was dissolved in and



5 coordination energy difference tE was 43.6 kJ/nol. Exanple 3

Et hyl ene- nor bor nene di carboxylic acid anhydride copol yngpeceiiiepgodonpl ex
(3) 10 To a 500-m gl ass autocl ave thorogg@ly purged with nitrogen, 250 ni
of toluene was introduced, and the |iqui phase and the gas phase were
saturated with 100 1/ hr of et hyl ene. Thereafter, 0.5 mmol of NDCA and 0. 25
mml of triisobutylal mnumwere added, and then 0.005 mmol of the 15

conpl ex (3) opiai&ed, i HOLRESHS rEé@Wi@né%@MrPd@%anme of

tri phenyl carbeni unt et raki s(pentaf | uorophenyl)borate were added to initiate
pol yrer i zat | %st@bigﬁC&épg YaRovEQNAUG L At i3 Lufd IhJBAULSA N an

et hyl ene gas 20 atnosphere at atnospheric pressure. Then, a snmall anopunt

of i sobut anol M\@éra{ig'&g %?ég%]nf}éeté 0Ol YIEsE 2381 g 5o AT e SMia

polynerlzatlon was conp ete e reaction ‘product was intr

jarge amount ol T8LLa00ke40; npigcﬂng'éﬁtrﬁeﬂl%%ﬁé CHRULAOT a8 ROV pe TheN,

25 hydrochl oric acid was add e mxture was tered Decenber
2004.%25 5 pentane was slowly added to the solution with stirring.

; The mixture solution was allowed to stand at room
temperature to precipitate reddish brown crystals. The

crystals were filtered through a glass filter and washed

»
~

with pentane. The resultant crystals were vacuum dried to
10 .obtain 1.34 g (2.15 mmol, yield: 61 %) of a complex (1)
represented by the following formula as reddish brown

crystals.

tBu

15 'H-NMR(CDC13): -1.35(s,18H), 6;82—7.43(m,16H), 8.07(s,2H)
IR(KBr) : 1550, 1590, 1600 cm™
FD-mass spectrometry: 622 (M')
Elemental analysis: Ti; 7.7% (7.7)

C; 65.8% (65.5) H:; 6.0

o

(5.8)
20 - N; 4.5% (4.5)

* The value in { ) is calculated value.



through a glass filter. The resulting polynmer was sufficiently washed with
met hanol, and then further vacuum dried at 80 C for 10g hRdshd-200bt ain
0.13 g of a polyner. Measurenents of IR ?ﬁg 13C-NWR of the pol yner

obtained were carried out. As a result, pol ymer proved to be an

et hyl ene/ NDCA copol ynmer containing 0.02 nol % of NDCA. Further, the

coordi nation energy difference LE was cal cul ated under the conditions that
in the chemcal 10 formulas (2) and (3) described above, the ligand L was a
| igand of the conplex (3), the nunber a of the ligands was 2, and the

central ”Eta|8%%¥ﬁésfé gk%%gég aqresult, the coordination energy

di fference AE ; : Exanpl e 4 Et hyl ene- nor bor nene

di carboxylic acid anhydride copolyies g§if§LE?j§ﬁﬁ%ﬁE§5) To a 500-ml gl ass
aut ocl ave thoroughly purged wrt ; ol uene was

i ntroduced, and the_I|iquihd_.20.ph apd 1 he - Phase yer t with
1001/ hr “of et hyl oig. ® Thednf EPABREE Hhor Gy Rp BEARE IR BT ey

di et hyl al yr n | or i-.d e_a n n 0 .
ethyl;yicgygr%ggépétgbaﬁém§%085gg§gPygfgfhggc%%%ﬁgééﬁg%f {h% tigand

precursor (L3) (1.04 g, 6.08 mmol) obtained in Synthesis

Example 3 was introduced and cooled to -78 °C. To the

solution, 4.2 ml (6.08 mmol) of a 1.45 N.n—BuLi/hexane

solution was dropwise added, and they were slowly heated

10

to room temperatuie. The resultant solution was dropwise
added slowly to a mixture solution of 6.08 ml of a
titanium tetrachleride solution (0.5 mmol/ml-heptane
selution, 3.04 mmol) and 16 ml of diethyl ether, said
mixture having been cooled to =78 °C. After the dropwise
15° addition was completed, the reaction solution was slowly
heated to room temperature with stirring. The reaction
solution.was further stirred for another 8 hours at room
temperature, and the reaction solution was filtered
through a glass filter. -The filtrate was concentrated
&20 under reduced pressure to precipitate a solid. The solid
was dissolved in 5 ml of methylene chloride, and 10 ml of
hexane was slowly added to the solution with sLirring.
The mixture was allowed to staﬁd at room temperature to
precipitate a blackish brown solid. The sclid was

25 filtered through a glass filter and washed with pentane.



obtained in Synthesis Exanple 16 were added to initiate 25 polymnerizati on.
The reaction was conducted at 25 C for 6 Decenber 2004 2R6:chthdibpsd €s in an
et hyl ene gas at nosphere at atnospheric ressure. Then, a snall anount of

i sobut anol was added to term nate the dnerization. After the

pol yneri zation was conpleted, the reaction product was introduced into a 5
| ar ge anmount of net hanol to precipitate a total, amount of a pol yrrer

Then, hydrochl.oric a s ad [£ Mes, f| tere ough a
glass filter bIlhI'E'heresu tu‘§1 po“\ 3m§"rasv\éfsacsu |dé:|tle%n Iy VEetedt wi d%('rj thanol,

and then vacu ied at 80 rs to opt a| 0.38 10 0

pol yrmer . I\/bas{?e AP o WlF?]a%dO{lgs q c?f G Cip r SO cé\,ekl?
carried out suII -t rov t.0 be an et .hy ene/ NDCA
copol ymer conttréﬁ ?ﬁ gﬁﬁ“ﬁ‘%t% Eiiﬂusrkf FETOY T P lJcci)or di nati on
energy difference DE was cal cul ated under the conditions that in the

chenmical *-formilas (2) and (3) d ibed inclaim1, theligand L was a
| i gand of the corrpl ex (4), the a of the

TN

5
'"H-NMR (CDC13j) : 6.0‘~7.9(m',16H), 7.80 (s, 2H)
‘-FD~mass spectrometry: 456 (M+)
Elemental analysis: Ti; 10.4% (10.5)
* The wvalue in { ) is calculated value.
10

Synthesis éxample 15

" Synthesis of Ti-L4 complex

618 %g of the ligand precursor (L4) obtained in

Synthesis Example 4 was dissqlved in 10 ml of toluene, and

15 the resultant solution was dropwise added to 10 ml of a

i toluene solufion of titanium chloride (0.1 mol/l) at room
temperature with stirring. After the stirring.was carried
out at the same temperature for 24 hours, the reaction
mixture Qas filtered through a glass filter. To the

20 resultant fil{rate, 10 mi of n-hexane was added, and the

mixture was allowed to stand at -40 °C for 5 hours to



|l i gands was 2, and the central netal Mwas V (I11). As a 20 result, the
coordi nation energy difference DE was -26.9 kJ/nol. EX@DEJ:&nt%rZOM

Et hyl ene- nor bor nene di carboxylic acid anh i de copol ymer 25 using conpl ex
(5) 6 Decenber 2004 227 Pol ynerization an ost-treatnments were carried out
in the sane manner as in Exanple 4 except that 0.5 mmol of the conplex (5)
obtained in Synthesis Exanple 17 was used instead of the conplex (4), to

t her eby obt ai RH:224 G ofolad.5 @ﬁleYﬁB&ldN&agué@ﬁEB&%eafbizRfﬁﬂéch@?oNNBo"f
the pol yner obtained were carried out. As a result, the polyner proved to

be an et hyl ene/WaGA capolngrely icart-aigy ng Q{02 C%‘lp%)eg‘f (X2 ]Egsew (?Qﬁ ons

the coordination energy difference DE was cal cul ated under he con

that in the C*kbgmtfh%l e 10rdmlRs dRmand @)réiﬁﬁf‘sw ?%t ﬁecq?ly%'t L, the ligand

L was a ligand of the conplex (5), the nunber i gan s was 2, and
t he cent,.r__al metal Mwas V (1V). As a

But

FD-MS : 734 (M), 307 (ligand fragment)

Synthesis Example 16

10 - Synthesis of V-L2 complex (1)

To a 300-ml reactor thoroughly dried and purged with
argon, 0.99 g.(5.0 mmol) of the ligand precursor L2 and
100 ml of THE were introduced, and they were cooled to -
78 °C and stirred. To the resulting mixture, 3.23 ml of
15 n-butyllithivum (1.55 mmol/ml—n—hexane solution, 5.0 mmol)
was dropwise added over a period of 5 minutes, and they
were slowly heated to rocom temperature and continuocusly
stirred at room temperature for 4 hours to prepare a
Lithium salt solution. The solution was dropwise added
20 slowly to a mixture solufion of 0.62 g (1.67 mmol) of

VClz* (THF); and 40 ml of THF, said mixture having been



15 result, the coordination energy difference AE was 9.1 kJ/nol. Exanple 6
Et hyl ene- norbornene di carboxylic acid anhydride copolynge“%Qxygoog conpl ex
(6) Polynerization and post-treatnents e § carried out in the same nanner
as in Exanple 1 except that the conpl ex @ ) obtained in Synthesis Exanple

18 was used instead of the conplex (1), to thereby obtain 0.05 g of a

pol ymer. 25 Measurenents of IR and 13C-NWR of the polyner 6 Decenber 2004

228 obtained wereegarLi edlgout. Agr@ ¥ ol tyrd Oaaﬁs@ﬂmrm dy Qued to be an
et hyl ene/ NDCA copol yner cont al ni ng 0 02 nol % of NDCA. 5 Exanple 7

Et hyl ene- met %@g&@@g&y'eﬁs Egggueﬁrﬁm@g@m@é egqcm He 3 PAQs5 1l g ass

pol ynmeri zati on actor- (equi ppe a stirring blad€) thoroughly purged

W th nltrogen g?grouggfw&g#ugggrpgﬁ|lﬂfﬁgﬂggg&tfggi§gf&%$§ﬁaﬂgfyblomm 10

into the toluene oW ng tuBe for 10 mnutes

Stlrrjng}~The£89£BgE-s§l§ge81fg§-gﬂgk%egf‘ahOUISMat room‘temperature,

5 and THF was distilled off under reduced pressure to obtain
a solid. The solid was dissolved in methylene éhloride,
and the insclubles were removed by filtration. The
filtrate was cqncentrated and pentane was slowly added to
the concentr;te with stirfing to precipitate a reddish

10 *brown solid. The.solid”was separated by filtration
through a glass filter and washed with pentane. The
resultant solid was vacuum dried to obtain 0.44 g (0.69

mmol, vield: 41 %) of a complex (4) represented by the

following formula.

(4) .
15
. FD-MS : 639 (M")
Synthesis Example 17
20 . ' Synthesis of V-L2 complex (2)

"3.30 g (13 mmol) of (VO) (S04} * 5H;0 was introduced and

disscolved in 100 ml of pure water, and the agueous



t ol uene sol ution of nethylal um noxane (Al concentration: 1.475 M, 2.5 n
(0.025 nmmol ) of a toluene solution of the conmplex (7) € Defntd 2o 2 nm  of
met hyl met hacryl ate were 15 successively gdged and stirred at 20 C for 6
hours (600 rpm wth blowi ng ethylene at 50 1/hr. To the reaction
solution, 25 m of isobutanol and 5 m of hydrochloric acid were added to
termnate the reaction. After stirring was carried out at roomtenperature
for 30 20 nmiswtesion. Basideepwbie ned@etholo wassaddeton ook he- k 2agt (8A
solution to obtain a slurry. The slurry was recovered by filtration to
obtain 958 ngwobla pbl ynerligded obtadnesor pol yaed W metefnPhed by IR and
as aresult, it was found to be an ethyl ene--nethyl net hacryl at e. copol yner
25 cont ai ni ngethabohy| T cups miertiwed fivorhhreet Hid met kecrapl atgie@iPHDecenber
2004 229 Exampl e 8 Et hyl ene-nmal ei ¢ anhydri de copol yner using conplex (1)

Pol yneri zati oscandipostit dettgehnbs weok) caf rediwut acdtanet hassapdeganner
as in Exanple 1 except that nmaleic anhydride was used instead of the NDCA,
to thereby obtaidnth@. 38agtdbnaspbdliyiren. was stirred for 20 minutes under

T3

reflux. The reaction solution was allowed to ;tand at

room temperature for Z hours to ﬁrecipitate a dark green

f“r powder. The powder was separated by filtration through a
glass filte;‘agd.washed with water, ethanol and ether.

10 .The resultant powder was vacuuﬁ dried to obtain 4.48 g

(9.75 mmol, yield: 75 %) of a complex (5) represented by

the following formula.

15
FD-MS : 459 (M")
Synthesis Example 18
Synthesis of Cr-L]1 complex
20 _ To a 300-ml reactor thoroughly dried and purged with

argon, 1.785 g (7.05 mmol) .of the ligand precursor (L1)

and 100 ml of THF were introduced, and they were cooled to



Measurenents of IR and 13C-NMR of the polyner obtained were carried out.
As a result, the polymer 10 proved to be an ethyl ene/ ngigi&aEdPYo41 de
copol ymer containing 0.02 nol % of nal efi nhydri de. 15 Exanple 9

Copol yneri zation of ethylene and norbornénédi carboxylic acid using conplex
(14) Polynerization and after-treatnents were carried out in the sane
manner as in Exanple 1, except that the conplex (14) obtained in Synthesis

Exanpl e 26 was-78séd bRd pkageecal the ©oaptexu)ding tiexarbant 2 0f g NRCAwAS
changed 20 to 2.0 mmmol, and the pol ynerization tine was changed to 60

mnutes. As anresitthlli@h@3mg (0f 58 PRAbYIRN -WaBeehhal BeUutidRENT . MBasMEeyENt S
of IR and 13C-NMR of the polyner obtained were carried out. As a result,

the pol ymer m@@vadqula@ aad@ahbb@@eéNpgélgap@EyBemla9@balnbﬂa N@%@rn 25
an amount of 0.02 nol based on 100 nol of the ethylene 6 Decenber 04 230
uni t. Conpar aijere BiaWhehdated to room temperature and stirred-at-room
5 temperature for 4 hours to prepare a lithium salt solution.
The solution was dropwise added slowly to a mi;ture
.8o0lution of 0.558 g (3.53 mmol) of chromium trichloride
and 40 ml o{lTHF, said mixture having been cooled to -
78 °C. Aftefttﬁe dropwise addition was completed, the
10 - reaction solution was élowly heated to room temperature
with stirring. The reaction solution was further stirred
for another 5 hours at room temperatﬁre, and the reaction
solution was filtered through a glass filter to obtain a
solid. The solid was dissolved in and washed with 50 ml
15 of methylene chloride to remove insolubles. The filtrate
| was vacuum dried,.and reprecipitated with ether/hexane to
obtain a\green powder. The powder was separated by
filtration through a glass filter and washed with hexane.
The resultant powder was vacuum dried to obtain 1.04 g
$ 20 (1.76 mmol,‘yield: 50 %) of a complex (6) represented by

the following formula.



Pol ynmeri zation was carried out in the sane manner as 5 in Exanple 1,
except that dicyclopentadienyltitanium dichloride (CP2JDetepbarasossed in
place of the conplex (1) As a result, apy,polyner was not obtained.
Further, the coordination energy difference LE was cal cul ated under the
conditions that in the chemcal 10 forrmulas (2) and (3) described in claim
1, the ligand L was a cycl opentadi enyl group, the nunber a of the |igands
was 2, and the central nmetal Mwas-Tix(lV) As a result, the coordination
energy difference 8E was 93.1 kJ/nj 15 Conparative Exanple 2

Pol ymeri zation was carried out in same manner as in Exanple 5, except
t hat di cycl opentadi enyltitanium di i de was used in place of the

conplex (5). As a result, any polyner wa ~m9@10btqk2ed. 20 Exanples 10 -
17 Copol yneri zation of ethyl a__

nevand pol ol efin usi conpl exes (5) and
(15). In a.500 m gl ass .auto <@ ~hddough) y purged wi-th 25 nitrogen, 250 ..
m of hexane was placed, and etHyl ene was

6 Decenber 2004
'% ' tBu
FD-mass spectrometry : 592 (M+)
:;; Elemental agglysis :Cr; 8.9% (8.8)
5 G 69.3% (69.0) H; 6.4% (6.1)
' | N; 5.0% (4.7)

* The walue in ( ) is calculated wvalue.

Synthesis Example 19

10 ' Synthesis of Cu-Ll complex

To a 100-ml egg-plant flask, 500 mg (1.97 mmol) of

the ligand precursor (L1) was introduced and dissolved in
30 ml of‘methanol, and they were heated to 50 °C.
Separately, to another 50-ml egg-plant flask, 200 mg (1.10

15 mmol) of copper acetate (II) was introduced and 15 ml of

% methanol was added to the flask and they were stirred with
raising the temperature to 50 °C. This cupper acetate-
methanol solution was pippetted into the metha;ol solution
of the above ligand precursor (Ll) with stirring to

20  immediately precipitatera brown solid. The solid

precipitated was then cooled to room temperature, and was



231 fed at a feed rate shown in Table 1 to saturate the liquid phase and

t he gas phase wth ethylene. Thereafter, a polar ol efigrsbauserioznofable 1
di et hyl al um num chl oride or ethylalum numdichloride as a co-catal yst and
then the 5 conplex (5) or the conpl ex (1é¥3as a catal yst were added in
amounts shown in Table 1 to initiate polynerization. Wth blow ng ethyl ene
into the autoclave, polynerization was conducted at 25C for a period of

ti me shown in-dablered;, b§n§1ﬁQ%ntz ﬁ”@hk g?gsgffkﬁggytanﬂhamas agded to

10 term nate the polynerization ter ynerizatron Wwas conpteted,

the reaction d S /i Rt educed icn . nt of methano
adi di fi ed MAtﬁé%ygggg%?or%ghag?d&g ?g %gggﬁgkia?Sl?%ngﬁoV% BBTy%EFEd

fol lowed by fikt ter. . Th
utiiorenty (8 RERSH &On HetKaRr ok heﬁrvacuﬁwﬁg?¥2‘§55t 80C for 10

h T fi

ot or mi nad by TSECRRR Gre Yot Fof by %b?ag b2k 95 op "ol ShcPEoHBt ai ned.

a polar olefipg cont ai ned, and 20 the polyners obt ai ned were
et hyl ene/ pol ar "ol'efin copol yners.

7

tBu |

FD-mass spectrometry: 568 (M+)

10 Synthesis Example 20

Synthesis of V-L7 complex

1.10 g (4.86 mmol) of (VO)} (SO4) * 5H,0 was dissolved in

25 ml of MeOH, and to the solution, a solution of 1.96 g
(8.64 mmol) of. the ligand precursor L7 in 25 ml of MeOH
15 was dropwise added at roém temperature. To the mixture
further 1 ml of pyridine was added, and the reaction
solution was stirred for 2 hours under reflux. The
resultant reaction solution - was allowed tc stand at room
temperatﬁre for 2 hours to precipitate a green powder.
20 The powder was filtered gff through a glass filter and

washed with methancl. Then, the resultant powder was
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vacuum dried to obtain 1.25 g (2.65 mmol, yield: 55.%) of

a complex (8) represented by the following formula as a

green power.

‘FD-mass spectrometry: 471. (M%)

®)

| | Ao
. N l gl?

Synthesis Example 21

Synthesis of V-18 complex
10 Reaction and purification were carried out in the
same manner as in Synthesis Example 20, except that 2.19 g
(9.64 mmol} of the ligand precursor (L8) was used instead
of the ligand preéursor {(L7) and the reaction time was
changed go 4 hours, to thereby obtain 0.39 g (0.74 mmol,
15 yield: 15 %) of a complex (9) represented by the following

formula as a blue green power.

" FD-mass spectrometry: 419 (M%)
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(%)
Synthesis Example 22
. Synthesis of V-L9 complex
.
5 Reaction was carried cut in the same manner as in

' Synthesis Example.ZO, except that 3.60 g (9.64 mmol) of
" the ligand precursor (L9) was used instead of the ligand

precursor (L7) and the reaction solvent was changed to a
toluene/methanol mixed solvent (volume ratio; 1/1). After

10 the solvent was distilled off, the resultant product was
extracted with hexane, followed by evaporation to dryness.
As a result, 2.39 g (2.94 mmol, yield: 6i %) of a complex
{10} repgesented by the following formula was obtained as
a light brown power.

15 FD-mass spectrometry: 811 (M%)

C18H37

| .
NV=0 (10)
| (532
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Synthesis Example 23

Synthesis of V-L10 complex

Reaction and purification were carried cut in the
same manner as in-Synthesis- Example 20, "except that 1:44-g-
FA 5 (4.86 mmol) of the ligand precursor (L10) was used instead
of the ligand precursor (L7), the solvent amou;t was
changed to 100 ml and the pyridine amount was changed to 2
‘T; ml. As a result, 1.13 g (3.12 mmol, yieid: 64 %} of a
N
complex (11) represented by the following formula was
10 'obtained as a yeliowish'green power.

FD-mass spectrometry: 361 (MY)

) <

=N, _N=

V.
8o

(11)

15 Synthesis Example 24

Synthesis of V-L11 complex

Reaction and purification were carried out in the
same manner‘as in Synthesis Example 20, except that 1.58 g
(4.86 mmol) of the ligand precursor (L1ll) was used instead
20 of the ligand precursor {(L7), the solvent amount was
changed ﬁo 100 ml and the pyridine amount was changed to 2

ml. As a result, 1.02 g (2.61 mmol, yield: 54 %) of a
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complex (12) represented by the following formula was

obtained as a yellowish green power.

FD~mass spectrometry: 389 (M")

¢

=N, _N= (12)

AV
VRN
00O

" Synthesis Example 25

Synthesis of V-L12 complex

To a 100-ml reactor thoroughly dried and purged with
argon, 0.43 g (1.61 mmol) of the ligand precursor (L12)
and 15 ml of diethylether were—introduced, and they were
cooled to -78 °C and stirred. To the resulting mixture,
1.00 ml of n-butyllithium (1.59 mmol/ml—ﬁ—hexane solution,
1.59 mmoi) was dropwise added over a period of 10 minutes,
and they were slowly heated to room temperature and
stirred at room temperature for 4 hours to prepare a
lithium salt solution.

The solution was dropwise added slowly to a solution
0.5% g (1.57 mmol).of VCl3(thf)s in 15 ml of diethylether,
having béen cooled to -0 °C. After the dropwise addition
was Completedi the reacfioﬁ solution was slowly heated to

room temperature with stirring. The reaction solution was

w
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further stirred for another 3 hours at room temperature.
After the stirring, the solvent was distilled off under
reduced pressure. Then the remained yellowish brown solid
was extracted with 30 ml of methylene chiorideu The
5 extract was filtered through a glass filter to concentrate
to about 10 ml, and then 15 ml of hexane was aéded thereto.
-The precipitated solid was filtered off through a glass
i;( filter; was?ed.with pentane and then vaéuum dried to
obtain 0.37 ; (0.10 mmol, yield: 60 %) of a complex (13)
10 represented by thé following formula (13) as a vellowish

brown power.

FD-mass spectrometry : 388

| Q O—NCly (13)

15

Synthesis Example 26

9 ) Synthesis. of Ti-L6 complex

In a 50-ml Schlenk flask thoroughly degassed and
purged with argon, 0.85 g (3.9 mmol) of the ligand
20 precursof (L6) was dissolved in 15 ml of diethylether, and
the solution was cooledvto‘—78 °C. To the mixture, 2.48

ml {3.9 mmol) of bgtyllithium {1.6 M hexane solution) was
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slowly added with stirring, and the resultant mixture was
gradually heated to room temperature to prepare a lithium
salt solution of the ligand.

On the -other hand, to'another Schlenk flask
tho;oughly degassed and purged with argon, 3.86 ml (1.93

mmol) of titanium tetrachloride (0.5 M heptane solution)

-was introduced at ~78°C, and further 6 ml of diethylether

was added, and the mixture was slowly heated to room

»
temperature ;ith stirring. The solution was again cooled
down to -78°C, and to the solution, the former prepared
lithium salt solution of the ligand was dropwise added.
The resultant mixture was stirred overnight at room
temperature. After the solﬁent was distilled off with a
vacuum pump, 30 ml of dichloromethane was added to filer
off insolubles. The filtrate was concentrated and
subjected to recr&stallization with a hexane-
dichloroﬁethane solvent to obtain 0.94 g (yield: 87 %) of
a complex (14) represented by the following formula as a

dark purple solid.

FD-mass spectrometry: 556

N
S —-'T_iClg‘ (14)




compl exes (8), (9), (10) and (13) Polynerization and after-treatnments were
carried out 5 in the same manner as in Exanple 10, excgplcdadr 2bbe conpl ex
used as a catalyst was replaced with a compl ex shown in Table 2. The yield
of the polynmer, (ri) and a nethyl acrylate content determ ned by 13C NWR
are set forth in Table 2, in 10 which the results of Exanple 10 wherein
t he pol yneri zati on was conducted under the sane conditions are al so set
forth. In all polyners obtained, nethyl acrylate was contained, and the
pol ymers obt ai ned were et hyl ene/ methyl acrylate copolynmers. 15 Exanpl es 22
- 23 Copol yneri zation of ethylene and nethyl acrylate using conplexes (11)
and (12) Pol ynerization and after-treatnents were carried out 20 in the
sane nmanner aSyinmhEsaspEeakdlee®dept that 4 mmol of ethyl trichloroacetate
was added prior to the addition of the catalyst at the beginning of the
pol yneri zation and the conpl-eynidesias.of calial yshplas repl aced with a
conpl ex shown in Table 2. :

. 5 ~In 50 ml of hexane, 2.50 g (8.1 mmol) of the ligand

5
P

precursor (L4) was dissolved, and to the solution, 4.0 ml
(6.4 mmol) of a n-butyllithium hexane solution (1.6 M) was
dropwise added at room temperature with étirring. After
» !
stirring for‘l hour at the same temperature, the resulting
10 . yellow precipitate was separated by filtration through a
"~ glass filter, washed with 15 ml of n-hexane and then dried
undexr vacuum to obtain 1.79 g of a lithium phenoxide
derivative as a starting materiel compound. This compound
was dissolved in 50 ml of THF at room temperature, and the
15 resulting solution was dropwise added to 125 ml (2.86
| mmol} of é vanadiﬁm trichloride THF solution (0.023 M)
having been cooled to -78°C, with stirring. After the
dropwise addition was completed, the reaction solution was
heated to room temperature ana stirred for 12 hours. Then,
;30 the solvent was removed under vacuum, and 50 ml of toluene

was added at room temperature to prepare a solution. The

solution was filtered through a glass filter to remove an
inorganic salt contained in the solution. Then, the
solution was concentrated te about 10 ml. To the solution,

25 80 ml of n-hexane was added, and they were stirred for one



25 The yield of the polynmer, (Ti) and a nethyl acrylate 6 Decenber 2004 234
content determned by 13C-NVR are set forth in Tabl e 2,6 Decathiber200he
results of Exanple 10 are also set forth.,,Ln all polynmers obtained, nethyl
acrylate was contai ned, and the polyners obtai ned were ethyl ene/ net hyl
acrylate 5 copolyners. 6 Decenber 2004 235 CoN N MCoU ) CLOCoCVO EOnO 00a
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hour. Then, the resulting precipitate was filtered off
through a glass filter, washed with 20 ml of n-hexane and
dried under vacuum to obtain 1.23 g of a complex (15)
represented by the following structural formula (brown
5 powder, yield: 46 %).
FD-MS (m/z): 703 (intensity 100 %, M%), 369

(intensity 58 %, ligand fragment)

10 Q
f
By N.3
VG
o/,

tBu (15)

'

15 Synthesis Example 28

Synthesis of V-L5 complex

Reaction and purification were carried out in the
same manner as in Synthesis Example 27, except that the
ligand precursor (L5) was used in place of the ligand

20 precursor (L4). As a result, 1.23 g of a complex (16)
represented by the following structural formula was
obtained {(brown powder, yield: 48 %).

FD-MS (m/z): 478 (intensity_lOO %, M%), 197
(intensity 52 %, ligand fragment)

25
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‘Example 1

Ethylene-norbornene dicarboxylic acid anhydride copolymer

using complex (1)

To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene.was introduced, and the liguid
phase and the gas phase were saturated with 0.5 mmol of
norbornene-2, 3- dicarboxylic acid anhydride (hereinafter
referred simply to as “NDCA”) and 100 1/hr of ethylene.
Thereafter, 2.50 mmol (in terms of aluminum atom) of
methylaluminoxane was added, and then 0.005 mmol of the
complex (1) obtained in Synthesis Example 13 was added to
initiate polymerization. The reactijon was conducted at
25 °C for 10 minutes in an ethylene gas atmosphere at
atmospheric pressure. Then, a small amount of isobutanol
was added to terminate the polymerization. After the
polymerization was completed, the reaction product was
introduced into a large amount of methanol to precipitate
a total amount of a polymer. Then, hydrochloric acid was
added, and the mixture was filtered through a glass filter.

The resulting polymer was sufficiently washed with
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methanol, and then further vacuum dried at 80 °C for 10
nours to obtain 1.15 g of a polymer.

Measurements of IR and !3C-NMR of the polymer
bbtaihed weréréarfied dﬁt; As a fésult, thé pdiymer
proved to be an ethylene/NDCA copolymer containing 0.02
mol% of NDCA.

Further, the coordination energy difference AE was
calculated under the conditions that in the chemical
formulas (2) and (3) described above, the ligand L was a
ligand of the complex (1), the number a of the ligands was
2, and the central metal M was Ti (IV). As a result, the

coordination enexgy difference AE was 20.3 kJ/mol.

Example 2

Ethylene-maleic anhydride copolymer using complex (2)

Polymerization and post-treatment were carried out in the

same manner as in Example 1 except that the complex (2) i

obtained in Synthesis Example 14 was used instead of the

complex (1) and 0.5 mmol of maleic anhydride was used

instead of the NDCA, to thereby obtain 0.06 g of a polymer.
Measurements of IR and 13C-NMR of the polymer

obtained were carried out. As a result, the polymer

proved to be an ethylene/maleic anhydride Fopolymer

containing 0.01 meol% of maleic anhydride.

Further, the coordination energy difference AE was
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Copol yneri zati on of ethylene, propylene and nethyl acrybatenbsiz0gs

conpl exes (5) and (15) In a 500 mM gl ass autoclave thoroughly purged with
5 nitrogen, 250 m of hexane was placed, 224d an et hyl ene/ propyl ene m xed
gas was fed at a feed rate shown in Table 3 to saturate the |iquid phase
and the gas phase wth the m xed gas. Thereafter, 6 mmol of nethyl

acrylate, 8 mmol of diethylalum numchloride or ethylalun num
calculated under the conditions that in” the chemical

formulas (2) and (3) described above, the ligand L was a
ligand of the complex (2), the number a of the ligands was
2, and the central metal M was Ti (IV). As a result, the

5 coordination energy difference AE was 43.6 kJ/mol.

Example 3

Ethylene-norbornene dicarboxylic acid anhydride copolymer

using complex (3)

10 To a 500-ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid
phase and the gas phase were saturated with 100 l/hr of
ethylene. Theréafter; 0.5 mmocl of NDCA and 0.25 mmol of
friisobutylalminum were added, and then 0.005 mmol of the

15 complex {3) obtained in Synthesis Example 15 and 0.006
mmol of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate were
added to initiate polymerization. The reaction was
conducted at 75 °C for 30 minutes in an ethylene gas

20 atmosphere at atmospheric pressure. Then, a small amount
of isobutanol was added to terminate the polymerization.
After the polymerization was completed, the reaction
product was introduced into a large amount of methancl to
precipitate a total amountlof a polymer. Then,

25 hydrochloric acid was added, and the mixture was filtered



10 dichloride as a co-catalyst and then 0.04 mmol of the conplex (5) or
the conplex (1.5) as a catalyst were added to initiategspetemiioaedi on.
Wth blowing the ethylene/propylene mxed gas into the autoclave,

pol ymeri zati on was conducted at 25C for a@pgeriod of time 15 shown in Table
3,and then a small anount of isobutanol was added to term nate the

pol yneri zation. After the polynerization was conpleted, the reaction
product was introduced into a | arge anount of nethanol acidified with
hydrochl ori ¢ &®ir@ugho apgdeispi tfafleetrhe Whel eepol tyirey , p@lyriat |'owed by
filtration through a glass filter. Then, operations of sufficiently

washi ng t he pelyfercigintly mwethadol itdi sechanng, t Aed pohymefu i thdwt v4ohweane
and introducing the resulting solution into a | arge anount of nethanol to
preci pitate adgdleyirert W& € Cr dpeatldd howirce tbochb25ipudi ty ¢ her pol yokymer .
Thereafter, the polynmer was vacuum.6 Decenber ..2004. 237 dried at 1300C for
10 hours. The yi el deakutrkeepalsy megr IR( &hj, 13NAMR priopHen 1 et ent and a
met hyl acrylate content determ ned by 13C NVR are set forth in Table 3. In
all polynefs olbttaiimed, were carried out. As a result, the polymer

proved to be an ethylene/NDCA copolymer containing 0.02

mol% of NDCA.

-

Further, the coordination energy difference AE was
calculated under the conditions that in the chemical
10 formulas (2) and (3) described above, the ligand L was a
ligand of the complex (3), the number a of the ligands was
2, and the central metal M was Ti (IV). As a result, the

coordination energy difference AE was 24.2 kJ/mol.

15 Example 4

Ethylene—norbornene dicarboxylic acid anhydride copolymer

using complex (4)

To a 500-ml glass autoclave tﬁoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid

20 phase and the gas phase were saturated with 100 l/hr of

ethylene. Thereafter, 0.5 mmol of NDCA and 0.1 mmol of
diethylaluminum chloride were added, and then 0.5 mmol of

ethyltrichlorocacetate and 0.005 mmol of the complex (4)

obtained in Synthesis Example 16 were added to initiate

25 polymerization. The reaction was conducted at 25 °C for



5 nmethyl acrylate was contained, and the pol yners obtained were

et hyl ene/ propyl ene/ net hyl acryl ate copol yners. The nonogpecdiiienBi4 sequence
distribution of the copolyner obtained in Exanple 26 was neasured by
13CG-NMR, and as a result, the copol yner,had an et hyl ene-et hyl ene 10
sequence proportion of 65.4 nol % an ethyl ene-propyl ene sequence
proportion of 32.0 nol% an ethylene-nethyl acrylate sequence proportion
of 0.2 nol % a propyl ene- propyl ene sequence proportion of 1.6 nol% a
propyl ene- nethyhimctyd alre Heqengte s ope tdtbofhdkd a0 2omnshbiae 1bc et hyl

acryl ate-nmet hyl acryl ate sequence proportion of 0.1 M1% 6 Decenber 2004
238 00 O Opfrs&ur® i TH¥n, a small amount of isobutanol was added to
terminate the polymerization. After the polymerization
w;s éémpieééd; the ré;ctioﬁ“prodﬁét.ﬁés iﬁtfodﬁcéd iﬁto é
5 large amount of methanol to precipitate a total amount of
a polymer. Then, hydrochloric acid was added, and the
mixture was filtered through a glass filter. The
resulting polymer was sufficiently washed with methanol,
and then vacuum dried at 80 °C for 10 hours to obtain 0.38
10 g of a polymer.
Measurements of IR and 13C-NMR of the polymer
_ obtained were cérriedout. As a result, the polymer
proved to be an ethylene/NDCA copolymer containing 0;03
ﬁol% of NDCA.
15 Further, the coordination energy difference AE was
calculated under the conditions that in the chemical
formuelas (2) and (3) described in claim 1, the ligand L
was a ligand of the complex (4), the number a of the

ligands was 2, and the central metal M was V (III). As a

20 result, the coordination energy difference AE was =-26.9

kJ/mol.

Exanmple 5

Ethylene-norbornene dicarboxylic acid anhydride copolymer

25 using complex (5)
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Polyﬁerization and post~treatments were carried out
in the same manner as in Example 4 except that 0.5 mmol of
the complex (5) obtained in Synthesis Example 17 was used
iﬁstead of.thé Complex (4); Eg”£he£é5y oﬁfain O;é4 g“of émA
polymer.

Measurements of IR and 13C-NMR of the polymer
obtained were carried out. As a result, the polymer
proved to be an ethylene/NDCA copolymer containing 0.02
mol% of NDCA.

Further, the coordination energy difference AE was
calculated under the conditions that in the chemical
formulas (2) and (3)rdescribed in claim 1, the ligand L
was a ligand of the complex (5), the number a of the
iigands was 2, and the central metal M was V (IV). As a

result, the coordinaticon energy difference AE was 9.1

kJ/mel.

Example 6

Ethylene~ncorbornene dicarboxylic acid anhydride copolymer

using complex (6}

Polymerization and post-treatments were carried out
in the same manner as in Example 1 except that the complex
{6) obtained in Synthesis Example 18 was used instead of
the complex (1), to thereby obtain 0.05 g of a polymer.

Measurements of IR and 13C-NMR of the polymer
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obtained were carried out. As a result, the polymer

proved to be an ethylene/NDCA copolymer containing 0.02

mol% of NDCA.

5 Example 7

Ethylene-methylmethacrylate copolymer using complex (7)

To a 500-ml glass polymerization reactor -(equipped

with a stirring blade) fhoroughly purged with nitrogen,
250 ml of toluene was introduced, and ethylene was blown

10  into the toluene through a blowing tube for 10 minutes
with slowly stirring. Thereafter, 3.39 ml (5 mmol) of a
toluene solution of methylaluminoxane (Al concentration:
1.475 My, 2.5 mi (0.025 mmol) of a toluene solution of the
éomplex (7) {0.01 M) and 2 ml of methylmethacrylate were

15  successively added and stirred at 20 °C for 6 hours (600
rpm) with blowing ethylene at 50 1/hr. To the reaction
solution, 25 ml of isobutanol and 5 ml of t
hydrochloric acid were added to terminate the reaction.
After stirring was carried out at room temperature for 30

20 minutes, 1.5 liters of methanol was added to the reaction
solution to obtain a slurry. The slurry was recovered by
filtration to obtain 958 mg of a polymer. The obtained
polymer was determined by IR, and as a result, it was
found to be an ethylene—methylmethacrylate_Copolymer

25 containing carbonyl groups derived from methylmethacrylate.
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Example 8

Ethylene-maleic anhydride copolymer using complex (1)

Polymerization and post-treatments were carried out
in the same manner as in Example 1 except that maleic
anhydride was used instead of the NDCA, to thereby obtain
0.30 g of a polymer.

Measurements of IR and !3C-NMR of the polymer
obtained were carried out. As a result, the polymer

proved to be an ethylene/maleic anhydride copolymer

containing 0.02 mol% of maleic anhydride.

Example 9

Copolymerization of ethylene and norbornenedicarboxylic

acid using complex (14)

Polymerization and after-treatments were carried out
in the same manner as in Example 1, except that the 3
complex (14) obtained in Synthesis Example 26 was used in
place of the complex (1), the amount of NDCA was changed
to 2.0 mmol, and the polymerization time was changed to 60
minutes. As a result, 0.03 g of a polymer was-obtained.
Then, measurements of IR and 13C-NMR of the polymer
obtained were carried out. As a result, the polymer
proved to be an ethylene/NDCA copolymer containing NDCA in

an amount of 0.02 mol based on 100 mol of the ethylene
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et hyl ene, propyl ene and nethyl acrylate using conpl ex L b resence
of ethyl trichloroacetate) 5 Polynerization gnd gPter-é?%g%#gﬁgggagre
carried out in the same manner as in Exanppje 26, except that 4 nmol of

ethyl trichloroacetate was added after the addition of ethylalunmi num
dichloride. As a result, 2.76 g of a polyner was obtained. Then,

measur enent of 13C-NWR of the 10 pol yner obtained was carried out, and as a
result, the wolyner proved to be an ethyl ene/ propyl ene/ net hyl acryl ate
copol ynmer containing 1.6 nol % of nmethyl acrylate. The

Comparative Example 1

-Péiymérizatidn waé éarrﬁed out iﬁ the'éaﬁé ﬁaﬁﬂe;raé h
5 in Example 1, except that dicyclopentadienyltiganium_
dichloride (CP,TiCl,) was used in place of the complex (1) .
As a result, any polymer was not obtained.
Further, the coordination energy difference AE was
calculated under the'conditions that in the chemical
10  formulas (2) and (3) described in claim 1, the ligand L
was a cyclopentadienyl group, the number a of the ligands

was 2, and the central metal M was Ti (IV). As a result,

the coordination energy difference AE was 93.1 kJ/mol.

15 Comparative Example 2

Polymerization was carried out in the same manner as
in Example 5, except that dicyclopentadienyltitanium
dichloride was used in place of the complex (5). As a
result, any polymer was not obtained.

20

Examples 10 - 17

Copolymerization of ethylene and polar olefin using

complexes (5) and (15)

In a 500 ml glass autoclave thoroughly purged with

25 nitrogen, 250 ml of hexane was placed, and ethylene was



propyl ene content was 11.6 nol% and (r}) was 1.75 dl/g. 15 Exanple 30

Copol yneri zati on of ethyl ene, propylene and nethyl acrg?ﬁkgng§b@g4conplex

(15) (in the presence of hydrogen) Polynerization and after-treatnents

were carried out in the sane manner as inskxanple 26, except that a m xed

20 gas obtained by further adding 20 1/ hr of hydrogen to the

et hyl ene/ propyl ene m xed gas was used. As a result, 2.37 g of a polyner

was obt ai ned. Then, neasurenent of '3C-NVR of the pol yner obtai ned was

carried out, &86 as a fesdl ratet hbopol yneFfaptovedto osdbeurate the liquid

et hyl ene/ propyl ene/ net hyl 25 acryl ate copol ynmer contai ning 0.6 nol % of

met hyl acryl atdasg¢ Bedefrber 92608246 Thehpevpylene. cotierdaasr 1924 nol %

and (rj) was 2.31 dl/g. Exanple 31 Measurenent of heat-sealing strength of

5 et hyl ene/ pr ppykenelrmétihyshagnyliat Babdpol y neietloy bh L iim & 5hebde or

(thickness: 100 pm- of the copol ymer obtained. i.n Exanpl.e 30 was .prepared, .

and -t he sheet ety ledumintio dicbkfipirpdeThe stcopcmbsliyatenpasedchetween

alumnumfoils (thickness: 50 pnm) having the sanme width as that of the

5 complex (5) or the complex (15) as a catalyst were added
in amounts shown in Table 1 to initiate polymerization.
With blowing ethylene into the autoclave, polymerization
was conducted at 25°C for a period of time shown in Table
1, and then a small amount of isobutancl was added to

10 terminate the polymerization. After the polymerization
was completed, the reaction. product was introduced into a
large amount of methanol acidified with hydrochloric acid,
to precipitate the whole polymer, followed by filtration
through a glass filter. The polymer was sufficiently

15 washed with methanol and then vacuum dried at 80°C for 10

hours.

The yield of the polymer, (n) and a polar olefin &
content determined by 13C-NMR are set forth in Table 1. In
all polymers obtained, a polar olefin was contained, and

20 the polymers obtained were ethylene/polar olefin

copolymers.



10 strip, and they were heat-seal ed at 200C for 5 seconds by a heat
sealer. Fromthe sealed portion, a strip having a w dt@[)ggerﬁ@er?@bxvas cut
out, and the peel strength was neasured under the conditions of a peel
angle of 180 and a peel rate of 200282mn. As a result, the peel strength

15 was 0.90 kg/ 5\ IR Y *Luug O][h::l hran fe—peel strength of an
et hyl ene/ propyl ¢rg@g copol yrerci(pr gpyliere optent: 18.4 nol% (Tj): 2.29
dl /g) containing go nethylQjagr3| &t & wdsSineasyire@ in the same nmanner as
descri bed above| #s a resgulltg The| 20 pee| stiength was 0.08 kg/ 15 min. It
was proved that fhe et hylene?inriopyl éng/ npt hy ag¢ryl ate copol ynmer obtai ned
in Exanpl e 30 hacé|a hi gher Peel strengtin Bnd hi gher adhesion properties to
al um num 25 Exarf@l e 32_6 Jhegienpgl H004gPALSMeagur ement of contact angle of
et hyl ene/ propyl ¢éng/ get hygl |agry| &l e |copo| Vel A il mof the copol yner
obt ai ned in Exaile 30 @< Prepated usilnglalhot 1t ol uene solution of the
copolyner. 5 Thé{gfi m ®as {Stibj egi ed tjo [p droplef nethod to neasure a
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forward contact angle and a backward contact angle of the copolyner

agai nst water. As a result, the forward contact angle PR3 ?Qﬂ ihe
backward contact angle was 93. On the other hand, the f Orwar %on?aot angl e
and the 10 backward contact angle of an,g{hyl ene/propyl ene copol yner
(propyl ene content: 18.4 nol% (11): 2.29dl/g) containing no nethyl
acrylate was neasured in the sanme nmanner as described above. As a result,
the forward contact angle was 88, and the backward contact angle was 105.
15 I't was proyggmphat the-ephyl ene/ propyl ene/ methyl acrylate copol ymer
obtai ned in Exanpl'e 30 had smaller contact angles and higher wetting
properties toc¥8beymer248tbobeeenbeny 2004 Mhatméshel abordisse 3siAgprocess
for preparing a polar orefin copol'ymer conprising: copolynerizing. a
non-pol ar ol efip-apd.a Rehar (9} ef imo) i andiheipyesence of a catal yst
conprising (AQ_a compound of a Transition metal selected from.Goups-4, 5
and .11 of the peripdi¢nbabbgri¥hi A after-treatments were carried out

5 in the same manner as in Example 10, except that the
complex used as a catalyst was replaced with a complex
shown in Table 2.

The yield of the polymer, () and a methyl acrylate
content determined by 13C-NMR are set forth in Table 2, in

10 which the results of Example 10 wherein the polymerization
was conducted under the same conditions are also set forth.
In all polymers obtained, methyl acrylate was contained,
and the polymers obtéined were ethylene/methyl acrylate
éopolymersx

15

Exanmples 22 - 23

Copolymerxization of ethylene and methyl acrylate using ¢

complexes (11) and (12)

Polymerization and after-treatments were carried out
20 in the same manner as in Example 10, except that 4 mmol of
ethyl trichloroacetate was added prior to the .addition of
the catalyst at the beginning of the polymerization and
the complex used as a catalyst was replaced with a complex

shown in Table 2.

25 The yield of the polymer, (m) and a methyl acrylate



is represented by the following formula (1): LmvXn (1) 10 wherein Mis a
.transition netal atomselected from Goups 3 to 11 of e peri @ic t abl e,
mis an integer of 1 to 6, nis a nunber satisfying a J%FE%%@M%?B ; Lis a
| i gand coordinated to M and each |igand iypas 15 a feature that when the
val ue obtained by subtracting the total™sum of the whole energy, as
determ ned by a density functional-nethod, of the conpounds on the

| eft - hand nenber fromthe whol e energy, as determ ned by a density
functional method.of dhscomoynd iop-thr &ight=hapd 20 mRNMDEp1EN2Lhen
foll ow ng chenig%?1fornula (2) gﬁg the value obtained by the sane

subt ract'on i e digl 1,00 Ehom aln fOrIDIld 31 2 e dlefigad as 1n
0

coordi nati on ener gy et hyl ene and coordi nati on energy E2 of nethyl

acrylate, = respectivmely, t{ﬁﬁ&é@f%ﬁl&&ﬂ%&%ﬁ%@%@%%ﬁ&@, 25nd

coordi nati on €energy E, 0 ene and t'he codrdination 243 6 Decenber 2004

.energy E2 Oftﬁget&giyrﬁé:féllﬁt?aiﬁeé%ggé M hPfed®ffethyl acrylate

5 copolymers.



M La-M[. Me b La-M(3) 5 wherein Mis the sane transition netal atom
sel ected from Goups . 4, 5 and 11 of the periodic tablgpas.Md-Bood he
formula (1), ais an integer of 1 to 3, bis an electric G%arge of the
conmpound in the blankets [ ] and is O or 1, and Me is a nethyl group, 10
and X is a hydrogen atom a hal ogen atom an oxygen atom a hydrocarbon
group, an oxygen-contai ning group, a sSAdFur- containing group, a

ni t rogen-contai ning group, a boron- containing group, an

al um num cont ai ni ng group, a 15 phosphorus-containing group, a

hal ogen-cont ai ni ng group, a heterocyclic conpound residual group,
silicon-containing group, a germani umcontaining group and a

tin-containing group, and when n is 2 or greater, plural atons or groups b
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La-MF Me b 4Me b 244 6 Decenber 2004 10 indicated by X may be the sane or
different, and plural groups indicated by X may be bonged Lo, £3gh4 0t her to
forma ring 2. A process for preparing a polar olefin copofymer

conprising. copolynerizing' a non-polar gkefin and a polar olefin in the
presence of a catalyst conprising (AO a conpound of a transition netal

sel ected-from Goups 4, 9,,and 11 of the periodic table, which is
represented by the fornula (1) as defined in claiml1l, and (B) at |east one
conpound sel ektadpieon2d he poup consisting of (B-1) an organonetallic
conpound, (B-2) an organoal um num oxy-conpound, and 15 (B-3) a conpound

whi ch reacts wtc@pdlgnstiion oetal sthylene, propylene and methyl

acrylate using complexes (5) and (15)

in a‘éOO ml giass autoclavé tﬁoroqghly purged Qith

5 nitrogen, 250 ml of hexane was placed, and an

ethylene/propylene mixed gas was fed at a feed rate shown

. in Table 3 to saturate the liquid phase and the gas phase
with the mixed gas. Thereafter, 6 mmol of methyl acrylate,
8 mmol of diethylaluminum chloride or ethylaluminum

10 dichloride as arco—catalyst and then 0.04 mmol of the
complex (5) or the complex (15) as a catalyst were added
‘to initiate polymerization. With blowing the
ethylene/propylene mixed gas into the autoclave,
éolymerization was conducted at 25°C for a period of time

15 shown in Table 3, and then a small amount of isobutanol
was added to terminate the polymerization. After the
polymerization was completed, the reaction product was i
introduced into a large amount of methanol acidified with
hydrochloric acid, to precipitate the whole polymer,

20 followed by filtration through a glass filter. Then,
operations of sufficiently washing the polymer with
methanol, dissolving the polymer in hot toluene and
introducing the resulting solution into a large amount of
methanol to precipitate a polymer were repeated twice to

25 purify the polymer. Thereafter, the polymer was vacuum



conmpound (AO) to forman ion pair. 245 6 Decenber 2004 3. A process for
produci ng a polar ol efin copolyner conprising copolyne§t%&ggx§25@p-polar
olefin and a polar olefin in the presence of a catalyst conprising: (Al a
reaction product of* (C) a conpound of a.tansition netal selected from

G oups 4, 5 and 11 of the periodic table ich is -represented by-the
following formula (c): MXk --- (c) wherein M is a transition netal atom
selected from Goups 10 4, 5, and 11 of the periodic table, k is a nunber

sati sfying a waleacetofi3bl°c and Xoi soar-gydrogen atom a hal ogen atom an
oxygen atom a hydrocarbon group, an oxygen-containing group, a sulfur-

cont ai ni ng group, @h@i&EgggnbgoghgigégngEOUQBha bgron é?% g éggning group,

an al um num containing group, a ph or us- tarning

hal ogen- cont ai-BiRG G QURL admeRBlA" 9_E¥%LEEeCQBHEEggg&Sﬁ%QIg?hSQI BYP1sA

si Li.con-containing . group, a germani um containing group contai ni ng
group, and wheRgrkair3 2@ r@LeRt &%, vRLYLak atgms, of HOHRSrs obtained,

5 methyl acrylate was contained, and the polymers obtained
were ethylene/propylene/methyl acrylate copolymers.

The monomer-monomer sequence distribution of the
copolymer obtained in Example 26 was measured by 13C-NMR,
and as a result, the copolymer had an ethylene-ethylene

10  sequence proportion of 65.4 mol%, an ethylene-propylene
sequence proportion of 32.0 mol%, an ethylene-methyl
acrylate sequence proportion of 6.2 mol%, a propylene-
propyleoe sequence proportion of 1.6 mol%, a propylene-
methyl acrylate sequence proportion of 0.7 mol% and a

15. methyl acrylate-methyl acrylate sequence proportion of 0.1

mol%.



20 indicated by X, may be the sane or different, and plural groups

i ndi cated by X maybe bonded to each other to form a ri GAnk) a
conmpound represented by the following formula 6 Decenbe?g§8%ﬁg¥3@0%3 ()
wherein A is an oxygen atom a sulfur atomor a selenium atom or a
nitrogen atom having a substituent R6, and RL to R6 may be the sanme or
different, they are each 5 a hydroged3&atom a hal ogen atom a hydrocarbon
group, an oxygen-containing group, a sulfur-containing group, a

ni t rogen-contai ni ng group, a boron-containing group, an

al um num cont ai ni ng group, a phosphorus-containing group, a heterocyclic
conpound residual group, a silicon 10 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 (B) at |east one conpound
sel ected fromthe group 15 consisting of:,
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(B-1) an organonetal lic conmpound, (B-2) an organoal um ni um oxy-conpound,

and (B-3) a conpound which reacts with the reaction progegt.télhop® form an
ion pair. 20 247 6 Decenber 2004 '4. A process for producing a polar olefin
copol ymer conprising copolynerizing a ngﬂjpolar olefin and a polar olefin

in the presence of a catalyst conprising”™{'A2) a reaction product of (C a
conpound of a transition netal selected from Goups 5 and 11 of the

periodic table which is ,represented by the following formula (c): M Xk
(c) V\hererﬂi.‘)gaggldfléjsﬁg transition netal atom selected fromGoups 10 5

éhd 11 of th table, k is a nunber satisfying a valence of M, and
X is a hydrogen atom, gdal00en Atome 4l Qagenh dfilend didreaanhon group,

an oxygen- cont ai niTtg—group, a sul fur- containing group, a
nltrogen_contm'Hé¥&fgé%”hsfhgxgéﬁblex (5) (in the presence of ethyl

trichloroacetate)

5 Polymerization and after-treatments were carried out
in the same manner as in Example 26, except that 4 mmol of
ethyl trichloroacetate was added after the addition of
ethylaluminum dichloride. As a result, 2.76 g of a
polymer was obtained. Then, measurement of 13C-NMR of the

10 polymer obtained was carried cut, and as a result, the
polymer proved to be an ethylene/propylene/methyl acrylate
copolymer containing 1.6 mol% of methyl acrylate. The

propylene content was 11.6 mol%, and (n) was 1.75 dl/g.

15 Example 30

Copolymerization of ethylene, propylene and methyl

acrylate using complex (15) (in the presence of hydrogen)

Polymerization and after-treatments were carried out
in the same manner as in Example 26, except that a mixed
20 gas obtained by further adding 20 l/hr of hydrogen to the
ethylene/propylene mixed gas was used. As a result, 2.37
g of a polymer was obtained. Then, measurement of 13C-NMR
of the polymer obtained was carried out, and as a result,
the polymer proved to be an ethylene/propylene/methyl

25 acrylate copolymer containing 0.6 mol% of methyl acrylate,



15 contai ni ng group, an alum num contai ning group, a phosphorus-containing
group, a hal ogen-containing group, a heterocyclic conpgpréigshggal group,
a silicon-containing group, a gernmani umcontaining group or a
tin-containing group, and when k is 2 or,gyeater, plural atons or groups
20 indicated by X may be the sanme or different, and plural groups

I ndi cated by X nay be bonded. to each other to form a ring, and (Aii). a
conmpound represented by the following formula (11)_ 25 6 Decenber 2004 248
p_R16 S_T whreeeiptobyilena Bbhtegenwakomon RoPBOSRRAr yg) ah e 2 QiS58 /g .
nitrogen atomor a phosphorus atom or a carbon atom substituted with-a
substituent R13, 5 Sis a nitrogen atomor a phosphorus atom or a carbon
atom substituted with a substituent R14, T is a nitrogen atomor a
phosphorus at @®an@lea 31car bon atom substituted with a substituent R15,

Measurement of heat-sealing strength of

5 ethylene/propylene/methyl acrylate copolymer to aluminum

A sheet (thickness: 100 pm) of the copolymer obtained

in Example 30 was prepared, and the sheet was cut into a

PN

strip. The strip was interposed between aluminum foils
(thickness: 50 pm) having the same width as that of the

10 strip, and they were heat-sealed at 200°C for 5 seconds by
a heat sealer. From the sealed portion, a strip having a
width of 15 mm was cut out, and the peel strength was
measured under the conditions of a peel angle of 180° and )
a peel rate of 200 m/min. As a result; the peel strength

15 was 0.80 kg/15 min.

On the other hand, the peel strength of an
ethylene/propylene copolymer (propylene content: 18.4 mol$%, ¢
(my: 2.2% dl/g) containing no methyl acrylate was measured
in the same manner as described above. As a result, the

20 peel strength was 0.08 kg/15 min.

It was proved that the ethylene/propylene/methyl

acrylate copolymer obtained in Example 30 had a higher

peel strength and higher adhesion properties to aluminum.

25 Example 32




R11 to R16 may be the sane or different, they are each 10 a hydrogen atom
a hal ogen atom a hydrocarbon group, an oxygen-contai ng ngcEhsERo0R
sul fur-containing group, a nitrogen-containing group, a boron-containing
group, an alum num containing group, a pﬂﬁsphorus-containing group, a
het er ocycl i ¢ conpound residual group, a silicon 15 containing group, a
ger mani um contai ning group or a tin- containing group, two or nore of them
may be bonded to each other to forma ring;, and (B) at |east one conpound
sel ected fromidwes growpnt 20f comsisti rapafe ¢B-siharerns gangnEteald itethyl
conpound, (B-2) an organoal um num oxy-conpound, and 249 6 Decenber 2004
(B-3) a conmpound which reacts wthclrh@akeacbpoby@eprocess for producing a
pol ar ol efin copol ymer conprising copolynerizing a non-polar olefin and a
polar olefin in the fineserfcehef dpedlyaletsbbeaIPelsiing ExaAB) e J0eagtd on
product of (C.) a-conpound .of a transition netal selected from

prepared using a hot toluene solution of the copolymer.

b 5 The film was subjected to a droplet method to measure a
forward contact angle and a backward contact angle of the
. 'copolymer against water. As a result, the forward contact
angle was 687, and the backward contact angle was 93°
On the othér_hand, the forward contact angle and the
10 backward contact angle éf an ethylene/propylene copolymer
{(propylene content: 18.4 mol%, (n): 2.29 dl/g) containing
no methyl acrylate was measured in the same manner as
described abovei As a result, the forward contact angle
was 88°, and the backward contéct angle was 105°
15 It was proved that the ethylene/propylene/methyl
acrylate‘copoiymer obtained in Example 30 had smaller

contact angles and higher wetting properties to water. ¢



Goups 3 to 11 of the periodic table, which is represented 10 by the
followwng formula (c'): MXk _W wherei nMis a transité pRcdrb&hogd om
selected from Goups 4, 5 and 11 of the'pPeriodic table, k is a nunber |
satisfying a valence of M and 15 X is a hydrogen atom a hal ogen atom an
oxygen atom product (A2) to forman ion pair. ;5 . 20 a hydrocarbon

group,’ an OWygen-<LQiRAikddig group, a sul fur- containing group, a
ni trogen-containing group, a boron- containing group, an

al um num cont.ai NiNG PR @r RIASPHOTS- 5%%9'@%&9?%@1&%%%,

hal ogen-cont ai ni ng group, a heterocyclic conpound resi _ o
si | i con- contcainp /i@ -0UP, @ gernmani um containing group or a tin containing
group, and when k is 2 or greater, plural atons or groups |nd|cated by X

e
orces Lo soch obheP LA PG PR R Sl TR
5 in the presence of a catalyst comprlslng
" (AO) a compound of a transition metal selected
: from Groups.- ”;, 5> and 11 of the periodic table, which
is.represented by the following formula (1):
LaMXyq R (1)
10 wherein M is a transition metal atom selected from
Groups 3 to 11 of the periodic table,
m is an integer of 1 to 6,
n is a number satisfying a valence of M,
L is a ligand coordinated to M and each ligand L has
15 a feature that when the val;e obtgined by subtracting the
total sum of the whole energy, as determined by a density
functional method, of the compounds on the left-hand
member from the whole energy, as determined by a density
fﬁnctional method, of the compound on the right-hand
20 member in the following chemical formula (2) and the value
obtained by the same subtraétion in the follpw?ng chemical
formula (3) are defined as coordination energy E; of
ethylene and coordination enefgy E; of methyl acrylate,

respectlvely, the difference AE (AE=E,-E;} between the

25 coordination energy E. of ethylere and the coordination



(A-iii) a conpound represented by the follow ng formula (111): 5 wherein A
i's an oxygen atom a sulfur atomor a sgl.enium atom of Rc&Hhid996H atom
having a substituent R26, and R21 to R2 nay be the sane or different, they
are each.. a . hydrogen atom a hal ogen atom a hydrocarbon group, an

oxygen- contalnlng group, a sulfur-containing group, a 10

ni t rogen- coeh@lriyyna,060URet ByROLORy COPL AL NI g WY AP &P less

al um num cont ai ning group, a phosp%orus contai ning group, a heterocyclic
conpound 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 15 each other to forma ring. 6. A process for producing a
pol ar ol efi if copol yngg jeonprising copol ymeri zi ng a ngp- A&l ar olefin and a
polar olefiin in the presence of .a catalyst ¢ nprisipgi 0 (A3) a reaction’
product of 351, 6 Qecenber 20604 ) a=eerpound jof gtrangition pgeta
selected frgm Goups 3|to 11 of the perlodlc tabl e, éggj his ﬁggresented
by the foll mnng formul g (c'):

b

' ) /Me . /Me b
o —M _ + OMe | __'__
La _/l La—M (3)
_ OMe

5 wherein‘M is the same transition metal atom selected
from Groups . "4; 5 and 11 of the periodic table as M in
the formula (1), a is an integer_of 1 to 3, b is an
glectric charge of the compound in the blankets [ ] and
is 0 or 1, and Mg is a methyl group,

10 and

X is a hyd;ogen atom, a halogen atom, an oxygen atom,

a hydrocarbon g;bup, an oxygen—containing group, a sulfur-

containing group, a nitrogen-containing group, é boron-

containing group, an aluminﬁm-containing group, a

15 phosphorus-containing group, a halogen-containing group, a
heterocyclic compound residuairgroup, silicon-containing
groﬁp,_a qermanium-containing-group and a tin-containing

group, and when n is 2 or greater, plural atoms or groups



MXk ; ..( r} 5 wherein Mis a transition netal atomselected from Goups 5
and 11 of the periodic table, k is a nupder satisfying @pualsneeosd M and -
X is a hydrogen atom a hal ogen atom an oxygen atom a hydrocar bon ‘group,
an oxygen-containing group, a sulfur- 10 containing group, .a :

ni trogen--containing group, a boron containing group, an

al um num coAngiitiatgdgbquiX, may [Heospieorszare @antddi fflargergr,0uhd dlural

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

si | i con- contgaionipsg 1 ngriauwt.eda bye K yu et Gidhaledi M FHaP the: tdd-£oAhal ni ng
15 group, and when k is 2 or greater, plural atons or groups indicated by
X may be the samg.or different, and plural groups indicated by' X may be
bonded to each other to form a ring, and (A-iii) a conpound represented by
the follrowing “20 formula (I11): 252 6 Decenber 2004 wherein Ais an -
oxygen atom a sulfur atomor a sel enium

2. A process for preparing a polar olefin copolymer
o comprising copolymerizing a non-polar olefin and a polar
piefin in the presence of a catalyst comprising
(A0) a compound of a transition.metal‘selected‘from
Groups 4,3 .arid 11 of the periodic table, which is
10 represented by therformula (1) -as definéd in claim 1, and‘

)

(B) at least one compdund selected from the group
consisting of
{B-1} an organometallic compound,
(B-2} an organoaluminum oxy-compound, and
i5 (B-3) a;compound which reacts with a transition metal

compound (A0) to form an ion pair.



atom or a nitrogen aton1having a substituent .R26, and R21 to R28 may be
the same or different, they are each hydrogen atom apchahpgepoat om a
hydr ocar bon -group, an oxygen- contalnﬁﬁﬁ group, a sulfur-containing group,
a nitrogen-containing group, a boron-containing group, an _

al um num cont ai ni ng group, a phosphorus-containing group, a heterocyclic

conpound resi dua, gr oypp,acskki ¢ap ng&gkghﬁgagggggfhglgggganlungcontalnlng

group or atin 10 contalnlng group, two or em nay Bori&d to

each ot her Egm%g&gh?grC%%gl@@gf)QAnat I%%ghggﬂgfcoqggﬁgguﬁp ecte fron1the

group consisting o an organo an

I und whi.ch rqacts with the
?;gﬁgfﬁlgzlgﬁgrgﬁy qu@%ﬁﬁgfﬁggge Beoh orn1a ﬁg%%pgppPr2§§n§‘Decenber 2004 7.

A process f-or- pr in olar .olefin cop | ymer  conprising copol yneri zing
a ﬁon pol ar olefqgﬂgndga Bor at " R EPTRCE n fhe presence of a catal yst,

conpr{3|§g (C) a compound of a transition metal selected from
>é Groups 4, 5 -and 11 of the periodic table which is
E represented by the following formula (c):
| M7 Xy ... {c)
wherein M’ is a ﬁrgnsition metal atom selected from Groups
16 4, 5, . and 11 of the periodic table,
| k is a number satisfying a valence of M/, and.
X is.a hydrogen atom, a halogen atom, an oxygen atom,
a hydrocarbon group, an oxygen-containing group, a sulfur-—
containing group, a nitrogen-containing grdup; a boron-

15 containing group, an éluminum—containing group, a
phosphorus—containing group, a halogen-containing group, a
heterdcyclic compound residual group, a silicon-containing
group, a germanium—containing group or a tin-containing
group, and when k is 2 or greater, plural atoms or groups

20 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, and

(A-i} a compound represented by the following formula

(I):



(A4) a conpound of a transition netal selected from Goups 4, 5 and 11 of
the periodic table which is represented by the follomspgwéﬁgépgbg4(l\0 -
(I'V) wherein M 'is a transition netal atomselected from Goups 10 4,
and 11 of the periodic table,. mis an integer of 1 to 6, Ais an oxygen
atom a sulfur atomor a seleniumatom or a nitrogen atom having a
substituent R6, RL to R4 and R6' may be the sane or different; they 15
-are each a hydrogen atom a halogen atom a hydrocarbon group, a

het er ocycl i ¢ conpound ' resi dual Eﬁ fn oxygen- containing group, a
ni trogen-contai ni ng group, a boron< contalnlng group, an -
al um num cont ai ni ng group, a sulfur nt ai ni ng group, a

phosphor us-cont ai ni ng group, a & §| i con-cont(di ni ng group, a

germani um -contai ning group or a ti Aontalnlng group, two or nore of them
may be bonded to each other to' fopﬁla £ing, and when mis 2 or greater, 6
Decenber 2004 254 one group of Rl to R4 and R6 contained in one | i gand and
one group of RL to R4 and R6 contained in other |igands

wherein A is an oxygen atom, & sulfur atom or a selenium

| atom, or a nitrogen atom having a substituent RGK and
Rl to R® may be the same or different, they are each
ilﬁ 5 a hydreogen atom, a halogen atom, a hydrocarbon group, an
oxygen—containing‘group, a sulfur-containing group, a
nitrogen-containing groﬁp, a boron-containing group, an
aluminum-containing group, a phosphorus-containing group,
a heterocyclic compound residual group, é silicon-

10  containing group, a germanium-containing group or a tin-
containing group, two or more éf them may be bonded to
each other to form a ring:
and

(B) at least one compound selected from the group

15 consisting of:

{B-1) an organometallic compound,
" (B-2) én organoaluminum oxy-compound, and
(B-3) a compcund which reacts with the reaction

product (Al) to form an ion pair.

20



may be bonded, and Rls, R2s, R3s, R4s or R6s may be the sane or different,
5 .n is a nunber satisfying a val ence 05 %A, and X is agpdiRgenggiom a
hal ogen atom an oxygen atom a hydrocarbon group, an oxygen-contai ni ng
group, a sulfur- containing group, a nitrogen-containing group, a boron-
containing °~ .. group, an alum numcontaining group, a 10

' phosphor us- cont i ni Ng: girodRssa fo3l PURRNEINGANHBI 24" BUBF 13 BELELREYC! i €
conmpound residual group, a silicon-containing group, a

ger Mani um ¢ el 1 S o e 19/med itd i %trﬁiﬂﬂ;ﬂﬂargroqlé%ina%%d‘ﬂﬁﬁ‘%cﬁéé 2 or
greater, plural atons or groups indicated by X may be the sang or

different, andmlurial e ¢hQuURSddical %t%ﬂ%ﬂ%n@aﬁri%‘i@%ed- to each other
sel ecte

to form aring; and (B) at |east one compoun rrom t he group
consisting of:' ,ps230 ngéLc@gogr?§gggggagkic conpound, (B-2) an
d (B

or ganoal um num oxy- conpound, an -3) a conpound which reacts with the
transjtipn nEtaHCQOQPQHﬁHxﬁﬁ¥@ IO o DA Ji UL Rl selected from
; Groups 5 and 11 of the periodic table which is
represented by the following formula (c):
M" Xy ... {c)
¢ wherein M’ is’a transition metal atom selected from Groups
¢ - 5 gnd 11 of the periodic table,
| k is a number satisfying a valence of M’, and
X is a hydrogen atom, a halogen atom, an oxygen atom,
a hydrocarbon group, an oxygen-containring group, a sulfur—
containing group, a nitrogen—containing group, a.boron—

15 gontaining 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 k is 2 or greater, plural atoms or grbups

20 indicated by X may be the same or different, and plural

groups indicated by X may bé bonded. to each other to form
a ring, and
(A~ii) a compound represénted by the following

forﬁula (II):



255 6 Decenber 2004 8. A process for producing a polar olefin copolyner
conprising copolynerizing a non-polar olefin and a polagrmg%ﬁkkgoog the
presence of a catalyst conprising: (AS) a .conpound of a' transition netal
selected from Goups 5 and 11 of the p61MDdIC table which is represented
by the following formula (V) ...(V) wherein M is a transition netal atom
selected from Goups 5.. and 11 of the periodic table, 10 mis an integer
of 1 to-6, (c) is a nitrogen atomor a phosphorus atom Qis a nitrogen
atom or a phosphorus atom or a carbogttatom substituted with a substituent
R13, Sis a nitrogen atomor a phegsphorus atom or a 15 carbon atom

substituted with a substituent RR4, Ns a nitrogen atom or a phosphorus
atom or a carbon atomsubstituted with a subst%@ ent R15, Rl11 to R15 may

be the sane or different,. they a ch ,za hydr n atom a hal ogen atom

a hydrocarbon group, an 20 oxygeq;coﬁfdinlng group, a sulfur-containing
group a ' :

[

yg wherein D is a nitrogen atom or a phosphorus apom,
| Q is a nitrogen atom or a phosphorus atom, or a
carbon atom substituted with a substituent R13,

{,; 5 S is a n}trogen atomxor a phosphorus atom, or a
carbon atom subsfituted with a substituent R4,

T is a nitrogen atém or a phosphorus atom, or &
carbon atom substituted with a substituent R13,
R}l to R16 may be the same or different, they are each

10 a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxygen-containing group, a sulfur—containing group, a
nitrogen—cgntaining group, & borpn—containing group, an
aluminumjcontaining group, a phosphorus—-containing group,
a heterocyclic compound residual group, a silicon-

15 containing group, a germanium-containing group or a tin-
containing graup, two or more of them may be bonded to
gach other %o form a ring;
and

(B) at least one compound selected from the group

20 consisting of:

(B-1) an.organometallic compound,

(8—2) an organoaluminum oxy-compound, and



ni trogen-contai ni ng group, a boron-containing group, an al um num cont ai ni ng

group, a phosphorus--containi ng group, ? Decenmber 2004 2pR.a.tigbeppcyclic
conpound residual group, a silicon- cort %ining group, a

‘ger mani um cont 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, one

5 f RI1 t '&%ﬁ' i . R11 to R15
cog[g?ﬁeg in othg%R??dgﬁggﬁ%ay gaﬁgﬁgé%%ggﬂg égggggﬁﬁg§§geﬁi§%, R14soor
R15s may be,i SAMEa 9 9$ff§£ﬁ”%anoﬁﬁp§%PP”ber satisfying a val ence of

a a

M, and X i's a hydrogen atom a oge om an oxygen atom 10 a
hydr ocar bon group, an oxygen-contai ni ng group, a sulfur- containing group,
a nitrogen-containing group, a boron- containing group, an

‘ -phosphar us-cont ai n

el ogen- cont ai n g o b e e RS B A el Pe ok fEin grongLvacs
siltcon éontaining. 15 gro a. ernaniun}coniainiﬂg roup or a
tin-con?aiﬁ?%@?@%oh%? ﬁn%ogﬁﬁ%rﬁ,l?% 2B TP edt ef: Bgﬂréﬁdaﬁoﬁﬁﬂéﬁfgroups
indicdted Qx_xﬁnay.betéhe sane_or d%fferentl and plural . groups indicated
by X may be” BohtRd FotBECRIGPRRFet o farfRtalyst comprising:

{({A3) a reaction éroduct of
(C’) a compound of a transition metal selected from
Groups 3 to 11 of the periodic table, which is represented
10 by the following formula (c):
MXy : .- {ch)

wherein M is a transition metal atom selected from Groups

4, 5 and 11 of the periodic table,
k is a number satisfying a valence of M, and
15 . X is a hydrogen atom, a halogen atom, an oxygen atom,
a hydrocarbon group; an oxygen—containing group, a sulfur-
containing group, a\nitrogen—containing group, a boroﬁ—
containing dgroup, an aluminum-containing group, a
phosphorus—containing group, a'halogen—containing groﬁp, a
20 heterocyclic compound residual group, a silicon-containing
group, a germanium—containiﬁg group or a tin-containing
group, and when k is 2 or gréater,_plural atoms or groups
indicated by X may be the same or different, and plural
groups indicated by X may be bbnded to each other to form

~

25 a ring, and



aring; ''"20 and (B) at |east one conpound selected fromthe group
consisting of: (B-1) an organonetallic npound, (B-2) aif.0Lg500a04m num
oxy-conpound, and 257 6 Decenber 2004 (B-3) a conpound ich reacts with
the transition netal compound (A5) to forman ion pair. A process for
produci ng a pol ar ol efin copol yner conprising copolynerizing a non-pol ar

olefin and a poI@A_igigf5nCEHPBBﬁFpEggggggnggdabgﬁEggyggéionprising: (A6)

conmpound of a transition netal select rom G _ aNd™1 of the
periodic taphen, Wi ¢hris. represented by "the following formula (VI): 10

wherein Mis a transition netal atom selected from Goups. 4, 5 and 11 of
the periodic table, 15 mis an i begep2of 1 to 6, Ais an oxygen atom a
sul fur atomor a sel eni um at om OFTa ni t rogen aton1haV|ng.a substi t uent
R26, | R23 L; |

R* A ()

L _ R28
' R RZ7 :

5 wherein A is an oxygen atom, a sulfur atom or a selenium

atom, or a nit}bgén atom having a substituent R26, and
R2! to R?® may be the same or different, they are each

a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxygen—containing group, a sulfur-containing group, a

10 nitrogen-containing group, a-boron-containing group, .an
aluminum-containing group, a phosphorus~contaiﬁing group,
& heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a tin-
coﬁtaining group, two or more of them may be bonded. to

15 each other to form a ring.

6. A process for producing a polar olefin copolymer
comprising copolymerizing a non-polar olefin and a polar
olefin in the presence of a catalyst comprising:

20 (A3) a reaction product of

a



R2I

to R27 may be the sane or different,

they are each a hydrogen atom a

hal ogen atom a hydrocarbon group, an 2{ oxygen-contai@t@gmgkggg@¢a

sul f ur-cont ai ni ng group,

group,
Decenber 2004 258 a heterocyclic conpound residual

an al um num cont ai ni ng group,

a nitrogen-containing group, a

| bor on- cont ai ni ng

a phosphorus--containing group, 6

group, a silicon-

cont ai ni ng group,(C&) ger mampuamdonfakntpgngl @liPnOmedalli Bel6eRbAl R QG 9roup,

two or

nore of them nmay be bonded to

each other to forma ring,

and when m

is 2 or gre@renpsofetograupfothB2petraoB2¢ €aBlal nedibn o8erljgand

group
R22s,

of R2' to R27 contained in other

R23s, biR24be R233 pwRAGS formR24s (gry :be the same or different,

one
| i gands may be bonded, ana@ggQ;s,
nis a

nunber satisfying a valence of M and 10 X is a hydrogen atom a hal ogen
atom an oxygen atom Mg hydrocarbon group, -(@*yoxygen-containing group, a

sul fur- containing group,

hal ogen- cont ai ni ng group,

a nitrogen-contai ni ng group,

group, &n akwhersiifm BOAkaENLRENGROYBY ﬁet9m0§eeargé1§BEE8PgEBﬁ
a 15 heterocyclic compoun ua

a boron- containing

group,  a
YOups
resi group,” a

silicon-contai ¥mng and 11 of the periodic table,

k is a number satisfying a valence of M, and

X is a hydrogen atom, a halogen atom, .an oxygen atom,

a hydrocarbon group, an oxygen-containing group, a sulfur-

10

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

i5

group, and when k is 2 or greater, plural atoms or 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, and

(A-iii) a compound represented by the following

20 formula (III):



group, a germani umcontaining group or a tin-containing group, and when n
Is 2 or greater, plural atons or groups indicated by X5@§¥mggﬂt gqSane or
different, and plural groups indicated38y X may be bonded to each other to
form20: a ring. 10. A process for producing a polar olefin copolyner
conprising copolynerizing a non-polar olefin and a polar olefin in the
presence of catal St _conprisin 259 6 Dec 2b 2004 Aﬁ) a conpound of a
transition ne?ﬁ?lg %eﬁ?eaanéﬁﬁeg?BEBQ 143 Eui Yr12t6F CKe pé?l@HPdHEable
which is represented by the following formula (VI): MXn (Vi} 5 wherein | 4
is a transi tr8f nBtaf ﬁﬁﬁﬁPgﬁpeéFQH Pe8iPer BusslsEityegidRi®a ardt he
periodic table, i8S anzgnteger of 1 to 6, 10 Ais an ox%gen atom a sulfur
atom or a sel eni i &CR*® BRYaPRi thegeAnat of HaffrgeRt subBEYt acAt eR2E, R21

to R27 may be the same or different, they are each
& hydrdgern atom, a halogen atom, a hydrocarbon group, an

5 oxygenfcontaining group, a sulfur-containing Qroup, a
nitrogen—containing group, a boron-containing group, an
élpminum—containing group, a phosphorus—cdntainiﬁg group,
a heterocyclic compound residual group, a silicon-
containing grgﬁp: a germanium-containing group or a tin-

10 containing group, two or'ﬁore éf them may be bonded to
each other to form a ring;
énd

{B) at least one compouﬂd selected from the group
consisting of:

15 . (B—l) an organometallic compound,

(B-2) an organéaluminum oxy—compbund, and
(B-3) a compouﬁd which feacts with the transition

metal compound (A3) to form an ion pair.



a hydrogen atom a hal ogen atom a hydrocarbon group,
group, a sulfur-containing group, a 15

cont ai ni ng group,

an al um num cont ai ni ng “gr oup,

an oxygen-cont ai ni ng

f4st rogen- cont ai ng pecGRIYRO0L bor on

a phosphor us- cont ai ni ng

group, a heterocyclic conpound residual group, a silicon- containing group,
a germani umcontaining group or a tin-. containing group, two or nDre of
them may be bondéd toA2@reaeBsottber preahies Ayaar bBYaraBdewhgn

greater, one group of R21 to R27 contained. in one |ligand an group

of R2L to Rebreonisimieddpdlghiei ingaudnonayohe :081ded A %ngpoGlQPCG”ber
2004 R21s, R22s, R23s, R24s, R25s, 6s or 7s may be the sa

different, mheﬁi&xﬁﬂﬂ&&b %&@B%h%bn%faaV%E%QQ?sch %ﬁ%l 6f3 a hydrogen
atom a halogen atom an oxygen atom a hy rocarbo grou

oxygen- cont ai ni ngAIOUR, cmSYLANT o.£ CONE ALIL 1G: G e o Déih@%gﬁ LRl N ng

group, a boron-- -containing group, an
phosphor §is- ctu@isNidg T OURN A 1HalLeIeRC

alum num contarnin

conpound resi dua

’ i

10

15

20

PBEQBH&QQtQEﬁ%Q w%lc egﬁgocyc||c
group, a silicon-contafning

represented by the following formula (IV) :

2 y 1
R R
—N-.

- {(IV)
wherein M’ 'is a transition metal atom selected from Groups
4, 5 and 11 of the periodic taﬁle,.
m is an integer of 1 to 6,
A is an oxygen atom, a sulfur atom or a selenium atom,

Oor a nitrogen atom having a substituent RS,

R! to R' and R® may be the same or different, they

rare each a hydrogen atom, a halogen atom, a hydrocarbon

group, a heteroc§clic compound residual group, an oxygen-
containing group, a nitrogen~containing group, a boron-
containing group, an aluminuh—containing group, a sulfur-
containing group, a phosphorusfqontaining group, a
silicon-containing group, a gérmaniumecontaining group or
a tin—cpntaining group, two o;‘more of them may be bonded

to each other to form a ring, and when m is 2 or greater,



10 group, a germani umcontaining group or a tin-containing group, and when
nis 2 or greater, plural atoms or groups indicated byg¥XefBNrd@obhe sane
or different, and plural groups indicatgg by X may be bonded to each ot her
to form a ring; 15 and (B) at |east one '%npound sel ected fromthe group
consisting' of: (B-1) an organonetal lic conmpound, (B-2) an organoal um num
oxy-conpound, and 20 (B-3) a conpound which reacts with the transition

netal compound { AR Lo SN Al kANLRAT ke 25,261n600ekCaREr 1 20041 4naA POl ar

ol efin copol yner ned by tree process according to any o clains 1

AND POLAR OLEFT N RO YVER GSTA NEB TRERERY ABSTRACT Dcror hgshis YN

may be bonded, and R!'s, R2s, R3s, R%s or Rbs may be the
same or different,
“} 5 n 1is a number satisfying a valence of M’, and
X is a hydrogen atom, a halogen atom, an ogygen atom,
a hydrocarbon group, an oxygen-containing group, a sulfur—
containing group, a nitrogen-containing group, a boron-
containing gggup; an aluminum-containing group, a
10 'phosphorus—contaiﬁing greoup, 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 atoms or groups
indicated by X may be the same or different, and plural
15' groups indicated by X may be bonded to each other to form
a ring;
and
{B) at least one compouqd selected from the group
consisting of: |
¢ 20 (B-1) an organometallic compound,
(B-2) an organoaluminum oxy-compound, and
(B-~3) a compound which reacts with the transition

metal compound (A4) to form an ion pair.



A process for producing a polar ol efin copolyner conprises copolynerizing
a non-polar olefin anda polar 5 olefin in the presence @begethibd?dpki On
met al conpound selected from Groups 4255, 6 and 11 of the periodic table,
which is represented by the followwng formula (1V): R3_~L- MXn A ...

(I'V) wherein M is a transition netal atom selected from Goups 10 4, 5, 6
and. 11 of the perjodig¢c table Is an integer of 1 tq 6,, Ais.-0-, -Si-,
“Se-, -N (R6) -, 3 isfgapﬁ%%%%?_nﬁ%i%’f?ﬁ‘h@l VaIBHGF dﬂfolq\ﬁln, RPHMRE and R6
are each a _h drogen atom .a halogen atom a dirocarbon group and the
like, and X°PEPRRAIBgERPQE BT AAL Ry YePOATRM 28 Ak FiRiredrdopedrdup and
the |ike, angﬁgt | east. one conpound_(B) selected fromthe group consisting
of an organoRetal FicteBnPhERENER- 2F, 2 af? b7 Hahbat UM Rbdd Xy - conpound
_(B--2) and an ioni¢c ionizing.conpound (B-3). . Therefore, the process is
capabl e of obtaiﬁ%ﬁg £ p6PEPCPDdoPEf PntEapalikeR Rakphgsekesteentirom '

properties under mld_polynerization conditions. :
. 5 Groups 5 and 11 of the periodic table which is

[
i

represented by the following formula (V)

R‘I‘I
!

_ ' 12 _
R'AN-.

< LS

L T At ‘

oT ) e AV

N~

wherein M’ is a transition metal atom selected from Groups
5. and 11 of the periodic téble,
i0 m is an integer of 1 to 6,
D is a nitrogen atom or a phosphorus atom,
0 is a nitrogen.atbm or a phosphorus atom, or a
carbon atom substituted with a substituent R13,
S is a'nitrogeﬁ atom or a phosphorus atom, or a
15 carbon atom substituted with a substituent R4,
T is a nitr@gen atom or a.phosphorus atom, or a
carbon atom substituted with a substituent RIS,
Rl to R!5 may be the same or different,. they are each
a hydrogen atom, a halogen afqm, a hydrocarbon group, an
20 oxygen~containing group, a sulfur-containing group, a
nitrogen-containing group, a béronwcontaining group, an

aluminum-containing group, a phosphorus-containing group,



Fi gurel

10

15

20
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a heterocyclic compound residual group, a silicon-
containing group, a germanium-containing groﬁp 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, one
group of R to R contained in one ligand and{one group
of R to R!® contained in other ligands may be bonded, and
Rlls, Rl2s, Rl3g, R4s5 or R15s may be the same or different,

n is a gymber satisfying a valence of M’, and

X is a hydrbgen atom, a halogen atom, an oxygen atom,
a hydrocarbon group, an”oxygen—containing group, a sulfur-—
containing group, a nifrogenfcontaining group, a boron-
containing group, an aluminum-containing group, a
phosphorus—-containing group, a halogen-containing group, a
heterocyclic compound residual-group, a silicon—containingl
group, a gérmanium—containing group or a tin-containing
group, aqd when n. is 2 or greater, plural atoms or 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;
and

{B) at least one compound selected from tpe group
consisting of:

(B-1) an organometa;lic compeund,

{B~2) an.organoaluminﬁm oxy-compound, and



-

10

15

257 6 December 2004

{B-3) a compound which reacts with the transition

metal compound (AS5) to form an ion pair.

8. A process for producing.a polar olefin copolymer
comprising copolymerizing a non- pelar olefln and a polar
olefln in the presence of a catalyst comprising:

(A6} a compound of a transition metal selected from

Groups 4.5 and 11 of the periodic table, which is

represented bf‘tﬁe‘following formula (VI}:

@herein M is a transition metal atom selected from Groups
4. 5 and 11 of the periodic table,

m is an integer of 1 to 6,

A is an oxyéen atom, a sulfur atom or a selenium atom,
Or a nitrogen atom having a substituent R2S,

R?1 to R?? may be the sgme or different, they are each
a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxygén—containing group, a sulfur—containing group, a

nitrogen-containing group, a boron-containing group, an

aluminum~contain1ng group, a phosphorus~containing group,



10

15

6 December 2004
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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, one
group of R?! to R?’7 contained in one ligand and one group
of R2l to R?27 contained in other ligands may be bonded, and
§2_1s, R22g, R23s, R24s, R25s, R26s or R27s may be the same or

different,

*
.

n is a number satisfying a valence of M, and

X is a hydrogeh atom, a halogen atom, an oxygen 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 hdlogen—-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 atoms or 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. A process for producing a polar olefin copolymer:
comprising'copolymerizing a non-polar olefin and a polar

olefin 'in the presence of a catalyst comprising:
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(A6) a compound of a transition metal selected from
Groups . 4, 5 and 11 of the periodic table, which is

rtepresented by the following formula (VI):

qherein M is a transition metal atom selected from Groups
4, 5 and 11 of the periodic table,
m is an integer of 1 to 6,
A is an oxygen atom, a sulfur atom or a selenium atom,
or a nitrogen atom having a substituent R2S,
R?1 to R2?27 may be the same or different, they are each

a hydrogen atom, a halogen atom, a hydrccarbon 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 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, one
group of R?! to R?7 contained.in one ligand and one group

of R?! to R?? contained in other ligands may be bonded, and
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R2ls, R22s, R235, R245, R25s, R26s or R27s may be the same or
different, |

n is a number satisfying a valence of M, and

X is a hydrogen atom, a halogen atom, an oxygen atom,
a hydrocarbon group, an oxygen—coﬁtaining groﬁp, 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 cbmpound residual group, a silicon-containing

group, a germanium-containing group or a tin-containing

-group, and when n is 2 or greater, plural atoms or 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;

and

(B) at least Qhe compound selected from the group
consisting‘of:.

(B-1) an organometallic compound,

(B-2) an o#ganoaluminhm okyucompound, and

(B-3) a compound which reacts with the transition

metal compound (A6) to form an ion pair.
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11. A polar olefin copolymer obtained by tne process

. 5 ‘according to any one of claims 1 to 10,





