DESCRI PTI ON CARBOXYLATE METAL COVWPLEX AND CATALYST FOR OLEFI N
POLYMERI ZATI ON 5 TECHNI CAL FI ELD [0001] The present invention relates
to a novel netal conplex of group 10 el enents of the periodic table,
a catal yst mai nly conprising the netal conplex for olefin

pol ynmeri zation, 10 and a nethod for producing a polyner using the
cat al yst. BACKGROUND ART [0002]pmgorTPTION In recent years, a
nmet hod for produci ng a pol yner using conplexes of late transition
netals as a catalyst for olefin polynerization has becone known.
General ly, metal conpl exes having a netal - hydrogen bond or

nmet al - c SARBOXYART FhamT Alle €OMPEEN ASIDa CAARANYESt FORS DEEFINeBOLYMERI ZATION
coordi nati on polynerization. 20J. Am Chem Soc., 127, 5132 (2005)
(Non- pat ent docunent 1) discloses a polynerization nechani smand a
cata%ys%wgﬁﬁﬁkgva E n_nmechani smin polymnerization of vinyl acetate
using a I of group 10 elenents of the periodic table.
Parti culatly,, the docunment proposes p-acetoxy elimnation after 25
the vinyl acetate insertion into the netal -al kyl bond as one of the

catal yst deactivati@Re"Be838HEMBnyd it Soshp¥Batdattd he A& -Reei XY

conpl ex generated by p-acetoxy elimnation does not have

pol yrer icoafpilex adt igwicly aldeillbmwassgetietakl peeobdidetaediehak thealyst

olefin insertion into the netal - oxygen bond cannot 30 happen. [0003]
mainly comprising the metal complex for olefin polymerization,

10 and a method for producing a polymer using the catalyst.

BACKGROUND ART
[0002]

In recent years, a method for producing a polymer

18 using complexes of late transition metals as a catalyst for
olefin polymerization has become known.

Generally, metal complexes having a metal-hydrogen
bond or metal-carbon bond have been used as a catalyst system
used for coordination polymerization.

20 J. Am. Chem. Soc., 127, 5132 (2005) (Non-patent
document 1) discloses a polymerization mechanism and a catalyst
deactivation mechanism in polymerization of vinyl acetate using
a metal complex of group 10 elements of the periodic table.
Particularly, the document propcses fR-acetoxy elimination after

25 the vinyl acetate insertion into the metal-alkyl bond as one of
the catalyst deactivation mechanisms. This shows that the
metal-acetoxy complex generated by pf-acetoxy elimination does
not have polymerization activity and it was generally considered
that the olefin insertion into the metal-oxygen bond cannot

30 happen.



Chem Comun., 744 (2002) (Non-patent docunent 2) discloses

copol yneri zati on of ethylene and nmethyl acrylate using the product
obtained by allowi ng the zero-valent late transition 5 nmetal and
ligand to react in advance as a catalyst. In this catal yst system it
is presuned that the generation of a nmetal-hydride conplex initiates
the pol ymRjdwation reaction. However, it is considered that the
deconposition of the catal yst species proceeds due to the |ow thermnal

stability of the nmetabmbydéindenl) lzmurpkmozrew&ﬁ+p@té@tt@@c¢r@aht 2)
pol ymeri zation activity. [0004] . Am Chem Soc., 131,

14606 ( 206@)LosNen-cogodytreddcarieon 3) ethgﬂesesandemeepgﬂyaeryiateon31ng
of ethylene and vinyl acetate using the isolated netal -nmethyl conplex
cat al ystth %M%%@%aﬂﬁeﬁ Phe 3gaPyABLI EBEI 6ﬁracf’ﬁ\1¢?f1§i wa§e transition

not i ceabl rov d in the case_ of us t he |solat t

conp ox &ﬁﬁ&de&ot S e g ainGEr s 8 RaEer VRbar TR s

co Iex r t I k e _
gezgraIF% 3 e%a% ghén?%nﬂﬁh sta@éplgﬁggugﬂg ﬁ ng?ﬁgégﬁeﬁﬁ ?omEtal
deCOWPOSi@cQ:QdIéy clohi® lleRpuhii tiase@uithag pbhompel YARk baatkbantabd . t hefwever,

was a challenge for the industrial use. PRI OR ART Non-patent
Docunentis 25] @0d5) dered NbatpahentieDompoentidn of the catalyst species
proceeds due-to the low thermal stability of the metal-hydride
10 complex, resulting in the low polymerization activity.
[0004]

J. Bm. Chem. Soc., 131, 14606 (2009) (Non-patent
document 3) discloses the copolymerization of ethylene and vinyl
acetate using the isolated metal-methyl complex catalyst, and

15 shows that the polymerization activity was noticeably improved
in the case of using the isolated metal-methyl complex catalyst
compared to the case of using a metal-hydride complex as
generated in situ. However, metal-alkyl complexes generally
have a problem in the stability such that they tend to decompose

20 by the impurities during the polymerization and there was a

challenge. for the industrial use.

PRIOR ART
Non-patent Documents
25 [0005]
Non-patent Document 1: J. Am. Chem. Soc., 127, 5132 (2005)
Non-patent Document 2: Chem. Commun., 744 (2002)
Non-patent Document 3: J. Am. Chem. Soc., 131, 14606 {2009)
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J. Am Chem Soc., 127,5132 (2005) Non-patent Docunment 2: Chem
Commun. , 744 (2002) Non-patent Document 3: J. Am Chem Soc.,
131, 14606 (2009)
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Problems to be Solved by the Invention
[0006]

An object of the present invention is to provide a
metal complex of group 10 elements of the periodic table which
is more stable than conventional late transition metal catalysts
for olefin polymerization, a catalyst mainly comprising the
metal complex for olefin polymerization, and a method for
producing a polymer using the catalyst. In the present
specification, “olefin” means a hydrocarbon compound having an
ethylenic carbon-carbon double bond with or without a polar

group.

Means to Solve the Problem
[0007]

As a result of intensive studies to solve the above-
mentioned problems, the present inventors have developed a
stable metal complex of group 10 elements of the periodic table,.
in which all of the coordinating atoms to the metal are a hetero
atom, unlike the conventional late transition metal catalysts
for olefin polymerization; have found that the olefin
polymerization proceeds when the metal complex is used as a
catalyst and accomplished the present invention.
[0008]

That is, the present invention relates to the
following [1] to [11].
[1] A carboxylate metal complex represented by formula

(Cl)



30 DI SCLOSURE OF THE | NVENTI ON Problens to be Sol ved by the

| nvention [ 0006] An object of the present invention is

to provide a netal conplex of group 10 el enents of the periodic table
which 5 is nore stable than conventional late transition mnetal

catal ysts for olefin_polynerization, a catalyst mainly conprising the
metal conplex for ol §in polynerization, and a nethod for producing a
pol ymer using the catalyst. In the present specification, "olefin"
means a hydrpearbon—genp®ind having an 10 et hyl enic carbon-carbon
doubl e bond th or thout a pol ar group. (dfans to Sol ve the Probl em
[ 0007] reg ul t of kpte ive studies to solve the above-
nentloned__T bIenB Phe presqrgl'E inventors have devel oped a stable

nmet al conpl4$ of gro p 10 el nts of the periodic table,. in which
all of the ddordinatithg atong®to the netal are a hetero aton1 unl i ke
the conventional late transition netal catalysts 20 for olefin

pol yneri zahi @Re Havauflaung EE@Ee%QﬁtQ'gfm8t99|¥€8ﬁ'é@tQQBu rP@eéﬁément
when the netal conplex is used as a catal yst and acconplished the
present innvért periddl@0&kbIkat X septtkecptesanphbbyabirbas aebmtes)tor an
the 25following [1] to [11]. [1] A carboxylate nmetal conplex
represe@ﬁ@@an ﬁ@pﬁu|§s%@1ﬁﬁ represents a hydrogen atom or hydrocarbon

5 group having 1 to 30 carbon atoms which may be substituted by

one or more functional groups selected from a halogen atQm,
alkoxy group, aryloxy group, acyloxy group and amino group; R?
and R3? independently represent a hydrogen atom, alkoxy group,
aryloxy group, acyloxy group, silyl group, amino group or

10  hydrecarbon group having 1 to 30 carbon atoms which may be
substituted by one or more functional groups selected from a
halogen atom, alkoxy group, aryloxy group, acyloxy group and
amino group; R? and R3 may bond to each other to form a ring
structure; Y represents divalent hydrocarbon group having 1 to

15 70 carbon atoms which may be substituted by one or more
functional groups selected from a halogen atom, alkoxy group,
aryloxy group, acyloxy group and amino group; L represents a
neutral electron-donating ligand and n is 0, 1/2, 1 or 2.
[2] The carboxylate metal complex as described in [1]

20 above, wherein the carboxylate metal complex represented by

formula (Cl) is represented by formula (C2)



(in the fornmula, Mrepresents a netal atomof group 10 elenent in the
periodic table; X represents a phosphorous atom (P) or an arsenic
atom (As); Rl represents a hydrogen atom or hydrocarbon 5 group
having 1 to 30 carbon atonms which may be substituted by one or nore
functional grgpps selected froma hal ogen atom al koxy group, aryl oxy
group, acyloxy group and am no group; R2 and R2 independently
represenpt a hydroggh ajsom al koxy group, aryloxy group, acyl oxy

group, si greyp, am no group or 10 hydrocarbon group having 1 to
30 carbon ai mhlch may be substituted by one or nore functional
groups sel- el OTT f‘haT%gen atom al koxy group, aryl oxy group,

acyl oxy %roup and am no group; R2 and R2 ovond to each other to
forma rigeg=—s burepy Y repregent g1di val ent hydrocarbon group havi ng

1to 15 70 canon ato mhlch m?y be substituted by one or nore
functi onal ups sel dcted fro a hal ogen atom al koxy group, aryl oxy
group, acylox group ami no®group; L represents a neutral

el ect ron4donald ngdugand pd @l"bsllqdeﬂtégdeﬁ-t%er ﬁ@i%ﬁ@ garpoxybal e

metal conplex as described in [1] 20 above el n the carboxylate
met al ceRigx aleplegedied iy iher muka 8Cchrbsnr apbRsentedoly Hebuul a
(02) (in the formula, four R4s independently represent a hydrogen
atom alhlaplingr dupchdvicagbbnt et®near boylakgngroapkbryiggoépthalBngatbon
to 8 _carbon atons, aryl oxy %roup havi ng 6 to, 18 carbon 5 atons or a

hal oflen 38 %4n@ KPR 1REEIRS apdald R'habe e damBdnBahPHgsths pame
[ 1] above %%] The c%&ﬁox%la metal conpl ex as described in [2] :
above, SPéF MPn “flor ‘is Ni or Pd. [4] The carboxyl ate

net al @gzex as de@ﬁé'@%ﬂbbﬂ L2t e OhedOn [ Bhnab W@ eL S LR %ﬁ.gﬁ

formula ( i s hydrocarbon g oup having 1 to on atons
may be &%b%bltwh%&eﬁh & hal ggemuakonc2) ikSkiThe Qarboxylate met al

conpl ex as described in [ 4] above, wherein RL in fornmula (C2) is
met hyl dddup or 15 Theftaoborelayé meoah.complex as described in [2] or
10 [3] above, wherein Rl in formula (C2) is hydrocarbon group
having 1 to 30 carbon atoms which may be substituted by a
halogen atom.
[5] The carboxylate metal complex as described in [4]
above, wherein R! in formula (C2) is methyl group or
16 trifluoromethyl group.
[6] The carboxylate metal complex as described in [5]
above, wherein R! in formula (C2) is methyl group.
£7] The carboxylate metal complex as described in any
one of [2] to [©] above, wherein both of R2 and R?® in formula
20 (C2) are isopropyl group or cyclohexyl group.
(8] The carboxylate metal complex as described in any
one of [2] to [7] above, wherein all of Rfs in formula (C2) are
a hydrogen atom.
[9] The carboxylate metal complex as described in any

25 one of [2] to [8] above, wherein I in formula {(C2) is 2,6~



[6] The carboxylate netal conplex as described in [5] above, wherein
RL in formula (C2) is nethyl group. [ 7] The carboxyl ate net al
conpl ex as described in any one of [2] to [6] above, wherein both of
R2 and R3 in forrmula 20 (C2) are isopropyl group or cycl ohexyl group.
[ 8] The carboxylate netal conplex as described in any one of [2] to

[ 7] abovg g ®ytidliheOtand?s, 113 hormula (C2) are a hydrogen atom
[9] The carboxylate netal conplex as described in any 25 one of [2]

to [8] ghave, whereinchthDyber futac(&Rinisolyheri gh FEbMYheyiigi ne and
nis 1. [10] A catalyst for olefin polynerization mainly conprising

t he car bomplriatséngetale cemplosyldéscmetied comphgxodesofripgfl to g8 one of
above. 5 Hll]A net hod for producing a polyner characterized in

pol yrmer ilZilng<oll&fi APPEFresented by formula (1) singly or in

ISR B 1 BB O L SR 2
obrcsenbagsy Lonmlactal 10 CREEUR(E) Clonlhe (e mban PRy b,

atons) GHRECRERT63) of! Rwbherf acrdl &inR8 tBREESENt éracbﬁdlgﬁéﬂialf?@ or
met hyl group, 15 R7 represents -COCR8, -CN, -000R8, -CH2-000RS,

- CH2OH, olefi2nNrRpy2senteCGHRyHAbrRBar ép) eardt pohahydrogpacatbaining
hydr ocar bon group having 1 to 5 carbon atons, R9 represents a

hydr ogef1&fém rRydr6eaBEnYr 5ap™HARI K} 1 to 5 carbon atons or
aromatic substituent having 6 tg 18 carbon atonms or al koxycarbonyl

grol®p, SYan@HHdl represents a &alogen at om .

(In the formula, RS represents a hydrogen atom or hydrocarbon

group having 1 to 20 carbon atoms)

CH,——CRER? (2)

{In the formula, R® represents a hydrogen atom or methyl group,
15 R?” represents -COOR®, -CN, -OCOR®, -CH,-OCOR®, -CH,OH, -CH,-N({R?),

or -CH,~-Hal (R® represents a hydrogen atom or hydrocarbon group

having 1 to 5 carbon atoms, R? represents a hydrogen atom,

hydrocarbon group having 1 to 5 carbon atoms or aromatic

substituent having 6 to 18 carbon atoms or alkoxycarbonyl group,

20 and Hal represents a halogen atom).

EFFECTS OF THE INVENTICN
[0009]
The novel metal complex of group 10 elements bf the

25 periodic table of the present invention, in which all of the

coordinating atoms are a hetero atom, is stable and useful as a

catalyst component for olefin polymerizatioh, and can be used

for olefin homopolymerization or copolymerization of two or more

kinds of olefin for a long period of time.

30



EFFECTS OF THE | NVENTI ON [ 0009] The novel netal conplex of group 10
el ements of the 25 periodic table of the present invention, in which
all of the coordinating atons are a hetero atom is stable and useful
as a catal yst conponent for olefin polynerizatioft, and can be used
for ol efin honopol ynerization or copol ynerization of two or nore

ki nd f [ ' f~ time. 30 BRI EF DESCRI PTI ON OF
e sttt Ol A RN D s L1 e

DRAMVNG§ shows an ray structure anal ysis of netal

conpl ex (haargpar ed kRgEXaMBhewd: an X-ray structureFifai@sSHONE Rbtal
X-ray structure analySis of nmetal 5 conplex 2 prepared 1n Exanple 2.

MODE FORcuARRY NCrodbalkdid IiNVENERMENe[ QQ11] [ Met al Conpl ex]
The nmetal conplex of the present invention is 10 represented by
formula (C) R3 Fig. 2 shows an X-ray structure analysis of metal

5  complex 2 prepared in Example 2.

MODE FOR CARRYING OUT THE INVENTION
[0011] [Metal Complex]
The metal complex of the present inventicn is
10 represented by formula (Cl).

R3

| (C1)

[0012]
In the formula, M represents a metal atom of group
15 10 element in the periodic table; X represenits a phosphorous
atom (P) or an arsenic atom (As); R! represents a hydrogen atom
or hydrocarbon group having 1 to 30 carbon atoms which may be
substituted by one or more groups selected f£from a halogen atom,
alkoxy group, aryloxy group, acyloxy group and amino group; R?
20 and R3 independently represent a hydrogen atom, alkoxy group,
aryloxy group, acyloxy group, silyl group, amino group or
hydrocarbop group having 1 to 30 carbon atoms which may be
substituted by one or more groups selected from a halogen atom,
alkoxy group, aryloxy group, acyloxy group and amino group; R2
25 and R?® may bond to each other to form a ring structure; Y
represents divalent hydrocarbon group having 1 to 70 carbon

7



[0012] In the formula, Mrepresents a netal atom of group 15 10
elenment in the periodic table; X represents a phosphorous atom (P) or
an arsenic atom (As); Rl represents a hydrogen atom or hydrocarbon
group having 1 to 30 carbon atons which nmay be substituted by one or
nore groups selected froma hal ogen atom al koxy group, aryl oxy

T oD e Y R AN B TR O B BRaPAT Rk S SREITBAESY roups

represent a ogen al Koxy "group,; ary

group, & ] p hydr ou .09 30
R A R A e s i e LT

froma halygey ajremp alrkDenigiodRoud;y LoXEpgeewptsaay hexyralodpeaidon-
am no group; R2 25 and R2 may bond to each other to forma ring

st r uct urdsnay irgpridgemds adidval ést Ohydr/écadbom §r.oup having 1 to 70
carbon atons which na¥ be substituted by one or pore functional
groups sel ected frofftathal BgeRcat ofipeal ka&Ft §PBup, NEEYPeaEPeR bubncludes
acyl oxy group.and am no gr.oup; represents,a neutral . .

o botr oAy AT Bl s g L 1o hgr?5taaPrny haliruchie

speci fi i ‘Haydr. r W To rated and unsaturated
aIiphat?@kﬁﬁﬁ?%Ear Sﬁﬁﬁgﬁﬁgggﬁ?ch#&%?&?%?%gﬁ and aromatic

hydr ocarjlpgr.33[ 0013] The structure of the conplex
represented by fornmula 10(Cl) is described below. Mrepresents an

el ement of group 10Tha sheupenredef thdl eomikexptesredentrd ébendotmuwta
group 10 in the periodic table include nickel (N), palladium (Pd)
andlglaﬂﬁﬁdnﬂ@P@F?qﬁlbﬁﬁdbP&OEPe preferable and Pd is nore

preferable. 15[0014& represents an element of group 10 in the periodic

table. Examples of the element of group 10 in the periodic
table include nickel (Ni), palladium (Pd) and platinum (Pt), Ni
and Pd are preferable and Pd is more preferable.

15 [0014}]

Single electron of the high-electronegative oxygen
atom of Y¥-S(=0),-0- moiety coordinates to metal atom M. Since
the bonding electron between Y-S (=0),-0-M is transferred from M
to Y-8(=0),-0-, ¥-5(=0),-0- and M may be indicated formally as

20 an anion state and a cation state, respectively.
[0015]

R! represents a hydrogen atom or hydrocarbon group
having 1 to 30 carbon atoms which may be substituted by one or
more groups selected from a halogen atom, alkoxy group, aryloxy

25 group, acyloxy group and amino group. Examples of the
hydrocarbon group having 1 to 30 carbon atoms which may be
substituted by one or more groups selected from a halogen atom,
alkoxy group, aryloxy group, acyloxy group and amino group
include alkyl group, aryl group and cycloalkyl group. A

30 preferred halogen atom in the hydrocarbon group having 1 to 30

8



Single electron of the high-el ectronegative oxygen atom of
Y-S(=0)2-0- noiety coordinates to netal. atom M Since the bonding
el ectron between Y-S(=0)2-0-Mis transferred fromMto Y-S(=0)2-0-,
Y-S(=0)2-0- and Mmay be indicated fornmally as 20 an ani on state and
a cation state, respectively. [0015] R represents a
hydr oge I I u Iy t ar.bo o] Lch
may be gh é%#%3¥é§%ﬁ;9§%%p§%yﬁ%%%gaggﬁﬁgggéﬁeggggngr8%1goﬁgl ggﬁeg

at om  aldear P hordldy IR06geR GHeHD, _a@%'x%xlﬁr%ﬁ@l)pa%@@oﬁ?" §2oapoup.
Exanpl es of the hydrocarbon group having 1°to 30 carbon atons I ch
may be sithdtaxtywutceehupy aonke aorinm e ogpoups fiabedhned fPoafarhad agEoxy
atom al koxy group, aryloxy group, acyloxy group and am no group

i ncl ude SIS 1gr dye, carey lhagiisdp late efckezbkyl agrogp. incdodpnef veEbaxy
hal ogen atom in _the hydrocarbon group having 1 to 30 carbon atons

whi ¢ m&}Q&?fsﬁﬁQFP%hﬁﬁﬂn%y éﬁ@PgﬁynﬁFQHBrSgﬁsl§8pé8986yfESHPB-

hal 0gen sl Ak WOIIOMRY ALY LEXY o GUB: 1AGXLEXY 960UR. A00BT 00ane,

group i s ftluorine. Pre oxy group i's

car bon atTRdiindC ohdindGyTRERAXY, SpBE PPy &t HOY¥Yo LY 04 Poup’ £P e WP
and i sopropoxy group. Preferred aryloxy group is the one having 6 to

24 car bowavdnend, tiondloudian@ophenexy, giagpudPhefl eceedxgcylk-ony gnaup is
the one having 1 to 10 carbon atons, including acetoxy group and

pi val oxpigedwry Rrefgr.r eBraftnvedrdubne sgroep ohe Wawioere thaolng oo 10
car bon at ons, includingldinethylanino %roug, di et hyl am no ﬁrou and
di i $Bpr GHYIPEM RS OGPougNCA9EHY SABERPYIERA0R, IEPHPY uBLERBY 9ml§Poaﬁoup
and pheg%J rQu areng&&n%referablg%g tq g:%gga%yugvailability and

froma co§%g%6f Prgf Vi eWw. [@6?8?'1 reﬁrg? _ ﬁéﬁ?ral _
e'eCtr0%f%@ﬁ@&ﬂ&%e&h@%ﬂ%ToN%U%Ea'pﬁ%ﬁ%&r?Ebgﬁnékb“ﬁoE39§99féréE%é due

conpound whi ch contains "an el ectron-donating group and Ts capabl e of
stabi | i Ziongha BByl aceINa@X 1Y ycaaddiffaini AgchbetmgbahtabemsMeas a

two-electron ligand to thereby isolate a netal conpl ex. 20Exanpl es of
t he neut[l0&ll6dl ectron-donating |igand '

15 L represents a neutral electron-donating ligand.
Neutral electron-donating ligand L i1s a compound which confains
an electron-donating group and is capable of stabilizing a metal
complex by coordinating to metal atom M as a two-electron ligand
to thereby isolate a metal complex.

20 Examples of the neutral electron-donating ligand
include those containing a sulfur atom such as dimethyl
sulfoxide (DMSQ). Examples of those containing a nitrogen atom
include trialkyl amine having 1 to 10 carbon atoms, dialkyl
amine, pyridine, 2,6-dimethylpyridine, gquinoline, 2-

25 methylguinoline, aniline, 2,6-dimethylaniline, 2,6-
diisopropylaniline, N,N,N’,N’-tetramethylethylenediamine
{TMEDA), 4-(N,N-dimethylaminoc)pyridine (DMAP), acetonitrile and
benzonitrile. Examples of those containing a phosphorous atom
include trimethylphosphine, triisopropylphosphine,

30 tributylphosphine, tri(t-butyl)phosphine, triphenylphosphine,

9



i ncl ude those containing a sulfur atom such as dinethyl sulfoxide
(DMSO). Exanpl es of those containing a nitrogen atominclude trialkyl
am ne having 1 to 10 carbon atons, dial kyl am ne, pyridine,

2, 6-di met hyl pyri di ne, quinoline, 2- 25 nethyl quinoline, aniline,

2, 6-di nethyl aniline, 2,6- diisopropylaniline,

N, NN, N - r diam ne. ;

3 (NN Sty S PO LIRS CORADY - SoG BAPEPPIBe and B (7 1 ose
Exanpl eg oot atihase @oNloxhdnd a@oﬁhgﬁemgﬂéuﬁiéﬁ:ﬁ?l! aehude _

tri met hyl phosphine, triisopropyl phosphine, 30 tributyl phosphi ne,

tri(t- bukylrpblyospliuren,t i, dhedpkphesphing, 2tdiséohbalythphesptren arice
trifuryl phosphi ne. Exanples of those containing an oxygen atom

i ncl ude Vdieelyntetifer, syathgryar oethad, elacdreradenandng ligands

1, 2- di met hoxyet hane. Fromthe viemgoint of a synthesis net

d,

oi ectr o OUGHATIAG Fi ARGEu6 cBHPR AiflgtaoRF: FOUEA aL6m AnahRBaREous
t ai ni t f .and_t taLni

i T ogef SToArA BRSae R Birar Ry  BPePapr B FboRS) 2t bor S9RnF Opria-e

coor di NakLir@R RUEbek %&egg@agggtral 10 el ectron-donating ligand L to
metal atomMand iS O, 1/2, 1 or 2. n of 1/2 means that one bival ent

el ectronodanating Iigand coordinates to two netal conplexes. nis
preferably 1/2 or 1 to stabilize a metal conplex. n of 0 neans that
there is no |igand.n15¢P0asints the coordineiipn avamier & Hdephmwiral

atogB(P) or an arseni g aton1éAs) wherein_two el ectrons coorgigatg to
M i s SprEFEPPEdCRE TR o 1P aeohs tBf ek al| abPmy Fy28ddiene- c {aryitor

cost. 2Q[ 0019 and \R?2 independent!|y represent a
hyar ogof-atbrt® o kBxe B BRI ar S8 VBT SEST o Gt Ly (Shoand

group, é%%@liﬂé@_%@’ £0f t@aohM@EgﬁgEBﬂBlQQQHP havi 19 de #0301 £ OB 1 to

atons which may be substitute y ohe or nore groups selected froma

hal ogens2abatiome al kexylgeempleal Y| ©XYE O Qhdan GCHHOX Y Igh eI nth ami no
group. Preferred al koxy group is the one having 1 to 20 carbon atons,
i ncl udi aggaetihoxy group, ethoxy group, propoxy group and i sopropoxy
group. Preferred aryloxy group is the one having 6 to 24 carbon

at ok, iLAGL8di ng phenoxy group. Exanples of silyl 30 group includes

trimethylsilyl groug EQSrgégn égf éﬁoé%ﬁé?bé%‘%%%m {(P) or an arsenic

atom (As), wherein two electrons coordinate to M. P is
preferred as X for reasons of availability and the catalyst
cost.

20 [0019]

R2 and R3 independently represent a hydrogen atom,
alkoxry group, aryloxy group, acyloxy group, silyl group, amino
group, or a hydrocarbon group having 1 to 30 carbon atoms which
may be substituted by one or more groups selected from a halogen

25 atom, alkoxy group, aryloxy group, acyloxy group and amino
group. Preferred alkoxy group is the one having 1 to 20 carbon
atoms, including methoxy group, ethoxy group, propoxy group and
isopropoxy group. Preferred aryloxy group is the one having 6
fo 24 carbon atoms, including phenoxy group. Examples of silyl

30 group includes trimethyisilyl group and examples of amino group

10



i ncl ude am no group, - nmethyl am no group and di net hyl am no group. R2
and R3 may be the sane or different fromeach other. R2 and R3 may
bond to each other to forma ring structure. Exanples of the

hydr ocar bon group having 1 to 30 carbon atons represented by 5 R2 and
R3 which nmay be substituted by one or nore groups selected froma

hal . | k ! | , | d.ani
o oup | IS G B0 a3 S e YECOR RYF GLBAD KRATHOpyPooue-
group. gpeghli g3 ex s 416 hal qgerat ! eﬂh&&)%cﬁ{ Ufre AT YROXYn g

group, acyloxy gro and 10 am no group In ydrocar bon group

havi ng R3tRagObeanbed aheRsovhiehtsByobe subshyt st edcbyrone MamPlle® of
groups selected froma hal ogen atom al koxy group, aryloxy group,

acy! oxy tdreo iy cerd:santniomo ggnoagpp hiavdhgdé  the 39anerasnt hbsmsi mephesented by
expl anation of Rl. As R2 and R3, alkyl group, cycloal kyl group and

aryl °gr &ipaBfeR157 i@t diaibike WP ISOHIShY GTsUP TamPiE drsneey |

X Ts" (R ReShOr St oGP SRR « RS Pa| GAPHD: E ULV ca= ol the.
20, RIS Sofeaibae sl Uatagelieer Boand et Yysie,
"TPrt T eRicasentksyli SeRuP¥ndIFowRl ardupt EUSps€PF BS et Smb Tt yE O UP.
p(F))C Th/ NP Q/ apP
halcgen atem, alkoxy group, aryloxy group, acyloxy group and
10  amino group in the hydrocarbon group having 1 to 30 carbon atoms
which may be substituted by one or more groups selected from a
halogen atom, alkoxy group, aryloxy group, acyloxy group and
amino group include the same as those in the explanation of RI,
As R% and R3, alkyl group, cycloalkyl group and aryl group are
15 preferable, and isopropyl group and cyclohexyl group are most
preferable.
[0020]
Examples of [(R2) (R3)P)] moiety when X is P (a
phosphorous atom) include the following structures. In the
20 following structure formulae, the bonds between P and M ox Y are
not shown. In the structure formula, “Me” represents methyl

group, “iPr” represents isopropyl group, and “tBu” represents t-

butyl group.

11



Q-(P Ap/0 [Chem 7]
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[Chem.
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[Chem.
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ci 30, p, - 01, 3 [Chem 10] HHHHHHHH h >cf?I"N2( [ 0021]

Examples of [(R2) (R3)As] noiety when X is As (an 5 arsenic aton
I nclude the follow ng structures. In the

[Chem. 9]

O O 0O 0]
/O\P/o\ \/O\P/O\/ /\/O\P/O\/\ \r i \r >< i ><

O O
Y
Q

o

Q
O

14



followi ng structure formul ae, the bonds between As and Mor Y are not
shown. [Chem 11] iekCfiks)CAk-As | [0022] Y represents
a bival ent hydrocarbon group having 1 to 70 carbon atons (crosslinked
structure) which may be substituted by one or nore functional groups
selected froma 5 hal ogen atom al koxy group, aryloxy group, acyl oxy
gr oup a q?ﬁplnq group. Exanpl es of the bival ent hydrocarbon group
havi ng 1 9 rbon atons which may be substituted by one or nore

functlonah groups qgleg;ed from g hahogen at ony ahkoxy group raryl oxy
group, achloxy, groiip. and_ o ma. gRaypNi nety F}&g 7(0!
aryl ene group. Aryleﬁb group is pa tlcularly prefe 0023]

The cross-linked structure Y is the crossllnklng nnlety mhlch bi nds X
and a sulfur atom (S). Specific exanples 15 ross

structure |n whigh X¢is repfesente b aP ton1a re sh b

Her e, Jmay b SRIE. e
represeﬁ’ éPhQHrogen atBﬁ? angeﬂ’é?Bﬁ?Lhigfg?%rbo \EEVI

to 20 carbon atonms, or a hydrocarbon group having 1 to 20 car bon

at ons substitg}edey a 20 hal ogen atom, [1IChem 12] [00%4]
N. __N N. N
SRa® 7@ Eﬁ Jf)

/N\ /N"""--.

P

ek
P
N N N___N (\E ;N\ ,N; 25

[0021]

|
H H
P
WYY .
\P/ \P/ N\P/N
L —
Nap [ ) \7,,N N
\P/

Examples of [ (R2) (R3}As] moiety when X is As (an
5 arsenic atom) include the following structures. In the
following structure formulae, the bonds between As and M or Y
are not shown.

[Chem. 11]
|
A AT /lW%L\.j%;;K/ [::Lﬁji:] g™
3

15



Substituents R2 and R2 may bond to Y noiety to forma 5 ring
structure. Specific exanples include the structures as follows:

[ Chem 13] [ 0025] 5Anpbng the netal conpl exes represented by formul a
(d), those represented by the following fornmula (02) are
particularly preferable. [Chem 14] R4 [0026] In the
formul a, E% rr Rds i ndependently represent a hydrogen atom al ky

group héﬂ %]1 to 8 carbon atons, al koxy 5 group having 1 to 8 carbon

atoms, afyloxy group payi0gefit s 18 FAI AN AVeS AL dal AdRE, Al LA

M Rl, R2, R2, L and n have the sanme neanin ose ornu

(Cl). Btanpleega@bohhataklsyl(cabedpifavingtiutoudesaihoBhahayspencl ude
nmet hyl group, ethyl group, propyl group and octyl group. Exanples of
t he al kexypsi0 tgitedp blyavineg ot tmor8@ canbomhoatbngronpbudelaetbdxyrgnoanp,
et hoxy group, propoxy group and isopropoxy group. Exanples of the
aryl xy "grlegsrhatoRg 61KexY89&eatbon A éREYi HEPUHe PREABRY greup.and

Exapl eg, of, e al 0ogn, Lo ¢! ude il erine ad T1agring;, [0937),

1 to 70 carbon atoms which may be substituted by one or more
functional groups selected from a halogen atom, alkoxy group,
aryloxy group, acyloxy group and amino group include alkylene
10 group and arylene group. Arylene group is particularly
preferable.
[0023]
The cross—linked structure Y is the crosslinking
moiety which bkinds X and a sulfur atom (S). Specific examples
16 of the cross-linked structure Y in which X is represented by a P
atom are shown below. Here, multiple R¥s may be the same or
different to each other and represent a hydrogen atom, halogen
atom, hydrocarbon group having 1 to 20 carbon atoms, or a
hydrocarbon group having 1 to 20 carbon atoms substituted by a

20  halogen atom.

6



15In formula (C2), preferred RL is a nethyl group. Both of R2 and R2
are preferably a cycl ohexyl group or isopropyl group. Each of the
four R4s is preferably a hydrogen atom L is preferably dinethyl
sul f oxi de, pyridine, 2,6-dinethylpyridine (lutidine), quinoline,
2-nethy|quino|ine or NNN, N ,N- 20 tetranethyl et hyl enedi am ne, and
2,6-dinqkﬂ%T$yﬁ_ ine (lutidine) is particularly preferable. nis
preferab 270r 1, and 1 is particularly preferable. Mis
preferably Ni or Pd, and Pd is._particulprly preferable. [0028]

25Ther e rt8--AQ partrcq+ar IPn1tat|Rﬁ)o the nmethod for synthesizing

nmet al ch@DeXep (Cif3 d} C2).of resent invention and the
conplexes be s?ﬁiﬁe ized R g: to a known nmethod or a

combi nati on/tiher eof R? i s, itmEJﬁ] !exes can be synthesized by
reactlngf§8rqvSIent -valent NR'S ce, 30 aligand in fornula (d)

or (Q2) ~and-4 neutna-neledfron donﬂ%ln ligand L. [0029]

Exanpl es of zeroval ent M source- +nckudestr|s(d|benzylldene
acetone)d1par+ad1un1and 5 tiet-raki-s-t-ri:phenyl phosphi ne) pal | adi um as a
palladlun1sodi e and tetraoarbo' nldkel
?ls(trlphenylphosphlne)nlckel

as a nldkel [0030] Exanpl- oft bi val ent M source include

(1, 5- 10 Ryt .vlene)pall (14 , (1, 5-

cyclooctadlene yl) pal liadi um i de, (allyl)palladiumchloride,
paIIadlun1chIor|de .-rlladlun1br0r gal | adi um acetate, palladi um

nitrate, bis(

ﬁ.-tomltrlle)dlcm
bls(benZOnltr

15
I) (N, NN, N -
1),

bls(acetylaceto .to)palladlun(ll) )

trifluorort® hang quomate qaﬂh pa adlumasource and (allyl)nickel
chlorlde ( '

w

| R10
[0024]
Substituents R? and R® may bond to Y moiety to form a
5 ring structure. Specific examples include the structures as

follows:

17



20 ni ckel acetate, bis(acetylacetonato)nickel (I1), (1, 2-

di met hoxyet hane) di chl oroni ckel (11), (1, 2- :

di met hoxyet hane) di br ononi ckel (11) and nickel (I1)

trifluoromethanesul fonate as a nickel source. [0031] 25Metal

conpl exes represented by formula (C) and fornula (C2) can al so be

synthesqﬁ%by1 acting an Mhydride conplex or an M al kyl conpl ex

(the t are coIIectiver referred to as "(03)") corresponding to the

nmetal conmplex with allyl ester (2-1). [Chem 15] Rl 13 x52Wx R2

(2-1)o 0==,8_  0---M--R" 0=S O MO C (C3)(d) In the

formul a, -presents | gyoup having 1 to 6
’ e the sane

| a 1 ndicates the

conplex (C2) can be

P
RTO R10 R10
R10 R10 R10
— T R — =SS
P P P
\ Vi \ Y \ Vi \ //P
R10 R10 R’IO R10
R™ R10 R10 10
S S S R 3
[0025]
b _ Among the metal complexes represented by formula

(Cl), those represented by the following formula (C2) are

particularly preferable.

[Chem. 14]
R4
R4 R4 Ts
P——R?
4
R | (C2)
R
0 (L)n 0
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[ 0032] 10The netal conpl exes represented by formula (C) and fornul a
(C2) can also be synthesized by reacting an M hal ogen conpl ex (C4)
corresponding to the netal conplex with carboxylate netal salt (2-2).
[Chem 16] ORL R3 1R2 0=SON4R120___ Isoljoocal O In 0(14n0

15(C4) (d) In the formula, RI 2 represents a hal ogen
atom M represents a netal atom and RI, R2, R3, X, Y, M L and n
have theg @y nmeani ngs as described above. Wiile the above fornula

i ndicates the nmethod for synthesizing nmetal conplex (C), nmetal 20
conpl ex (C2) can belsyhhhefprzodlen fhersBie mdepeddaniiles wiondsent a
hal ogen atom represented by RI2 include a chlgrine atom a brom ne
atom or @ﬁ?qqaﬁnh@téanﬁléﬁé-&IEﬁFbPFHénﬁt&nFSrBaCBFBﬁPnétQF§n1P%koxy

pref gra%lr%ufpr %@v%.n%oit t%OIBntcaq:fbo\Illl Eé‘l\l'cv'cmls, aryloxy group having 6 to 18

carbon atoms or halogen atom; and M, R}, R?, R3, L and n have the
same meanings as those in formula (Cl). Examples of the alkyl
group having 1 tc 8 carbon atoms include methyl group, ethyl
group, propyl group and octyl group. Exzamples of the alkoxy

10 group having 1 to 8 carbon atoms include methoxy group, ethoxy
group, propoxy group and isopropoxy group. Examples of the
aryloxy group having 6 to 18 carbon atoms include phenoxy group.
Examples of the halogen atom include chlorine and fluorine.
[0027]

15 In formula {(C2), preferred R! is a methyl group.
Both of R? and R3 are preferably a cyclohexyl group or isopropyl
group. Each of the four Rfs is preferably a hydrogen atom. L is
preferably dimethyl sulfoxide, pyridine, 2,6-dimethylpyridine
(lutidine), gquinoline, 2-methylquinocline or N,N,N’,N’-

20 tetramethylethylenediamine, and 2, 6-dimethylpvridine (lutidine)
is particularly preferable. n is preferably 1/2 or 1, and 1 is
particularly preferable. M is preferably Ni or Pd, and Pd is
particularly preferable.

[0028]

25 There is no particular limitation on the method for
synthesizing metal complexes (Cl) and (C2) of the present
invention and the complexes can be synthesized according to a
known method or a combination thereof. That 1s, the complexes
can be synthesized by reacting zerovalent or bivalent M source,

30 a ligand in formula (Cl) or (C2) and a neutral electron-donating

19



[ 0033] 5Specific exanples of carboxylate nmetal salts (2-2) which can
be used in the synthesis nethod of the present invention include
silver acetate, silver trifluoroacetate, silver propionate, silver

2- et hyl hexanoate, lithiumacetate, lithiumtrifluoroacetate, lithium
propi onate, lithium2- 10 ethyl hexanoate, sodium acetate, sodium
trifluoraacetﬁgf, sodi um propi onate, sodi um 2-et hyl hexanoat e,
potassidﬁ1 ‘e, potassiumtrifluoroacetate, potassium propionate

and potqﬁw 2- et hyl hexanoate. [0034] 15The netal conpl ex
represen y formula (C) or (02) nmay be supported on a support to

be used for polymergzahp08s bR tBi-sveasgr Mhesgrasein@LR@eticul ar
limtations on the support and exanples include an inorganic support

such as tiils (¢ bgelz vdridiealeu miced oared ddpadilgaiiue anpport 20 such as
pol ystyrene, polyethylene and Qg%ypropylene. Exanpl es _of the nethod
for Hepdsittiaky sd trdpdienydpplosphdieca padppeitn Agl adpaalphyjyincgpurce and

ST, S B SR R S Rl
Corpl o Q348 SUBGH A, ST ki SRRl 1O LBgoFekglparpl e, o

mononer [yeeeiin the method for producing the polymer of the present
invention, is represented by formula (1). 30[Chem 17] CH2===CHR5(1)
Examples of bivalent M source include (1,5-

10 cyclooctadiene)palladium chloride, (1,5~
cyclooctadiene) (methyl)palladium chloride, (allyl)palladium
chloride, palladium chloride, palladium bromide, palladium
écetate, palladium nitrate, bis(acetonitrile)dichloropalladium,
bis(benzonitrile)dichloropalladium, {(N,N,N",N’"-

16 tetramethylethylenediamine)dichloro palladium(II), (N,N,N",N’-
tetramethylethylenediamine)dimethyl palladium(II},
bis(acetylacetonato)palladium(II), palladium(II)}
trifluoromethanesulfonate as a palladium souxce; and
(allyl)nickel chloride, (allyl)nickel bromide, nickel chloride,

20 nickel acetate, bis(acetylacetonatoe)nickel {(I1), (1,2-
dimethoxyethane)dichloronickel (II), (1,2-
dimethoxyethane)dibromonickel (IT)}. and nickel (II)
trifluoromethanesulfonate as a nickel source.

[0031]

25 Metal complexes represented by fdrmula (Cl) and
formula (CZ) can alsco be synthesized by reacting an M-hydride
complex or an M-alkyl complex (the two are collectively referred
to as “(C3)”) corresponding to the metal complex with allyl

ester (2-1).

20



[ 0036] In fornmula (1), R5 represents a hydrogen atom or
hydr ocar bon group having 1 to 20 carbon atons and is preferably 5 a
hydr ogen atom al kyl group having 1 to 3 carbon atons or aryl group
having 6 to 20 carbon atoms. Specifically, exanples of olefin of
formula (1) include ethylene, propylene, 1-butene, 1- hexene,
4-nethy|§£§$§négﬂe, 1-octene and styrene. Anong these, ethylene and
propyleﬁ ticularly preferable. One of 10 these conpounds may
be used i ndependentky or two_or e of ;them may be used in

conbi nati on. [0037?JB 455\\wlgy a gr oup- contalﬁlng ol efin,

whi ch is the _second nopgpner used for polynerlzﬁtlon i tgﬁ pr esent

i nvention, iIs 15 r presented by@Eprmgl a (2). [[Chem 193] 2=0R6R7( 2)
[ 0038] In_L r é r_gen aton1 r 20 nethyl

group. R7TRpre en E:OOR8 -CN, -000R8, © ?‘Oﬁ
- CH2- N(R9)2 or - HaI (R8 represents a hydr (éen ato$1 hydr picar bon

group haV|n8 lto %"carbon atoms; R9 represent$ a hydHogen afom

hydr ocar bon-groyp3having | to 5 car bon atons, aromat € ysubsti t uent
having 6 to 18 carbon atonms or 25 alkoxycarbonyl group; and Ha
represents a halogehnatbﬁ)fOFGul@fpR%feﬁabE§eathydrbgénoaeonabomabkyl
group having 1 to 3_carbon_atons, and nethyl group is partlcuIaH

pr ef er aB &Y IRITPEPpNEFdREbily t] Ry BREEER éFBﬁ?raﬁRQIRb¢éﬁp RaviHg - t%
TR e R

benzyloXycarbonyl "gr oup
Ch'Of'n%b%%%”%%&mﬁlgfQHHE%a%EQ”khéoﬁéghoépESkfhQn%K@HP&?ﬁgQ&e%Qf

pol ar group-contal ni ng
complex (Cl), metal complex (C2) can be synthesized in the same

way.
[0032]

10 The metal complexes represented by formula (Cl) and
formula (C2) can also be synthesized by reacting an M-halogen
complex (C4) corresponding to the metal complex with carboxylate

metal salt (2-2).

iChem. 16]
R3 M“///O\\\H///R1 R3
Y X——R? (Zf;) Y———X—R?
0—S—0—M—R'"? o:::i 0—M—0——C—~R!
0 (L u ' (L u
15 (C4) (C1)

In the formula, R!? represents a halogen atom, M’
represents a metal atom, and R, R2, R3, X, ¥, M, L and n have
the same meanings as described above. While the above formula
indicates the method for synthesizing metal complex {(Cl), metal

20 complex (C2) can be synthesized in the same way.

Examples of the halogen atom represented by Rl12
21



5 vinyl conpound represented by fornmula (2) include vinyl acetate,
allyl acetate, ally' alcohol, nethyl nethacrylate, nethacrylic acid,
nmet hyl acrylate, acrylic acid, acrylonitrile, allyl am ne,
N-allylaniline, N-t-butoxycarbonyl-Nallylamne, N

benzyl oxycar bonyl - N-al | yl am ne, N-benzyl-N-allylamne, allyl 10

chloride and allyl .,hraom de. . Anon hese, vinyl acetate, .allyl
acet at e T ASEH RIS o dn T RGPS SERTaRG SBr SPOTET RFEmarand a
part'cug%ﬁB&iEk?%%kﬁpH% éaﬂ%o fnkh%%%mpqugEBQE ggieb?ﬁgﬁeg cost point
i ndependently or two or nore of themmy b Gsed i n conbl nat i on. _
[ 0040] LFExampl.es of the conbination of olefin represented by formula
(1) and the polar group-containing olefin represented by formula (2)

i ncl ude [&d3Hlene and vinyl acetate, ethylene and allyl acetate,

ethylene and ally al cohol, ethylene and nethyl nethacrylate, ethylene
and fret hacrylic aci 8PeeiRjfensamptiese? hyFrarpoxclytratectat sakne )

SRR LR I TR
N-t - but .- | | i , .
Nbenoy| CEMERIRnY it Bde ATV RE 2BLRULENC sBller riflporanperate;

et hyl engiard ralrtpiehl=@l, ded 1etRybeBengndeabhyhtdd RieALdR, aBEpRYEENE
and vinyl acetate, propylene and allyl acetate, propylene and allyf

al cohol lipphdpyl ¢me famdroaickyhtept hachybat proplopyptenelahdiomt hyl
acryl ate, propylene and acrylic acid, propylene and acrylonitrile,
pr opy| es&hydhexianpRiri- neodgtBpprehatand SRAaPNY EEAEL LABO2BRBRYE en8ORHEM

N-t- 30 but gxycarbonyl -N-al | yl am pe, propyl ene and,
N- benzyPERPeATBofyl SORME PyFAR RS BPagy FenBosAge ium acetate,
1yl b s LUmng e gRts R e R b i bREREBA AR, RRETHLERES HOM

ethylenQ_@@gﬁqhgkgn@g%gate, et hyl ene and ally' al cohol, ethylene and
met hyl 5 nethacrylate, ethylene and nethyl acrylate, ethylene and

acryl oni[Do3ke, ethylene and allyl chloride, and ethyl ene and
allylam ne fromthe viewoint of the polyner performance and econom c
ef fil%i ency. [0041] Tg¢nmebel neehpbesf oreprathicien bhef quw)lpol {Gier af
the present invention, in addition to the nononmers represented by
f or mul adCE1) MaNdLE2FUPBRETEA RBr8 RMRBSTHfta PRI F@eAvABRer may be
incorp05%3§%eEgzg%i%%PO|¥gﬁéﬂf§qéase, there are no particular
limitations on the support and examples include an inorganic
support such as silica gel and alumina and an organic support
20 such as polystyrene, polyethylene and polypropylene. Examples
of the method for depositing a metal complex on a support
include a physical adsorption method of impregnating the support
with a solution of the metal complex and drying it and a method
of depositing the metal complex onto a support by chemically
25 bonding the metal complex to a support.
[0035] [Monomer]
Olefin, which is the first monomer used in the
method for producing the polymer of the present invention, is
represented by formula (1).

30 [Chem. 17]
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The third nononers include ethyl vinyl ether, propyl 15 vinyl ether,
nor bor nene and car bon nonoxi de. [0042] [Pol ynerization nethod]

There are no particular limtations on the nethod of polynerizing
nononers and t he nonomers can be pol ynerized by a 20 wi del y-used

met hod. That is, a process such as a solution polynerization method,
a suspems,or-gHRSyeri zati on net fidd and a gas-phase pol yneri zation
nethod is available. Particularly preferred are a solution

pol yner il2%3%n nethod and a suspensi on pol ynerization method. The

ol yneri zati on node_may e 0 either of a batch de and .a
o Moia e 2B YarthLe” (P, id e tacdld s A RBREra R0 P s
| tist i i | 4 ,
e ol SHRBRAERE SN 6B KB, G oharbBiltSkong jand is preferably

for mal a a( Byd@gehiCakoand atireg 1t gkaliparBuihgofl 26 3MBAGABASatoms or aryl
(rmonomers/ metal conplex) is within the range of from1 to 10, 000, 000,

pr ef er abirpuphéavange 6oftof 2ZO0mca@bbo 21606 . 008heodf ecpl Bf eratdnp lide of
range of from 100 to 100, 000. [0044] 5The_blending ratio of the
mononer &ledpreodntfoamiy.af dlaufiaelody ghBvylenei sprerpéeappr bpPiaeeey 1-

Copol ymEPXoRers 4 MET DS 12 BAE8htheR BOR PP A DR GHER PS (UIRRS (YRS
ethylene and propylene are particularly preferable. One of
10 these compounds may be used independently or two or more of them
may be used in combination.
[0037]
A polar group-containing olefin, which is the second
monomer used for polymerization in the present invention, is

15 represented by formula (2).

[Chem. 18]
CH,——CRSR’ (2)
[0038]

In formula (2), R® represents a hydrogen atom or

20 methyl group. R’ represents -COOR®, -CN, -OCOR®, -CH,-OCOR®, -
CH,0H, -CH,~N{R®), or -CH,-Hal (R® represents a hydrogen atom,
hydrocarbon group having 1 to 5 carbon atoms; R? represents a
hydrogen atom, hydrocarbon group having 1 to 5 carbon atoms,
aromatic substituent having 6 to 18 carbon atoms or

25 alkoxycarbonyl group; and Hal represents a halogen atom). R® is
preferably a hydrogen atom or alkyl group having 1 to 3 carbon
atoms, and methyl group is particularly preferable. R? is
preferably a hydrogen atom, alkyl group having 1 to 3 carbon

atoms, phenyl group, benzyl group, t-butoxycarbonyl group or

23



10There are no particular Iimtations on the polynerization
tenperature. The polynerization is generally conducted at a
tenperature in the range of from-30 to 200 C, preferably in the
range of fromO to 180 C, nore preferably in the range of from20 to
150 C. 15The polymerization is conducted at a pol ynerization

pressur

,__Wh in the int I i t f th

P e ur S B RO GHELE by TR HEHIST) S0 PR T hre Fraprably
I ferahl V. i h f I
nor ma %r%§ﬁ¥%gﬁ%g?%%B?E%hgf%%O%ﬁﬁg %tbﬂ.t e range from nornma

pressure to The pol yneri zation tinme can
be apprgpipztiel y adj usted dependi ng on the processing node and the

pol yneri zation activity of the catalyst, and can be as short as

several m nutes or apetoifcasxseyieal of hiolus anol siougsou@stOdaining

It is preferable to fill the atnosphere in the ?onnerizat[on system
wi t h5an viigert cgaposnch repreisensgenoandoamyéa t8) piavéntecBipbhentstate,

other th noners to ol yneri zed such_as ajr, o en an ,
o1 St ur G KGR Ad Y0 A Re NG noSEhEYA 16 PECATISERe CATARGEYLic
activity. .ln S f e Lan y [ ' . [ .
2 1 () HISGASSCHl e SRl s LN ROl TRElL £LA00.30 | BB 1Y oo,
are no @abhu9QE%&th%Lt@Lkﬂﬁﬁt%&ybﬁ%bbﬁ9&LNsahiﬁ@bmiﬁ@? gxanpl es

i ncl ude al i phatic hydrocarbon such as pentane, hexane and hept ane;

al i cycl benzyiypayeeatbaylsiichlayleythepeNtbrazytyil-ahéxaariaad allyl
cycl ohept ane; aromatic hydrocarbon such as benzene, toluene and

xyl éhe; chdloggeivarad alilylabiremivgr ockmbeh Siede asvihybratefae, allyl
nmet hyl ene chl oride, carbon_tetrachl oride, dichloroethane and

tetrachP&F&éFﬁan@?tﬁaﬂo&§ﬁ§ﬁéayéﬁ6§atW@thyéréeaV%BEesGEﬂ geryponitrile
chl or obenzene, . di chl orobenzen trichl ofobenzene: al.i tic ester
;%rtQCu 2 é.?/aﬁ)gegte%?ﬁ?.g. t%l%%;ofanigqese ?m c::ur‘f@éle masyhae g.lssed

are ﬁ
such as et ace ace aronat 1C ester

met hyl E%&é@%h%eﬁ@qyebeEWBGB%Oﬁb%e E@O4BEnARLS LeOURLE! E ANCBhbi NSt ion.
pol ymeri zation reacfion, the
f0040]

15 . Examples of the combination of oclefin represented by
formula (1) and the polar group-containing olefin represented by
formula (2) include ethylene and vinyl acetate, ethylene and
allyl acetate, ethylene and ally alcohol, ethylene and methyl
methacrylate, ethylene and methacrylic acid, ethylene and methyl

20 acrylate, ethylene and acrylic acid, ethylene and acrylonitrile,
ethylene and allylamine, ethylene and N-allylaniline, ethylene
and N-t-butoxycarbonyl-N-allylamine, ethylene and N-
benzyloxycarbonyl-N-allylamine, ethylene and N-benzyl-N-
allylamine, ethylene and allyl chloride, ethylene and allyl

25 bromide, propylene and vinyl acetate, propylene and allyl
acetate, propylene and allyl alcohol, propylene and methyl
methacrylate, propylene and methyl acrylate, propylene and
acrylic acid, propylene and acrylonitrile, propylene and
allylamine, propylene and N-allylaniline, propylene and N-t-

30 Dbutoxycarbonyl-N-allylamine, propylene and N-benzyloxycarbonyl-
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15 (co)pol yner as a reaction product is to be isolated by
posttreatnent using a known operation and treating nethod (e.qg.
neutralization, extraction with solvents, washing with water, liquid
separation, distillation with solvents and reprecipitation). 20The
(co) polynmer can be nolded into the formof a pellet, film sheet and

he ik diti f [ h i in. 00 h
el hel-AdSTaRaN SIS LS TORL830 LS ek oL ARFL oI
mwﬁ@%gmm%ﬁ@% %oﬁég_wmq'w%%éWMﬁ%Mar

may be a to polyolefin®and“the like to De used as a no ier of
the suriaeedealdzg®s el 12%ca8heSWeRassscardtpr| @ﬁ:hg_ﬁleﬁ@r keamamnegl a
conpati bility agent between nonpol ar polyol efin and hi ghly-pol ar

ot her resigisitegnethyd@ndi sper siligylagérbhofl , pegheitscanddt methiyke. The
copolymer may also be used for purposes such as paint, ink, adhesive
agen?, BEefdecrydladsyi Gty eneypnccagthyilupeirydateoi PtEHdSBEr RREe
active agent. 5 EXAMPLE 050] Jer ei nafite he

D esent ATVRRILGT IS GELENGRE PRy P chlCH Reny SRtk BFPYAGTE*d

preset _ 97
moans | PeOas he t6™ 107 QOBLFTREInGa Tor BRAVhsrne 8" RErar Sonnl ex

conpoun@lonomic efficientye structures of Metal conplex 1 and Metal
conplex 2 obtained in the exanples were determ ned by X-ray crystal
struct ur[@04Adl ysi s using an single crystal X-ray diffractoneter
(Mercury CCD) manufactured by Ri gaku Corporation. M-Ka 15 radiation
(21%9. 71069 A) was aaeahgsmxghw Seureecdaping athat { o» Bt Her t¢% the

range of 26150 was used. Diffraction intensity was corrected using
Lor ent 2 PFEEEBE. LFHENSTPfet dFe *iAe "ePlci-abBl ByORETai FESFSRELRBA BV a

SIR 97, and 0Ll Thged using SHELXL; OF, g abams 0L hehs LHARORYHECORRy

were ani sotropically optinmZed a
be incorporated to be copolymerized.

The third monomers include ethyl vinyl ether, propyl
15 wvinyl ether, norbornene and carbon monoxide.
[0042]
[Polymerization method]
There are no particular limitations on the method of
polymerizing monomers and the monomers can be polymerized by a
20 widely-used method. That is, a process such as a solution
polymerization method, a'suspension polymerization method and a
gas—-phase polymerization method is available. Particularly
preferred are a solution polymerization method and a suspension
polymerization method. The polymerization mode may employ
25 either of a batch mode and a continuous mode. Also, either of a
single stage polymerization or a multistage polymerization can
be employed.
[0043]
The molar ratio between the metal complex catalyst
30 represented by formula (Cl) or (C2) and the total amount of
25



20 the hydrogen atons were arranged using the AFI X instruction.

[ 0052] [Method for analyzing the polymer structure] The
structure of the copolyners obtained in Exanpl es was determ ned by
various analysis of the NVMR spectra using JNM 25 ECS400 manuf act ured
by JEOL Ltd. The content of the nononer unit derived fromthe polar

- t ai ni | ef i ted f or, mul 2 d the t I
T ot uPBrgmae GGl RREee GETBLEhed by ahaty hRgr 136 NRR Eom 1
SpeCtruﬁkﬂ%%q%%bﬁ?g%t %r@fgkghﬁ§e%ﬁg¢§a 3REG TE?bMﬂgBh£o3% K68 000
rel axation tine: 30%seconds, aCQUISIPIOH i me7 10 séconds, frnes

of accumdirat Eﬂ@fFelrley gnal %éngeog@ F2o%01000+bi MB§) obbrough the

i nverse-gat ed decoupling nethod at 120C using 1,2,4-trichl orobenzene
(0.55 nm[podd]a solvent and Cr(acac)3 (10 ng) as rel axation agent.

[ 0053] 5A nunber average nol ecul ar wei ght and a wei ght average

nmol eZul ar wei ght weFkechlendingdrdyicioe dxe rusigreoh Rl RREEY ¥
which p ed as a,  st'andard substance, usin

high‘te%bé%éﬁégg%ékéaggggggt&g,tHLE? BRPIEPELATS Kaf $§§Fﬁgegeg§nding
Tosoh Cghp%%%gE%#PPQE?XQHgga%HBho%otﬁgKggEgngHRE§£§%%ﬁgfCohﬁggs(tmﬂ

col ums “of cmarranged Irn“serres actu by

Tosoh Conpanakison agkveRbrelaZtichl AHABRBZERS, ykggpPerature: 145C)
[ 0054] Metal conplex |c: Met al conplex |c was

synt hesi[paeéd53according to the 15 foll ow ng reaction scheme: [Chem 19]

PH(RI )2 (cod) PdMeClI P(1.1)2, Mel (i-PO2NHEt 2, 64W dinedi P(1,1)2 Me

(i-F 1 2NEt PdK2CO3There are no particular limitations on the
polymerization temperature. The polymerization is generally
conducted at a temperature in the range of from -30 to 200 °C,
preferably in the range of from 0 to 180 °C, more preferably in
the range of from 20 to 150 °C.

15 The polymerization is conducted at a polymerization
pressure, wherein the internal pressure consists mostly of the
pressure oif olefin represented by formula (1), in the range from
normal pressure to 20 MPa, preferably in the range from normal
pressure to 10 MPa.

20 [0046]

The polymerization time can be appropriately
adjusted depending on the processing mode and the polymerization
activity of the catalyst, and can be as short as several minutes
or as long as several thousand hours.

25 [0047]

It is preferable to fill the atmosphere in the
polymerization system with an inert gas such as nitrogen and
argon to prevent components other than monomers to be
polymerized such as air, oxygen and moisture being mixed into

30 the atmosphere to retain the catalyst activity. In the case of
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CH2dl 2Ss-0O' \ dCH2A 2S-0 "N (1.110*11 00 la: R = cyclohexyllb: R =
cycl ohexyllc: R = cyclohexyl [0055] (a) Synthesis of conpound |a
20n-Butyl I'i thi um (manufactured by Kanto Chem cal Co., Inc., 1.65 M
hexane solution, 5.1 m, 8.4 nmol) was added to a tetrahydrofuran

(THF) solution (20 m) of benzenesul fonic acid (manufactured by Tokyo
Chem cal_,I ndustry Co., .Ltd., 0.66 g, 4.2 I t OC under argon ,

o oSG SR e TR IRE T t o e ol S5STL: boTkeRb ey abe baRE 1n
tenperature. Al t er i t agt.i in - 78C, :

chl br odr S AR oS asRRs 18, 58r BbLaReG2BL A cid  Aiino pagigular

3.8 moh)invas tadded ohhenet enat-t- 48Cvand, ghir EQE8mbOEs24BOHAE AlipREFIC
tenperature. After ceasing the reaction with trifluoroacetic acid

( manuf atitydiredalrpohiokyehChenpeak ahadubtkyn€oandLhdptafe 50aM dyiElic
solution, 8.4 mM, 4.2 mol), the precipitate formed was coll ected by
filt?at hydragarbodr sughuaderyréanentiapressuréohoxapeapnd2cycloheptane;

(di cycl ohexyl pho i no) benzenesul fonjc acid (coppound | The yield
Hyae P

has 0. 6870159 TV{GOSBF ORh RURLAOBNPEN ZEBE1 5§ OSu0nE 8200 S L RECAL)
L 203 B G b L KByl ByBE (8" chrohoct, (Pl
LS Mt iyl O BIME 500§ 0
113. 4 (hetdachlpeozt82nkz) hald8eBatbldardpaet+cO9htidyocdBBold $dchlps =
? F%31 i%?bio%ggéén237d%cggglbbenzene and trichlorcbenzene; aliphatic
r ;

ester such as methyl acetate and ethyl acetate; and aromatic

ester such as methyl benzoate and ethyl benzoate.

[0048]

After completion of the polymerization reaction, the

15 {co)polymer as a reaction product is to be isolated by post-
treatment using a known operation and treating method (e.q.
neutralization, extraction with solvents, washing with water,
liguid separation, distillation with solvents and
reprecipitation).

20 The (co)polymer can be molded into the form of a
pellet, f£ilm, sheet and the like under conditions for general
thermoplastic resin.
f0049]

The obtained (co)polymer can be a product per se by

25 molding such as injection molding, extrusion and film
processing. Or the (co)polymer may be added to polyolefin and
the like to be used as a modifier of the surface features such
as adhesiveness and printing performance; a compatibility agent
between nonpolar polyolefin and highly-polar other resins; and a

30 dispersing agent of pigments and the like. The copolymer may
27



150.5 (br); 31P-NWVR(162MHz, CDC13):6 52.8 (d, 1JpH = 370 Hz) (90%,
20.8 (d, I1JE,H- 530 Hz) (10%; Anal. calcd for C18H27032S, C, 60.99;
H 7.68. 20found: C, 60.90; H 7.55. [0057] (b) Synthesis of netal
conplex I b A nmethylene chloride solution (6 m) of (COD)PdMeCl

(synt hesi zed according to "Inor. Chem, 1993, 32, 5769-5778; 25 COD.

L PocY A6t AN Sh 3320 b3 T Bkn"3S B298Y, 1 20, TEHALLEDE agent,

di cycl h i - e I, C o b d ) g :
2 o oA ot b B S AP A Or SChy. fake°CREA-garctive
Pure Chemesal, I ndustries Ltd.; 1.1 nm, 6.0 nmmol) under 30 argon

at nosphere and the m xture was stirred for one hour at room
tenperature. After condensing the solvent, the precipitation was
renoved by filtration and the filtrate was added to hexane. The

pr ec? pi Fdned was col lected by filtration, washed wth hexane

and theq %ké d under reduced 5 pressure to obtain nmetal conplex |b.

The vyi elld 0.66g (85% . [0058]

VT o0, Ol Bodd: QI el ety B e o
6. 6Hz, @HeaH@@HGQH%ﬁz)bylréfe&&iné E07E§aﬂélegkbnd Comparative
Examples. The present invention is by no means limited thexeto.
10 [0051] [Method for analyzing a metal complex compound]
The structures of Metal complex 1 and Metal complex
2 obtained in the examples were determined by X-ray crystal
structure analysis using an single crystal X-ray diffractometer
(Mercury CCD) manufactured by Rigaku Corporation. Mo-Ko
15 radiation (A=0.71069 A) was used as X-ray source, and radiation
within the range of 26<50° was used. Diffraction intensity was
corrected using Lorentz factor. The structure was elucidated by
the direct method wvia SIR-97, and optimized using SHELXL-97.
The atoms other than hydrogen were anisotropically optimized and
20 the hydrcogen atoms were arranged using the AFIX instruction.
[0052]
[Method for aznalyzing the polymer structure]
The structure of the copolymers obtained in Examples
was determined by various analysis of the NMR spectra using JNM-
26 ECS400 manufactured by JEOL Ltd. The content of the monomer
unit derived from the polar group-containing olefin represented
by formula (2) and the terminal structure of the copolymer were
determined by analyzing 13C-NMR spectrum (90° pulse at 9.0
microseconds, spectrum width: 31 kHz, relaxaticn time: 10

30 seconds, acquisition time: 10 seconds, times of accumulating FID
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10HNCH2CH3), 1.60-1.70 (m 6H), 1.72-1.84 (m 4H), 2.12-2.28 (In,
4H), 3.29 (dg, J - 7.3, 5.0 Hz, 2H, HNCH2CH3), 3.92-4.01 (m 211,
HNCH(CH3) 2), 7.45 (dd, J = 7.2, 7.2 Hz, 1H), 7.49 (dd, J = 7.6, 7.6
Hz, 1H), 7.59 (dd, J = 7.3, 7.3 Hz, 1H), 8.21 (ddd, J = 7.7, 3.6, 1.3
Hz, 1H), 8.87 (br, 1H, NH); 151BC-NI\/R(101M-IZ CDC13):5 -7.3 (s,

PdCH3), 1, : 9 KN 2), 1
HNCH() noa](z% oﬁ %(@3)@ boy ?%es ?ﬁgi%}@‘ )CE@ i %8%? gated 1y
35.6 (d,qektifp13 r%)5rr!?=.|3:)hod4%t4 1(2% d‘"ﬂg“'%ﬁ"@) 2 thGﬁiolf‘UQléﬁ%ﬁ}Q) 0l 55
125.5 (d, 1Jpc = 33 Hz), 128.3 (d, 128.9 (d, JpC = 8
Hz), 1313 (8 .a mv'én(ts)a,ndzma&c%co 20ng —aélrdriZéXa‘Bﬂth NMRent .
(162MHz, CDC13):6 31.7; Anal. calcd for C271- 149CINOSPPAS, C, 50. 62:
H 7.71;[0853).19. found: C, 50.49; H, 8.00, N, 2.12 [0059] 25 (c)

Synt hesis of netal conplex Ic A met hyl ene chlori de
solufion (4 m) of %Fé@%énﬁ?’%&a% rolgguiar OW%BQWI)‘ V%SW%H%H to

hyl hl d b
RN SN R R R ST e e R

I ndust r .G ma tldgdapnIO 16 %%1%h %ol rkn%nqgreﬁbQBQeatEQSQhEEQnand
stirred for one”™ hour at roomtenpérature. Solid remained after

di stillisupsasmcd il wehti ghrdempeediited presspparnasswaghed with

di et hyl ether and extracted with nmethyl ene chloride. The extract was
filtered hﬂﬁmg{hiibym@@hlifa@t(ueneyl divaffosobatohpoant ishewpyoudded wdth
hexane 5 40 The preC| pitate fornmed was collected by filtration,
washBd Wi RaRd S0 hEF Gelegnuider Fedueed pfedsfr Bt §-Bot & A0 cm

et al C%@%Q%@édllﬁTg%r%leldmg%%fgc r%d(%gw%oskgoégkporatlon (solvent:
1,2-dichlorobenzene, temperature: 145°C).
[0054] Metal complex lc:
Metal complex lc was synthesized according to the

15 ° fellowing reaction scheme:

[Chem. 19]
® | (-PrZNHE N
' {cod}PdMeC) PR 2,6-lutidine '
QP e el s (o o
O AN _— PN
O¢§ O CHzC]z O¢§ O C] CHzclz O//ﬁ O N \
) O 0O /

—
1a: R' = cyclohexyl 1b: R' = cyclohexyl 1¢: R' = cyclohexyl
[0055]

{(a) Synthesis of compound la
20 n-Butyllithium (manufactured by Kanto Chemical Co.,

Inc., 1.65 M hexane sclution, 5.1 ml, 8.4 mmol) was added to a
tetrahydrofuran (TEF). solution (20 ml) of benzenesulfonic acid
(manufactured by Tokyo Chemical Industry Co., Ltd., 0.66 g, 4.2
mmol) at 0°C under argon atmosphere and the mixture was stirred
256  for 2.5 hours at room temperature. After cooling the reaction
container to -78°C, chlorodicyclohexylphosphine (manufactured by

Sigma-Aldrich, 0.89 mg, 3.8 mmol) was added thereto at -78°C and
29



1H NVR (400MHz, CDC13):6 0.32 (d, 3JET = 2.3 Hz, 3H, PdCH3), 1.12-
101.47 (m 8H), 1.60-1.94 (m 10H), 2.22-2.33 (m 4H), 3.18 (s, 6H,
CH3 of lutidine), 7.12 (d, J = 7.7 Hz, 2H), 7.47 (dd, J = 7.6, 7.6
Hz, 1H), 7.52 (dddd, J = 7.6, 7.6, 1.4, 1.4 Hz, 1H), 7.58 (dd, J =
8.1, 8.1 Hz, 1H), 7.60 (dd, J = 7.5, 7.5 Hz, 1H), 8 29 (ddd, 78

3.9, 1.5 .Hz 3NNR(11M—|ZO ( pc—

PiCHS) | B0 e G P LT rndf o8 Brtidsl (e QIPEssatf Iy
Jpc = 3 ) 1 o(d,
1o . s, 3k pHIesumetho il 12540 phulecaay 190050
(s), 132,hférc(lsﬁal 38ubtes) colfliBd(d, 023pcM=T&Z HB)utld8,08(8)iml, 4.2
2031P- NVR(162VHz, CDC13): 5 27.5; Anal. calcd for C26H38NGBPPdS, C,

53. 65; HmoB.}58;th, pZefipiftatied fo€meb3was; chll16cT4d Ny 2idOration and
[0061]Synt hesis of Metal conplex 2c Met al conpl ex 2c
was Syntésid dadgsc seEURE Yt BLERSUES 6l PB@PF@ feaction scheme: [ Chem

R st PEAPREBARI IS fanmD
yield was 0.66 g 5%
[0056]
'H-NMR (400MHz, CDCls):d 0.98-0.27 (m, 4H), 1.30-1.58

10 (m, 6H), 1.02-1.78 (m, 4H), 1.88 (br s, 4H), 2.28 (br s, 2H),
3.33 (br s, 2H), 5.19 (br d, 'Jpy = 370 Hz, 1H), 7.48-7.58 (m,
2H), 7.80 (br s, 1H), 8.27 (br s, 1H);
13C-NMR (101MHz,CDCl3) : & 25.0 (s), 25.6-26.2 (m), 28.8 (br), 30.3
(br), 34.6 (br d, 'Jec = 40 Hz), 113.4 (br d, 'Jpc = 87 Hz), 128.8

15 (d, Joc = 9 Hz), 130.1 (d, Jpc = 9 Hz), 135.4 (br), 137.1 (bxr),
150.5 {(br);
3lp_.NMR{162MHz, CDCls):8 52.8 (d, 0wy = 370 Hz) (90%), 20.8 (d,
YTy = 530 Hz) (10%);

Anal. calcd for Ci:gH,70:PS, C, 60.89; H, 7.68.
20 found: C, 60.920; H, 7.55.
[0057]
{b) Synthesis of metal complex ib
A methylene chloride soclution (6 ml) of (COD)PdMeCl
(synthesized according to “Inor. Chem., 1993, 32, 5769-5778;

26 COD: 1,5-cyclooctadiene; 0.32g; 1.2 mmol) was added to a
methylene chloride solution (16 ml) of 2-
(dicyclohexylphosphino)benzenesulfonic acid; compound la) (0.43
g, 1.2 mmol) and diisopropylethylamine (manufactured by Wako
Chemical Pure Chemical Industries Ltd.; 1.1 ml, 6.0 mmol) under

30 argon atmosphere and the mixture was stirred for one hour at

30



CH2012S-0 "N 00/ 2a: R = isopropyl2b: R = isopropyl2c: R =

i sopropyl [0062] (a) Synthesis of Conpound 2a

2- (Di i sopropyl phosphi no) benzenesul fonic acid (Conpound 2a) was
obtained in the same way as in the above-nentioned synthesis of
Compound | a except that 5 chl orodii sopropyl phosphi ne (manufactured by

Si Al d d d. of
ShPoroarebn Senperandrsn alterLcoRleus iia' 038 530 foany the06s)

N T i B G R R P i “%Efd%eg%eﬁﬁé%@g "gg

(tdd, Jamdédbito2h@xahel HEhe lhbecd §@aﬁé’dﬂorn¥e& wds loolndatdd bz,

1H), 7.83 (dd, J = 7.6, 7.6 , 1 .27 (dd, J = 7.5, 4.4 Hz, 1H);
130—NNR@iOiMHZ;GﬁCl&ﬁBﬁE@ wlth)hezéné aﬂd7tbah diiéd4uﬁberdreduged593
Hz), 129.1 (d, J 8.6 Hz), 130.3 (d, J = 12.5 Hz), 134.7- 137.1 (m,
150. 7 (Enre§)sur§1EDNWR(C%QNH@t@ﬂ;CQQ)npl%z19 (dtha apield wep HAH0q 8%
31.0 (d, %5§EH = 460 Hz) (17% [0064](b) Synthesis of Metal conplex
2b 20Mettd) npl ex 2b was obtained in the sane way as in the

?20¥§|g§2f5ﬁ253I;K22ph|no) enzenésﬁﬂﬁbﬁ?cggg?gi igataﬁgnggygg ﬁQ 3H
was usegcast ead, of - Cogpound $@), Theayi ead yas 83 L, (SDWHNCH ( CH3) ),
1.57 (d, J = 6.6Hz, 6H, HNCH(CHs)z), 1.57 (t, J = 7.3 Hz, 3H,

10 ENCHyCH3), 1.60-1.70 (m, 6H), 1.72-1.84 {(m, 4H), 2.12-2.28 {(m,
4H), 3.29 (dg, 3 = 7.3, 5.0 Hz, 2H, HNCE;CH3), 3.92-4.01 (m, 2H,
HNCH (CH3)2), 7.45 (dd, 0 = 7.2, 7.2 Hz, 1E), 7.4% (dd, J = 7.6,
7.6 Hz, 1H), 7.5% (dd, J = 7.3, 7.3 Hz, 1H), 8.21 (ddd, J0 = 7.7,
3.6, 1.3 Hz, 1H), 8.87 (br, 1H, NH);

15 *3C-NMR(101MHz,CDCls) :& -7.3 (s, PdCHs), 12.0 (s, HNCH,CHs), 17.9
(s, HNCH(CH3)2), 19.2 (s, HNCH(CHs).), 26.0 (s), 26.9-27.4 (m),
28.7 (s), 29.4 (d, Jpc = 4 Hz), 35.6 (3, 'Jpc = 25 Hz), 42.4 (s,
HNCH,CH3), 54.6 (s, HNCH(CHi)p), 125.5 (d, 'Jsc = 33 Hz), 128.3
(d, Jpc = 7 Hz}), 128.9 (d, Jpc = 6 Hz), 130.3 (s), 132.5 (s),

20 150.9 (d, *Jpc = 11 Hz);
3p-NMR (162MHz, CDCls):8 31.7;
Znal. calcd for Cy7HssCLNC3PPdS, C, 50.62; H, 7.71l; N, 2.19.
found: C, 50.49; E, 8.00, N, 2.12
[0059]

25 {c) Synthesis of metal complex lc

A methylene chloride solution (4 ml) of metal

complex 1b (0.19 g, 0.30 mmol) was added to a methylene chloride
suspension {2 ml) of potassium carbonate {(0.42 g, 3.0 mmol) and
2,6-lutidine (manufactured by Tokyo Chemical Industry Co., Ltd.,

30 0.33 g, 3.1 mmol) under argon atmosphere and stirred for one
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25[0065] 1H NVR(500MHz, CDC13):50.73 (d, J = 1.8 Hz, 3H), 1.20-1.29
(m 12H), 1.45-1.59 (m 15H), 2.54 (dt, J = 21.9, 7.0 Hz, 2H), 3.29
(d, J = 7.1 Hz, 2H), 3.97 (t. J = 6.9 Hz, 2H), 7.43-7.52 (m 2H).

7.57 (t, J = 7.0 Hz, 1H), 8.22-8.24 (m 1H): 3013C NVR (101MHz,
CDC13):5-7.79 (s), 12.16 (s), 17.91 (s), 18.54 (s), 19.21-19.28
(M, 25.93 (d,. J = 25.9 Hz), 42.58 54.69 (s),.125.25 (s),.125.58
() Dan it Foomg Lemparatyseaspiia Pangiald)atE2 ARsl 2l1iag aily

132. 48 ( (%?_Q,vg?l% (Qrged ?}g}j%g%ﬁr;)eﬁ%ﬂ%;?l\l%s( $8elEa. w%léé{ggﬁ§l4ether

(s) 5[0 nt hesi's o

conpl ex 2 \WB& rARIRINGA thn reh® IR WY 038 k) L1 bRV BENLAONEM tered
synthesis of Metal conplex |Ic éexcept that Metal conplex 2b (33.7 g,

58. 5 mulhrosash wseddlisteeqdirgf dikttam eanmhéx ehb. sThelyi eddedasc2hefage
(94%)5. 10[ 0067] 1H NVR (400 MHz, CDC13):60.34 (d, J = 2.3 Hz, 3H),
1.329(ddd0 ;i3 .49The peeoipytatezfoimef wassgolbectad Dp2ofgligaiesy,
2H), 3.18 (s, 6H), 7.12 (d, J =.7.8 Hz, 2H), 7.46 (t, J = 7.4 Hz

1H), 7.%8sped Sk, s e gpp, theggdried;undery rpducsm) prgssyre;5g. 32

(m 1H) ; ?- (1 13).. 6- = 4.8 18. 44
(s), b o g‘ Nﬁé%?%%"w)éf‘ %91%?%,%2‘3%‘92‘&% ‘i&jj_z ‘%6.(%%’('5), 122. 72
(d, J :[%-o%ol'ﬁz), 124.56 (d, J = 35.5 Hz), 129.19 (t, J = 6.7 Hz),
131.03 (d, J =1.9 Hz), 132.39 (s), 138.30 (s), 151.13 (d, 20J = 10.5
Hz), 159H1NMRS)4008AP; NVBC (DEBVHE, 32°DE,3)°T634 £ .(3)Hz  Asd,. raamy, for12-
C201- 130NGB8PdS, C, 47.86; H, 6.02; N, 2.79. Found: C, 47.92; H,
5.989 N1.27511,0888) Exa®bta .94 Symt BOH)s B8 2RERaB3cdompl ¥)1 3.18 (s,
6H, CHz of lutidine), 7.12 (4, 0 = 7.7 Hz, 2H), 7.47 (dd, J =
7.6, 7.6 Hz, 1H), 7.52 {(dddd, & = 7.6, 7.6, 1.4, 1.4 Hz, 1H),
7.58 (dd, J = 8.1, 8.1 Hz, 1H), 7.60 {(dd, J = 7.5, 7.5 Hz, 1H),
8.29 (ddd, 7.8, 3.9, 1.5 Hz, 1H):
15  13C-NMR(101MHz,CDCls3):8 -9.4 (d, 2Jpc = 4.8 Hz, PdCH;), 26.3 (s,
CHz of lutidine), 26.9-27.5 (m), 28.6 (s), 29.6 (d, Jpc = 3 Hz),
35.5 (d, Jpc = 26 Hz), 122.5 (s),122.5 (s), 124.6 (d, 1Jpc = 35
Hz), 128.9 (d, Jpc = 7 Hz), 129.0 (d, Jpc = 6 Hz), 130.7 (s),
132.4 (s), 138.1 (s). 151.0 (d, 2Jpc = 12 Hz), 159.0 (s);
20 3P-NMR(162MHz,CDCls):8 27.5;
Anal. calcd for CygHigNO3PPdS, C, 53.65; H, 6.58; N, 2.51. found:
C, 53.51; H, 6.74; N, 2.40
[0061] Synthesis of Metal complex 2c
‘ Metal complex 2c was synthesized according to the

25  following reaction scheme:

[Chem. 20]

(cod)PdMeClI I(i-Pr)zNHEt2 6-lutid

' co e P(R' ,B-lutidine P(R'

Q—p:H(R)z o NES Q— (\F),?Me o, Q (R)z2 Me
&) —— 7N S

Pd

— — 0o N
O//CISI) O CH20|2 O(,ICSI) O CI CHzclz 04(183 O /®
o

2a: R' = isopropyl 2by: R' = isopropyl 2c¢: R' = isopropyl
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25[ Chem 21] P(0Y)2 0 \Pd/ N 011 0 Cy = cycl ohexyl The toluene (10
m)/allyl acetate (10 nml) suspension of Metal complex Ic (0.12 g,
0.20 mmol ) was heated to 80C and stirred for one hour under nitrogen
at nosphere. After concentrating the reaction solution, methylene
chloride (10 m) 5 was added to the residue and the participate was

renmoved @%M%hltratiQggrﬁ&gghgsi¥rggge?$igﬁga.ngxane (15 m) was

slowy added to the Iron~to performrecrystallization. The

preci pitated crystabs éwﬁgoﬁssgmﬁgsgﬂiﬁss 5&&&&9@%uf@§ﬁfé g&iri@

hexane, and then dried under reduced pressure to obtain Metal 10
conpl ex (Compraind elad was 0H283 ngd 860 theFubmBeraRr s Shnghe ebyskal s
of the obtained Metal conplex 1 were produced from a nethyl ene

chl or i devehnexiameds alvatihess itso ode tCormpiomact Ae sikceptutbaby X-ray crysta
structure analysis. The X-ray structure analysis of Metal conplex 1

i s sPRowfhlonedgispprosydeberrifinvRIeRybRAE irescey) Seomaghldyigh, (hP-0
2o 332 e T,y 5Ty okl Reb i ed
(4. 20725 TEd Weshog B JIED L by (a0 ape = 7 H). 130.1
(d, Jpc [oo&3hiz),131.9 (s),132.1 (s),138.7 (s), 148.9 (d, Jpc - 10
Hz), 160.1 (s), 176.7 (s).
'H-NMR(400MHz,CDC13) :81.25 (dd, J = 21.6, 7.0 Hz, 6H), 1.53 (dd,
10 J =21.8, 7.2 Hz, 6H), 3.45 (m, 2H), 5.42 (br d, Jp = 380 Hz),
7.58 (tdd, J = 7.6, 2.8, 1.1 Hz, 1H), 7.69 (ddd, J - 15.1, 7.7,
0.7 Hz, 1H), 7.83 (dd, J = 7.6, 7.6 Hz, 1H), 8.27 (dd, J = 7.5,
4.4 Hz, 1H):
Y*C-NMR (101MHz,CDCl3) :819.4 (s), 24.5-27.7 (m), 114.4 (br 4, J =
15 93 Hz), 129.1 (d, J = 8.6 Hz), 130.3 (d, J = 12.5 Hz), 134.7-
137.1 (m), 150.7 (br s};
p-NMR(162MHz,CDCls) : 862.5 (d, Jem = 380 Hz) (83%), 31.0 (d,
Y = 460 Hz) (17%)
[0064] (b} Synthesis of Metal complex 2b
20 Metal complex 2b was obtained in the same way as in
the above-mentioned synthesis of Compound 1lb except that
Compound 2a (2-(dicyclohexylphosphino)benzenesulfonic acid, 16.3
g, 59.3 mmol) was used instead of Compound la. The yield was
33.7 g (99%).
25 [0065]
'H-NMR {500MHz,CDC13) :80.73 {(d, J = 1.8 Hz, 3H), 1.20-1.29 (m,
12H), 1.45-1.59 (m, 15H), 2.54 (dt, J = 21.9, 7.0 Hz, 2H), 3.29
(d, J=7.1 Hz, 2H), 3.97 (t, § = 6.9 Hz, 2H), 7.43-7.52 (m,
2H), 7.57 (t, & = 7.0 Hz, 1H), 8.22-8.24 (m, 1H);
30 '°C-NMR (101MHz, CDCl;):3-7.79 (s), 12.16 (s), 17.91 (s), 18.54
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31P-NWR (162MHz, CDC13):5 17.0 (s) [0070] Exanmpl e 2: Synthesis of

Metal conpl ex 2 25[ Chem 22] Met al conpl ex 2 was

synt hesi zed using Metal conplex 2c in the sane way as in Exanple 1.

That is, toluen (94 m)/allyl acetate (94 m ) suspension of Conpound

2c (1.2 g, 2.4 mol) mas heated to 80C and stirred for two hours

under 5 |tr a ter ncentr ati Rg.t he neaghi

solutlon q%ﬁﬁghégg or| ? % %\hagnadgtgd@tgtZ he ?eé%dge an84tﬁ8

partici pafe was rz%f%gd t1>25f Islstr%tl OﬂZ‘GS'BnQda %yu 899 fihtengotiang, g

(15 M) was slowy addéd to the f||trate to perf

recrystal |5, zata0n. 1Eme5quelpluauedscr$$tan50weee eolbeeted.byHiQ,

filtration, washed with t-butyl nethyl ether and hexane, and t hen

dri ed uﬁ&lléTNMledUb@Zi\’IfﬁJz,emh)t@%bﬂai( JMetal conplex 2. The yield was
g (830 Furthernnre single crystals of the obtained Metal

conp ex le prod&@édSYFBﬁﬁééét%ﬁéﬁ%@&%n@otﬁiﬂ%t%@n1ne t he

structure by X-ray i uct re _ana 5 The X-ray structurge
anal ysi s of Met al c@ﬁ%? C%mP e§h%ﬁhw?% ?¥€ 1%e eTe Sale M W 0
(400MHz, o) 2 : (

o). 3 TSN T8RS yeEyof ﬂ%}%oé%tleg G
8.20 (bmethh) cokpTeMVRI( ¥BBVHZ ¢, CBEL8) mRol]. %akShsedi7iBstehd 82. @etal
(s), 24.5 (s, CH3 of lutidine), 25.0 (d, 1Jpc = 26.5 Hz), 121.4 (d,
1Jpc = 39r@liex) 1b122ThBe(gleld28as Zd,0Jpc(&4B) 7 Hz), 129.8 (d, Ja:=
5.8 Hz). 131.6 (s), 131.8 (s), 138.5 (s), 148.5 (d, 2Jpc = 8.3 Hz),
15918 2§@§ﬁ71176 7 (s)

'H-NMR (400 MHz, CDCls):80.34 (d, J = 2.3 Hz, 3H), 1.32 (ddd, J

I

= 49.9, 16.0, 7.0 Hz, 12H), 2.58 (dt, J = 22.3, 7.2 Hz, 2H),
3.18 (s, 6H), 7.12 (d, J = 7.8 Hz, 2H), 7.46 (t, J = 7.4 Hz,
1H), 7.53 (¢, J = 7.6 Hz, 1H), 7.58 (t, J = 7.7 Hz, 2H), 8.29-
15  8.32 (m, 1H) ;
3C-NMR (101 MHz, CDCls):8-10.10 (d, J = 4.8 Hz), 18.44 (s),
19.29 (d, J = 4.8 Hz), 25.91 (d, J = 25.9 Hz), 26.20 (s), 122.72
(d, J = 3.8 Hz), 124.56 (d, J = 35.5 Hz), 129.19 (t, J = 6.7
Hz), 131.03 (d, J = 1.9 Hz), 132.39 (s), 138.30 (s), 151.13 (d,
20 J = 10.5 Hz), 159.17 (s);
3p_NMR (162MHz, CDCls):334.4 (s):
Anal. Calcd for CugH3gNOsPRPdS, C, 47.86; H, 6.02; N, 2.79. Found:
C, 47.92; H, 5.98; N, 2.51
[0068] Example 1: Synthesis of Metal complex 1
25  [Chem. 21]

0
< \>7P(CY)2 oJ<
N
/Pd\
AN

S—0 N
o7l )
O —
1
Cy = cyclohexyl
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[ 0072] Ref erence Exanpl e 1. Conparison of stability of Metal conplex
2c and Metal conplex 2 in the presence of acetic acid

An experinment for conparing the stability of Metal 30 conplex 2c and
Metal conmplex 2 in the presence of acetic acid 36 was conduct ed.
That is, a deuterated toluene solution of acetic acid (0.062 M 0.6

m, 0.037 mol) was_added.to _an ube, (inner di ane of, 5 mm
filled with Metal C%ﬁ5|Eglaen%oﬂg%g%ihg%}§ygn%0%@?5$ Lﬁ@ﬂ?@& 2
(0.0037 |), sesp ively, f e - nmeasype e
heat | ng e SR Tpts "t o8 T et tnaty 37 1. 0 RURTaL) agar pheated o
neasur e@g °lon aaddist i1 @R o e cpeakoder Lvadrf hearVebal a€RRBbBXrdC, AMesr
peak derived from Metal conplex 2 (5 1.74 ppm 3.44 ppm 8.22 ppn

and t he cpealendewitvied fthemr2actdiometsbybpypndi methlliehdi ne)logbd@. 83B0 ml)
ppm deconposed and 10 dissociated fromthe center netal were

obse? ve#aisn adiedr EQcthén re6idicoaneohingi BRAGLNEPALSCHAP] ERMQ¥SATRE
abundance ratiQ of these was cal cul.ated to be 81.7 % of. Metal conpl ex
2c, 10. %}SFaﬁ&Palué&ﬁﬁléxsfréﬁﬁe7??@§8F-dié%%ﬁﬁ%uE&ﬁ|T&%cﬁ%ﬁa%ﬁP

i ntegral lue ot | utldi N n a [ L Lom
S T IR L O S T S A
reacti opreeliptiitaR ceoRLYshbNg Metal reenpkexa2py The1peakioh, agebhédasi gh
was observed at 1.59 ppmand at 9.80 ppm which can be distingui shed
from t haeabowe- pedt ithpeddpeakis uatleketralucedpbezs2urbetal ocboaphedefel
and lutidine. 20Protonic acid such as acetic acid and acrylic acid
exi 8 s gompAeEnBuri Theiniehd pasal -QFdud coMmlai nifivg tdlegmiore , wisiiel Lies

a nononer to he p merized., The results of Reference Exanple 1 show

I
t hat thé'rrﬁféft_éllsc&%p%é@? 8Ptekachr ¥SEAl FAVBAEION I'STReREPREBPY STABIR
aga'nStmggggigB%thXo%gge h%&h% !Eo&thS 2§od8§gg$§?ggxgﬁ%}£§§gcture by

i mpurity evenTin the polyferization reaction,
Ethyleng-&@goagygﬁgalé%&he@u&ergaan9gagn<ﬁhé%&4@§y MrfedptdeNlysis
m ) of 50 nmmol ) (y

solution (7 metal conpl ex catal yst 2 (0. was adde
into a 3»20MEkavokufplaut actavehurdetin3@igitiogen at nosphere. After
filling the autoclave wth ethyl ene

15  [0069]

'H-NMR (400MHz, CDClsz):8 1.04-.2.44 (m, 25H), 3.42 (s,6H), 7.06,
(d, J =7.6 Hz, 2H), 7.53-7.62 (m, 4H), 8.17 {(m, 1H).

BC_NMR (101MHz, CDCls):8 22.7(s), 24.7 (s}, 26.1 (s), 27.1-27.3
(m),28.1 (d, 'Jpc = 19 Hz), 34.7 (d, 'Jpc = 25 Hz),121.7 (s),

20 122.1 (s), 122.8 (d, Jpe = 3 Hz), 128.7 (d, Jpc = 7 Hz), 130.1
(d, Jpc = 6 Hz),131.9 (s),132.1 {s),138.7 (s), 148.9 (d, Jpc = 10
Hz), 160.1 (s), 176.7 (s).
3lp-NMR (162MHz, CDCls3):3d 17.0 (s)

[0070] Exzample 2: Synthesis of Metal complex 2

25  [Chem. 22]

O
P(i-Pr)s 04<
( 2 N
/Pd\

s—o" N
o~ll 7N

0

—
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so that the inner pressure is 3.0 MPa, the content of the autoclave
was stirred at 80C for 15 mnutes. After cooling the autoclave to
roomtenperature, the reaction solution was added to nethanol (400
m ). The copolynmer forned was collected by 5 filtration, washed with
met hanol and dried under reduced pressure to obtain polyner 1. The

ield 0.24 g. The m ht
gbgraggainleculgr m@?ﬁﬁ SE%P ver g§?§ﬁ§§ﬁgﬁ?§l%%agbalﬁﬁgMagagoﬁomplex

tijvelsy, 4} Ex t
gssgﬁfyl%gcetate éﬁﬁkggh ene %brepa q%lgn gg lF9C9895§HE paation
A tol uerg )seliutilonde¥ bt M4 af mé@bpéﬁgpbﬁxoﬁa@%ﬁ§un§ £8. 0. 7m®) )2 4

was added into a 120 nl -vol une autoclave containing allyl acetate

(37.5 mMmmc34. Yrag, h&BEemimilo) amﬁdEEnﬁSSmuEKQQeﬁoatMMspheues Ahtler

f||||ng the autoclave with ethylene so that the inner pressure is 3.0
5t heidemast QHmQﬁﬂ?%ﬁﬁocﬁﬁ?@rmﬁgngﬁm?¥éﬁl%g Boe rerctior $olwkion,

Aft | th t t t th t
AL, Rl (RISRS, v ST LBl o, e LBEL S
|1 aftlel
b e s e A T T

aver age yaEdzeeul@n weal 9Iaﬁasa@qo\oaqggIatjd@dert@g@hgong&@&ew@bgﬁbr%rhhe
copol ymer were 12,000 and 25, 00 respectively, and Mv Mh was

The allybca@staﬂé1QQMMam i Th&opyeeip 2t sasd det g8 hd hedv@be t @ohbe S dd %y
by nmolar_ fraction by 13C-NWVR spectrum using the inverse-gated
decéﬁplﬁﬁétﬁéﬁﬁ@@ M@@h@PEWéﬁblé‘@ut&épwﬁyhﬁﬂigéhﬁénaﬁﬂ Bekgheacandt e
and eth prepar ion of Polyner 3) A toluene solution (37.5 n1)

of netal éﬁ 3@n alPSPce §r6E6 ol P Rﬁ§aé8d¥8t?ﬁt6°§pi?6
m - vol u‘fg\e??;&%tﬁlda%%s aoﬂt pHB%% aI lﬂur?ﬁc]ee#r%ge(?’s?lg :[doccl: séta\lm hSPQche

nmol ) un rogen atmo ere’After g™t he

ethyl engpea ihbat peha1i Ros! 185255 Weeel ﬁr%dgcyﬁafrbﬁeaE@EBﬁQ?hQ;{aBQGto
autocl ave was stirred at 80C for 25 hours. After cooling

determine the structure by X-ray crystal structure analysis.
15 The X-ray structure analysis of Metal complex 2 is shown in Fig.
2.
[0071]
'H~-NMR (400MHz, CDCls):8 1.36~1.52 (m, 12H), 1.75 (s, 3H), 2.51l-
2.60 (m, 2H), 3.42 (s, 6H), 7.06 (d, 2H, J = 7.2 Hz), 7.55-7.64
20 (m, 4H), 8.20 {(br, 1H}:
3C-NMR (101MHz, CDCls):d 17.7 (s), 17.8 (s), 22.5 (s), 24.5 (s,
CH3 of lutidine), 25.0 (d, 'Jec = 26.5 Hz), 121.4 (d, 'Jpc= 39.8
Hz), 122.6 (s}, 128.5 (d, Jpc= 5.7 Hz), 129.8 (d, Jpc = 5.8 Hz),
131.6 (s}, 131.8 (s), 138.5 (s), 148.5 (d, %Jpc= 8.3 Hz), 159.8
25 (s), 176.7 {(s)
[0072] Reference Example 1l: Comparison of stability of
Metal complex 2c and Metal complex 2 in the presence of acetic
acid
An experiment for comparing the stability of Metal
30 complex 2c¢ and Metal complex 2 in the presence of acetic acid
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5 the autoclave to roomtenperature, the reaction solution was added
to methanol (400 m). The copol yner forned was col |l ected by
filtration, washed with nethanol and dried under reduced pressure to
obtain Polymer 3. The yield was 2.2 g. The nunber average nol ecul ar
wei ght and wei ght average nol ecul ar wei ght of 10 the copol yner were

12,000 ay éﬁIyner despagLively. aQQPQM%QﬁgﬁﬂE@EBSHHD §18t1 % gfeggétlc

cont ent et erfn ne ractron

13C NNR&a%pt{wmazs'wg ot I dinvey seoaked ) d%%uaudréa ! H3dNMR tube
[ 0076] Conpar ati ve Exanple 1: ‘Copolyneri zat| on of allyl 15 acetate and

et hyl ene{ iugigiy di dr-thdd S eanplfaX 1ast aieat aetsll complex 2¢ (0.0037
Met hyl ene chloride (3.75 mM) was added into a 50 m -vol une autocl ave

cont ai nimp Iormposuietz] (@ntd exmdl )(0afd 3Pd2¢ORA) 3=CHEL3 1FBBA, for the
di benzyl i deneacetone, 0.10 mml) and stirred for ten mnutes under

argod at‘HoSYRelgaspremeng, es%?f“e%lr ded g i) - MR uRe < dRI&X G §0r ten

f d Ref
o1 L Bbuten ol ik FRECHER L BEELERES S Bl son BB i BaaRl 1 ¢
(7.5 M 440 +@d ﬂmatawerc%r@q%%d A0 the p@%ﬁé&%&ﬁ%ﬁ%&% nAkLer

filling the autoclave with ethylene so t inner pressure 1s 3.0

MPa, 25 doigrleentrents qf7mh@;aut@cMaV@pwasssQQrppﬁ)aanaoehéo cdh Bewiged
After cooling the autoclave to roomtenperature, nethanol Fabout 20

m ) was fadded ,iomdd metrd vdpyadldivne. (The icdpel) yrtdr 2f. 88npdmhasecoinpestddand
by filtration, washed with nmethanol and dried under reduced pressure

to é%taﬁﬁ5§°§&@§ﬁ€rfrPﬁbt¢@ep@nﬁ@§ @etaé WERE QGSﬁaﬁsérlavéhagéeactlon

I I ht t I f th
Copal yraP T £ SO0 4Rt 15, JG0e  BORRAErvary. BhD RIFMERES o 196

1yl I d bg .2 %
ol ar ??31%?%%%%%%%%%?35%? B $TEr APSIRLECT, REdeig, a2 ooy oe

net hod. Met[xQ0 ¢Ahbrampbe 264 Gopel wreH: zabientekl ahkihla@ebatEhanantegral
et hyl ene (preparation of Polymer 4) A tol uene solution

(188 nl yadfzenetfallucdnphnex cahatystrastp. H50cakodgr ivasd aficen & ndanslex
500 m -vol une autoclave containing allyl acetate (188 m, 174 g, 1740
moly urdéeriGhant Meger &Pﬁ@éﬁﬁeﬁewﬁﬁtéptfpbﬁﬁﬁgeﬂhénaﬁhecraaétmpnh

et hyl ene that the i nner ure i the content of the
aut ocl a%’i‘ﬁ&%ogt FPF‘E&lRtanO 6 56™R 8?‘5 Afr-F ¢ RRF iy acetic acid

was observed at 1.59 ppm and at 2.80 ppm, which can be
distinguished from the above-mentioned peaks of Metal complex 2,
Metal complex 2c¢ and lutidine.

20 Protonic acid such as acetic acid and acrylic acid
exists as an impurity in the polar-group containing olefin,
which is a monomer to be polymerized. The results of Reference
Example 1 show that the metal complex of the present invention -
is remarkably stable against the impurity and difficult to be

26 decomposed by the impurity even in the polymerization reaction.
[0073] Example 3: Ethylene homopolymerization (preparation
of Polymer 1)

A toluene solution (75 ml) of metal complex catalyst
2 (0.50 mmol) was added into a 120 ml-volume autoclave under
30 nitrogen atmosphere. After filliﬁg_the autoclave with ethylene
37



the autoclave to roomtenperature, the reaction solution was added to
met hanol (1,000 m ). The copol yner fornmed was 15 coll ected by
filtration, washed with nethanol and dried under reduced pressure to
obtain Polymer 4. The yield was 23 g. The nunber average nol ecul ar
wei ght and wei ght average nol ecul ar wei ght of the copolyrrer wer e

12, 000 and,28,.000, tivel | t at
content an t%‘fﬂty%\%’r Ei‘r\x%gcfg%gpélemlﬁewog/ﬁg\éagtﬁ‘eWB?gﬁB? ¥f Fggfl gne
by 13C- > t

D o RSN YRS e o8 (orauali 9Bl i o
041\ Nléu&oeﬁaNeOtOSxG&mC&@h@a@éxbr%5 Bh&(%eécQX@hog@uadh@ﬂehascEaaed

(0.14 g, 0.50 mmol ), 40

to methancl (400 ml). The copolymer formed was collected by

5 filtration, washed with methanol and dried under reduced
pressure to obtain polymer 1. The yield was 0.24 g. The number
average molecular welght and weight average molecular weight of
the copolymer were 19,000 and 42,000, respectively, and Mw/Mn
was 2.2.

10 f0074] Example 4: Copolymerization of allyl acetate and
ethylene (preparation of copolymer 2)

A toluene solution (37.5 ml} of metal complex
catalyst 2 (0.10 mmol) was added into a 120 ml-volume autoclave
containing allyl acetate (37.5 ml, 34.9 g, 350 mmol) under

15 nitrogen atmosphere. After filling the autoclave with ethylene
so that the inner pressure is 3.0 MPa, the content of the
autoclave was stirred at 80°C for five hours. After cooling the
autoclave to room temperature, the reaction solution was added
to methanol (400 ml). The copolymer formed was collected by

20 filtration, washed with methanol and dried under reduced
pressure to obtain Polymer 2. The vield was 2.7 g. The number
average molecular weight and weight average molecular weight of
the copolymer were 12,000 and 25,000, respectively, and Mw/Mn
was 2.1. The allyl acetate content in Polymer 2 was determined

25 to be 3.1 % by molar fraction by 13C-NMR spectrum using the
inverse~gated decoupling method.

[0075] Example 5: Copolymerization of allyl acetate and
ethylene (preparation of Polymer 3)

A toluene solution (37.5 ml) of metal complex

30 catalyst 2 (0.010 mmol) was added into a 120 ml-volume autoclave
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2- (di cycl ohexyl phosphi no) benzenesul fonic acid (conpound |la, 0.21 g,
0.60 mol ), 2,6-dinethylpyridine (0.11 g, 1.0 nmol) and THE (30 m)
were stirred at roomtenperature for five hours under argon

at nosphere. Allyl acetate (1 m, 0.93 g, 9.3 nmol) was 5 added to the
reaction solution to allow the reaction to proceed further. After

F educed PrOSaEd G 0BaPRE5FS | (aSoqof J6r dnde dBlaseo i Shgen "
fi |

5 1031 PRSI s 9 %%%a%%ﬂ%%’%%i@m S EHY ene

honopol méﬂl%%té QR (Reepanat Il%egf [ pPASKIRE 2k 3.0 Mpa, the cbntehtese

solution (6 mM) was added into a m - vol unme autoclave cont ai ni ng
met al cempl @atc;aﬂ@Jv;estva% c@iRzedlatmol’L dpdersnhbuggen After cooling
at nosphere. After filling the autoclave with ethylene so that the

i nnep prtéss @ug cicd aFe0 toPacomhscoprrantref the zepothiaveswdvtionrvead
at 80C for seven hours. After cooling the autoclave to room

tenpera@@ﬂ@ &t BERBIRNE30 (40P WA -adbe® FORDLYRRT atRBRA RS ¥R Lected

o o By T égﬁﬁe&asﬁﬂsgsﬁgﬁo sesbealh Pary HEroa uiHe? FERGERgs
0.12 g. P%ess%'i‘@b%'b %Y)% @Lﬂerlyﬁ%'l“ ar wehghti ang yed ghto WEr a9e number

nDIecuIar wei ght of the polymer were 2,800 and 9, 800, respectively,
and NM/Bhewage3m@le%@la@LAbwﬁhtlhAdCaébghy|ah@rﬁgbahoméﬂﬁlﬁx weight of

represented by formula
10 the copolymer were 12,000 and 28,000, respectively, and Mw/Mn
was 2.3. The allyl acetate content in Polymer 3 was determined
to be 3.4 % by molar fraction by 13C-NMR spectrum using the
inverse-gated decoupling method.
[0076] Comparative Example 1: Copolymerization of allyl
15 acetate and ethylene using a Pd-hydride complex as a catalyst
Methylene chloride (3.75 ml) was added into a 50 ml-
volume autoclave containing Compound 2b (0.12 mmol) and
. Pd2 (DBA)3-CHC13 (DBA: dibenzylideneacetone, 0.10 mmol) and
stirred for ten minutes under argon atmosphere. It is presumed
20 that a Pd-hydride complex is formed as a catalyst species
(Reference document: J. Am. Chem. Soc., 131, 14605 (2009)}.
Subsequently, toluene (3.75 ml}) and allyl acetate (7.5 ml, 70 g,
70 mmol) were added to the catalyst solution. After filling the
autoclave with ethylene so that the inner pressure is 3.0 MPa,
25 the content of the autoclave was stirred at 80°C for 15 hours.
Lfter cooling the autoclave to room temperature, methanol (about
20 ml) was added into the autoclave. The copolymer formed was
collected by filtrétion, washed with methanol and dried under
reduced pressure to obtain a polymer. The yield was 1.7 g. The
30 number average molecular weight and weight average molecular
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(Cl) R XR2 () 0SO MOCRL 50(L)n0O (in the formula, Mrepresents a
metal atom of group 10 elenment in the periodic table; X represents a
phosphorous atom (P) or an arsenic atom (As); Rl represents a

hydr ogen at om or hydrocarbon group having 1 to 30 carbon atons which
may be substituted by 10 one or nore functional groups selected from

hal . | | | ad i
G oups R R OISy P e hert T Ry D5 G0N ot PR RS R Y | Snd
group,  fYAAX Y Gups a@%oaxlgiogeegétéy!:ogwfdﬁgi %ﬁ%n% g%ﬁquﬁér was

hydr ocarbon group having 1 to 30 carbon atons

substi t Weath i rene @ Wre 7 yneli enala rgredwps isel et ett-memspdrdegen
atom al koxy group, aryloxy group, acyloxy group and am no group; R2
and R3 nesyirigorichet o remotscotdaded defcommldng mgtdoduct ure; Y represents
di val ent__hydr ocarbon group having 1 to 70 carbon atons which may be

substi t B Ty one BESRBLE 50 GRRAHERHLAF oL Weladdnild Aedts and
nal ogen 2LaM. &l \pou ALoun. o0l gy groun, acyl oy oup and ari no
L e it o AP o oty ot PR dEl
i's represgRtiedtby f@r.miam@d)) was added into a 500 ml-volume autoclave
containing allyl acetate (188 ml, 174 g, 1740 mmol) under
10 nitrogen atmosphere. After £illing the autoclave with
ethylene so that the inner pressure is 3.0 MPa, the content of
the autoclave was stirred at 80°C for 50 hours. After cooling
the autoclave to room temperature, the reaction solution was
added to methanol (1,000 ml). The copolymer formed was
16 collected by filtration, washed with methanol and dried under
reduced pressure to obtain Polymer 4. The yield was 23 g. The
numper average molecular weight and weight average molecular
weight of the copolymer were 12,000 and 28,000, respectively,
and Mw/Mn was 2.3. The allyl acetate content in Polymer 4 was
20 determined to be 3.4 % by molar fraction by 13C-NMR spectrum
using the inverse-gated decoupling method.

[0078] Example 7: Synthesis of Metal complex 3
[Chem. 23]

Cy=Cyclohexyl
25
Bis{1l, 5-cyclooctadiene)nickel (0.14 g, 0.50 mmol),
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(in the formula, four R4s independently represent a hydrogen 5 atom
al kyl group having 1 to 8 carbon atons, al koxy group having 1 to 8
carbon atons, aryloxy group having 6 to 18 carbon atons or a hal ogen
atom and M Pl, R2, R2, L and n have the same neanings as in claim
1). 10 3. The carboxylate netal conplex as clained in claim2, wherein

Miin fob”%B? & o?e%p%?h%wﬁg no%bﬁﬁzengguﬁ%r {%%&8 g%h%gggggpggx 8521

cl ai ned el Of U

group h%V'®96% fmcl9 36 %aBQ%%t%§QB§rWBhﬁQ QBYlﬁe Suﬁsb'ﬁﬂB@ﬁ QMdaTHF

hal ogen“atom 5. Thé carboxyl ate retal conpl ex as claimed 1n claim

4, whergizn RL)i wefrer mthiare@2hti sobrt Aghpei-auprer foki Eiver nevtBylinder
group. 20 6. The carboxylate netal conplex as clainmed in claimb5,
wher ei narRgoin aftoosphere02) Al Syheadgtage olp.ml, 0.2F.9,The. T antoXy | wed e
metal conplex as clainmed in any_one 25 of clains 2 to 6, wherein both
of R2 aAddrs it® f&emiractoon §PéUtF§6pF8p9‘lll§WoEbeoFe€9§FBﬁe*f(?IProceed

O ouP. suBnfle, SREBOIVLRLE-ELAl CETPLES, £ CLAIBELLD B0 A0 of
oo SophCpreRERiLel eplRLoLesarmleyRacnle, PRCpbee R o00E o3y
nis 1. of orange powder. It was confirmed by the 3!P-NMR spectrum that
the powder was Metal complex 3.
10 31P-NMR (162 MHz, CD,Cl,): 5 16.6 (s)
[0079] Example 8: Ethylene homopolymerization (Preparation
of Polymer 5)
A toluene soluiicn (6 ml) was added into a 50 ml-
volume autoclave containing metal complex catalyst 3 (0.050
16 mmol) under nitrogen atmosphere. After filling the autoclave
with ethylehe so that the inner pressure is 3.0 MPa, the content
of the autoclave was stirred at 80°C for seven hours. After
cocling the autoclave to room temperature, methancl (20 ml) was
added inte the autoclave. The polymer formed was collected by
20 filtration, washed with methanol and dried under reduced
pressure to obtain Polymer 5. The yield was 0.12 g. The number
average molecular weight and weight average molecular weight of
the polymer were 2,800 and 9,800, respectively, and Mw/Mn was
3.5.
25
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10 10. A catalyst for olefin polynerization mainly conprising the
carboxyl ate netal conplex clained in any one of clains 1 to 9. 15
11. A nmethod for producing a polynmer characterized in polynerizing
olefin represented by fornula (1) singly or in conbination of two or
nore kinds thereof, or copolynerizing olefin represented by formula
(1) and polar group-containing ol efig;hepeesented by formula (2) 20
CH2===CHR5(1) (In the fornula, R6 repreSents a hydrogen atom or

hydr ocar bon group having 1 to 20 carbon atoms) CH2===CR8R7(2) (In the
fornmula, R6 represents a hydrogen atom or nethyl group, 25 R7
represently - OO0OR8, AMErkOLYYRS:e -fda D0OKRE 1 exXH2A Pt e s dN(HRO) 2 miula
-CH2-Hal (R8 represents a hydrogen atom or hydrocarbon group having 1
to 5 carlbdn atons, RO represents a hydrogen atom hydrocarbon group
having 1 to 5 carbon_atons or aromatic substituent having 6 to 18
carbon atons or al koffycarbonyl group, 30 and Hal represents a hal ogen

atom.
j ’ (C1)
_ﬁ 0O—M—0 Ic—-—R"
5 0 (Ln O

(in the formula, M represents a metal atom of group 10 element
in the periodic table; X represents a phosphorous atom (P) or an
arsenic atom (As); R! represents a hydrogen atom or hydrocarbon
group having 1 to 30 carbon atoms which may be substituted by

10 one or more functional groups selected from a halogen atom,
alkoxy group, aryloxy group, acyloxy group and amino group; R2
and R3 independently represent a hydrogen atom, alkoxy group,
aryloxy group, acyloxy group, silyl group, amino group or
hydrocarbon group having 1 to 30 carbon atoms which may be

15 substituted by one or more functional groups selected from a
halogen atom, alkoxy group, aryloxy group, acyloxy group and
amino group; R? and R3 may bond to each other to form a ring
structure; Y represents divalent hydrocarbon group having 1 to
70 carbon atoms which may be substituted by one or more

20 functional groups selected from a halogen atom, alkoxy group,
aryloxy group, acyloxy group and amino group; L represents a

neutral electron-donating ligand and n is 0, 1/2, 1 or 2.

2. The carboxylate metal complex as claimed in claim 1,

25 wherein the carboxylate metal complex represented by formula
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(Cl) is represented by formula (C2)

R4
R? R* g8
P—R?
4
R (C2)
0—S—0—M 0 ﬁ R1
0 (L)n 0

{in the formula, four R?s independently represent a hydrogen
atom, alkyl group having 1 to 8 carbon atoms, alkoxy group
having 1 to 8 carbon atoms, aryloxy group having 6 to 18 carbon
atoms or a halogen atom; and M, R!, R2, R3, L and n have the same

meanings as in claim 1).

3. The carboxylate metal complex as claimed in claim 2,

wherein M in formula (C2) is Ni or Pd.

4, The carboxylate metal complex as claimed in claim 2
or 3, wherein R! in formula (C2) is hydrocarbon group having 1

to 30 carbon atoms which may be substituted by a halogen atom.

5. The carboxylate metal complex as claimed in claim 4,
wherein R! in formula (C2) is methyl group or trifluoromethyl

group.

6. The carboxylate metal complex as claimed in claim 5,

wherein R! in formula {(C2) is methyl group.

7. The carboxylate metal complex as claimed in any one

of claims 2 to 6, wherein both of R?Z and R3 in formula (C2) are
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isopropyl group or cyclchexyl group.

8. The carboxylate metal complex as claimed in any one
of claims 2 to 7, wherein all of R4s in formula (C2) are a

hydrogen atom.

9. The carboxylate metal complex as claimed in any one
of claims 2 to 8, wherein L in formula (C2) is 2,6-

dimethylpyridine and n is 1.

10. A catalyst for olefin polymerization mainly
comprising the carboxylate metal complex claimed in any one of

claims 1 to 9.

11. A method for producing a polymer characterized in
polymerizing olefin represented by formula {(l) singly or in
combination of two or more kinds thereof, br copolymerizing
olefin represented by formula (1) and polar group-containing
olefiﬁ represented by formula (2)

CH,——CHR® (1)

(In the formula, R® represents a hydrogen atom or hydrocarbon

group having 1 to 20 carbon atoms)

CH,——CRER” (2)

(In the formula, R® represents a hydrogen atom or methyl group,
R? represents —-COOR8, -CN, -OCOR®, -CH,-OCOR®, -CH,0H, -CH,-N(R?),
or -CH,~-Hal (R® represents a hydrogen atom or hydrocarbon group
having 1 to 5 carbon atoms, R? represents a hydrogen atom,
hydrocarbon group having 1 to 5 carbon atoms or aromatic
substituent having 6 to 18 carbon atoms or alkoxycarbonyl group,

and Hal represents a halogen atom).
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