DESCRI PTI ON METHOD FOR PRODUCI NG POLAR GROUP- CONTAI NI NG OLEFI N
COPOLYMERS 5 Technical Field [0001] The present invention relates to a
nmet hod for producing a polar group-containing ol efin-based copol yner,
and nore specifically, to a method for producing a 10 copol yner of

ol efin and a pol ar group-containing nononmer, the nethod including
recycling and re-using a catal yDESGRIBTOONa conpl ex of a nmetal in

G oup 10 of the periodic table. 15 Background Art [0002] Pol ymner

i ndustry has been playing a pivotal role in the petrochem cal

i ndustry g p gu ' I QC es for _pol rs.have under gone
vari ous. WERAGD oF SR carBTo RSP ORER sy B LA BE ke i e n
trends iQn20; tierp0l yner industry. The production processes for
polynmers are classified into a batch type process and a conti nuous
process in terns of a system and are classified into, for exanple, a
solution polynerization nmethod, a suspension 25 polynerization
nmet hod, Zedbhhkcapbl yiwtdzati on net hod, and a vapor phase
pol ymeri zation nmethod in terns of the formof a reaction system In
addi ti on[0@0%kner al Theo@xesanicligyestgony rediezesgta Aonebedwiel a
I rization I to provide a pol yner.
polyme p?%dgciggig' gfar gfgup—contaf£iag olefin-based copolymer,
and more specifically, to a method for producing a
10 copolymer of olefin and a polar group-containing monomer,
the method including recycling and re-using a catalyst
made of a complex of a metal in Group 10 of the periodic

table.

15  Background Art
[0002] Polymer industry has been playing a pivotal
role in the petrochemical industry, and preduction
preocesses for polymers have undergone various kinds of
technological innovation in correspondence with trends in
20 the polymer industry.

The production processes for polymers are
classified into a batch type process and a continuous
process in terms of a system, and are classified into, for
example, a solution polymerization method, a suspension

26 polymerization method, a bulk polymerization method, and a
vapor phase polymerization method in terms of the form of
2 reaction system. In addition, & general process
includes polymerizing a monomer with a polymerization
catalyst to provide a poiymer.

30 [0003] In association with the progress of a



30 [0003]In association with the progress of a polynerization
process, a reduction in production cost, resource savings and energy
savi ngs have started to becone inportant chall enges in process

devel opnment. | nportant technol ogical innovation in the reduction in
production 5 cost has heretofore been perfornmed by dramatically

i ncr easi hglyher hppthen opr peeditict & oredicial prol imrr rrcthioyy adatough t he
devel opnent of a high-activity catal yst, For exanple, sw tchover to a

non- deashFAGUHFBceIEL RIS VARSI ERpFEEEe $HOEMES 1ave heh Pricda Gecsme

pol yet hyl ene_or_10_po ropyl ene can be said to be an_exanpl e of the
Ponovat ] SESTRRRT BT LY BRERY LBl Gr e S IRt iyt TRER BRfbact ed

MONONEr , + 886 81 POl Y4BT { 234+ 201 S9! Metnaf f&hn & R W A X on
reaction, thereby being recycled and reused, 1s also’effective in the

redud i ofost pPaodustEOhfdbe COSdn P&t 200D 34 Qb sintRajanty Docunent 1)
describes the follow ng production nmethod. In the slurry

pol yneri katieasiny phredacdwyt pof yetdglanen oha ypelryner qej doctued t o
solid-liquid separation froma polynerjzation reaction quyid, and
3TC.

t hen t hetheQudR atite r&RGHETREETT U P i Bl P adiiriiet qad-ady For

| yneri zat | fol | owed b ling and re-use. It i
G T11 oul TRPBPERpat B IRIET oCb v A G B WS40 4 JAbsed

catal ystphised @sode 0! irerhe 3100, SR Yot A ATIHAIY NQ 1S
)

catalytic activity, and the reecycling a e recovered 25
li quiod apel it emieshd ofan tise Wdid z8s i a5 kP IETRIA 2aid on sol vent .

[ 0004] Meanwhi |l e, the follow ng attenpt has been nade in the
pol yner i zandont odn a- dhef inecsowvelrvas fehpbénmeard zptapyl entalgspol an
gr oup- cont ai ni ng_nonomer is 30 copolynerized with olefin to inpart
vari ous YFed¢rd rergner, and a polymerization solvent after a
polymerization reaction, thereby being recycled and re-
used, is also effective in the reduction in production
15 cost. JP 2000-063405 A (Patent Document 1) describes the
following production method. In the slurry polymerization
for producing polyethylene, a polymer is subjected to
solid-liquid separation from a polymerization reaction
liquid, and then the resultant recovered liquid is
20 returned to a poljmerization step, followed by recycling
and re-use. It 1s difficult to separate and recover a
high-activity titanium-based catalyst used as a
polymerization catalyst while maintaining its catalytic
activity, and the recycling and re-use of the recovered
25 liquid are intended for its utilization as a
polymerization solvent.
[0004] Meanwhile, the following attempt has been made
in the polymerization of a-olefin such as ethylene or

propylene. A polar group-containing monomer 1is

30 copolymerized with olefin to impart various functions such



as dyeability, adhesive property, and conpatibility wi th engineering
pl astic to nonpol ar pol yet hyl ene or pol ypropyl ene. [0005] There have
been known exanpl es proposed by 5 Brookhalt (J. Am Chem Soc., 118,
267 (1996); Non-Patent Docunent 1), Nozaki (J. Am Chem Soc., 131,
14606 (2009); Non-Patent Docunent 2), et al. in each of which a

cat al yst afmdEcablihicpnphekesiva properin, Gudpcdafikhielgeryiod c
table is used as, a polynerization catal yst. capabl e of 10

copol ynefPIiRGEF 8% i RLARELE BOI BRPBP bEP- RO & W P Fdoner . However ,
t hose co X tal ysts have involved the follow ng problem The

pol yneri%é‘?%FISg% ?%{/;gty of each of the catalysts is lowin spite of

the fact (phatia precius Imhe WalSildan Whabiies ﬁ%gos@adbgence a

ratio 15 of a catal yst cost to a production cost 1S high in

convent i BRabkRaLy meri zahi o0h@h PC/®SS, , Wi gh 267 npt9 Exonambrcadd tent
commensurate. Prior Art 20 Patent Docunents [0006] Patent Docunent 1:
JP 2000-Deg4osnh Non-Pateht DOdcudrentGhgr000Non-Ipdl enlt4 @t uf@H9)l:  J.
Am Chem. Soc., 118, 267 (1996) 25N§{1-patent Docunent 2: J. Am Chem

Soc. | 13g?nlag@%n¥2@Q@Hment 2y, et . in each of which a catalyst

made of a complex of a metal in Group 10 of the periodic
table is used as a polymerization catalyst capable of

10 copolymerizing olefin and a polar group-containing
monomer. However, those complex catalysts have involved
the following problem. The polymerization activity of
each of the catalysts is low in spite of the fact that a
precious late transition metal is used, and hence a ratio

15 of a catalyst cost to a production cost is high in a
conventional polymerization process, which is not

economically commensurate.

Prior Art
20 Patent Documents
[0006] Patent Document 1: JP 2000-063405 A

Non-patent Documents

[0007] Non-patent Document 1: J. Am. Chem. Soc., 118,
267 (1996)

2b Non-patent Document 2: J. Am. Chem. Soc., 131,
14606 (2009)

Disclosure of the invention
Problems toc be Solved by the Invention

30 [0008] An object of the present invention is to



Di scl osure of the invention Problens to be Solved by the Invention 30
[ 0008] An obj ect of the present invention is to provide a novel

pol yneri zati on process by which in a copolynerization reaction

bet ween an ol efin and a pol ar group-containing nononer, a catal yst
cost can be dramatically reduced even when the pol ynerization

activi typBovida ganalgstposyreratavedy powcedbdms whiSol e 4 he

Probl em [0009] As a result of intensive studies to solve the problem
the i nveRPBPAYBETi Rt pPRSERRCT HORNPEBFEHAVRN fOMEi N (Rthat Bl ar

copol ynmeri zation ]['eacti on_bet ween ol efiqrgland at | east .one nononer

r epr esenfEQBYCPBF AT A2Y 1JO Aot e AL B et dit i TP up 10 of the
peri odic ; e t C r . 0 M ut
decomosg%?@%ﬁ%?&?%g Eoﬁlg?éeg, g??lgn‘g%(%lgl %"?c‘? %J_C\%nlﬁ éjj{%%@o&eﬁs’ r%’f)ttzwrl?(}ﬁce
even Af t g 45cHehngstised BAS1at Lwbd) YBdw. and the conpl ex can be
re-used without any special treatment. The inventors have confirnmed
that a catal yst cost can be dramatically reduced by recycling and

re-using the catalyst. Thus, the inventors have conpl eted the present
i nvent i o¥iean®THAtSPEve t Hee pPealel®mi nvention relates to the fol | owi ng

o LpbRel T, L9 [ reiag of araducag o gol yrsr ! gy Lhe
group- COpL ARG FROCEL L EREESEPt A QY- d QM Adehiion nave found

10 that in a copolymerization reaction between olefin and at
least one monomer represented by formula (1), a complex of
a metal in Group 10 of the periodic table can be separated
and recovered from a polymer without decomposition of the
complex, its catalytic activity does not reduce even after

15 being used as a catalyst, and the complex can be re-used
without any special treatment. The inventors have
confirmed that a catalyst cost can be dramatically reduced
by recycling and re-using the catalyst. Thus, the
inventors have completed the present invention.

20 That is, the present invention relates to the
foliowing items [1] to [7}].
[0010] [1] A method of producing a polymer in the
methed for producing a copolymer of olefin and a polar
group-containing monomer represented by formula (1):

95 C (R") ,=C (R") (C (R") ,) ,R? (1)
(in the formula, three to five Rl’s may be identical to
each other or different from each other, each representing
a hydrogen atom or a hydrocarbon group having 1 to 5
carbon atoms; R? represents -0R2-l, -3R2-1, -QCORZ2-! where R2-

30 1 represents a hydrogen atom or a hydrocarbon group having



25C (R1) 2==C (R1) (C (R1) 2) OR (1) (in the formula, three to five
R1l's may be identical to each other or different from each other,
each representing a hydrogen atom or a hydrocarbon group having 1 to
5 carbon atons; R2 represents -0OR2-1, SR2-1, -000R2-1 where R2- 30 1
represents a hydrogen atom or a hydrocarbon group having 1 to 18
carbon atotrs, 18 N¢(&2ba@) 2atvies £ +NWRR2) 2 whearey the RAEns aaly be each
other or different fromeach other, each representing a hydrogen
atom a hyeRbterbokogradh MEReREEL Aot el borPatenm otbERy- Baddy
-000R2-3 where R2-3 5 represents a hydr acar bon E(;iroup havi ng lto 10

carbon af BRESSEPT NP a? oFENr AT oM ALY P riop TOQH?OL?) avify 1
net hod co SLOg. Usi on@&gzx_,,of 2 r@dﬁg 210 of the
peri odi c {{p%%ae as a ca and suppl ying a c a yggt sol ution

separast egel{afgéré@woé W&r@één%oﬁ herdibh F}Pixyﬂﬁj iZatd o reagdon to a

pol ymeri zation reaction systemto recycle and re-use the catal yst.

[2] The aetheod of Priedleday acqnl yaed mecprigwhto § Yr ahgve,thsherein
the supply of the catal yst solution separated fromthe pol yner after
t he pol yhethedt¢omoass Femces org teo cncrmﬂwi yaferd Zetiadn iredodugn 1€y st em
to recycl t he cat al is carried out WIthOUt any

posttrea?ﬁe{?rlg‘(aj Fr"fe@;‘Jg He tRRodP fa i Hy 27501 SHRRS Yélékgoradl ng to
LT ahovyeh y 60 e g Al ol IPCR 51 LN G Sl 20 e et
L2- MW(&iyrhém(ié‘ti&? FOLEH h ﬂ\éréﬂf&%ﬁz@a%@re@c@t@drﬁ G oup 10
of the peri'odic table; L1 represents a group having a 25 nitrogen
at om (N sysat:@hosphosascod aid Re—de atheAlcS/iH 10/ st .
[2] The method of producing a polymer according to
[1] above, wherein the supply of the catalyst solution
separated from the polymer after the polymerization
15 reaction to the polymerization reaction system to recycle
and re-use the catalyst is carried out without any post-
treatment.
[3] The method of producing a polymer according to
[1] above, in which the catalyst made of the complex of
20  the metal in Group 10 of the periodic table is represented
by formula (Cl):
L1
L2—r\|/|—R3 (€1)
s
(in the formula, M represents a metal atom in Group 10 of
the periodic table; L' represents a group having a
26 nitrogen atom (N), a phosphorus atom (P), or an arsenic
atom (As}) and bonded to M at the atom; L¢ represents a
group having an oxigen atom (0) or a sulfur atom (S) and

bonded to M at the atom; L3 represents an electron-

5



atom (As) and bonded to Mat the atom L2 represents a group having
an oxigen atom (0) or a sulfur atom (S) and bonded to M at the atom
L3 represents an el ectron- donating ligand; and R3 represents a
hydrogen atom an acyl oxy group, or a hydrocarbon group which has 1
to 30 carbon atonms and which may be substituted by one or nore groups
sel ect eddpﬁeﬁfiaghéligg@ﬁ atoth Rarreainementg culydaeosraeriooxy agr oup and
an acyloxyy?rou [ 4] The nmet hod of producing a polyner according to

[ 3] abov@® ﬂXWni?EﬂuPheoEa?a]W@EO‘F%JHP%%eWE%%P Byt He }%fe’heaf eﬂo 3 mul a

(Cl)lsr enedb f.or mul a in the
formul a, %/E%’ggre eh sgrédn%]?%\?h rﬁ ﬂ’%su%l?ﬂ) eo%l\éf%ﬁs Ibeer?% ocre[ abl e;
X repres§95§ p8 RBPSPPOfUB-EhoM K ) &én alk G Sef Caﬂ&%@

represenfs a hydrogen atom an acyloxy group, or drocarpbon group
whi chb haar}l bRy 38reap band aiensc pnsk why edugmy be substl tuted by one or
nmore 15 groups selected froma hal ogen atom an al koxy group, an

aryl oxy §ébup and arTleyebhodyroduproducRag @ngoRymeac hcicoddpegdent |y
represent a h%/.drogen atom_ an al koxy group, an aryI oxy gﬁroup, a silyl
group, ah3hnfReVEr olp, Wbich FRIretE boHt of g 0 30
carbon ato e _substi tut by one or e groups
sel ect edé’(fa’rrl%rﬁl E%F%%jé]% g?gﬁ]l%nr%ﬁ”f(eoiv Cgﬂ%y l‘}'ll"jar Xy group;
R4 and RS may bepbonded to each other to forma r| ng structure; Q
represents a di v?l ent group represented in the foll ow ng

Y—X—~R*
(C2)
Z—Qa—M—R?
L3
10 (in the formula, M represents a metal atom in Group 10 of

the periodic table; X represents a phosphorus atom (P) or
an arsenic atom (As); R?® represents a hydrogen atom, an
acyloxy group, or a hydrocarbon group which has 1 to 30
carbon atoms and which may be substituted by one or more

15 groups selected from a halogen atom, an alkoxy group, an
aryloxy group and an acyloxy group; Y, R4, and RS each
independently represent a hydrogen atom, an alkoxy group,
an aryloxy group, a silyl group, an amino group, or a
hydrocarbon group which has 1 to 30 carbon atoms and which

20 may be substituted by one or more groups selected from a
halogen atom, an alkoxy group and an'aryloxy group; RY and
R®> may be bonded to each other to form a ring structure; Q
represents a divalent group represented in the following
brackets "[ 1" in Z[-S(=0),-0~-]M, Z[-C(=0)-0-]M, Z[~-

25 P{(=0) {-OH)-0-1M, or Z[-S-]M where Z and M at the beginning

and at the end of the formulae are described to show a



brackets "[ ]" in Z[-S(=0)2-0-1]M Z[-C(=0)-0-]1,4, Z[- 25 P(=0)
(-OH)-0-1M or Z-S-]Mwhere Z and M at the beginning and at the end
of the fornulae are described to show a bonding direction of the
group); Z represents a hydrogen atom or a hydrocarbon which has 1 to
40 carbon atonms and which may be substituted by one or nore groups
sel ect edodndma dhategeiomtain tlan atdugXy; dr agnresmehtan artypidooges
group; Y and Z may be.bonded to each other to forma ring structure;

R4 and/ ort®B8 @mya beydeprrid e whieh fiiyimla ¥ i amianyedomgngne3
represents, an el ectron-donating. ligand.) [5] The nethod of producing a
ol yrer WELER dig 0 SUSSE UGl S e i 4o SRR Y et bsent ed
by fornmu 0 i e e r RS | L3 (In
t%e forn% %H} %/?g%]ééf)?%éeﬁ‘%é’ar%?saallq%onl{yolﬁ‘%dg%g%dn ag%rgurlg(l%%l)ych h<(as 1
to 7G C%%ﬁt@@n&nﬂnﬂ%% Bhd® UPHd it tN&Rim FEDR&ngr oups

sel ected from a hal oge atom an al koxy group, and an aryl oxy
group; amdriytie X, RR2ndRbr RS, mandbé odwadedtbhe Sarme fHeaniaigsiras in
formula (C2).) [6] The nethod of producing a polynmer according to [5]
above, istymtenre heandhtlal yopregsnésentieglpgteosydpsadngepiesedt bd by
Formula ng)' The method of producing a peclymer accerding to
[4] above, wherein the catalyst represented by formula

10 (C2) is represented by formula (C3}:

R5
I
Y!'—X—~R?
" » (C3)
Q.__.__. —_—
I
L3

(In the formula, Y! represents a divalent hydrocarbon
group which has 1 to 70 carbon atoms and which may be
substituted by one or more groups selected from a halogen
15 atom, an alkoxy group, and an aryloxy group; and Q, M, X,
R3, R4, R%, and L3 have the same meanings as in formula
(C2).}
[6] The method of producing a polymer according to [5]
above, in which the catalyst represented by (C3) is

20 represented by formula (C4):

RB
RAAR T5
RO | = T R* (C4)
0=8—0—M R3

.



0=S 0 MR3 Il OL3 (in the fornula, four R6's each independently
represent a hydrogen atom an al kyl group having 1 to 8 carbon atons,
an al koxy group having 1 to 8 carbon atons, an aryl oxy group having 6
to 18 carbon atons, or a halogen atom and 5 M R3, R4, R5, and L3
have the same neanings as in formula (C2).) [7] The method of

produci ngia Ebﬁyﬁ@rnﬂab@or arwy RY sampadnd neferfendend lye repisesentuaer ei n
part of nerization reactjon liquid is continuously w thdrawn 10

froma playgﬁ% ?Qa?F%' r%%c?%}t‘yjdug??}‘&’t}%vﬁ&ﬂ yierq z%tcqurbé&qnbﬁw of
h t t {
t he rmnoggr g (g ﬁonthg‘gg polyneri z¢ L]rgnagcr eltilﬁ(:. :]aor{l%p g)rx%, us

provi ded”w Rer za Y on reacto

separ at %rodﬁehééliﬁ&y@ttéoigtéé’fb&?daﬁé}ﬁsp%ﬁ’@rhﬁ&;{ér?%&& 4 the

solid-liquid 15 separator; and the separated cat al solution is

ret urihedMf orRI,her4poRyreshdati Qiawee aileOrs aet h@lahlb.e_flsngst reatedmulhf ects
of the Invention [0011] According to the nmethod of producing a polyner
20 of theéCpresent invention including recycling and re-using a

catal yst, _a catal yst _cost can be dramatically reduced even when the
pol yreri k&lion acti VAhe msrthace O@atpél%%‘t‘:lpg PePRLVIELy 2C6Rr d4RE Rence

| b d h b
i PPt o PRy Bn O A T e oL BT e e B A ' o i zat i on
met hod %ﬂgmé&@a@i&b ralalyst fﬂﬁ.‘ild can g draduced, afi 1 dQurcost .

Brief Description of Draw ngs
10 from a polymerization reactor during the polymerization

reaction of the monomer using a continuous polymerization
reaction apparatus provided with the polymerization
reactor and a solid-liquid separator; the catalyst
solution and the polymer are separated in the solid-liguid
15 separator; and the separated catalyst solution 1s returned

to the polymerization reactor without being treated.

Effects of the Invention
[0011] According to the method of producing a polymer
20 of the present invention including recycling and re-using
a catalyst, a catalyst cost can be dramatically reduced
even when the polymerization activity of the catalyst is
relatively low, and hence a polar group-containing olefin-
based polymer, which has been difficult to industrially
26 produce by a conventional polymerization method owing to a

high catalyst cost, can be produced at a low cost.

Brief Description of Drawings
[0012] FIG. 1 is a flow chart illustrating an example

30 of a continuous polymerization process of the present



[0012]FIG 1 is a flow chart illustrating an exanple 30 of a

continuous polynerization process of the present invention.

FIG 2 is a graph showing a relationship between the reaction tine

and cumnul ative polyner productivity in an allyl acetate/ethylene

copol yneri zation 5 reaction of Exanple 3. Mdde for Carrying Qut the

| nvent i ohnf€0t3pker ei nafter, a preferred enbodi ment of a novel nethod

of producing a polyner according to the present 10 invention is

specifically descried- 12 ShouldFapd &g nohat bed atienghégent

invention,. the tgrms ) ojal/rreri zation? and .polynmer". are used in such
Mpr ERen

meani ngs a5V E8" ¢ SR OOy et Ao E R PLopbiy ner
rmant ng HeodectivECR th o AIfy MIBC VO AONIAL oppiealhtdh |

al i cyxl igegyﬂligﬁadspoma@pple am, aromati ¢ hydrocarbon. The term "ol efin"
refers to a conpound having a carbon-carbon doubl e bond irrespective
of the presence or absence of a polar group (provided that a nononer

represent ed b% 20 formul anc()lé1 is excluded). [0014]1. Mechanism for

r ecover yMefe pbpyner Teet perO¢hat Mg sknvention In order that a

pol yrer | zakiop catalysl e SePaLated LM ARG IR ocR07,LhgD ™

method of producing a polymer according to the present

10  invention is specifically described. It should be noted
that in the present invention, the terms "polymerization”
and "polymer" are used in such meanings as to comprehend
"copolymerization" and "copoclymer", respectively. In
addition, the term "hydrocarbon" is used in such meaning

15 as to comprehend saturated and unsaturated, aliphatic and
alicycliic hydrocarbons and an aromatic hydrocarbon. The
term "oclefin" refers toc a compound having a carbon-carbon
double bond irrespective of the presence or absence of a
polar group (provided that a monomer represented by

20 formula (1) is excluded).
[0014] 1. Mechanism for recovery of polymerization
catalyst

In order that a polymerization catalyst may be

separated from a polymer, and then may be recycled and re-

20 used without being subjected to any post-treatment, such
difficult technological challenges as described below must
be simultaneously solved: to chemically cleave a bond
between a growing polymer chain and a metal complex
catalyst, to physically separate the metal complex

30 catalyst and the peclymer, to allow the isolated complex



25 used wi thout being subjected to any post-treatnent, such difficult
t echnol ogi cal chal |l enges as descri bed bel ow nust be sinultaneously
solved: to chemcally cleave a bond between a grow ng pol ynmer chain
and a netal conplex catalyst, to physically separate the netal

conpl ex 30 catal yst and the polyner, to allow the isolated conpl ex
cat al ystceébasyabl yoextablyneaiseptn at | sepataplandtrayg amal et to
deconposed, and to enable the reactivation of the conpl ex catal yst

under poP§nBPFYBERPBRC comadt Fonenalbp 1) aHeeasivisrioran ¢ff ttHe present
i nvention haie 5 egrggstlg ackled with the chall enges. As a result,
t he i nvenitBPs®Havd-¢ _‘?\Ei 1eeF oF Y %51%%%% %‘?m%r i'ng a pol ymer.
A conpl expgisf et aledn JGFoup L ofr the g:%re'bs%%ltc i%@r%:ng];t!oﬁ Hﬁgrga?S a

cat al yst, and in a pol yneri zation reactl etween o In an

| easts ongz FRESHEY H&ckEHH 8L ethdYch AT Tl d 1) ast Be raBhak, Cenpl ex
catalyst is separated froma polynmer, and 1s then recycl ed and

re-used imtaotudbrpehage sfdpredt e t Hohhyw os trdtrtteat mehtprdduciaulad be
noted that_the term"post-treatnment” nmeans, for exanple, a =
reacti vaPPbNe¥ eatrerfiRde xa Afashinef adpdmaGronr 19 pdotbpThReréadaryst

made of the. conplex of the net in Goup, 10 of the periodic table is
not partF&F&rty FE9E 139, 2 bIACF "reasn‘ivﬁe“i%c&ﬁ%? %G at | east

one mno%é%i{%%eg%ggnb i P{Srpl.gr@d (;}é i ?roer%?lﬁggorrd'ezzati on reaction

system ter, a cataly ecovery anismis described by
takifng, AspAds&xed®|isy foFMILITE[1y eprias eided orordilda thlydth jwhi ch
R represents a hydrogen atom and a netal conpl ex catal yst
represenseoabytddrimbm £ G Ly, 7ol yinerttzat i mseywleckeds] wi-lsddhe
nmononer is 25 inserted into the MR3 bond of the netal conplex (C)
L1 szﬁawi§m¢u12b$ﬂng subjected to any post-treatment. It should

be noted that the term "post-treatment” means, for

example, a reactivation treatment or a washing operation.

15 [0Qle] The catalyst made of the complex of the metal
in Group 10 of the periodic table is not particularly
limited, but requires the incorporation of at least one
monomer represented by formula (1) into a polymerization
reaction system. Hereinafter, a catalyst recovery

20 mechanism is described by taking, as an example, a monomer
represented by formula (1) in which R* represents a
hydrogen atom and a metal complex catalyst represented by
formula {(C1l).

[0017] Polymerization proceeds while the monomer is

25 inserted into the M-R® bond of the metal complex (Cl).

Lt Lt
‘ Polymerization |
|2 M—R3 —_— Lz—h(l—@
L3 (€ L3
[0018] A monomer represented by formula (1) in which

10



L3(C )L3 [0018] A nmonomer represented by formula (1) in which n=0
under goes head-to-tail insertion, and then the resultant is separated
into a netal conplex (Cl-1) and a polyner having a double bond at a
term nal thereof through a chain transfer reaction caused by the
elimnation of R2. 5 A nononer in which n=1 undergoes tail-to-head

i nsertion=0anddehgneshbendstibtaatli snsepatah edandtichen ndial conpl ex
(Cl1-1) and a_polyner having a double bond at a term nal thereof

t hr ough éeéﬁégﬁn rhfisfeparahedi bhteaasedtdy eoepkex mGltlormwd Fe.
The tail-to-head insertion is.generally 10 advantageous because the
nmonomer PBEVE‘?EnP@HlBQ Foa%ﬁ’ﬁg(}i n‘ﬁa@)’/aa p%‘FJé‘Pl%?Jou"ﬂ?eﬁ%r%?W%}}

(he caceathygzl LeoftoLeredetsl e, DR0aTRy fepr P ol by 100 WA

(1). The neta ose grow ng pol yner Hhas

been x| eavedneaBrbenSERAERL £41 1R £ 58 HOL YTBL o TS AT Al e 151 SPMPI X
(Cl-1) is stable against an external stinulus such as heat and

i npuritiesdbyhenrthe pésthearki bt esepaodtead nbvty Ppmosicleongdlaht e

M R2 bond and an el ectron-donating |igand L3, and hence can stably
exi st evéRlih)taedsepaeivien REepng a JoO1Ls Wend tdfe aretenmigonpl ex
(C1-1) iglﬁreturned toa reactor agaipn after jts separation fromthe

pol ymer GRBTEREN-THRUPRARt PRFHT S HRIF 0P Fet AT HeP R SifSBE iRy the
reactivafg edy 2r, 80gn NSPCR2 L NenROLYTRILZLLOD §AELL 00N S8 UPESerat it

10 advantageous because the monomer represented by formula
(1) has a polar group. Accordingly, the case of n=1 is
preferred as the monomer represented by formula (1). The
metal complex (Cl-1) whose bond with a growing polymer has
been cleaved can be separated from the polymer. The metal

15 complex (Cl-1l) is stable against an external stimulus such
as heat and impurities by wvirtue of the existence of a
newly produced, stable M-R? bond and an electron-donating
ligand L®, and hence can stably exist even in the

separation step.

L1 L1
— L2—M—CH2—CH—@ — Lz—-—l\!"l—Rz + HZC=CH-@
|1 insertion l [ I
| L3 R2 L3 1) polymer
L2——l\lll—@
L1 1
L2 T
—> LZ—M——-—CH—CHz—@—F LP—M—~R2 4+ HC—CHz@
insertion “
L3 CH, L3 (C1-1) CHz
20 R2 polymer
[0019] When the metal complex (Cl-1) is returned to a

reactor again after its separation from the polymer and
then the reaction is performed, the complex is reactivated
25 and hence the polymerization reaction resumes.

11



Pol ynmeri zation L2 -M2MR2 -0s"- L3(Cl1-1)L3 [0020]In general, a
p- hydride elimnation reaction has been known as the manner in which
a bond between a conpl ex catal yst and a grow ng pol yner is cleaved.
In the 5 case of the p-hydride elimnation, however, a hydride
conplex to be ggnerated is extrenely unstab]e agai nst an external
stinmulus such heat or inpurities, and hefice the conplex is
difficult to beg isol at eBolpmérigkémaonposes durjng the step of separation
fromt he pelyp—ItnR40 additiom a e--u@ ng adding a
polyrrerizationl_lterrri nator or a chain transfér agetrit to cl eave the
bond between tHhHe conplex catal yst and the grow ng pol ymer has been
known as a postl_ﬁtre@m}a)ﬁt after the polymeri%ation reaction. In the
nmet hod, however, the stability of the 15 catalyst after the chain
transfer[0@adii on, sSkpayeaatdral ,ofa tthédychatialey sl ifniomitibe reaction
term nator or the chain transfer agent, its reactivation after the
t er mi nat i@f BeeRhENPEAcas ome dipnidie 11 kehbdeoheathldedge! d n the
present invention e catalyst can, be separated fromthe 20 pg%\ﬁ/mer,
S a

t
B then Bl 5 TAEFLY R B T CRC i RIBANS: HE AT of ™
reacts onoLEEhPALAE BInGhAlde LEANREL: AGEN Ol OAZT] 14 iRg Ao been

known that when a ne conponent of a cata rémains 1Tn a large
anount i Bodp 28x PEL YHB' ged dhes €MD etk + Adveer 5 alnys @fif 1eC tegy i te@lror  and

physi cal properties of the polymer. However, according to the nethod
of the peesental nyehrhhbis $ueh aaundatofor hisnpurities, and hence

the complex is difficult to be isolated and decomposes
during the step of separation from the polymer. In

10 addition, a method comprising adding a polymerization
terminator or a chain transfer agent to cleave the bond
between the complex catalyst and the growing polymer has
been known as a post-treatment after the polymerization
reaction. In the method, however, the stability of the

15 catalyst after the chain transfer reaction, separation of
the catalyst from the reaction terminator or the chain
transfer agent, i1ts reactivation after the termination of
the reaction, and the like become challenges. In the
present invention, the catalyst can be separated from the

20 polymer, and then can be recycled and re-used without the
addition of such a reaction terminator or chain transfer
agent.
[0021] It has also been known that when a metal
component of a catalyst remains in a large amount in a

25 polymer, the component adversely affects the color and
physical properties of the polymer. However, according to

the method of the present invention, the amount of the

12



nmetal remaining in the polynmer can be reduced to an extrenely | ow

| evel in essence. In addition, the polar

gr oup- cont ai ni ng nononer to be used in the present invention can be
stably 5 recovered and re-used even when used as a solvent in a

pol ymeri zati on system because the nononer is nore excellent in

st abi | i tyebgai nghaiadigaln poby neel weer oran Hamn eguoled to an
group-cont ai ni ng nononer such as acrylic ester to be generally used
in coord@fﬁ‘a%f@aegm AV cL oy R | 92TFWFE - 10[ 0022] 2. Monomer

In the nmethod for pr.oducj .a _polymer qof the present invention
(pol yneri zati on prg€§§§¥#ﬂ§PﬁF£a eoﬁgﬂﬁﬁhgﬁﬁﬁpfgﬁp 8&RtBH by formul a

(1) is I '  J ' ;0N W ql ef in. ).25C( R1)
(L R1) 2) BBy 150 A TR ol 20 b T o Ve RS el K 8 Sane
or dif f erepbvérom g3 hr&tiesd anfkreagted Ntlad diald wJemmsan s a

hydr ogen at om or hydrocarbon group having 1 to 5 carbon atons; R2

r epr esermnpslyfdRi 1at i GR2s st e (21 Bse (B2 Inarepreaseary saad@ a hydr ogen
atom or hydrocarbon group having 1 to 18 carbon atons), -N(R2-2)2
(two R2-23Cohiene imesisabil BrY diIFerehtrddiorn e Wieidiz adidre ddlan

i ndi vidual ly. represents hydr ogen ato hydr ocar bon _group _having 1
L0 18 cas OHLES DRESCE TORBL I GOURISY (TS A s SRy ocar bon
group 2 i 0 ; hal . : is O
R e R e
"l eani ng[@ODAUP" and 2-.00QR2meri s particularly preferable. 30 As the
nmononmer represented by fornmula (1), specific
In the method for producing & polymer of the
present invention (polymerization process), at least one
monomer represented by formula (1) is used and polymerized

in combination with olefin.

C(R') 2=C (R') {C (R} 1) nR? (1)
15

In the formula, three to five Rls may be the same or
different from each other and each individually represents
a hydrogen atom or hydrccarbon group having 1 to 5 carbon
atoms; R? represents —-OR2%-l, -SR2-1, -0OCOR2Z-1 (R2-l represents
20 a hydrogen atom or hydrocarbon group having 1 to 18 carbon
atoms), -N(R?2), (two R?"%s may be the same or different
from each other and each individually represents a
hydrogen atom, hydrocarbon group having 1 to 18 carbon
atoms, —~COR%3 or -~COORZ-3 (R23 represents hydrocarbon group
25 having 1 to 10 carbon atoms) or a halogen atom; and n is 0
or 1.
[0023]
The group represented by R? is generally called
“leaving group” and -OCOR2?-l is particularly preferable.

30 As the monomer represented by formula (1), specific

13



exanpl es of the nononer where n=0 include vinyl acetate, nethyl vinyl
et her, N-vinylformam de, N vinylacetam de, vinyl chloride and vinyl
brom de; and specific exanples of the nononmer where n=1 include allyl
acetate, allyl 5 alcohol, allyl amne, N-allylaniline,

N-t - but oxycar bonyl N-al | yl am ne, N-benzyl oxycarbonyl -N-al |l yl am ne,

N benzyl exdinpl eyl afn tee mbéhghechoesrelen=shdiratlyde briommldecehrainrg

t hese, allgl acetate, allyl alcohol, N-ak%¥laniane, _

N-t but ox§eERBENYEOKL e Fheam hevinylieriemnists d& - Einydagntemige,10 and

i nyl tat f | e, | 1) tate is Jv f bl
Thove moRORELschEprLCentan By Fbrsids) 1 oo SRRt
t ' | ' 15As th
ol cf i n 15" BaCapaT e oo (T hoHonEy Tepruntad By for mul a

(1), 2l ediBohavj ng1 2yl OardOn £ANPOM BF10FS: 1 S af-af-akl e :anrd dohafi n
having 2 to 10 carbon atons is nore preferable. Specific exanples

t her eof Wnellykaretiny] ane)epz vyt wre:bdnpiHiensd, 1 il-dweixene N-2@nzyl -
4- et hyl - 1- pent ene and 1-octene. Anong these, ethylene and propyl ene

are par t¥catbylgmpres erbbye. clgrrisie 3k & Kafp s dray Beonged
[0025]  2oRtSudt Hbh SR Rers e oy HBdeBed Ly FGrrl a
o her _ona R LT BT R SR AN £ Y R SRR, B oot
acr ylgoni 4% | @iyt st ene. a 10026 3Pl A% of1 1Khe LHhidatison of
ol efin and the

more preferable. These monomers represented by formula

(1) may be used independently or two or more of them may

be used in combination.

[0024]

15 As the olefin to be copolymerized with the
monomer represented by formula (1), olefin having 2 to 10
carbon atoms is preferable and l-olefin having 2 to 10
carbon atoms is more preferable. Specific examples
thereof include ethylene, propylene, l-butene, l-hexene,

20 4-methyl-l-pentene and l-octene. Among these, ethylene
and propylene are particularly preferable. One of these
compounds may be used independently or two or more of them
may be used in combination.

[0025]

25 In addition to olefin and monomers represented
by formula (1}, other monomers may be incorporated to be
copolymerized. The other monomers include acrylate ester,
methacrylate ester, acrylonitrile and styrene.

[0026]

30 Examples of the combination of olefin and the

14



nononers represented by formula (1) include ethylene and allyl
acetate; ethylene and ally alcohol; ethylene, allyl acetate and allyl
al cohol ; ethylene and allyl chloride; ethylene and allyl brom de;

et hylene and allylam ne, 5 ethylene and N-allylaniline; ethylene and
N-t but oxycar bonyl - N-al | yl am ne; et hyl ene and

Nbenzyl| oxguamboaytrepras¢ytad be; fethylenel anthdNusnatghNerd laddam ne;
propyl ene_and al l acetate; propylene and ally al cohal; propyl ene,

|
al lyl acelave éﬁﬁg%ﬁ—we%h%%w ;2N Hkbpya krhdnd sthyiend crlilge:
| d allyl. byonide; | d allyl ani ne: d
o Ty T arPPERES. BEoodt ik Shether? wetinbiss o hbar igfabise "
| b N i ne; d
ooy -REafTsis Fadvagiye o basas N Al s A e

al | yls acetayeenet fiyd enes Bngh @1 yinsy Iergd Henet-al ly' acetate
and allyl alcohol; ethylene and allyl chloride; and ethyl ene and

al | yl am lnet¢xpoathenyl eWwpnl hylafindwe qciylmre pard d-mance and econom ¢
ef ficiency. [0027]3. Polynerization catalyst 20There is no particul ar

i it at i BANBRLORECHBR Tzt bnlaing y Sthipiele @nd Beheey it he
presenl LIVeNLion, Boulg00 oe. Ly ot ALY SL L oSl an oL
e ST LRI oS U A PR S P e
L1 (@) pBopiiéhe 4d nail Byl MK BRFeseNtSrab Rird HPM10fy19emiHe ;
propylene and allylamine; propylene and N-allylaniline;
propylene and N-t-butoxycarbonyl-N-allylamine; propylene
and N-benzyloxycarbonyl-N-allylamine; and propylene and N-
benzyl-N-allylamine. Among these, preferred are ethylene
15 and allyl acetate; ethylene and allyl alcohcl; ethylene,
allyl acetate and allyl alcohel; ethylene and allyl
chloride; and ethylene and allylamine from the viewpoint
of the polymer performance and economic efficiency.
[0027] 3. Polymerization catalyst
20 There is no particular limitation on the
polymerization catalyst which can be used in the present
invention as long as the catalyst is a transition metal
complex of group 10 elements of the periodic table.
Among the transition metal complex of group 10

26 elements of the periodic system, the metal complex

represented by formula (Cl) is preferable.
L1

LZ—I\IA—R3 (C1
L3

In the formula, M represents a metal atom of group 10

15



element in the periodic system 142 represents a group containing a
nitrogen atom (N), a phosphorous atom (P) or an arsenic atom (As)
which atombinds to M L2 represents a group containing an oxygen
atom (0) or a sulfur atom (S) 5 which binds to M L3 represents an
el ectron-donating ligand; R3 represents a hydrogen atom acyl oxy
group, oflEPERbCARbERE POURCREYI FigStieno B0 reprsern&Boms SWekbh may be
substituted b}/ pne or pore grou | ected froma hal ogen at om

al Koxy gFOUPSLBI ¥ oxyP LT BeRS A Gy By HrifRPAGQg2EEom (B) o
M epresgnt §r9@n%& i%% %lsegrwﬂyf)c}%pa‘lcgm tl%h:ﬁ'lcpserthoq&'c I%??‘%gmeg%h%ﬁt .

el enment s of grou perTodi ¢ system’ ncl ude

From t hea Vi 8YRET Bén 41k heg cat 3&)%%%1&1 agtdnyi {0y and phhained Jmecy)ar
weight, Ni "and 15 Pd are preferable, and Pd is nore preferable.
[0029] Liéhieprieseds sta 10r AL re@rcaicnitag ad eilkcegen-abamciNy, a
phosphorous atom (P) or an arsenic atom (As) which atombinds to M
Here, 1,ligandheRprispastsenheem ihydinogehuaésmaorcgdosyl gravpedent at e

| i gands which bind to Mwith one nitrogen atom (N), phosphorous_atom

(P) or ariShPTebtdn {ZSIP RMAVEIS0 bidetlt AF ISR HIRY ©8 M
L0 08 SREF AU M OFENGEAUS, YRR BLPrae abeTs
given beloyn, "Fiok LRILSEN Sa PPEIW AP -and 4803y group.

10 [0028]

M represents an element of group 10 in the
periodic system. The elements of group 10 in the periodic
system include Ni, Pd and Pt. From the viewpoint of the
catalytic activity and obtained molecular weight, Ni and

15 Pd are preferable, and Pd is more preferable.
[0029]
L! represents a group containing a nitrogen atom (N), a
phosphorous atom (P) or an arsenic atom (As) which atom
binds to M. Here, L! in the present invention includes not
20 only meonodentate ligands which bind to M with one nitrogen
atom (N), phosphorous atom (P} or arsenic atom (As) but
also bidentate ligands which bind to M with two nitrogen
atoms (N), phosphorous atoms (P) or arsenic atoms (As).
Specific examples in which L! is a monodentate ligand are

25 given below. “Ph” represents phenyl group.

/ Ph o
L e OA
\ / N Ph

[0030]
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Specific exanples in which L1 is a bidentate |igand are given bel ow.
L2 represents a group which binds to Mwith an oxygen atom (0) or a
sul fur atom (S). That is, L2 is a group having a structure such as
-0-, -C(=0)-0-, -(=)2- 10 0-, -P(=0)(-0H)-0- and -S-. Exanples of the
group binding to Mwith an oxygen atom (0) include nethoxy group,

et hoxy group, phenodpsffiduis exeerohes dronichy iLf| Lar eakedexyage oup,
nmesyl oxy_ group, benzene sul fonate group, tosyloxy group,
trifIuor%ﬁﬁ?ﬁgnégﬁlghﬁ%?eb%+%%p and 15 pent af | uor obenzenesul f onat e
group; and exanpl es of ;the i
i ncl ude net hyy
crosslink wt
exanpl es
el ement of

U [ 0032]
antate |lig
ul ae
he

t hose with th igand are omtted/fromth
Ph --P\
V/EER\Y 7N\
\ N N N N N
5
[0031]
L2 represents a group which binds to M with an
oxygen atom (0) or a sulfur atom (S). That is, L¢ is a

group having a structure such as -0-, -C(=0}-0-, -S(=0),-

10 0-, -P(=0) (-OH)-0- and -S~. Examples of the group binding
to M with an oxygen atom (0O) include methoxy group, ethoxy
group, phenoxy group, acetoxy group, triflucroacetoxy
group, mesyloxy group, benzene sulfonate group, tosyloxy
group, trifluoromethanesulionate group and

15 pentafluorobenzenesulfonate group; and examples of the

17



Ov7-6 10[0033] Ph Ph \/ El ectron-donating ligand L3 is
a conpound having an el ectron-donating ability and is capabl e of
stabilizing a netal conplex by coordinating to netal atomM As the
el ectron-donating ligand (L3), exanples of those 15 containing a
sul fur atom i ncl ude di met hyl sulfoxide (DVBO). Exanples of those
cont ai ni AgoaPnbindgee &eoth Whth ualest}far kytomn fe drendwde 1 to 10
carbon atons in . al kyl group dlalkg am ne having 1 to 10 carbon
at ons |nmﬁFQV@tB%ﬁuﬁrOBQrFﬂgh%he@yk - ¥ FHBYri di ne (ot herwi se known
as |Ut'$ ?g"a, aniline, 2,6-dinethylaniline, 2,6-
di i sopro line, N,N N N'-tetranethylethylenedianine 5( TMEDA) ,
4- (N, N-di net hyl ani nq)lp%udmeméwassm P f 1d fon RANZANILY i 4G and
2- met hyl qui nol i ne. Exanpl es of 1Those containing an oxygen atom
i ncl e dhetbybegtaies, ligdnaNysiof skampbagl thekr«b freihoxyieidiane.
[ 0034] 10R3 represents a hydrogen atom acyl oxy group,

below. M in the formulze represents an element of group

10 in the periodic system and the bonds other than those

with the bidentate ligand are omitted from the formulae.

\gz

Ph, Ph
Ph, Ph R Ph Ph | Ph, P
p M P, \
\ O 1 A | M
M O M ;
g o! pr” O
Ph Ph Ph Ph
N/ \/
P\ P\
i M [ M
g7 o S
10 [0033]

Electron-donating ligand L3 is a compound
having an electron-donating ability and is capable of
stabilizing a metal complex by coordinating to metal atom
M. As the electron-~donating ligand (L3), examples of those

15 containing a sulfur atom include dimethyl sulfoxide
(DMSO} . Examples of those containing a nitrogen atom

include trialkyl amine having 1 to 10 carbon atoms in

18



or hydrocarbon group having 1 to 30 carbon atons which rmay be
substituted by one or nore groups selected froma hal ogen atom

al koxy group, aryloxy group and acyl oxy group. Preferred acyl oxy
group is acetoxy group and 15 pival oxy group. Preferred hydrocarbon
group having 1 to 30 carbon atons which may be substituted by one or

nore groapky$egected fiahkul hahbgernationy hltkoxy0 graoumn artydnexyingr oup
and acylox% %roup is alkyl group having 1 to 6 carbon atons.
Pref erredlis o@éﬁuﬁtoﬁyrédh%¢or rﬁr@ﬁﬁ?tﬂYlﬂxﬁﬁdﬁ?e Prasfhersveic qal koxy

nmet h d,eth |
S et TAV r el e WA o CE I y;p&%d%"“zl i~
group. P&i&éSHJ:&%%i’aMﬂﬁé abﬂ] 8 %ﬁrﬁﬂ &S @Ea@cﬂﬁzés&gae%ew

atom acetox gr oup, ethy rou opy group,

I soprmpykmmyp, mtﬁmy@ﬁﬁ@wﬂ wr@mnﬂhelww nEiMug) group,

1- acet oxyphenyl group and 1- plvaloxypropyl group. [6035]

As a netatetomptekle eppveseo e e faidnd-andthyidyindlimeret al conpl ex
represented by fornula (C2) is preferable. RS YXR4 (C2) Z Q MR3 In
the for rrﬂmmp 7 et clopie compring o oTXYPIuUP T dnadasie i n t he

periodic ste represen osphorous 5 a P) or an arsenlc
at om ( As§* fL%%é%%htE@EFqﬂ¥§%é§§F%h d 6&ﬁwﬁﬁﬁﬁﬁ

hydrocarf 3 % oup having 1 to 30 carbon atonB whi ch may be
substituted L one or nore groups selected froma hal ogen at om

al kopy group, aryl oxy gegUBs@RdsagYhPdY¥oGERURon;, &y BN Roroup,
i ndependently 10 represent a hydrogen atom al koxy group, aryloxy

group, soryhydretsrbatn dwogs digpriatg My dre Gl ke tgmo i diay ivhd.ch 2 y30
carbon atons which may be substituted by one or nore groups sel ected
from a heg ogyes it oy edl koxgne raxumare grodrex segresiied dndrR4e and R5

may bond to each other to form
halogen atom, alkoxy group, aryloxy group and acyloxy

group. Preferred acyloxy group 1s acetoxy group and

15 piva;oxy group. Preferred 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 and acyloxy group is alkyl group having 1 to 6
carbon atoms. Preferred halogen atom is chlorine and

20 bromine. Preferred alkoxy group is methoxy group and
ethoxy group. Preferred aryloxy group is phenoxy group.
Preferred acyloxy group is acetoxy group and pivaloxy
group. Particularly preferable examples of R3 include a
hydrogen atom, acetoxy group, methyl group, ethyl group,

25 n-propyl group, isopropyl group, methoxymethyl group,
phenoxy methyl group, l-acetoxyphenyl group and 1-
pivaloxypropyl group.
[0035]

As a metal complex represented by formula

30 (CL), the metal complex represented by formula (C2) is
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15 a ring structure. Qrepresents a bivalent group indicated in the
brackets of Z[-S(=0)2-0-1M Z[-C(=0)-0-1M Z[- P(=0)(-0H)-0-]M or
Z[-S-1IM (Z and M at the beginning and at the end of the fornulae are
described to show the coupling direction of the groups). Z represents
a 20 hydrogen atom or a hydrocarbon group having 1 to 40 carbon atons
whi ch maprbEesabsei tuted by one or nore groups selected froma

hal ogen at om alhaxy group and aryloxy group. Y and Z may bond to
each other to fofma ring structure. R4 and/or R5 may bond to Y to
forma ring @5 s{ruc e. L3 represents an el ectron-donating |igand.

[ 0036] The structure of formula (3@5 i s described bel ow

M L3 and R3 have thesame neanin hs in forml a (A). X represents
a phospth6d3 —atém or an 5 arsenic (As) atom wherein two

el ectrons coordinate to M A phosphorous (P) atomis preferred as X
for reasons of akailability and the catalyst cost. [0037] Y, R4 and

R5 i ndependent | hyd 10 | k . aryl
In epfﬁﬁ‘yfﬂé Yo LRRL €5 W - Gy S AAeT, %ed:?%lgargrtboam g 1 Lo

group, Si group, —an no group, or 4 on

30 carbog]ahon® Wi £he MBYr P&y SbSsdddit 20 Dy ONE: Qe ST SHY YRS ous

sel ected froma hal ogen atom al Koxy group and aryl oxy “group.

Pref & redtahkoRy @f oup &Bsdiec aohapddlg Rt eeRd@eeanhgna hydrogen
atom, acyloxy group, 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
group and acyloxy group; Y, R¢* and R5 independently

10 represent a hydrogen atom, alkoxy group, aryloxy group,
silyl group, amino group 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 and
aryloxy group; and R and R® may bond to each other to form

15 a ring structure. Q represents a bivalent group indicated
in the brackets of Z[-S(=0),-0-]1M, Z[-C(=0)-0-]M, Z{[~-
P (=0} {-OH)-0-1M or Z[-S-]M (Z and M at the beginning and
at the end of the formulae are described to show the
coupling direction of the groups). 2 represents a

20 hydrogen atom or a hydrocarbon group having 1 to 40 carbon
atoms which may be substituted by one or more groups
selected from a halogen atom, alkoxy group and aryloxy
group. Y and Z may bond to each other to form a ring
structure. R? and/or R® may bond to Y to form a ring

26  structure. L3 represents an electron-donating ligand.
[0036]

The structure of formula {(C2) is described
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15 atons, including nethoxy group, ethoxy group, propoxy group and
i sopropoxy group. Preferred aryloxy group is the one having 6 to 24

car bon at ons,

i ncl udi ng phenoxy group. Exanples of silyl group

i ncludes trinmethylsilyl group and exanpl es of am no group include

am no group,

20 net hyl am no group and di net hyl am no group. R4 and RS

may be thelsdme or different fromeach other. R4 and R5 may bond to

each other to forma r| stru ture. R4 and/or R5 may bond to Y to
forma ring structur%' IEOG@@] 5@‘&%?%% AN HRCR R DT A DoH gr oup
havi ng 1 % ﬁ c? atons which nmay be substituted by one or nore
groups sé § a hal ogen atom al koxy group and aryl oxy group

inY, R4 and R5 'nC'X“%%?%é%@nﬁH(aﬂbhdﬁﬂﬂoﬂﬁu%uHP )C Y& eldey lsngroup and

furyl group.

Speci fic 30 exanpl es of the al koxy group and aryl oxy

groups i nakbenibydrerasbemn, grhepehavi g d146t36h € addordaioms whieh may
be substituted by one or nore groups selected froma hal ogen atom

al koxy ghoppoapdoapysoxy) gavop inchreltetiedeasehtionetasonhet
exanples in R5.  The hal ogen atomjs 5 preferably fluorine. Fromthe
vi ewpoi ne Vet leRélEhy apet tARt PRFRYYStal k35t group and aryl group are
partlculibbé%Preferable [ 0039] Speci fic exanpl es

of Y-X-R

noi ety when X 10 is P (a phosphorous atom are given

bel ow. RS YP---R4 In;the Lokl qui DS LR £y formyl a6, tah%en
between P and Mor YI' is not shown d "Nb" epresents net roup.

10 atom,

alkoxy group, aryloxy 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 atom, alkoxy group and aryloxy group.

Preferred alkoxy group is the one having 1 to 20 carbon

15 atoms, including methoxy group, ethoxy group, pPropoxy

group and isopropoxy group. Preferred aryloxy group is

the one having 6 to 24 carbon atoms, including phenoxy

group.

Examples of silyl group includes trimethylsilyl

group and examples of amino group include amino group,

20 methylamino group and dimethylamino group. R% and R5 may

be the same or different from each other. R* and R’ may

bond to each other to form a ring structure. R? and/or RS

may bond to ¥ to form a ring struciure.

[(0038]

25

Examples of the hydrocarbon group hawving 1 to

30 carbon atoms which may be substituted by one or more

groups selected from a halogen atom, alkoxy group and

aryloxy group in Y, R? and R® include alkyl group, aryl

group, cycloalkyl group and furyl group. Specific

30 examples of the alkoxy group and aryloxy group in the
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H ap.o 0"0 apc P7-\ Yps(Yi YKOpO OO0\, 70,p,010

10

hydrocarbon group having 1 to 30 carbon atoms which may be
substituted by one or more groups selected from a halcocgen
atom, alkoxy group and aryloxy group include those
mentioned as the examples in R3. The halogen atom is
preferably fluorine. From the viewpoint of the catalyst
activity, alkyl group and aryl group are particularly
preferable.
[0039]

Specific examples of Y-X-R4, RS moiety when X

is P (a phosphorous atom) are given below.

R5
Y—>P—R*
In the following structure formulae, the bond between P

and M or Y! is not shown and “Me” represents methyl group.

e \/\;\/ /\/\\ /LPJ\

O 0,0 f b
57T TG

X TS QO /
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0 [0040] SSpecific exarrpl es of Y-X-R4, R5 noiety when X is As
(an arseni om) YAs--R4 are given bel ow. 10[ 0041]

Q.0 Q.0 00 QL
0 G0 @

@@@f ﬁm} @r

@; ;5 AR
_ 19 2* o
1* 1‘@{@@%

L 00
@@ @ Sue QQ



Q represents a bivalent group indicated by -S(=0)2-0-, -C(=0)-0-,
-P(=0)(-0H)-0- or -S-, which is a noiety, wherein a single electron
coordinates to M The left end of each of the above-nentioned
formul ae bonds to 15 Z while the right end bonds to M Anobng these,
-S(=0)2-0- is particularly preferable fromthe vi ewpoint of the
catal yst activity. [0042] Z represents a hydrogen atomor a

hydr ocarbon group having 1 to 40 carbon atons which may be

substituted by one or nore groups sslgised froma h n atom
al koxy grayp and aryCoxy Cgreup:” Y-antpZ ey bond to e ch ot her t
forma rirng ETfUcture 1Speci fic exanpbes of th gen

al koxy grouq)and arylo group in the ydrocarb om

40 carbon atoms which may be substitute by one or ?%ge/groups

sel ected froma hal ogen atom al koxy group and aryloxy group” in I e
t hose nentioned as the exanples in Y, R4 and R5. Exanples of 10

hydr ocarbon atom having 1 to 40 carbon atons include nethyl group,

et hyl group, isopro group, t-bu group, isobutyl group,

cycl ohexyl g oup, cl opentyl grou enyl grou 2-i - propyl phenyl
group, an |- ropyl phenyl group 15[0048; N\ | A ilngle
el ectron o y el ectroneg |VQ30xygen or/SmVqu atonVHﬁ zN Q

noi ety coordlnat to netal pm Since the bQ@QLng electrom
a bomal t 0. Z-Q Z-Q gnd M may be~

between Z-Q M is tnansferreg
i ndi cated 20 for as an anion sth and a cation state,
respectively. [0044] In formula (C2)} noi ety and Z noi ety may

[0040]

5 Specific examples of Y-X-RY, R® moiety when X
is As {an arsenic atom)
R5
Y—As—R*

are glven below.

~Sae” ZasTTS :: As :: L &

ﬁs | L\ /’*ﬁg ~

10 [0041]
Q represents a bilvalent group indicated by
-8 (=0),-0-, -C(=0)}-0-, -P(=0) (-OH)-0O- or -S-, which is a
moiety, whereln a single electron coordinates to M. The
left end of each of the above-mentioned formulae bonds to
16 7 whiie the right end bonds to M. Among these, -S(=0),-0-
is particularly preferable from the viewpoint of the
catalyst activity.
[0042]

Z represents a hydrogen atom or a hydrocarbon
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bond to each other. In this case, formula (C2) can be 25 represented
by formula (C3). In fornula (C3), Y-Z noiety as a whole is indicated
by YI. Here, Yl represents a cross-linked structure between Q and X
R5 Y1-X--R4 Il QMR3 L3 (C3) -In the formula, Vi
represents a bival ent hydrocarbon group having 1 to 70 carbon atons
whi ch magrbeprshbyingutl eto b$0 operioen noteny rovpsh ged e diedUromtated
hal ogen 5 atom al koxy group and. aryloxy group. Q M X, R3, R4, R5,
L and q R¥velEhersBRES nehpingsSasetred of flt & () o9§mesm, alkoxy

SPect ] o R AP el 8950 Yo Pk, h5HR, 30 Bhel ovP
9o PaLLclpl 6 ZOng 2O ELAIe ida ke nlengnd oyl ene
5 halogen atom, alkoxy group and aryloxy group in the
“hydrocarbon atom having 1 to 40 carbon atoms which may be
substituted by one or more groups selected from a halegen
atom, alkoxy group and aryloxy group” include those
mentioned as the examples in Y, R* and R3. Examples of
10 hydrocarbon atom having 1 to 40 carbon atoms include
methyl group, ethyl group, isopropyl group, t-butyl group,
iscbhutyl group, cyclchexyl group, cyclopentyl group,
phenyl group, 2-i-propylphenyl group, and 2,6-di-i-
propylphenyl group.
15 [0043]

A single electron of a highly electronegative
oxygen or sulfur atom of Z-Q moiety coordinates to metal
atom M. Since the bonding electron between Z-Q-M is
transferred from M to Z-Q, Z-Q and M may be indicated

20 formally as an anion state and a cation state,
respectively.
[0044]

In formula (C2), Y moiety and Z moiety may

bond to each other. In this case, formula (C2) can be
25 represented by formula (C3). In formula (C3), Y-Z moiety
as a whole is indicated by Y!. Here, Y! represents a

cross—-linked structure between ¢ and X.
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[ 0046] Exanples of [ (R4) (R5)P] noiety when X is P (a 15 phosphorous
aton) include the following structures. In the follow ng structure
formul ae, the bond between P and Mor Yl is not showmn. "Pr"
represents isopropyl group and "Bu" represents tert-butyl group. \p/
QP 49 op -(pq_-zs\Q [ 0047] The cross-1|inked
structure Yl s the crosslinking noiety which binds X and Q noi ety.

Specific Yl—X—R?
(C3)
Q—I\III—R3

LS
In the formula, Y1l represents a bivalent
hydrocarbon group having 1 to 70 carbon atoms which may be
substituted by one or more groups selected from a halogen
5 atom, alkoxy group and aryloxy group. Q, M, X, R3, R4, RS,
L and g have the same meanings as in formula (C2).
[0045]
Specific examples of a halogen atom, alkoxy
group and aryloxy group as Y! are the same as those as Y.
10 Examples of the hydrocarbon group having 1 to 70 carbon
atoms include alkylene group and arylene group.
Particularly preferred is arylene group.
[0046]
Examples of [(RY) (R®)P] moiety when X is P {(a
15 phosphorous atom) include the following structures. 1In
the following structure formulae, the bond between P and M
or Yl is not shown. “Pr” represents isopropyl group and

“tBu” represents tert-butyl group.
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5 exanpl es of the cross-linked structure Yl in which Xis represented
by a P atomare shown below. Here, multiple R75 may be the sane or
different to each other and represent a hydrogen atom hal ogen atom
hydr ocarbon group having 1 to 20 carbon atons, or a hydrocarbon group
having 10 1 to 20 carbon atons substltut ed by a haI ogen atom [ 0048]

Substituents R4 and RS may ndit o to aring
structur g arrplgz ruc ur s as follows: CP7
CP) OPL X 884 /k pbd%ltyﬁ t he ‘at al sented by

forml a (03) those represented by the foIIovm ng forrrula (04) are

QPQ ,LPD lﬁ
Q2 42 20

00 T QY
39 R Q.

By

vAvEAvROR®
oo os O O
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OL3 5 In the formula, four R6s independently represent
a hydrogen atom alkyl 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 hal ogen atom 10 and M R3, R4, R5 and L3 have the sanme neani ngs
as those i mul a (/, [ 0050] In for la (04), preferred R3 is an
al kyl group ng 1 carbon ato rticul met hyl group. 15
cycl opentyl

_ The
| ae (02) and (03)
$ONi¢ or exanpl e,
conplex is

netal conpl ex_of the catal ysts represen ed b
can be syntdf ed aceéruoing to 20ePheLKnaw
J. Am Che 200 9, 8948). T
synt hesi zed i 'Rg_zeroval ent or 2 4 ce with a |ligand
in formula (02) or (03). The conpound represented
by fornmula (04) can 25 be synthesized by making Yl and Qin formula
(03) a specific group corresponding to fornula (C4).

A&

[0047]

OMe MeO

The cross-linked structure ¥Y! is the
crosslinking moiety which binds X and Q molety. Specific
5 examples of the cross-linked structure ¥Y! in which X is
represented by a P atom are shown below. Here, multiple
R7s 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

10 1 to 20 carbon atoms substituted by a halogen atom.
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[ 0052] Exanpl es of zerovalent M source include tris(dibenzylidene
acetone) dipalladiumas a palladium source and tetracarbonyl

ni ckel (0) (N (C0)4) and bis(1,5- cycl ooctadi ene)nickel as a nickel
source. [0053] Exanpl es of bival ent M source include
(1,5- cycl ooct adi ene) (rret hyl).pal pbadi um chl oride, palladium 10

chl ori de;--pat | ad ; acetonitrile)dichl oropal | adi um
(PdCL2( CH§ e) di chl oropal | adi um (PdC12( PhCN) 2) ,
(NN, N, tra i am ne) di chl oro pal | adi un(I1)
(PdClZ(T DA) et ranet hyl et hyl enedi ani ne) di net hyl
pal | adi unr{-t{) (PdNE%("F'NEDA) R p
(Pd(acac)2)...pall.adi um I,_I_)'_jtjr'_ljt]_uor onet hanesul fonate (Pd(OCOCF3) 2)
as a pal Eadl w’h solirce ahd (R!lYyl ) ni ckel chloride, (allyl)nickel

.,P0 acetate, nickel (I1l)

EkeI(II) (Ni C12(DVE)) and nickel (11)

03CF3) 2) as a nickel source. [0054]
8 pl ex represented by fornmula (02), (03)

or (04) tan.be.used, the--retal- -¢onpl ex generated by bringing a

M cont ai pi-ng--retal; source-i -At-g--eont act with a ligand precursor and an

el ect ronrdonat ﬁng 11 gahd (Lsﬁ i n- t he reaction systemcan al so be used

i sol ating the netal

[0048]

Substituents R? and R® may bond to Y! moiety to
form a ring structure. Specific examples include the

5 structures as follows:

Q Q
y P
R; R R
R 7 7
== — = =
P P
s L \ P
R” RY. R”. 7
R’ R7 =Y R7
Q Q R™ N



conpl ex. In this case, a ligand precursor represented by
formula (02) can be represented by formulae (02-1) and (C2-2). 5

X-Y(R4) (R5) (C2-1) Synbols in the fornula have the sane neani ngs as
menti oned above. Z-Q R3(C2-2) Synbols in the fornmula have the sane
meani ngs as nentioned 10 above. [0055] A ligand
precursof OPéPlesented by formula (03) can be represented by the
followng formula (03-1). R5 Yt--x---R4 (0-0 15 Synbols in the

fornul a have the sarf@Shfitfy<CHe WS dfRreasered poofeprmula

(C3), those represented by the following formula (C4) are

particularly preferable.

R6
RE_ALR® T5
‘ )
R6" N P—R (C4)
0=8—0—M R3
e
5 L

In the formula, four Rés 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 halogen atom;

10 and M, R3, R4, RS and 13 have the same meanings as those in
formula (C2).

[0050]
In formula (C4), preferred R?® is an alkyl group
having 1 to 6 carbon atoms, particularly methyl group.

186 Both of R? and R® are preferably a cyclohexyl group,
cyclopentyl group or isopropyl group. M is preferably Pd.
[0051]

The metal complex of the catalysts represented
by fdrmulae (C2} and (C3) can be synthesized according to

20 the known documents (for example, J. Am. Chem. Soc. 2007,
129, 8948). That is, a metal complex is synthesized by
reacting zerovalent or bivalent M source with a ligand in
formula (C2) or (C3).

The compound represented by formula (C4) can

250 be synthesized by making ¥! and Q in formula {(C3) a
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In formula (02), it is preferable to select the ratio between the M
source (M and a ligand precursor 20(02-1) (X) or a ligand precursor
(C2-2) (2 (i.e. XIMor ZIM or the ratio between the Msource (M
and a ligand precursor (03-1) (03 ligand) (i.e. (03 ligand)/M wthin
the range of fromO0.5 to 2.0, nore preferably from1.0 to 1.5.

25[ 0057] specific groupVpenreéspbadlng thefomnala cGiplex of fornul a
(02), (03§ or_(04), the one stabilized by maki ng an el ectron-donati ng
| i gand (i 95%bordinate to the metal conplex in advance may be used.

[ 0058] 4. Met hod for producin ql yner_ .Th t hod for,_produci ng the
it amptﬁiveésnt%l or%eyc?rjﬁ? ieé‘gﬁs%;;rsc?&:l&? (lf“)%l eperfor m ng

pol ymer of the preseﬁi_l _
5 pol ymet 2815 9Bk 83EL 4O USEOPoRe m%afﬂww,ﬁtélaﬁlﬂ%w ocess

(I'l) of separating polymer fromthe pol ynerization reaction solution
ret urini ngotih€er esQVeES EHaSHIBGR PN COFRSEL NG Ng(Nhecomgh aknelompkax , 5-
catalyst to the polynerization reactor w thout post-treatnent for
cyclical cy0leoegsadéne heiclke bl ysta sol ckebrsomthee product i on net hod of
the present invention can be perfornmed in either of a batch node in
whi ch thé%@afhl yst solution is recovered after the termination of the

pol ymeri zation reactjon to be used in e subsequent pol rization
reaction; and a 15 8%?Fﬁﬁﬁh§ n%ﬁgaﬂﬁnﬁhkgﬁo%ﬁFﬁelB&EPdgf(ﬁgg—

pol yner i i i i i j dur i t .

Dol Yrmor | St CoC e B R Lo e P e TR

separgat | gglLéhedspt pd yBidang fedtyares, is returned to the pol ynerization

reactor. 20[0059]4-1. Polynerization reaction process (I)
bis(acetonitrile)dichloropalladium (PdC1,(CH,CN),},
bis{benzonitrile)dichloropalladium (PdCl,{(PhCN),),
(N,N,N’,N’~tetramethylethylenediamine)dichloro
palladium(II) (PdCl,(TMEDA)), (N,N,N’,N’-

15 tetramethylethylenediamine)dimethyl palladium (ITI)

(PdMe, (TMEDA) ), palladium(II) bis{acetylacetonate)
(Pd(acac),), palladium(II) triflucromethanesulfonate
(Pd(OCOCF3),) as a palladium source and (allyl)nickel
chloride, (allyl)nickel bromide, nickel chloride, nickel

20 acetate, nickel(II) bis(acetylacetonate) (Ni(acac},),
(1,2-dimethoxyethane)dichloronickel (IT) (NiCl,(DME)) and
nickel (II) trifluoromethanesulfonate (Ni(0S0,CF,),) as a
nickel source.

[0054]

25 While an isolated metal complex represented by
formula (C2), (C3) or (C4) can be used, the metal complex
generated by bringing a M-containing metal source into
contact with a ligand precursor and an electron-donating
ligand (L*®) in the reaction system can also be used for

30 in-situ polymerization without isolating the metal
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There are no particular limtations on the polynerization node and it
may be any one of a solution polynerization, a suspension

pol yneri zati on, vapor-phase polynerization and a bul k pol yneri zati on.
The present 25 invention does not depend on the pol ynerizati on node,
but a solution polymnerization nethod, a suspension polynerization

net hod aR8™BL8%t k pol yneri zati on method are preferable fromthe

vi ewpoi nt of the pol ri.zation efficiency. Fromthe viewoint of the
ceparation of the 3CTATHY A Gt (PR PRGYRSP? FEPFESAPEEEr abl o

that th g d Yy Wol i i issal v in

t he pol %%r?ggﬁ?%% é%te%%a%%%n%%@%¥§€%r leér%‘.gt(tc?ezs ngl t?t%?ion i's
cooled from-the tenperature at the tine of polynerization. In this
case, the liquid in which the 5 polyner and catal yst are dissol ved
(recaover gd—sp ifg)) can be isol ated by i1qpl e operation such as
filtration. Igv?ﬁgwcase where the genera?gglgglyner is dissolved in

t he sol usinBite1& hen pethy MBS rfiEls ey we paiat £ond neh IR G S weh t8Sned
reprecipitation and evaporation of a solvent and 10 unreacted

nmononer sabove. The pol ynerization reaction can be perforned
either by a single stage polynerization or a nultistage

pol yneri Zat+i@r—H%0060] 15/t is necessary(Cpa) the nononers to be used
i nclude at | east one nononer represented by fornmula (1). These
mononer sSy@po be ikethsifegmuls have driis resmieomesntinogse\eer aleniboomeer s.
In the case of the batch node, it is also possible to separate the
cat A% st3@ReY®iti on and 20 pol ymer by pol ynerizing ol efin other than

t he one r@@ § ented by fornula (1) and addi ng the nonomer represented
by formuta % f to the polynerization reactor at the end of the

reaction. [0061] 25%he ;mldr phakh2sBet WepRethALER B), EQPRLEYX (c3)

can be represented by the following formula (C3-1).

R5
Y!—X—R*
| (C3-1)
Q—R®
15 Symbols in the formula have the same meanings as mentioned
above.
{0056]

In formula (C2}, it is preferable to select
the ratio between the M source (M) and a ligand precursor
20 (C2-1) (X) or a ligand precursor (C2-2) (Z) (i.e. X/M or
Z/M) or the ratio between the M source (M) and a ligand
precursor (C3-1) (C3 ligand) (i.e. (C3 ligand)/M) within
the range of from 0.5 to 2.0, more preferably from 1.0 to
1.5.
25 [0057]
When isolating the metal complex of formula
(C2), (C3) or (C4), the one stabilized by making an
electron~donating ligand (L3) coordinate to the metal
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catal yst represented by fornmula (d), (C2), (C3) or (C4) and the
total anmount of nononers (nononers/netal conplex) is within the range
of from1l to 10,000,000, preferably the range of from 100 to

1, 000, 000. 30[ 0062] There are no particul ar
limtations on the polynerization tenperature. The polynerization is
gener al | gonphduciedadvanceenperie uveedn the range of from-30 to
300C, preferably in the range of from-30 to 5 200C, nore preferably
in the rafR§edef frorf 0 NYNEDE I PRI GIES BFeFSFably in the range

of from20 to 150C There,are n arti.cular limntations
on the pol ymeri zat i ngleprr%e"stshuc?%.foﬁwé’tf&?ut%élgp%}%n@ﬂlﬂeiroﬁfpﬁ: sure

depends 9%5@&959@@5@&% %’&g%?fsé@tﬁfé@éséo(f@mérféf}ﬁn

pol ynerization is conducte a pol'ynerization pressure In g{ he range
fromMor pelypeesssat Coh orghtt abh s Phi@ss i€ Of S8 IVBa alcdmfs: athe
pol ynmeri zation is conducted at a pressure preferably in the range
from norpubcpeessliip ¢6 20pdFatimpreolyrderabby tIte ipplmes miagrege dr om
normal pressure to 10 MPa. [0063]. The pol yneri zation
time cantBeChpProp?iat &Py abp LBy hher R YIETT AR W Aetivity of
the catalyst_in.the case of.a batch node,, and can.be as short as
sever al Eén%ﬁ‘ﬁﬁf%% B?ealgeg%%gcggpg%}f/e?aﬁa% r%%nfffb rs. In the case
of the Cgﬂigﬂé}?%aﬂﬁgﬁ’rég'& Sk h;%@c Py te A8 38ver al
m nutes or as long as several tens of hours. Repeating thecyclical

use of theusataf yshe enabtepsseyenat idMougaRd phodigtabnC #BthBUOUS
operation. 25[0064] It is preferable to perform

pol ymer i zhei pnesemfer iavenneet cms o mosphemeed ampremardr tdife adecr ease
in the catal gst activity. In the case of the solution polynerization,
an i nertP8bFientdemin behigedthe @RiR YD solution is recovered

after the termination of the polymerization reaction to be
reused in the subsequent polymerization reaction; and a

16 continuous mode in which while part of the polymerization
reaction solution is withdrawn during the polymerization
reaction, the recovered solution obtained by separating
the catalyst and polymer is returned to the polymerization
reactor.

20 [0059] 4-1. Polymerization reaction process (I)

There are no particular limitations on the
polymerization mode and it may be any one of a sclution
polymerization, a suspension polymerization, vapor-phase
polymerization and a bulk polymerization. The present

25 invention does not depend on the polymerization mode, but
a solution polymerization method, a suspension
polymerization method and a bulk polymerization method are
preferable from the viewpoint of the polymerization
efficiency. From the viewpoint of the separation of the

30 catalyst solution and polymer, it is preferable that the
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30 to nononers. There are no particular limtations on the i nert
sol vent, and exanples include aliphatic hydrocarbon such as

i sobut ane, pentane, hexane, heptane, octane, decane and dodecane;

al i cyclic hydrocarbon such as cycl opentane, cycl ohexane and

met hyl cycl opent ane; aromatic 5 hydrocarbon such as benzene, toluene
and xyl egenehatedepal ede hyplr echp bont sichl Esowh ez iofordh s swetved eme

chl oride, carbon tetrachloride, dichloroethane and tetrachl oroethane,
chl or obehRBnROLANERI B2 bheRz7ePkV et 30G dMIATIIEhASnc eatt pian Chest er

such as nethyl acetate 10.apd ethyl acetate: and ,arqnmati.c ester such
oo et nyPObBLLoRt £ mrde R er SR e, B Y S Ve vy b
used i nd t I fot edy.l:in.c i nation.
(5065) 4. BOEHIEF 2 200t WD I o | 25T TRNID U5CImuBrC ERE.

li mi tmat i pesyR8r t §8d B4 HOTy 01 a 86 P& £ Ngh POl pEBIvd F ddi&it ion)

pol ynmeri zation reaction solution containing a nmetal conplex catal yst
and commoanskepar at1anedretbhoalss eyl é eorad toyed . s itargd €Sl ttherteiein .
include centrifugation, filtration and 20 sedi nentation separation.

From t hel%i BdpoFate ofheeparr | HpReFF 19 arehwnsid dshdigrselered tinre,
centrifugation,separatjon and filtration separati are preferable.
[0066] Tha® Sebberety sHPTtORYBHt A Hbd by SRR T Y 2 THEDht al yst
and pol cont ai - éﬁggg I -
unregctZ%E%%n%%efiﬁéﬁglﬁﬁgyﬁpi%.gﬁ%?%ﬁ conp e£92§$a 3%Fg%%ﬁg)rmheans
t he pat aliyséatPedhh@tomSr®f the original netal conplex catal yst Cl

and the like is substituted with R2 of the nononer represented by
formul a The polymerization reaction can be performed
either by a single stage polymerization or a multistage
polymerization.
[0060]

15 It is necessary that the monomers to be used
include at least one monomer represented by formula {(1).
These monomers can be used singly or in combination with
several monomers. In the case of the batch mede, it is
also possible to separate the catalyst solution and

20 polymer by polymerizing olefin other than the one
represented by formula (1) and adding the monomer
represented by formula (1) to the polymerization reactor
at the end of the reaction.

[0061]

25 The molar ratio between the metal complex
catalyst represented by formula (Cl), (C2), (C3} or (C4)
and the total amount of monomers {(monomers/metal complex)
is within the range of from 1 to 10,000,000, preferably
the range of from 100 to 1,000,000,

30  [0062]
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30 (1) as explained in the above-nentioned "1. Mechani sm for

recovery of polynerization catalyst”. Al or part of the recovered
solution can be returned to the polynerization reactor to be used for
pol ymeri zation reaction. In this case, polynerization nononer in an
anount of the nonomer 5 consunmed during the polynerization reaction,
an inert solvent andlkepetate cormbaxt el y stimmeye thieradded tds needed.
Since netal conplex catalyst (Cl-1) in the recovered solution is
stabl e afRlNEEriRBtERPeFRBRPCEREHEEF STt Rl wstl zafd Aydishst

i mpuriti a_method of 10 tepporarily storin tal _conpl ex catal yst
(Cio1) ufiaeeRrlEy SRrfbshRer 8T A GeBRVERGSTe ofpr oie TERRC aph Lron

ret urni ngzpt +0 e~po i L,On.. 1 t e tC sed can
al so be eﬁgl géegpb[886#%%%%%8&%9%%%&58 g‘f‘]ﬂ@aﬁ%%fo 33(5:)3% i nuous
react®r pooYcdeglonkt prarprapessiff thyClaggé dserHbmap cad al ¥$tc and
Mat eri al nononers, metal conplex catalyst (and an inert solvent as
needed) &he mappl pedfepapdyymerithkat rengeeattBrom 26 oo nBi@tCal inl et
5. During the 20 pol ynerization reaction, the polynerization reaction
sol ution is withdrawl®Eht3Fcus|IBATGHEeT didftid@tiprgs osoltager
slurry 3, sent_to_a.solid-liquid aratqr._ 2 and separated into

cat al yst p?; %?’5_?1%%811u?F%ﬁsgrgndsﬁgqﬂﬁib%heTﬁé’. e&?ﬁ‘?@d”ro@cover ed

sol utl onpfelbsuAgaldoLRlYr 0RUCLO bhEpae: PO YERr At L LR OF 1O be

used for polynerization. noners consufed during reacti on can be
appr opr i @bebie s8ppthedpbl gz thea feberi sl codrilttedAVRLES 30[ 0068]

Hereinafter, the present invention is described in greater detail by
ref erri ngolvmEramptesn agndessure in the range from normal pressure
to ultrahigh pressure of 300 MPa or more. The
polymerization is conducted at a pressure preferably in
the range from normal pressure to 20 MPa, more preferably
15 in the range from normal pressure to 10 MPa.
[0063]

The polymerization time can be appropriately
adjusted by the polymerization activity of the catalyst in
the case of a batch meode, and can be as short as several

20 minutes or as long as several hundred hours. 1In the case
of the continuous mode, the residence time can be as short
as several minutes or as long as several tens of hours.
Repeating the cyclical use of the catalyst enables several
thousand hours of continuocus operatiocn.

25 [0064]

It is preferable to perform polymerization
under an inert gas atmosphere to prevent the decrease in
the catalyst activity. In the case of the solution

polymerization, an inert solvent may be used in addition

30 to monomers. There are no particular limitations on the
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Conpar ati ve Exanpl es. The present invention is by no neans limted
thereto. 5 [0069][ Method for anal yzing the polymer structure]

The structure of the copolyners obtained in Exanpl es was determ ned
by various anal yses of the NMR spectra using JNM EX400 manuf act ured
by JEOL Ltd. The content of the nononer unit derived fromthe nononer
10 r epr esentéd sby veotrukad( ¢kanpd edeti erciriidedabypbatl g zh ngrd&iNREOn
spectrum at 80C using deuterated benzene as a sol vent. A
nunber af&FBRgésSniFelilareveP§htanfd Bewerght hankrnge adFaRet ar wei ght

were cal cul ated_by size extrusion 15, chyonatography in which
polystyréﬁgaps e |§$§808§eana'ﬁF¥F af é¥§ﬁﬂ%§ﬁb %b%?gﬁc%susing a

hi gh-te a LC ur Tosoh
Cor por at oG Chrasrach e hoAT B0NE ol e 1 VoSBT ALt A FEolt
series) HgawbastbbadshyhSHNVBeREBKS, KioKuerO( 504 VRPLéne ;

1, 2-di chl orobenzene, tenperature: 145C) [0070] [ Method for determ ning
quanti t yhefloghratedi Hydrocarhbyssuch &bhechddbyotsrandnéihyIate]

Wth respect to copolyners, 0.1 g of a copol yner was wei ghed, heated
in 2 n &hlsgifari eagern hRBrashéarbdni z@uchMpreethanrs cends added

th t il t | uti t ai dtoth b
docomposEoERBRREPEPREn SR, cPhLBETPROZERE: o B FOHEOS AR oI 1) o
actd and.3:gh,8LoBYALOGDL LY £,ASL Ao VELE. AddRd, LIETELO, BN LN, o

sol ution was heated GUntil TT FUFAS col OFf ess  or pal'e yelTow. ~ After

taki n@ sanpl eshol 58ethtef &he 9bbALNLE cSOHLARM ddenguaptity of Pd
as a catalyst constituent was determ ned by an | CP mass spectroneter

( SPQOO00bemanatactndedthyl ShénNamot eclnel agy these) siod véeter mage behe
resi dual catalyst amount. Wth respect to filtrate, 1 m
used independently or two or more of them may be used in
combination.
[0065] 4-2. Cyclical use process (II)

15 There are no particular limitations on the
method for separating polymer from the polymerization
reaction solution containing a metal complex catalyst and
common separation methods may be employed. Examples
thereof include centrifugation, filtration and

20 sedimentation separation. From the viewpoint of
separation efficiency and the process time, centrifugation
separation and filtration separation are preferable.

[0066]
The recovered solution obtained by separating

25 the catalyst and polymer contains a solvent, metal complex
catalyst (Cl-1), unreacted monomers and the like. Metal
complex catalyst (Cl-1) means the catalyst in which R3 of
the original metal complex catalyst Cl1 and the like is

substituted with R? of the monomer represented by formula

30 (1) as explained in the above-mentioned “1. Mechanism for
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5 of the filtrate was neasured off and after allowing the volatile
conponents to evaporate, the residual catalyst amunt was determ ned
in the sane way as in the case of the copolyner. [0071] Synt hesi s
Exanple 1: 10Metal conplex catalyst 1 was synthesized according to
the follow ng reaction scheme: pHydDr)2 (cod)PdMeCl pv_p02- 1ne() 2NH Et
2,6-1uti deAREVELY OE2R2dyDEriZakERC2¢®Ba1BsTY . \ Ml1lPEerSEpard (@if- RhE2NEL ;
Pd 0-11rg88vg%gglsgggzgégs¥gghggi?egargégwﬁgw%%éE%olymerization
reactor to be used for polymerization reaction. 1In this
case, polymerization monomer in an amount of the monomer
5 consumed during the polymerization reaction, an inert
solvent and a metal complex catalyst may be added as
needed. Since metal complex catalyst (Cl-1) in the
recovered solution is stable against the external stimuli
such as heat and against impurities, a method of
10 temporarily storing metal complex catalyst (Cl-1) under
inert atmosphere in a catalyst storage tank and returning
it to the polymerization reactor as needed to be used can
also be employed.
[0067]
15 Fig. 1 shows an example of a continuous
reactor provided with a process of cyclical use of a
catalyst. Material monomers, metal complex catalyst (and
an inert solvent as needed) are supplied to polymerization
reactor 1 from material inlet 5. During the
20 polymerization reaction, the polymerization reaction
solution is withdrawn continuocusly or intermittently as
polymer slurry 3, sent to a solid-liquid separator 2 and
separated into catalyst recovered solution 4 and polymer.
The obtained recovered solution 4 is again returned to the
25 polymerization reactor to be used for polymerization.

Monomers consumed during the reaction can be appropriately

supplied from the material inlet.

EXAMPLES

30 [0068]
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n-Butyl i thi um (manufactured by Kanto Chemcal 15 Co., Inc., 1.57 M
hexane solution, 174 m, 274 mol) was added to a tetrahydrofuran
(THF) solution (400 m ) of benzenesulfonic acid (manufactured by
Sigma-Aldrich, 21.7 g, 137 nmmol) at OC under nitrogen atnosphere and
the m xture was stirred for three hours at roomtenperature. 20 After
cooling the reacti orfieemtad Herr t &h@me&ﬁﬂtorldmalﬁdpﬂbgﬁ phosphi ne
(manuf act,ur ed B na Al.drich, 19.0 g, 125 mmol) was added thereto
at -78C SRICEE %? fSFe?tSrhSEF§l%IbYo%%#?%ﬁﬁ%?aF%r%Fa¢9¥%ﬁ %%%sing

t he reacti ti Ci uf ctured

Chenlcalb i a9¥tag%bt§8%§ggg gﬁgi gégﬁ% Senﬁﬁgg'dEngnggd
preC|p|tﬁggngailﬁgggaefggrgyoflItratlon and dried under reduced
pressure to obtain phosphonium sulfonate la. The yield was 26.8 g

(78%5 1HODIFR] ( 400 MHe X Ho5 ehadyAithg ke ¥&10mds sGuctihr®3d (dd,
= 21.0, 6.6 Hz, 6H), 3.45 (br, 2H), 5.72 (br d, 1JpH = 380 Hz, 1H),
7 62-7.65 (m 2H) 7igs s(tmucgtur;ﬁ—gof 8129 C@(Emlymer’_sl-mk{t@(i?@}i[ Sylnt hesi s
of Conpound E . A nmethylene chloride solutlon§§35 m ) of
(cod) Pdlv'ééim? %ﬁtﬂ@gi JebeREERrdi By YR Ly ranhesk
5769- 577 y o hene 6.3 5 ). 10 was added
%?Fggga % S&ﬁoﬁﬁ?g m?éﬁéﬁ £€qﬁ%¥ JéBE)Lt&' %%

to a net ene c de S
(dlIsopresﬁteﬂesgbleﬁébﬁaﬁ&ﬁ@ﬁu&ﬁp@'&e@ﬂéﬂdlﬁé&@% Gnorrshek, MOI ) and
di i sopropyl et hyl am ne (nmanufactured by Wako Chem cal Pure em cal

| ndusl ri espkédent88. By gfo 2801 4aMpl) wHlede o goin &l DS phel ey Aindy tthe

m xture was stirred for 2.5 15 hours at room tenperature.
Subsequel¥Ryspedergnl at | 9H° Qass top déseea ik vesichue ams: det er mi ned
to be Conpound | b by anal yzing 1H NVR spectrum and the nass was found
to be 33%9 53%99996 11-1-NMR (400MHz, CDC13):5 0.69 (s, 3H, PdCH3),
1.19-1.45 (m 2

A number average molecular weight and a weight
average molecular weight were calculated by size extrusion

15 chromatography in which polystyrene is employed as an
internal standard substance using a high-temperature GPC
apparatus, HLC-8121GPC/HT, manufactured by Tosoh
Corporation, provided with AT-806MS column {(two columns
arranged in series) manufactured by SHOWA DENKO K. K.

20 (solvent: 1,2-dichlorobenzene, temperature: 145°C).
[0070] [Method for determining quantity of the
residual catalyst in the polymer and filtrate]

With respect to copolymers, 0.1 g of a

copolymer was weighed, heated in 2 ml of sulfuric acid and

25 carbonized. Nitric acid was added thereto till a more
transparent solution was obtained to thereby decompose the
carbide. After cooling the solution, 1 ml of nitric acid
and 3 ml of hydrochloric acid were added thexeto and the
solution was heated until it turns colorless or pale

30 yellow. After taking samples of 50 ml of the obtained
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20 7H), 2.53 (sept, J = 7.1 Hz, 2H), 3.18 (br., 2H, HNCH2CH3), 3 .82
(br., 2H, HNCH(CH3)2), 7.42-7.59 (m 3H), 8.22 (d, J = 3. 6 Hz, 1H),
9.37 (br s, 1H, NH) [0074][Synthesis of netal conplex catalyst 1] A
nmet hyl ene chl oride solution (200 m) of 25 conplex Ib (33.7 g, 58.5

mmol ) was added to a nethyl ene chloride suspension (500 m) of
pot assi uﬁP@BFBBHat Eh?BG‘.JQXB?-tSB‘Bf MBI 35 ahdCEBLY Bk | CRHE (eI 3@ r ed

b k 1 cal . Ind L Ltd. . 62. 7 5 d
ot ogonc el eRupherePindh s P BT of oo eront e a1 ST b0t enper at ure.
Solid regrhpedcafiten Q&SSEtlNQﬂo@&@Hﬁ&iﬁﬁySfﬂaﬁft$%”ﬁg¥efﬁ¥ﬁéx¥%e

pressure was extracted w th nethyl ene chioride.” The extract was
filteredrébiough €etilestdasodhal omied thdspard IowWiy radded tomhexane
(200 mM). The generated netal conplex catalyst 1 was collected 5 by
filtraation, thashettwitd hexaneasmded hehf dmdéd Tinete ra I ledviced reessur e.
The yield was, 27.6 g (94 % . 1H NMR (400MHz, CDC13):5 0.35 (s, 3H,
PACH3), 1o58tidg, componenis 6o se¥aPome, 1ting yepidupl cptalysd: 6 Hz,

6H), 2.54- 2.63 (m .2 3.18 (s,..6H CH3 of lutidi 7.13 , J =
Yo7 2 roangty® whGLablumine® (5 eiflaal Pyl o AHe, 55K o
Cycli cal tHéecgﬁgogyﬁg}gl conpl ex catalyst in the copol ynerization
reaction of allyl” acetate and ethylene Metal conplex catalyst 1

(0. 050 nmmbY1nas Synthesis Example 1:
10 Metal complex catalyst 1 was synthesized

according to the following reaction scheme:

2 (cod)PdMeCl JFPINHEL
" co e P(i-P ,B-lutidine A Me
QPH(I Pr)z (-POoNEY (F PEI)?} Me %2008 QP(;\ Pr)z,
o e E— Pd

-8-0 CH,Cl; -5-0" Cl CH,Cly 25-0"
O i) ) g O 5 ) N
o

1a 1b 1
[0072] [Synthesis of compound la]

n-Butyllithium (manufactured by Kanto Chemical

15 Co., Inc., 1.57 M hexane solution, 174 ml, 274 mmol) was
added to a tetrahydrecfuran (THF) solution (400 ml) of
benzenesulfonic acid (manufactured by Sigma-Aldrich, 21.7
g, 137 mmol) at 0°C under nitrogen atmosphere and the
mixture was stirred for three hours at room temperature.

20 After cooling the reaction container to -78°C,
chlorediisopropylphosphine (manufactured by Sigma-Aldrich,
19.0 g, 125 mmol) was added thereto at -~-78°C and stirred
for 2.5 hours at room temperature. After ceasing the
reaction by trifluorocacetic acid (manufactured by Tokyo

25 Chemical Industry Co., Ltd., 15.6 g, 137 mmol), the
generated precipitate was recovered by filtration and

dried under reduced pressure to obtain phosphonium
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15 dissolved in allyl acetate (75.0 m, 69.8 g, 696 mvol) and added
into a 120 m -vol une autocl ave under nitrogen atnosphere. After
filling the autoclave wth ethylene (4.0 MPa), the content of the
autocl ave was stirred at 80C for two hours to carry out the

copol yneri zation 20 reaction (polynerization reaction 1-1). After
reduci ngsthéorthyl éae pilesswireeld twees (2 \Brer | (Z&td)on reaction sol ution
was cool £d to roomtenperature, and trze pol yner was precipitated from

the pol yrfEiit%t | S M tG ¥t 34 6Puti- 6R. (Pnevpdl yAePi 2ati 6R) r ehc?? on
| uti 25 | Wt i f th ti.an-fi lat d
Cnder i 8gen 2 Sbedhue el iy pEugy 3 pfs PR SE  dn (PR

whi ch coatagosutheine; af. e2apl 6% caf adwst .7 aawl the polymer s g the
pol ymer was dried under reduced pressure. The yield of the isolated
pol yreer (ol §aetHl-1) 30 was 1.94 g and the polyner productivity per

cat al yst 38.9 g/ muol -catal yst. The nunber average nvol ecul ar
wei ght aﬁ@lgi%ight av@ryd&ehe?ﬁﬂse(ﬂﬁ FOTRSYGRE 18! t he copol yner were
cal cul ated 10, 000 and Q, respect.ively, [ Si excl usi.on

chr omat ogr aphy. Ther}llaIn‘fezﬁh(%}e)iLceenteatczhlaéjf)\rnltdeents)é’ilﬁ1 éotnhé(%goﬁngl)yr%rgr was

det er m negdod) dqiaot Y6 byy 08k y 7189 AdENVR Sped NiRoBY diiign.analy s of
114-NMR spectrumof the filtrate, the catalyst in the filtrate was

found to3be a7aetal7&8onpPdbéx Tab-adysloddadierdayilg B it ralctiumendihat
t he Pd- Me bondi ng noiety of netal conplex catalyst 1 was 10

subsil t uvas dgded Pdo Ghgndonyil efheclyanida ysafutRcoras( 20 Catlal ywsft 2-
constituent, contained in the filtrate and pol ynmer was determ ned by
the | CP h3s5S SPERRY b PR IBAIPSAZSRRSHORTHL G RR1DI% ofl &-he Shar ged

| i i he fjl . d
2T oobobd SR PP IS G U Bl B e ©
m - vol ung, aht 0] ayeranshahd ¥11 aﬁ?&@ﬁ% e -eﬁaf.%f{%ﬁ%éﬁ%mtme

total solution anbunt beconmes 75.0 After T he aut ocl ave

W th et hyh@se £Agéh Maposphers aieninomihaautesd ave was 20stid,19 ed
at 80C for two hours to carry out the copolynerization reaction

( pol ¥rerhaat $ ont reawt | temde 23t ud t elSubsdgoeng lyhe teehgbénéipnewsare,
t he pol ynerization reaction solution was cooled to roomtenperature,

and t he pNIeRFeGhas Thcedigsilcice#apr dpteraipsy fer Peafroropadcibon 25
solution. The fol. rrerli@[z j.on regcti on sol Hti on as a sl urrﬁ sol ution
of the Q%Yy%? Sud o FRSCEFET GRGetfRi PRSGel 25t ABEpHeFE PB
thereby be se a[j@\é% into the filtrate, which contains the netal
conpl ex Tcat al(fp/s ,_and the polyner, and the polyner was dried under

reduced B nprega008H 2] NeDELE & @, dh8 s, sahat edeppl Y 1B oCALYNRE, 12 2)

20 7H), 2.53 (sept, J=7.1 Hz, 2H), 3.18 (br., 2H, HNCH,CHs), 3
.82 (br., 2H, HNCH(CH3})2), 7.42-7.5%9 (m, 3H), 8.22 (d, J = 3.
6 Hz, 1H), 9.37 (br s, 1H, NH)
[0074] [Synthesis of metal complex catalyst 1]

A methylene chloride solution (200 ml) of

26 complex 1b (33.7 g, 58.5 mmol) was added to a methylene
chloride suspension (500 ml) of potassium carbonate (80.8
g, 585 mmol) and 2,6-lutidine (manufactured by Tokyo
Chemical Industry Co., Ltd., 62.7 g, 585 mmol) under
nitrogen atmosphere and stirred for 2.5 hours at room

30 temperature. Solid remained after distilling away the
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was 0.99 g and the pol ynmer productivity per catalyst was 19.7

g/ mol - cat al yst. The nunber average nol ecul ar wei ght and wei ght

aver age nol ecul ar wei ght of the copol yner were cal cul ated 10, 000 and
22,000, respectively, by size 5 exclusion chromatography. The allyl
acetate content in the copolynmer was determ ned 4.4 nol % by anal yzi ng
34- 1- NVRsgpeetntumndad kedvaadberesssidevas e¢iatathed diifler ence

bet ween polﬁner 1-1 and polyner 1-2 are within the margin of
exper i nelEd Yé?ﬁ@rcﬁharf-ﬁ@y ame 197 wete "\f?cﬁ ﬁ%terﬁ@w%ﬁ

Can T eabethCcORaY | RbROR: PR Ol yher Setbh T3t tn HEERg (ARt he
cyclical 7e Ofnd rl%eﬁé?fa?éé@tmeéﬂe c%gélﬁ’ls Was%%{%g: ‘{LS%Fp%rol‘i%tc%' St

in the re evant t (two to four nmol - catal'y

Wien g hebyesul t 8a0iopp! ¥aBREAAL1ON KERASAE Odnd -héd leeﬁa)airﬂﬂeﬁ 0 i t
the catal yst activity reproduction after the cyclical use of the

cat al ystrwalecédupdeseube 93he iG] eam@Te R2:,g Qe iB0al use of a
nmet al {;E'd‘lex 20 catalyst in the copolynerization reaction of ally’

acetate D@Eh%%%@%héﬁé Q®|3t§tl &n BHy. BAgH)) :ofl-l\?e& alddondl=ex
cat al yst 0 d nto_a ocI ave

cont aiyni hé é §’1/ a % ?%?( 3? ggn{dd84J9"g;%PS£E8 %Sél’ rrderﬁ" 54-

ni trogen,a he t | 1 g e 0G5 t thy en 3.0
MPa) , the %glr)lt ehtélg A%e%eug%clg@e (%)\Igs ??llglfte \{L%ewfﬁog ?3 5{4 ﬁo%rs to
carry ouy bhgzcopel yneragatien (gacimon € pol yngrization reaction 2-

1). After reducing the ethylene pressure, the 30 pol ynerization
reacti on[80781i on wakxaggdleed :t oOCyodtical use of a metal complex
catalyst in the copolymerization reaction of allyl acetate
and ethylene
Metal complex catalyst 1 (0.050 mmol) was
16 dissolved in allyl acetate (75.0 ml, 69.8 g, 696 mmol) and
added into a 120 ml-volume autoclave under nitrogen
atmosphere. After filling the autoclave with ethylene
(4.0 MPa), the content of the autoclave was stirred at
B0°C for two hours to carry out the copolymerization
20 reaction (polymerization reaction 1-1). After reducing
the ethylene pressure, the polymerization reaction
solution was cooled to room temperature, and the polymer
was precipitated from the polymerization reaction
solution. The polymerization reaction sclution as a
25 slurry solution of the polymer was suction-filtered under
nitrogen atmosphere to thereby be separated into the
filtrate, which contains the metal complex catalyst, and
the polymer, and the polymer was dried under reduced
pressure. The yield of the isolated polymer (polymer 1-1)

30 was 1.94 g and the polymer productivity per catalyst was
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tenperature, and the polymer was precipitated fromthe polynerization
reaction solution. The pol ynerization reaction solution as a slurry
solution of the polyner was filtered under nitrogen atnosphere to

t hereby be separated 5 into the filtrate, which contains the netal
conpl ex catal yst, and the polyner, and the pol yner was dried under
reduced BBefsarmmoTheapréydtof Thee nwdient edquigarenlguollpmewsdghkt was
8.19 g and the polyner productivity per catalyst was 81.9

g/ mol - c&Rgl et InFhavRGABRr MalaFager 10e v ecet ar e L ErRr ekt

I ' f_th I | cul ated 13,000 and
25, 000, PBLRRLEFosI §OPBIOCHOL BhePOEI URC R ety oy S THe Al Lyl
tat o4 i . Q | yzi
FEREN N e A o S R AN Nt AL S

filtratechtheopal ghystwhd &becthmibsat &, nagoioungd 410 DEr ndretRNMR
conpl ex catalyst (Cl-1) having a structure that the Pd-Me bondi ng
noi ety ofpaetatmcorfy exhe atred ywstisl afadHsNMBt Epateduhyod Pde OAc bond.
The quantit Pd as a catal yst constituent contained in the

f

filtratef ?é¥ggaepotlyﬁe@a%%y t R ntpedf bt ¥ 3 '@ g gertioret ry,
dit found that 96% of th d t of th t al yst

o ot ol AZL bR SFEARLot MEcE Y AP S S S S e
e ne . ! g . : ‘

oot oot avB e BEAGLAG hndEee 7 PP, e RO Ll SRR N TS 1 e

reactl onsuBs i xetde§obit & opd-ba@lbond acetl eflRltuere ofvelhuar gati o of
1:1) was replenished so that the total solution anpbunt becones 75.0

m . Aftecatalyshgethet dttact aventaihedt hyltgne {3L1dRa)and e loanrtrent
of the 30 autoclave was stirred at 80C for 24 hours to carry out
t he copof§frederarnbred dadtilvh PRIy | erdiorrmelaati amR-12)WasAf t er

was. ool BRE Tt Taier st ehanrd RO s R ettt 2 T rom

the contained in the filtrate.

15 The recovered solution obtained by filtration
was supplied again to the 120 ml-volume autoclave and
allyl acetate was replenished so that the total solution
amount becomes 75.0 ml. After filling the autoclave with
ethylene (4.0 MPa), the content of the autocclave was

20 stirred at 80°C for two hours to carry out the
copolymerization reaction (polymerization reaction 1-2).
After reducing the ethylene pressure, the polymerization
reaction solution was cooled to room temperature, and the
polymer was precipitated from the polymerization reaction

25 solution. The polymerization reaction solution as a
slurry solution of the polymer was suction-filtered under
nitrogen atmosphere to thereby be separated into the
filtrate, which contains the metal complex catalyst, and

the polYmer, and the polymer was dried under reduced

30 pressure. The yield of the isolated polymer (polymer 1-2)
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5 polynerization reaction solution. The polynerization reaction
solution as a slurry solution of the polyner was filtered under
nitrogen atnosphere to thereby be separated into the filtrate, which
contains the netal conplex catalyst, and the polyner, and the polyner
was dried under 10 reduced pressure. The yield of the isolated

pol ymer ¥psl YréP 2- andwabe Speliygeandrodiecpoy yimerogr othict 1wst ywaper
catal yst _was 5 /[ mol - cat al yst. The nunber average nol ecul ar

wei ght ahd- %eggﬁPO VEFE@%Y%%}eéUF%ﬂ“V%h%ﬂﬂaWﬁIQQ@e STy e WRéLEt

| | d.13. 00 d 29 |
o ot oS Paoie 298 a0 FOu 0 et d2u L SRPFEL A Lt e ST T e

det erm nedy 4,9.88L70 by pa0akaa 29, dbb N @&E{w.zﬁqn%r% S o,

consi dered that the difference between pol yner

are v§ t heRclheioBr ghhoRbtexpPEshENtTe &NGN anrG thhey cane chite 120 sams
pol ynmer. When the pol ynerization was carried out

cont i nuotbkycbprliBehowas dettermimed shnk mebt thw ercondi irio s -WMRh
pol ymeri zation reaction 2-2 without the cyclical use of the catalyst,
t he pol yFRECHFBBUBRPVL E yCHerPescensbigsed | thathethe | EVEIRIQNGR (24 to

e R LSBT yswﬁzﬁ--%%%eesv%@mww dty
b oS olsat St I L E sl e ol kg el Lo e
the mopol ymer i zat i orHeRAGHOBAfymdidiYatacst ake 2a¢rethybane
Metal conplex catalyst 1 (0.010 mmol) was dissolved in allyl acetate
(75.0 mg¢goB®iBugusbP6fomofquantburs under the same reaction
conditions with polymerization reaction 1-2 without the
cyclical use of the catalyst, the polymer productivity per
catalyst in the relevant time (two to four hours) was 21.0
15 g/mmol-catalyst. When the results of polymerization
reaction 1-2 are compared to it, the catalyst activity
reproduction after the cyclical use of the catalyst was
found to be 93%.
[0076] Example 2: Cyclical use of a metal complex
20 catalyst in the copolymerization reaction of allyl acetate
and ethylene
A toluene solution (37.5 ml) of Metal complex
catalyst 1 (0.10 mmol) was added into a 120 ml-volume
autoclave containing allyl acetate (37.5 mi, 34.9 g, 348
26 mmol) under nitrogen atmosphere. After filling the
autoclave with ethylene (3.0 MPa), the content of the
autoclave was stirred at 80°C for 24 hours to carry out
the copolymerization reaction (polymerization reaction 2-

1). After reducing the ethylene pressure, the

30 polymerization reaction solution was coocled to room
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5 added to a 120 m -vol une aut ocl ave under nitrogen atnosphere. After
filling the autoclave with ethylene (4.0 MPa), the content of the
autocl ave was stirred at 80C for 95 hours to carry out the

copol yneri zati on reaction (polynerization reaction 3-1).

Subsequently, the 10 cyclical use of the catal yst (separation of the
pol ymer tedpérbtnate bydsticeipnlymet reds qrreaiic iteetpel yimm zdtd on
reaction using the recovered filtrate) was repeated three tines in

t he sanePRaymasizat EBRANPERCAIPPoYHEFIGat | Fher PadLIENiZaZios 3-4) .

15Table 1 shows the results of the reactjon and Fig. 2 shows a graph
1 i ohPERECL ORI FE SOy e S BT UL Thg ridie RSIRI "o | s
pl otted. i i vt

i near i ot sacsT e LT 0 HnFGRR S0 RIS S g
catalystihfot BRe PRI YARELEN JiRbER doriSa Gl Gl atygdt Dy deferdd ning the
guantity of Pd as a catalyst constituent, which remainéd in the

pol yner aatlaliastedato tiee recbwesed,arhy dHEP-prElsgnapecis aveiady umakd by

expressing the ratio of the residual Pd anount to the charged anmount
of the 25eeucadyBresauper cdeagdelvhat ithe dvenateperpiigethe

cyclical ,use of the polynerization reaction solution three tines, the
anmount ofp?ﬁiémﬁﬁt gﬂlgtw%ﬁiéfffagl t'9*DP LR Pt el REF i n

t he poly 5.9 ) and. |y (@ e red into
the fil trg%gaeW%F S%Ef(g g%l {T%eé/r esi du%%wﬁ?ga%ouﬁ%‘ei ﬁﬂ 8%8&)8/%% Syvas
sevef@al nPlEEQUE AR PNt N PHIR -avdiiye R NAENtdMRNHON
enabl ed retention of the catalyst activity w thout deactivating the
cat al ysttiewetopbl gtiet heetongdldmel ateaCtli DroENcnd t48 ,ldad,l e 1 oss in the

catalyst if the cyclical use 5 of the filtrate after separating the
pol ymer ¥espepeively, Tablsize exclusion chromatography. The allyl

acetate content in the copolymer was determined 4.0 mol%
by analyzing !H-NMR spectrum. By the analysis of H-NMR

15  spectrxum of the filtrate, the catalyst in the filtrate was
found to be a metal complex catalyst (Cl-1) having a
structure that the Pd-Me bonding moiety of metal complex
catalyst 1 was substituted by a Pd-OAc bond. The guantity
of Pd as a catalyst constituent contained in the filtrate

20 and polymer was determined by the ICP mass spectrometry,
and it was found that 26% of the charged amount of the
catalyst was contained in the filtrate.

The recovered solution obtained by filtration

was supplied again to the 120 ml-volume autoclave. After

26 adding allyl acetate in an amount consumed in the
reaction, a mixed solution of allyl acetate/toluene
(volume ratio of 1:1) was replenished so that the total
solution amount becomes 75.0 ml. After filling the
autoclave with ethylene (3.0 MPa), the content of the

30 autoclave was stirred at 80°C for 24 hours to carry out
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Reaction No. Reaction tinme Yield Productivity Catal yst . residual
ratio in polynmer Pd content in polynmer hours g g-polyner/molcat %

I.tg/g

10

ib

20

25

30

the copolymerization reaction (polymerization reaction 2-
2). After reducing the ethylene pressure, the
polymerization reaction solution was cooled to room
temperature, and the polymer was precipitated from the
polymerization reaction solution. The polymerization
reaction solution as a slurry solution of the polymer was
filtered under nitrogen atmosphere to thereby be separated
into the filtrate, which contains the metal complex

catalyst, and the polymer, and the polymer was dried under

" reduced pressure. The yield of the isclated polymer

(polymer 2-2) was 5.24 g and the polymer productivity per
catalyst was 52.4 g/mmol-catalyst. The number average
molecular weight and weight average molecular weight of
the copolymer were calculated 13,000 and 29,000,
respectively, by size exclusion chromatography. The allyl
acetate content in the copolymer was determined 4.0 mol%
by analyzing 'H-NMR spectrum and it can be considered that
the difference between polymer 2-1 and polymer 2-2 are
within the margin of experimental error and they are the
same polymer.

When the polymerization was carried out
continuously for 48 hours under the same reaction
conditions with polymerization reaction 2-2 without the
cyclical use of the catalyst, the polymer productivity per
catalyst in the relevant time (24 to 48 hours) was 58.3
g/mmol-catalyst. When the results of polymerization
reaction 2-2 are compared to it, the catalyst activity
reproduction after the cyclical use of the catalyst was
found to be 90%.

[0077] Example 3: Cyclical use of a metal complex
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3-1 95.0 7.59 759 2 2.9 3-2 98.0 4.67 467 1 2.8 3-3 70.0 3.20

10

156

20
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catalyst in the copolymerization reaction of allyl acetate
and ethylene

Metal complex catalyst 1 (0,010 mmol) was
dissclved in allyl acetate (75.0 ml, 69.8 g, 696 mmol) and
added to a 120 ml~volume autoclave under nitrogen
atmosphere. After filling the autoclave with ethylene
(4.0 MPa), the content of the autoclave was stirred at
80°C for 95 hours to carry out the copolymerization
reaction (polymerization reaction 3-1). Subsequently, the
cyclical use of the catalyst (separation of the polymer
and filtrate by suction filtration and re-polymerization
reaction using the recovered filtrate) was repeated three
times in the same way as in Example 1 (polymerization
reaction 3-2 to 3-4).

Table 1 shows the results of the reaction and
Fig. 2 shows a graph in which the cumulative polymer
productivity against reaction time is plotted. As in Fig.
2, the polymer productivity showed a nearly linear
increase with reaction time. The residual ratic of the
catalyst in the polymer in Table 1 is calculated by
determining the quantity of Pd as a catalyst constituent,
which remained in the polymer and failed to be recovered,
by ICP-mass spectrometry, and by expressing the ratio of
the residual Pd amount tec the charged amount of the
catalyst in percentage. That is, even repeating the
cyclical use of the pblymerization reaction solution three
times, the amount of the catalyst which failed to be
separated and remained in the polymer was 5 % at most, and

the catalyst could be recovered into the filtrate. Also,

the residual Pd amount in the polymer was several
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320 1 3.3 3-4 152.0 5.80 580 1 3.2 Total 415.0 21.3 2,126 5 3.0

10

15

20

micrograms per gram (ug/g). Thus, the present invention
enabled retention of the catalyst activity without
deactivating the catalyst even after the longtime reaction
and with little leoss in the catalyst if the cyclical use

of the filtrate after separating the polymer is repeated.

Table 1
. Catalyst .
. Reacnon Yield Productivity residual ratio in Pd content in
Reaction time polymer
No. polymer
hours . g-polymer/mmol- o ugle
cat
3-1 85.0 7.59 759 2 2.9
3-2 98.0 4.67 467 : 1 2.8
3-3 70.0 3.20 320 1 3.3
34 152.0 5.80 580 1 3.2
Total 415.0 21.3 2,126 5 3.0
[0078] Comparative Example 1: Copolymerization of

methyl acrylate/ethylene

A toluene solution (37.5 ml) of Metal complex
catalyst 1 (0.10 mmol) was added to a 120 ml-volume
autoclave containing methyl acrylate (37.5 ml, 35.9 g, 417
mmol) under nitrogen atmosphere. After filling the
autoclave with ethylene (3.0 MPa), the content of the
autoclave was stirred at 80°C for three hours to carry out
the copolymerization reaction.

After reducing the ethylene pressure, the
polymerization reaction solution was cooled to room
temperature. The polymerization reaction solution as a
white slurry solution was subjected to suction-filtration
under nitrogen atmosphere to thereby separate a
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[ 0078] Conpar ati ve Exanple 1: Copol ynerization of 10 net hyl

acryl at e/ et hyl ene . A toluene solution (37.5 m) of Meta
conplex catalyst 1 (0.10 mol) was added to a 120 m -vol une autocl ave
containing nmethyl acrylate (37.5 m, 35.9 g, 417 mmol ) under nitrogen

at nosphere. After fillin he 15 autoclave with ethylene (3.0 MPa),
The. cont GHETGH UERE tadtOCTaVE #AS BOLYREd 4t ee@; POLVERT OB Wdtrs (o

CRrTY, pulirkite GAAOLY HRULLAN. gpessa%' OMhe yield of pafiddl £ GlUei ng

t he et hyl ene pressuré, yheri zation r

cooled tag, ﬂq0612osiﬁ8@efﬁéu§§1.ﬂ@@ &EQY&@%é&fﬁé&”hﬁE§¥%'f¥1€¥¥ i on

as a white slurry solution was subjected to suction tration under
ni t r ogenmatcimspherd0bonlheweby asdpdr abethe47iitrans! veethefébyrate
and polyner A, and polyner A was dried under reduced pressure. The
y|eId5ofPﬁ@pyﬁétaAEWEQGBr@magnngnEQIYMerpoay@epohmmedlBsm$wed in the
filtrate, nethanal (400 m,) was_added to the filtrate to thereby 5
preC|pltﬁ?EOFﬁéeFeﬁﬁlﬁPﬁElBBF§ﬁ%FraEHBnp%P?n%Flﬁﬁm%%d?%c6%@¥@@dby

e BrEEERELON A0 YIRS S qsh el R SRR The Vi ohd
e yle (0)

pol yner separ at ed

pol ymer (total of pOf @Bgﬁema&@ tﬁ)evgaépaﬁra&%cgﬁo%]%éf‘e(t%@ AR £

productivity 10 per yst was 66 g/ mol - catal'yst. By si ze

excl usi opoamemfatagaﬁahg) whe augbeg, ayed agite NBb BEtk Arp WA EEE 1 Ry,
wei ght average nol ecul ar wei ght of polynmer A were calculated 9, 000
and 18, 0Oper aatiaimetnuabebCaVeghgeol-catalyst. By size exclusion

chromatography, the number average molecular weight and
weight average molecular weight of polymer A were
calculated 9,000 and 18,000, and the number average
molecular weight and weight average molecular weight of
15 polymer B were calculated 7,000 and 13,000. The methyl
acrylate content in polymers A and B determined by
analyzing H-NMR spectrum was 9.2 mol% in polymer A and
12.4 mol% in polymer B, respectively. The Pd catalyst
residual ratio in polymer A and polymer B was determined
20 by ICP-mass spectrometry and found to be 9 % (300 ug/g)
and 22 % (672 ng/g), respectively.
Accordingly, since 31 % of the charged amount
of the catalyst remains in the polymer (total of polymers
A and B) after one polymerization reaction, it is
25 difficult to cyclically use the catalyst using methyl
acrylate which is not included in formula (1), as a polar
group-containing monomer. Also, the catalyst residue
remained in the polymer in large amounts.
[0079] Comparative Example 2: Homopolymerization

30 reaction of ethylene
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nmol ecul ar wei ght and wei ght average nol ecul ar wei ght of 15 polyner B
were cal cul ated 7,000 and 13,000. The nethyl acrylate content in
polynmers A and B determ ned by anal yzi ng 1H NMR spectrumwas 9.2 nol %
in polynmer A and 12.4 nmol %in polyner B, respectively. The Pd

catal yst residual ratio in polymer A and polyner B was determ ned 20
by | CP-mass spect r orfetgol i afhdidte lbecthplek3a@tpdhgr and 0225% (672
pg/ g), respectively. Accordingly, since 31 % of the

char ged Bhbudisoplyed tatdd yst eenedhieena vde pblgthemia ¢t dl2hfml-
polymers A and B) after one é)ﬁl merization reaction, it is 2

23
di ffi cul YOtEMeyREFeat# e uskiehe tat A3 12 UK T et -hy PEAEFy Fatd 10fi ch
\Sonot | BRLUESELIOT IR {dlys 8% 2 ) Al U LONLAIILNG nore!
so, thé catalryst residue rendl ned I the pdl yner in 1arge anbunts.

[ 0079 Cogpapaiive Ftanpt £rleq HOMOR! oy MBS F Z3Hd Ab 30 LGN Rt

et hyl ene A(\jsol ution of Metal conplex catalyst 1

(0. 05 M yhdissdymet zat IS ntedt it uene was added into a 120

m -vol une aut ocl ave under nitrogen atnosphere. After filling the

aut ocl ave with et hylAditen <@iuPa), thise etbytlene pieshurs,athecl ave was
stirred at_80C for one hour to carry out the polynerization reaction.
After rodRtYRYE + FRt B hyFeaet I sEUYE 1ahé' G0l §RRYS L 4t PP eact i on

sol ution_was cool ed t room te

s co J enper at ur.e. ﬁg’% slurry solution g t8ai ned
by pouri HGRER 14-F eacti%on ¥oTYt PonUTES RECRANGE GMePPPELPd: 58°t o
thergpy pbL& NoRolyal iV engid ML SOlLL POWASIated to thereby 1N€
yield of the separated polynmer was 8.3 g. By size exclusion
chr onat agisepity , pd hee thhene averagece solid powder.
The yield of the separated polymer was 8.3 g.
By size exclusion chrometocgraphy, the number average
molecular weight was 30,000 and Mw/Mn was 2.3. The Pd
15 catalyst residual ratio in the polymer was determined by

ICP-mass spectrometry and found to be 214 ng/g (residual

ratio of 33% to the charged amount).

Description of Reference Numerals
20 [0080]
Polymerization reactor
Solid liquid separator
Polymer slurry
Recovered solution of the catalyst

25 Supply inlet of materials

g O s W N

Polymer draw line
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nol ecul ar wei ght was 30,000 and MV WMh was 2. 3. The Pd 15 catal yst
residual ratio in the polyner was determ ned by | CP-nmass spectronetry
and found to be 214 lig/g (residual ratio of 33%to the charged
anount). Description of Reference Nunerals 20[ 0080] 1 Pol ynerization
reactor 2 Solid liquid separator 3 Polyner slurry 4 Recovered
solution of the catalyst 25 5 SupploLaIMset of materials 6 Pol yner
draw line CLAIMS 1. A nethod of producing a polyner in the nethod

for producing a copolynmer of olefin and a polar group-5 containing

1): 1) 2=C(R1 R1)2)nR2( 1
frononer Egpresented Eyméggégng%(pgodé%igg a(%ol ééxin)t e mé&ﬂ%d
for producing a copolymer of olefin and a polar group-

5 containing monomer represented by formula (1):

C(R*Y) 2=C (R} (C(RY) ) aR? (1)

(in the formula, three to five Ri's may be identical to

each other or different from each other, each representing
a hydrogen atom or a hydrocarbon group having 1 to 5

10 carbon atoms; R? represents -OR?"!, -SR2-l, -OCORZ! where R2-
! represents a hydrogen atom or a hydrocarbon group having
1l to 18 carbon atoms, -N(R?2), where two R22/s may be
identical to each other or different from each other, each
representing a hydrogen atom, a hydrocarbon group having 1

15  to 18 carbon atoms, =-COR23, or -COQR2-? where R2-3
represents a hydrocarbon group having 1 to 10 carbon
atoms, or a halogen atom; and n represents 0 or 1.), the
method comprising using a complex of a metal in Group 10
of the periodic table as a catalyst; and supplying a

20 catalyst solution separated from a polymer after the
polymerization reaction to a polymerization reaction

system to recycle and re-use the catalyst.

2. The method of producing a polymer according to

26 claim 1, wherein the supply of the catalyst solution
separated from the polymer after the polymerization
reaction to the polymerization reaction system to recycle
and re-use the catalyst is carried out without any post-
treatment.

30
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(in the fornula, three to five Rl's may be identical to each other or
different fromeach other, each representing a hydrogen atomor a
hydr ocarbon group having 1 to 5 10 carbon atons; R2 represents
-0R2-1,-000R2-1 where R2- 1 represents a hydrogen atomor a

hydr ocarbon group having 1 to 18 carbon atons, -N(R2-2)2 where two
R2-2's nBy be identiTia¢ netleathodtgwrduwriny f4 erenimdyr aroceaeH not her
each representing a hydrogen atom a hydrocarbon group having 1 15 to
18 car boRlaisms, l@m}élgh 6he- gpORRY 3t Whede ®D- Bhe epemsken sofa the
hydr ocar bon _group_having 1 to _10 carbon, atons, or a hal ogen atom and
n repr es@ﬁ??golBr G{opp gﬂeoﬁett%‘adp‘éﬁh%‘ﬂ%iﬁﬁbk%i%ﬁ EEREMF e DP]

net al inf&ﬂﬂﬁ 19(:?? .the periodic table as a catal yst; and supplying
a 20 catal'yst sol'ution separated froma polyner after the

pol ymeri zatiopsreaction to a polynerization reaction systemto
recycle and rg-use the catal yst. 2. The nmethod of producing a polyner
accordi ngato_ S_Qhai m1, WneEF@j n the supply of the catal yst solution
separated from the pol yner aft’er the polynerization reaction to the
pol ymeri zati ofizreacti on systemto recycle and re-use the catalyst is
carri®d out t hout any posttreatnent. 30 3. The nmethod of producing
a pol ymerjacenedefgnti®atl @i Prdreidnibi hndher catah Vel @Bslg, ofo tde
conplex of the nmetal in Goup 10 of the periodic table is represented
by formuthe(geyibdidt BIHCE) BlYIeydasdnts forgndua hdhvriewr esents a
metal atomin Goup 10 of the periodic table; LI represents a group
havi ng anhtreegenabeomXN) , 2 apphephoissazeon B )P) onramrerggdt ¢ at om

(As) and bond?d to Mat the atom L2 represents a
atom (As) and bonded to M at the atom; L? represents a

10 group having an oxigen atom (0) or a sulfur atom (8) and
bonded to M at the atom; L3 represents an electron-
donating ligand; and R?® represents a hydrogen atom, an
acyloxy group, or a hydrocarbon group which has 1 to 30
carbon atoms and which may be substituted by one or more

15 groups selected from a halogen atom, an alkoxy group, an

aryloxy group and an acyloxy group).

4. The method of producing a polymer according to
claim 3, in which the catalyst represented by the general
20 formula (Cl) is represented by formula (C2):
RS
|
Y—X—~R*
(C2)

Z—Q—M—R?®

L3

(in the formula, M represents a metal atom in Group 10 of
the periodic table; X represents a phosphorus atom (P) or

an arsenic atom (As); R3 represents a hydrogen atom, an
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10 group having an oxigen atom (0) or a sulfur atom (S) and bonded to
Mat the atom L3 represents an electron- donating |ligand; and R3
represents a hydrogen atom an acyl oxy group, or a hydrocarbon group
which has 1 to 30 carbon atons and which nmay be substituted by one or
nore 15 groups selected froma hal ogen atom an al koxy group, an

aryl oxy greoilipxgngdranpacykoxyhgaedpirbon drodpeviethogsof1 prOBEi ng a
pol ymer according to claim3, in which the catal yst represented by

t he generakb20 &6rmal andCihick maprlesesntlesit byufed noy cofd®)r mRGCeYXR4 Z
Q MR3(C2) L3 éin the fornula, Mrepresents a netal atomin Goup 10
of the p8FPBAPcSEABFESIXIFeBr dshateTen phbdphotius? HEDHY (FJOWR, &l

arsenic ato As).. R3 represents.a hydrogen at an yl oxy group,
or a hyd%ggg?%gnéa?gﬁpan i eh ﬁﬁglﬁx¥og§% argfoﬁégat&%i %dewﬁgch may
be supsti r t r m an
al ko% g%%g%,ﬁgg%g?g?og%pgggﬁ%gaﬁﬁ%&%ﬁofgorg’r %%@%ﬁﬁaﬁ#%
each 5 iadependeny| yroepr esesilql hyes0gennat GMnany 2dkodXYoBroup, an
aryl oxy group, a silyl group, an am no group, or a hydrocarbon group
whi ch hakydrooa8boragbonp avlehsh anas whi th Ihycdebeubstonsitad! byhiaie or
nore groups selected froma hal ogen atom an al koxy group and an

aryl oxy BrYupe RAPERHLUBCRELaYNHeOhIMRIR JEPWRE P Okeed F 5B @ a

ring sftrug%ure' Qgrepresen}n]% a dival ent group represented in,the
fol | owi MEBYAERETEOR 0 THROFY PEOIS- T MY ARC20) -GE9M’ - 2Pe=0)
(- OHy O'I}GMmaﬂf kge{ 'b%rlcﬂed"’hc%' eea%l'fj‘%cthlglrattot I%%rl}he%i Q@.in%g structure; Q
represents a divalent group represented in the following
brackets "[ ]" in Z[-8(=0),-0-]M, Z[-C(=0)-0-]1M, Z[-
P({=0) (-OH)-0-1M, or Z[-S-]M where Z and M at the beginning
and at the end of the formulae are described to show a
15 bonding direction of the group); Z represents a hydrogen
atom or a hydrocarbon which has 1 to 40 carbon atoms and
which may be substituted by one or more groups selected
from a halogen atom, an alkoxy group, and an aryloxy
group; Y and Z may be bonded to each other to form a ring
20 structure; R* and/or R’ may be bonded to Y to form a ring

structure; and I? represents an electron-donating ligand.)

5. The method of producing a polymer according to
claim 4, wherein the catalyst represented by formula (C2)

2b is represented by formula (C3):

R5
|
Yl—Xx—R*
| ©
1
L3

(In the formula, Y! represents a divalent hydrocarbon
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and at the end of the fornul ae are described to show a 15 bondi ng
direction of the group); Z represents a hydrogen atom or a

hydr ocar bon which has 1 to 40 carbon atons and which may be
substituted by one or nore groups selected froma hal ogen atom an

al koxy group, and an aryloxy group; Y and Z may be bonded to each

ot her togkoum ahtichgh26 3t tucl0r earBénanddws &Hodnmelyidle heopdesd to Y to
forma ring structure; and L5 represents an el ectron-donati ng

| i gand. ) s8bFhétmeedoldyobnpr oduspng arpebyneelecteddfngat®d haloged ai m
4, wherein the catal yst represented by fornmula (02) 25 is represented
by for nufECPo3F? REXOXYLSTOPA. t ABIS BRNBFRLOXY FEPiRSefRd %fdfwéﬁent
hydr ocar Qgon rqydp whi,c as_1 to 70 carbon .atons and i.ch.may be
Subst tuted By e BRang: ARk il SRS TR B arb o g, an

al koxy greyp,)and an aryloxy group; and Q M X R3, R4, R5, and L3
have the same neanings as in fornmula 5(C2).)

6. The method of producing a polymer according to
claim 5, in which the catalyst represented by (C3) is

represented by formula (C4}:

RS
RAR Ts
RS L~ Fl’ RE (C4)
o=ﬁ——-o——|v| R3
10 O L3

(in the formula, four R% s each independently represent a
hydrogen atom, an alkyl group having 1 to 8 carbon atoms,
an alkoxy group having 1 to 8 carbon atoms, an aryloxy

16 group having 6& to 18 carbon atoms, or a halogen atom; and
M, R3, R%, RS, and L°® have the same meanings as in formula

(C2).)

7. The method of producing a polymer according to
20 any one of claims 1 to 6, wherein part of a polymerization
reaction liquid is continuously withdrawn from a
polymerization reactor during the polymerization reaction
of the monomer using a continuous polymerization reaction
apparatus provided with the polymerization reactor and a

25 solid-liguid separator; the catalyst solution and the
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6. The nmet hod of producing a polynmer according to claim5, in which
the catal yst represented by (03) is represented by fornmula (04): R6
(in the formula, four R5's each independently represent a hydrogen
atom an al kyl group having 1 to 8 carbon atons, an al koxy group
having 1 to 8 carbon atons, an aryl oxy 15 group having 6 to 18 carbon
atons, opodyharoges aeparabhed M 3 R4]iR5]iqnid LSepanaetdhe saie
nmeanings as in fornula (C2).) 7.The method of producing a pol yner
accor di ngh€oSepasayedneabilerhi pelutien 6l s WiRFEIREPF? ©te a

pol ymeri zation reaction liguid is continupusly wthdrawn froma

ol yier | SHVBR EREHBR atr PHOT ot SOy MeF DRt VR Ehtt f on of e
nononmer using a continuous polynerization reaction apparatus provided
with the polynerization reactor and a 25 solid-liquid separator; the
catal yst solution and the polymer are separated in the solid-liquid
separator; and the separated catal yst solution is returned to the

pol yneri zati on reactor w thout being treated.

b4



