DESCRIPTION

METHODFORPRODUCINGPOLYMERANDLIVINGRADICALPOYMERIZATION

INITIATOR

Technical Field
[0001]
The presentinvention relates to a method for prod
apolymerusedforlivingradicalpolymerizationin
a polymerization initiator.
Background Art
[0002]

As a method for obtaining a vinyl polymer based on

polymerization of a vinyl monomer, a radical polyme
method is conventionally known. The radical polyme
method has a disadvantage that it is generally diff
controlthemolecularweightofavinylpolymerto
[0003]

Furthermore, there is also a disadvantage that, as
vinybolymeitadbeobtainedsamixtureoicompou
molecular weights, it is difficult to obtain a viny
with narrow molecular weight distribution.
[0004]

Specifically, evenwhenthe reactionis controlled
ratio(Mw/Mn)betweenweightaveragemolecularweig

number average molecular weight (Mn) can be only re
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to 3 or so.

[0005]

As a method for overcoming the above disadvantages ,a
living radical polymerizationmethod hasbeendevel opedsince
1990. Namely, accordingtothe living radical poly merization
method,itispossibletocontrolthemolecularwei ghtandalso
possible to obtain a polymer with narrow molecular weight
distribution.

[0006]

Specifically, since it is possible to obtain easil ya
polymerwhichhasMw/Mnof2orless,themethodre ceivesgreat
attentionasamethod for producing apolymer that isused for
acuttingedgefieldikenanatechnology(see Pat entLiterature

1, for example).

Citation List
Patent Literature
[0007]

Patent Literature 1: JP 2009-203359 A

Summary of Invention
Technical Problem
[0008]
Meanwhile, the conventional radical polymerization

methoddescribedaboveinvolveswithareactionsys teminwhich



thepolymerizationreactionprogressesforoneinit
ofapolymerizationinitiator. However,itwouldb

to have areaction system in which a different poly
reaction is carried out for a plurality of initiati
[0009]

Accordingly,thepresentinventionisdevisedinv
the problems described above, and an object of the
inventionggorovidedivingadicapolymeriza
which has two halogen atoms different from each oth
reactivity and enables different polymerization rea
proceed intwo directions by having each of the hal
as a initiating group, a method for producing a pol

a polymer produced by using them.

Solution to Problem
[0010]

To solve the problems described above, the invento
thepresentinventioninventedalivingradicalpol
initiatorwhichhastwohalogenatomsdifferentfro
in reactivity and enables different polymerization
toproceedintwodirectionsbyhavingeachofthe
as a initiating group, a method for producing a pol
a polymer produced by using them.

[0011]

A method for producing a polymer according to a fi
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inventionisamethodforproducingapolymerbyus ingaliving
radicalpolymerizationinitiatowhichconsistsof thefollowing
general formula (1):

[Chemical Formula 1]

RE R4
| |

X—? R C|;_Y ==« (1)
R2/n R /m

inthe formula, R ! represents an organic group which is
linkablewithtwoormoreotherorganicgroups,and isselected
fromanaliphaticgrouphavingltol2carbonatoms ,anaromatic
group, an alkylcarbonyl group having 1to 12 carbon atoms, an
alkoxycarbonyl group having 1 to 12 carbon atoms, a n
aminocarbonyl group, an alkylaminocarbonyl group ha ving 1to
12 carbon atoms, a dialkylaminocarbonyl group havin gltol2
carbon atoms, an arylcarbonyl group, an alkylsulfon yl group
havingltol 2carbonmatoms,anarylsulfonyligroup andanorganic
group in which two or more of those groups are comb ined,

R2 R 3 R “andR ®°areahydrogenatom oran organic group

selected from an aliphatic group having 1to 12 car bon atoms,
an aromatic group, an alkylcarbonyl group, an alkox ycarbonyl
group, anaminocarbonylgroup, analkylaminocarbony Igroup, a
dialkylaminocarbonyl group having 1 to 12 carbon at oms, an
arylcarbonyl group, a carboxy group, an alkylsulfon yl group
having 1 to 12 carbon atoms, and an aryl sulfonyl g roup,



X and Y are a halogen atom,

m and n are an integer of 1 or more, and

the X and Y are in a state in which they are diffe
from each other in reactivity with a monomer,

afirstpolymerizationstepinwhich,foronlyone
atomoftheXorYotthelivingradicalpolymeriza
a living radical polymerization reaction in which t
radicapolymerizatiorreactioninitiatotismixed
withunsaturatedoondandthereactioniscarriedo
conditiondepending on atype ofthe monomerone or
while changingin order the type of the monomer to

obtain a first product; and

asecond polymerization step inwhich, for both ha

atoms of the X and Y contained in the first product
one type of the monomer is subjected to a living ra
polymerization reaction in order at a reaction cond

depending on atype of the monomer to obtain a fina

[0012]

Inthemethodforproducingapolymeraccordingto
invention, inthefirstinvention, the halogenatom
chloride, or bromide.

[0013]
Inthemethodforproducingapolymeraccordingto

invention, inthefirstinventionorthesecondinv

rent

halogen
tioninitiator,
he living
withemonomer
utatreaction
moretimes

be mixedto

logen
, atleast
dical
ition

| product.

asecond

isiodide,

athird

ention,the



first polymerization step and the second polymeriza
arecarriedoutbyusingacatalystandthefirstp

step and the second polymerization step are carried
thataileastoneofreactiontemperatureandtype

is changed depending on the type of the monomer.
[0014]

Inthemethodforproducingapolymeraccordingto
invention,inthethirdinvention,thecatalystis
metalcomplex-basedcatalystwhichisusedforana
radical polymerization, a catalyst consisting of a
containingatleastonecenterelementselectedfro
nitrogen, carbon, oxygen, germanium, tin, and antim
halogen atom bound to the center element, which is
reversible chaintransfer catalystpolymerization,
amine compound catalyst used for reversible complex
mediatedpolymerization,oracatalystinwhich,as
compound having an ionic bond with a halide ion, a
atomin the non-metal compound is in a cation state
an ionic bond with the halide ion.

[0015]

Inthemethodforproducingapolymeraccordingto
invention,inanyoneofthefirsttofourthinvent
polymerization step and the second polymerization s

carried out at 180 °C or lower.

[0016]
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Inthemethodforproducingapolymeraccordingto
invention,inanyoneofthefirsttofifthinventi
polymerization step and the second polymerization s
carried out for reaction time of 30 minutes or long
hours or shorter.

[0017]

A living radical polymerization initiator accordin
aseventhinventionisalivingradicalpolymerizat
by using the method for producing a polymer accordi
oneofclaimslto6 representedbythefollowing
(1):

[Chemical Formula 1]

R2 R4
| |

X—? R1 Cl_Y == (1)
R3./n RS m

inthe formula, R
linkablewithtwoormoreotherorganicgroups,and
fromanaliphaticgrouphavingltol2carbonatoms
group, an alkylcarbonyl group having 1to 12 carbon
alkoxycarbonyl group having 1 to 12 carbon atoms, a
aminocarbonyl group, an alkylaminocarbonyl group ha
12 carbon atoms, a dialkylaminocarbonyl group havin
carbon atoms, an arylcarbonyl group, an alkylsulfon
havingltol 2carbonatoms,anarylsulfonylgroup
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R2,R 3R “andR ®areahydrogenatom oran organic group

selected from an aliphatic group having 1to 12 car
an aromatic group, an alkylcarbonyl group, an alkox
group, anaminocarbonylgroup, analkylaminocarbony
dialkylaminocarbonyl group having 1 to 12 carbon at
arylcarbonyl group, a carboxy group, an alkylsulfon
having 1 to 12 carbon atoms, and an aryl sulfonyl g
X and Y are a halogen atom,
m and n are an integer of 1 or more, and
the X and Y are in a state in which they are diffe
from each other in reactivity with a monomer.
Inthelivingradicalpolymerizationinitiatoracc
to an eighth invention, inthe seventh invention, t

atom is iodide, chloride, or bromide.

Advantageous Effects of Invention
[0018]

Accordingtothepresentinventionconsistingoft
constitutions,itispossibletoprovideamethodf
a polymer by using a living radical polymerization
which has two halogen atoms different from each oth
reactivity and enables different polymerization rea
proceed intwo directions by having each of the hal

as a initiating group.
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Brief Description of Drawings
[0019]
Fig.lisaschematicdiagramillustratingabasic
inamethodfor producingapolymeraccordingtoan
of the present invention.
Fig.2isaschematicdiagramillustratingaproce
havingapolymerwithregardtoamethodforproduc
according to Example.
Fig.3isalH-NMRchartofalivingradicalpolym
initiatorandeachpolymerobtainedbythemethodf
a polymer according to Example, in which (a) repres
structural formula of alkyl iodide as a living radi
polymerizationinitiator, (b)representsalH-NMRc
livingradicalpolymerizationinitiator (cyepres
chartofapolymerP,(d)representsalH-NMRchart

Q, and (e) represents a 1H-NMR chart of a polymer R

Description of Embodiments
[0020]

Hereinbelow, a living radical polymerization initi
accordingtoanembodimentofthepresentinvention
for producing a polymer by using it are described i
[0021]
[Living radical polymerization initiator]

(1)Chemicalformulaoflivingradicalpolymerizati
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Thelivingradicalpolymerizationinitiatoraccord ingto
this embodiment has a structure represented by the chemical
formula (1), and it has two halogen atoms different from each
other in reactivity.

[0022]

[Chemical Formula 1]

R2 R4
| |

X—? R Cli_Y === (1)
R3/n R /m

[0023]

Intheabovechemicalformula(1),R lisanorganicgroup
with valency of two or more, i.e., an organic group which is
linkable with two or more other organic groups, and examples
thereofincludeanaliphaticgrouphavingltol2c arbonatoms,
anaromaticgroup,analkylcarbonylgrouphavingl tol2carbon
atoms, analkoxycarbonylgrouphaving 1to 12 carbo natoms,an
aminocarbonyl group, an alkylaminocarbonyl group ha ving 1 to
12 carbon atoms, a dialkylaminocarbonyl group havin gltol2
carbon atoms, an arylcarbonyl group, an alkylsulfon yl group
havingltol 2carbonatoms anarylsulfonylgroup ,andanorganic
group in which two or more of those groups are comb ined.
[0024]

Furthermore, eachof R 2R 3 R *“andR ®isahydrogenatom
or an organic group selected from an aliphatic grou p having 1
to 12 carbon atoms, an aromatic group, an alkylcarb onylgroup

10



having 1to 12 carbon atoms, an alkoxycarbonyl grou p having 1

tal2carbormatoms araminocarbonygroup aralky laminocarbonyl
grouphavingltol2carbonatoms,adialkylaminoca rbonylgroup
having 1 to 12 carbon atoms, an arylcarbonyl group, an
alkylsulfonyl group having 1 to 12 carbon atoms, an d an aryl
sulfonyl group, Xand Y are ahalogen atom,andma ndnarean
integeroflomore. Theefandrightstructure sotthdinking
groupR linthechemicalformula(1l)arenon-symmetricalso that
thehalogenatoms XandY are givenwithdifferent reactivity.
[0025]

(2) Linking group

ThelinkinggroupR ! isnotparticularly limited aslong
as itis an organic group which is linkable with tw 0 or more
other organic groups. Specific examples thereof in clude an
aliphatiagroup araromatiayroup aralkylcarbony rouphaving
1 to 12 carbon atoms, an alkoxycarbonyl group havin gltol2
carbon atoms, an aminocarbonyl group, an alkylamino carbonyl
grouphavingltol2carbonatoms,adialkylaminoca rbonylgroup
having 1 to 12 carbon atoms, an arylcarbonyl group, an
alkylsulfonylgrouphavingltol2carbonatoms,an arylsulfonyl
group,andanorganicgroupinwhichtwoormoreof thosegroups

are combined.
[0026]
The linking group R ! may have a substituent group, and

in a case in which it has a substituent group, numb er of the

11



substituent group is not particularly limited as lo
substitution can be made, and the number is 1 or mo
[0027]

Asforthe groupwhich may be substituted onthel
group R !, a halogen atom, a linear or non-linear alkyl grou
havingltol2carbonatomswhichmaybesubstitute
groupwvhichmaybesubstituted anon-aromatichete
whichmaybesubstituted,acarboxygroup alinear
alkoxygrouphavingltol2carbonatoms,acyanog
group, and the like can be mentioned.

[0028]

Asforthealiphaticgroup,alinearornon-linear
group having 1to 12 carbonatoms which may be subs
be mentioned.

[0029]

In a case in which the aliphatic group is substitu
number of the substituent group is not particularly
and it is 1 or more.

[0030]

Furthermore, as for the group which may be substit
onthealiphaticgroup,ahalogenatom, alinearor
alkylgrouphavingltol2carbonatomswhichmayb
an aromatic group which may be substituted, a non-a
heterocyclic group which may be substituted, a line

non-linear alkoxy group having 1 to 12 carbon atoms
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group, a nitro group, and the like can be mentioned
[0031]

Asforthearomaticgroup,anaromatichydrocarbon
group or an aromatic heterocyclic group can be ment
specificexamplesthereofincludeaphenylgroup,a
group, a terphenylyl group, a naphthyl group, a bin
group,anazulenylgroup,ananthracenylgroup,ap
group, a furarenyl group, a furyl group, a thienyl
pyrrolyl group, a pyrazolyl group, an imidazolyl gr
isoxazolyl group, a thiazolyl group, a tidiazolyl g
pyridyl group, a benzofuranyl group, an indolyl gro
benzothiazolyl group, and a carbazolyl group.

[0032]

Thearomaticgroup maybe substituted, andinthat
numberofthe substituentgroupisnotparticularly
long as the substitution can be made, and itis 1 o
[0033]

Furthermore, as for the group which may be substit
onthe aromatic group, a halogen atom, a linear or
alkylgrouphavingltol2carbonatomswhichmayb
an aromatic group which may be substituted, a non-a
heterocyclic group which may be substituted, acarb
alinearornon-linearalkoxygrouphaving1to12
a cyano group, a nitro group, and the like can be m

[0034]

13

cyclic

ioned, and
biphenylyl
aphthylyl
henanthrenyl

group, a

oup, an
roup, a

up, a

case,
limitedas

r more.

uted
non-linear
esubstituted,
romatic
oXy group,
carbonatoms,

entioned.



3)R 2toR °

Asforthealiphaticgroup, alinearornon-linear
group having 1to 12 carbonatoms which may be subs
be mentioned.

[0035]

In a case in which the aliphatic group is substitu
numberofthe substituentgroupisnotparticularly
long as the substitution can be made, and itis 1 o
[0036]

Furthermore, as for the group which may be substit
onthealiphaticgroup,ahalogenatom, alinearor
alkylgrouphavingltol2carbonatomswhichmayb
an aromatic group which may be substituted, a non-a
heterocyclic group which may be substituted, a line
non-linear alkoxy group having 1 to 12 carbon atoms
group, a nitro group, and the like can be mentioned
[0037]

Asforthearomaticgroup,anaromatichydrocarbon
group or an aromatic heterocyclic group can be ment
specificexamplesthereofincludeaphenylgroup,a
group, a terphenylyl group, a naphthyl group, a bin
group,anazulenylgroup,ananthracenylgroup,ap
group, a furarenyl group, a furyl group, a thienyl
pyrrolyl group, a pyrazolyl group, an imidazolyl gr

isoxazolyl group, a thiazolyl group, a tidiazolyl g
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pyridyl group, a benzofuranyl group, an indolyl gro
benzothiazolyl group, and a carbazolyl group.
[0038]

Thearomaticgroupmay be substituted, andinthat
numberofthesubstituentgroupisnotparticularly
long as the substitution can be made, and itis 1 o
[0039]

Furthermore, as for the group which may be substit
onthe aromatic group, a halogen atom, alinear or
alkylgrouphavingltol2carbonatomswhichmayb
an aromatic group which may be substituted, a non-a
heterocyclic group which may be substituted, acarb
alinearornon-linearalkoxygrouphavingltol2
a cyano group, a nitro group, and the like can be m
[0040]

Furthermore adorthearylcarbonylgroup abenz
al-naphthoylgroup, a2-naphthoylgroup,a2-pyrid
group, a 3-pyridylcarbonyl group, a 4-pyridylcarbon
and the like can be mentioned.

[0041]

Furthermore, as for the aryl sulfonyl group, a ben
sulfonyl group, a toluene sulfonyl group, and the |
mentioned.

[0042]

Furthermore,XandYinthechemicalformula(1)r
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a halogen atom, and they are preferably chloride, b
iodide, and more preferably iodide.
[0043]

Since the aforementioned living radical polymeriza
initiator according to the present invention has tw
atoms that are different from each other in reactiv
initiatinggroup bysuitablyadjustingthereactio
thelivingradical polymerization reactiondifferen
initiating group is allowed to occur.

[0044]
[Method for producing polymer]

Next,descriptionsaregivenforthemethodforpr
apolymerofaradical polymerizable monomerwhich
by carrying out living radical polymerization by us
aforementioned living radical polymerization initia
[0045]

(1) Basic reaction

The method for producing a polymer according to th
embodimenisachievedoyperformingsbasiaeacti
in Fig. 1 with use of the aforementioned living rad
polymerization initiator. Fig. 1 is a schematic di
illustratingabasicreactioninamethodforprodu
accordingtoanembodimentofthe invention. a, b,
represent a radical reactive polymerizable monomer

unsaturated bond, and each of them may be a differe
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or the same monomer. Furthermore, A, B, and C each
a polymer block.
[0046]

According to the basic reaction illustrated in Fig
as a first step, the polymerization reaction of ar
polymerizablemonomeriscarriedoutoneormoreti
one ofthe halogenatoms as aninitiating group whi
ofamonomertobemixedischangedinorder,andt
step, the polymerization reactionis carried outto
polymerbyusingtheotherhalogenatomremainingi
of an initiator as an initiator.

[0047]

Herein, the halogen atom Y in the living radical
polymerizationinitiatorofFig.lisdesignedsuch
higher reactivity than the halogen atom X.

[0048]

Furthermore, since each of the reaction conditions
4dhasadifferentreactioncondition,oneormoreo
temperature reactiontime presenceorabsenceof
and type of the catalyst is different.

[0049]

According to the reaction of Fig. 1, the monomer a
thelivingradical polymerization initiator arefir
witheachotheratreactionconditionl. Thereact

lissetsuchthatthelivingradicalpolymerizatio
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onlywiththe halogenatomY which has higherreact
the living radical polymerization initiators.
[0050]

Accordingly polymerAinwhichapluralityofthe
A are polymerized to the halogen atom Y of the livi
polymerization initiator is produced.

[0051]

The polymer A is then subjected to living radical

polymerization reaction with the monomer b. By cha
reaction condition, a different polymer can be obta
[0052]

Specifically,byreactingthepolymer Awiththem
bunderthereactioncondition2inwhichthereact
tooccurnotonlywiththehalogenatomYhavinghi
butalsowiththehalogenatomXhavinglowreactiv
BAB in which a plurality of the monomers b are poly
each side of the halogen atom X and the halogen ato
polymer A is generated.

[0053]

Incidentally, byreactingthe polymer Awiththem
bunderthereactioncondition3inwhichthereact
to occur only with the halogen atom Y having highr
polymerABinwhichapluralityofthemonomersba
at the halogen atom Y side of the polymer A is gene

[0054]
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Asdescribedabove,accordingtotheaforementione
reaction, any one halogen atom remains unreacted in
step ofthe reaction, and by varying the reactiont
oraddingadifferentcatalystinthesecondstepa
step,theremaininghalogenatomreactsasaniniti
with the monomer.

[0055]

It is also possible to carry out an additional liv
radical polymerization reaction for the polymer BAB
polymer AB which is obtained as described above.
[0056]

Forexample, byreactingthe polymer ABwiththem
cunderthereactioncondition4inwhichboththe
XandthehalogenatomYreact,polymerCABCinwhi
of the monomers c are polymerized at each side of t
atom X and the halogen atom Y of the polymer AB is
Itisevidentthatthe polymer ABC can be obtained
outhereactionunderthereactionconditionnwh
c reacts with the halogen atom Y side of the polyme
differentlivingpolymerizationreactionisallowed
additionally with the polymer CABC or the polymer A
[0057]

(2) Radical polymerizable monomer
The radical polymerizable monomer used for the

aforementionedreactionisamonomerhavinganunsa
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whichallowsradicalpolymerizationinthepresence ofanorganic
radical. Theunsaturatedbond maybeatriple bond otherthan
adoublebond. Namely, forthe method for producin gapolymer
accordingtothepresentembodiment,anyoneofcon ventionally
known monomers allowing living radical polymerizati oncan be
used.

[0058]

Such radical polymerizable monomer is specifically a
monomer which is referred to as a vinyl monomer. T he vinyl
monomer is a general name of monomers that are repr esented by
general formula "CH »,=CR °R™.

[0059]

With regard to the above general formula, a monome rin
which R ®is methyl and R " is carboxylate is referred to as a
methacrylate-basedmonomer,anditcanbedesirably usedinthe
present invention,

[0060]

Specific examples of the methacrylate-based monome r
include methyl methacrylate, ethyl methacrylate, pr opyl
methacrylate, n-butyl methacrylate, t-butyl methacr ylate,
hexyl methacrylate, 2-ethylhexyl methacrylate, nony I
methacrylate, benzyl methacrylate, glycidyl methacr ylate,
cyclohexyl methacrylate, lauryl methacrylate, n-oct yl
methacrylate, 2-methoxyethyl methacrylate, butoxyet hyl
methacrylate, methoxytetraethylene glycol methacryl ate,
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2-hydroxyethyl methacrylate, 2-hydroxypropyl methac rylate,
3-chloro-2-hydroxypropyl methacrylate, tetrahydrofu rfuryl
methacrylate, 2-hydroxy3-phenoxypropyl methacrylate :
diethylene glycol methacrylate, polyethylene glycol
methacrylate, and 2-(dimethylamino)ethyl methacryla te.
[0061]

Furthermore, methacrylic acid can be also used.
[0062]

Furthermore, methacrylatewithionliquid property like
2-(N,N-diethyl-N-methylamino)ethyl
methacrylate+/trifluorosulfonyl iminium (N(CF 3SQ) ¥) salt,
2-(N-ethyl-N-methyl-N-hydrogenated amino)ethyl
methacrylate+/trifluorosulfonyl iminium (N(CF 3SQ) %) salt,
1-ethyl-3-methylimidazolium
methacrylate+/fluorohydrogenation ((FH)nF ") salt, and

N-ethyl-N-methylpyrrolidinium

methacrylate+/fluorohydrogenation ((FH)nF “)saltcanbeused.
[0063]
Withregardtotheabovegeneralformulaofvinyl monomer,
amonomerinwhichR SishydrogenandrR ’iscarboxylateisreferred
toas an acrylate-based monomer, anditcan be desi rably used

in the present invention.
[0064]
Specificexamplesoftheacrylate-based monomerin clude

methyl acrylate, ethyl acrylate, propyl acrylate, n -butyl
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acrylate, t-butyl acrylate, hexyl acrylate, 2-ethyl hexyl
acrylate, nonylacrylate, benzylacrylate, glycidyl acrylate,
cyclohexyl acrylate, lauryl acrylate, n-octyl acryl ate,

2-methoxyethyl acrylate, butoxyethyl acrylate,

methoxytetraethyleneglycobcrylate 2-hydroxyethy hcrylate,
2-hydroxypropyl acrylate, 3-chloro2-hydroxypropyl a crylate,
tetrahydrofurfuryl acrylate, 2-hydroxy 3-phenoxypro pyl
acrylate, diethylene glycol acrylate, polyethylene glycol

acrylate, and 2-(dimethylamino)ethyl acrylate.
[0065]

Furthermore, acrylic acid can be also used.
[0066]

Furthermore, acrylate with ion liquid property lik e
2-(N,N-diethyl-N-methylamino)ethyl
acrylate+/trifluorosulfonyl iminium (N(CF 3SQ) %) salt,
2-(N-ethyl-N-methyl-N-hydrogenated amino)ethyl
acrylate+/trifluorosulfonyl iminium (N(CF 3SQ) %) salt,
1-ethyl-3-methylimidazolium acrylate+/fluorohydroge nation

((FH)nF ") salt, and N-ethyl-N-methylpyrrolidinium

acrylate+/fluorohydrogenation (FH)nF ") salt can be used.
[0067]

Controllingthelivingradicalpolymerizationofa crylate
is difficult in general. However, the control can be made
according to the present invention. When a phospho rus-based
catalyst is used, in particular, the polymerization of an

22



acrylate can be desirably controlled.

[0068]

Withregardtotheabovegeneralformulaofvinyl monomer,
amonomerinwhich R ®ishydrogenand R ’is phenyl corresponds
tostyreneanditcanbedesirablyusedinthepres entinvention.
[0069]

Furthermore,amonomerinwhichR "is phenyloraphenyl
derivative corresponds to a styrene derivative and it can be
desirably used in the present invention. Specific examples
thereof include o-, m-, p-methoxystyrene, o-, m-, p -styrene

sulfonic acid, and the like.
[0070]
Furthermore,vinylnaphthaleneinwhichR ’isanaromatic

can be also mentioned.

[0071]

Withregardtotheabovegeneralformulaofvinyl monomer,
a monomer in which R ®is hydrogen and R "is alkyl corresponds
toalkyleneanditcanbedesirablyusedinthepre sentinvention.
[0072]

Forthe presentinvention, a monomer having two or more
vinygroupscanbealsaused. Specificexamplest hereofinclude
adiene-based compound (forexample, butadiene and isoprene),
acompoundwithtwoallylgroups(forexample dial lylphthalate),
dimethacrylatewithtwomethacryls(forexample et hyleneglycol
dimethacrylate), and diacrylate withtwo acryls (fo rexample,
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ethylene glycol diacrylate).
[0073]

Forthepresentinvention,avinylmonomerothert
described above can be also used. Specific example
include vinyl esters (for example, vinyl acetate, v
propionate, vinyl benzoate, and vinyl acetate), a s
derivative other that those described above (for ex
a-methylstyrene) vinyketonegforexample vinyl
vinylhexylketone,andmethylisopropenylketone),
compound (for example, N-vinyl pyrrolidone, N-vinyl
N-vinyl carbazole, and N-vinylindole), (meth)acryl
a derivative thereof (for example, N-isopropyl acry
N-isopropyl methacrylamide, N,N-dimethyl acrylamide
N,N-dimethyl methacrylamide, N-methylol acrylamide,
N-methylolmethacrylamide) acrylonitrile methacry
maleic acid and a derivative thereof (for example,
anhydride), vinyl halides (for example, vinyl chlor
vinylidenechloride tetrachloroethylene hexachlor
and vinyl fluoride), and olefins (for example, ethy
propylene, 1-hexene, and cyclohexene).

[0074]

Thosemonomersmaybeusedeithersinglyorincom
oftwoommoretypes. Furthermore twoomoretyp
maybeaddedsimultaneouslyathetimeoiinitiati

othdfirsistepottheymaybeaddedceachste
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[0075]

(3) Catalyst
Foramonomemwhichisarbitrarilyselected arar

selected catalyst of the present invention may be a

necessary. ltispossiblenottohaveanycatalyst

byaddingthecatalyst,thereactionprogressesmor

Combinationothetypeotthemonomerandthetype

of the present invention is not particularly limite

[0076]

Examples of the catalyst include a transition meta

complex-basedcatalystwhichisusedforanatomtr
polymerization(ATRPmethod) acatalystonsisting
containingatleastonecenterelementselectedfro
nitrogen, carbon, oxygen, germanium, tin, and antim
halogen atom bound to the center element, which is
reversiblechaintransfercatalystpolymerization(
an organic amine compound used for reversible compl
mediated polymerization (RCMP), and a catalystinw
non-metal compound having an ionic bond with a hali
non-metal atom in the non-metal compoundisinaca
and forms an ionic bond with the halide ion.
[0077]

Adothetransitionrmetacomplex-basedcatalyst
complexformedofametalwithlowatomicvalencys

7,Group8,Group9,Group10,orGrouplloftheP
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andanorganicligand orametalcomplexformed of
lowatomicvalencysuchasGroup7,Group8, Group
oiGroupl lothePeriodicTable anetalwithhig

and an organic ligand (see, JP 2002-249505 A) can b
[0078]

Examples of the metal with low atomic valency incl
cuprous chloride, cuprous bromide, cuprous iodide,
cyanide, cuprous oxide, ferrous chloride, ferrousb
ferrousodide andexamplesothemetalithhigh
include ferric chloride, ferric bromide, ferric iod
ruthenium dichloride, ruthenium dibromide, and ruth
diiodide.

[0079]

Furthermore, examples of the organic ligand includ
pyridines, bipyridines, polyamines, and phosphines,
specific examples thereof include 2,2'-bipyridyl an
derivative thereof, 1,10-phenanthroline and a deriv
thereof, tetramethylethylene diamine, pentamethyldi
triamine,tris(dimethylaminoethyl)amine,triphenylp
and tributylphosphine.

[0080]

Examples of the catalyst which has an element sele
from germanium, tin, and antimony as a center eleme
acompoundwhichcontainsatleastonecentereleme

fromgermanium,tin,andantimonyandatleastone
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bound to the center element, and specific examples
includegermanium(ll)iodide,germanium(1V)iodid
iodide, and tin (1V) iodide (see, JP 2007-92014 A).
[0081]

As for the catalyst in which nitrogen or phosphoru
contained as a center element, acompound having at
centerelementselectedfromnitrogenandphosphoru
onehalogenatomboundtothe centerelementcanbe
Specificexamplesthereofincludephosphorushalide
halide,nitrogenhalide,phosphorusacidhalide,am
and imide halide derivative (see, WO 2008/139980 A)
[0082]

Specificexamplesoftheorganicaminecompoundca
include triethylamine, tributylamine,
1,1,2,2-tetrakis(dimethylamino)ethene,
1,4,8,11-tetramethyl-1,4,8,11-tetraazacyclotetradec
ethylenediamine, tetramethylethylenediamine,
tetramethyldiaminomethane, tris(2-aminoethyl)amine,
tris(2-(methylamino)ethyl)amine anchematopporphyr
2011/016166 A).

[0083]

Specificexamplesofthecatalystinwhich,asan
compound having an ionic bond with a halide ion, a
atomin the non-metal compound is in a cation state

an ionic bond with the halide ion include ammonium
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imidazoliumsalt,pyridiniumsalt,phosphoniumsalt
saltandiodoniumsalt. Morespecificexamplesth
tetrabutyl ammonium iodide, tetrabutyl ammoniumtri
tetrabutyl ammoniumbromo diiodide,
1-methyl-3-methyl-imidazolium iodide,
1-ethyl-3-methylimidazolium bromide,
2-chloro-1-methylpyridinium iodide,
hexaphenyldiphosphagenium chloride, methyltributyl
phosphonium iodide, tetraphenyl phosphonium iodide,
tributylsulfoniumiodide,anddiphenyliodoniumiodi
2013/027419 A).
[0084]
(4) Reaction temperature
Thereactiontemperatureisnotparticularlylimit
is preferably O °Ct0180 °C,and more preferably 30
[0085]
(5) Reaction time
Thereactiontimecanbesuitablyselectedwithin
of 30 minutes to 24 hours such that is it suitable
reaction.
[0086]
(6) Reaction solvent
Thereactioncanbecarriedoutintheabsenceof
However, it is also possible to use a solvent. The

solventisnotparticularly limitedaslongasthe
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not inhibited by it. However, it is preferable to
acetonitrile, methylene chloride, tetrahydrofuran,
xylene, acetone, methyl ethyl ketone, ethanol, isop

ethyl acetate, butyl acetate, ethyl cellosolve, or

Examples
[0087]

Hereinbelow thepresentinventionisdescribedn
detail in view of the Examples. However, it is evi
the present invention is not limited to the Example
[0088]
<Preparation of living radical polymerization initi
(Example 1) Preparation of methyl
2-iodo-2-(4'-(2"-iodopropionyloxy)phenyl)acetate
[0089]

[Chemical Formula 2]

H.C O

[0090]

To a mixture solution of 25.00 g (150.4 mmol) of m

4-hydroxyphenylacetate, 47.60g(601.7 mmol) of pyr

100 mL of diethyl ether, 50 mL diethyl ether soluti
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g (180.5 mmol) of 2-bromopropionyl bromide was adde
[0091]

Afterthat thereactionmixturewasstirredfor3
atroomtemperature and then washed with 5% hydroge
asaturated aqueous solution of sodium carbonate, a
agueous solution of sodium sulfite, and water follo
extractionofanorganidayer. Theextractedsolu
overanhydrous sodium sulfate,and accordingtocon
under reduced pressure, 42.91 g (yield: 95%) of met
2-(4'-(2"-bromopropionyloxy)phenyl)acetate was obt
[0092]

Next, to 66 mL dichloroethane solution 0f9.94 g (
mmol) of methyl 2-(4'-(2"-bromopropionyloxy)phenyl
7.05 g (39.60 mmol) of N-bromosuccinimide was added
temperature, and stirred under reflux for 5 hours w
illuminated with an LED light.

[0093]

Theobtainedreactionmixturewaswashedwithasa
aqueous solution of sodium sulfite and water follow
extractionofanorganidayer. Theextractedsolu
overanhydrous sodium sulfate,and accordingtocon
under reduced pressure, 11.67 g (yield: 93%) of met
2-bromo-2-(4'-(2"-bromopropionyloxy)phenyl)acetate
obtained.

[0094]
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To 55 mL acetonitrile solution of 10.37 g (27.23 m mol)

of methyl
2-bromo-2-(4'-(2"-bromopropionyloxy)phenyl)acetate ,16.35¢g
(209.11mmol)ofsodiumiodidewasaddedatO °Candthenstirred

at the same temperature for 1.5 hours.

[0095]

The obtained reaction mixture was added with
dichloromethaneandhenwvashedwithesaturatedaq ueoussolution
ofsodiumsulfiteandwaterfollowedbyextraction ofanorganic
layer.

[0096]

The extracted solution was dried over anhydrous so dium
sulfate and then concentrated under reduced pressur e, and
accordingtopurificationbysilicagelcolumnchro matography,

5.80 g (yield: 45%) of methyl
2-iodo-2-(4'-(2"-iodopropionyloxy)phenyl)acetate w as
obtained. 'HNMR (CDCI »): =2.04(d,3H),3.76(s,3H),4.68

(9, 1H), 5.52 (s, 1H), 7.07 (d, 2H), 7.63 (d, 2H).

[0097]

(Example 2) Preparation of 4-iodobutyl 2-iodoisobut yrate
[0098]

[Chemical Formula 3]
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H,C .
H?.F \/\\/\\I S a il ( 3 )

O
[0099]

4.5g(20mmol)of2-bromoisobutyricacidbromide
g(60mmol)ofsodiumiodidewereadmixedwitheach
light-shielded condition,andafteradding4.8mL (
tetrahydrofuranthereto, they were stirredfor2ho
and subsequently for 30 minutes at 50 °C.
[0100]

Next, the obtained reaction mixture was added with
dichloromethaneandhenwvashedwithesaturatedaq
ofsodiumsulfite. Afterdryingoveranhydroussod
followed by concentration under reduced pressure, 2
acetonitrilewasaddedandthen6.0g(40mmol)of
was added. After the reaction for 7 hours at 80
mmol) of sodium iodide was added followed by furthe
for 7 hours.

[0101]

Afterthat,theprecipitateswereseparatedbyfil
followed by concentration under reduced pressure.
Dichloromethane was then added and washing with a s
aqueoussolutionosodiumsulfitewascarriedout.

over anhydrous sodium sulfate, concentration under
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pressure was carried out.
[0102]

Then, by purifying the obtained crude productby s ilica
gel column chromatography, 4.4 g (yield: 68%) of
(4-iodobutyl)2-iodoisobutyric acid was obtained. 'H NMR
(CDCl3): =4.17(t,2H),3.22(t,2H),2.06(s,6H),1.98-1 .90
(m, 2H), 1.83-1.77 (m, 2H).

[0103]

(Example 3) Preparation of methyl
2-iodo-2-(4'-(4"-iodobutanoyloxy)phenyl)acetate
[0104]

[Chemical Formula 4]

I
{-" - = =
0 “CH (4)
0O
[0105]
Toamixture solutionof20.00g(120.36 mmol) of methyl

4-hydroxyphenylacetate, 22.11 g (132.39 mmol) of

4-boromobutyricacid,and60mLofbenzene,16.69g (208.32mmol)
of phosphoryl chloride was added at room temperatur e.
[0106]

Afterthat, itwas stirred for 5.5 hours at80 °Candthe
reactionmixturewasaddedtol OOmLofwatertoex tractanorganic
layer. The extracted solution was washed with a sa turated
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agueoussolutionofsodiumsulfiteandwaterfollow
overanhydrous sodium sulfate,and accordingtocon
under reduced pressure, 34.37 g (yield: 91%) of met
2-(4'-(4"-bromobutanoyloxy)phenyl)acetate was obta
[0107]

To85mLdichloroethanesolutionof26.319(83.48
of methyl2-(4'-(4"-bromobutanoyloxy)phenyl)acetate,
(125.22 mmol) of N-bromosuccinimide was added at ro
temperature.

[0108]

Next,stirringunderrefluxwascarriedoutfor6.
whilebeinglluminatedwithanLEDlight. Theobt
mixturewaswashedwithasaturated aqueoussolutio
sulfite and water followed by extraction of an orga
[0109]

Next, the extracted solution was dried over anhydr
sodiumsulfatefollowedbyconcentrationunderedu
By purifying the obtained crude product by silica g
chromatography, 7.29 g (yield: 22%) of methyl
2-bromo-2-(4'-(4"-bromobutanoyloxy)phenyl)acetate
obtained.

[0110]

Next, to 20 mL acetone solution of 6.92 g (17.56 m

ofmethyl2-bromo-2-(4'-(4"-bromobutanoyloxy)pheny

6.329(42.14mmol)ofsodiumiodidewasaddedatr
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and then stirred for 0.5 hour at 40 °C.

[0111]

Next, the obtained reaction mixture was added with
dichloromethane and washed with a saturated aqueous solution
ofsodiumsulfiteandwaterfollowedbyextraction ofanorganic
layer.

[0112]

Then, the extracted solution was dried over anhydr ous
sodiumsulfatefollowedbyconcentrationunderedu cedpressure.
The obtained crude product was purified by silica g el column
chromatography to obtain 2.50 g (yield: 30%) of met hyl
2-iodo-2-(4'-(4"-iodobutanoyloxy)phenyl)acetate. 'H NMR
(CDCl 3): =2.17-2.21 (m, 2H), 2.66-2.69 (t, 2H), 3.25-3.28
(t,2H),3.73(s,3H),5.53(s,1H),7.02-7.04(m, 2H),7.59-7.61
(m, 2H).

[0113]
(Example 4) Preparation of 4-iodobutyl 2-iodophenyl acetate
[0114]

[Chemical Formula 5]

I
O‘v/\//\] "'(5)

O

[0115]

6.5g(30mmol)of2-bromophenylaceticacidwasmi xedwith
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4.2 mL (60mmol)ofthionylchloride,andunderlig ht-shielded

condition, they were stirred for 50 minutes at 80 °C.
[0116]

Subsequently, after removing volatile components u nder
reduced pressure, 8 mL (100 mmol) of THF was added and 18.0g
(2120 mmol) of sodium iodide was added under light-s hielded
condition. Afterstirringfor2hoursat27 °C,4.59(30mmol)
of sodiumiodide was added and stirred for 5hours atthe same
condition.

[0117]

Next, the obtained reaction mixture was added with

dichloromethane and washed with 10 mL of an aqueous solution
ofsodiumsulfite. Furthermore theaqueousphase wasextracted
with20mLofdichloromethaneandtheorganiclayer wascombined.
Afterdryingoveranhydroussodiumsulfate,concent rationunder

reduced pressure was carried out.

[0118]

Then, the obtained crude productwas purified by s ilica
gel column chromatography to obtain 4.1 g (yield: 3 1%) of
4-iodobutyl2-iodophenylacetate. 'HNMR(CDCI 3): =7.59-7.57
(m, 2H), 7.33-7.27 (m, 3H), 5.18 (s, 1H), 4.21-4.14 (m, 2H),

3.18 (t, 3H), 1.92-1.86 (m, 2H), 1.81-1.76 (m, 2H).
[0119]
(Example 5) Preparation of 2-(iodoacetoxy)ethyl

2-iodo-2-phenylacetate

36



[0120]

[Chemical Formula 6]

O

To025.009(114.66 mmol) of 2-boromophenyl acetic
27.28 g (229.32 mmol) of thionyl chloride was added
by stirring under reflux of 1 hour.
[0122]

After that, the remaining thionyl chloride was rem
under reduced pressure, and then added to a mixture
g (4586.32 mmol) of ethylene glycol and 9.52 g (120
of pyridine at room temperature.
[0123]

Afterstirringatthesametemperatureforlhour,
etherwasaddedandwashingwascarriedoutwithl
acid asaturatedaqueoussolutionofsodiumcarbon
[0124]

Aftedryingoveranhydroussodiunmsulfate 23.61
80%) of 2-hydroxyethyl 2-bromo-2-phenylacetate was
[0125]

To a mixture of 5.00 g (19.30 mmol) 2-hydroxyethyl
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2-bromo-2-phenylacetate, 1.60 g (20.26 mmol) of pyr idine,and

20 mL of diethyl ether, 10 mL diethyl ether solutio n of 4.09
g (20.26 mmol) of 2-bromopropionyl bromide was adde d at room
temperature.
[0126]

After stirring at the same temperature for 1 hour, the
obtainedreactionmixturewaswashedwith5%hydrog enbromide,
a saturated aqueous solution of sodium carbonate an dwaterto

extract an organic layer.

[0127]

The extracted solution was dried over anhydrous so dium
sulfatefollowedbyconcentrationunderreducedpre ssure. The
obtained crude product was purified by silica gel ¢ olumn

chromatography to obtain 4.41 g (yield: 60%) of

2-(bromoacetoxy)ethyl 2-bromo-2-phenyl acetate.

[0128]

To 22 mL acetone solution of 4.25 g (11.18 mmol) o f
2-(bromoacetoxy)ethyl2-bromo-2-phenylacetate, 4.0 20(26.83
mmol) of sodium iodide was added at O °C followed by stirring

at the same temperature for 30 minutes.
[0129]
Afterthat,theprecipitateswereseparatedbyfil tration
followed by concentration under reduced pressure.
Dichloromethane was then added and washing with a s aturated

aqueous solution of sodium sulfite and water was ca rried out
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and an organic layer was extracted.
[0130]
Then, the extracted solution was dried over anhydr

sodiumsulfatefollowedbyconcentrationunderedu
The obtained crude product was purified by silica g
chromatography to obtain 2.52 g (yield: 48%) of
2-(iodoacetoxy)ethyl 2-iodo-2-phenylacetate.

=3.66 (s, 2H), 4.34-4.38 (m, 4H), 5.55 (s, 1H), 7
(m, 3H), 7.58-7.60 (m, 2H).
[0131]
<Production of polymer>

Basedonthe basicreactiondescribed above, produ

ofalivingradicalpolymerwascarriedoutundert
specific reaction conditions. Fig. 2 is a schemati
illustrating a process for having a polymer with re
method for producing a polymer according to Example
isalH-NMRchartofalivingradicalpolymerizatio
andeachpolymerobtainedbythemethodforproduci
according to Example, in which (a) represents a str
formula of alkyl iodide as a living radical polymer
initiator, (b) representsa1H-NMR chartoftheliv
polymerization initiator, (c) represents a 1H-NMR ¢
polymer P, (d) represents a 1H-NMR chart of a polym
(e) represents a 1H-NMR chart of a polymer R.

[0132]
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Inthe method for producing a polymer according to this
Example althepolymerizationreactionswerecarr iedoutunder

argon gas atmosphere.

[0133]

To 20 mL (8 M) of butyl methacrylate (BMA), methyl
2-iodo-2-(4'-(2"-iodopropionyloxy)phenyl)acetate ( 160 mM)
and tributylmethyl phosphonium iodide (80 mM) were added and
then stirred under heating for 8 hours at 60 °C. The
polymerization rate (i.e., monomer conversion rate) was 55%.
[0134]

To chilled hexane, the reaction solution was added and
the polymer was isolated by re-precipitation. The isolated
polymer P hasMn=3,900and PDI=1.15. According tothe NMR
measurement, the iodophenyl acetyl part had undergo ne almost
100%initiation ofthe polymerizationtohaveagro wnpolymer.
Ontheotherhand,96%oftheiodopropionylpartha dnoinitiation
andalmostselectivegrowthofgpolymernBMAfro mtheiodophenyl

acetyl part was shown.

[0135]

TaothepolymerP(160mM),20mL(8M)ofmethyim ethacrylate
(MMA)andtributylmethylphosphoniumiodide (80mM) wereadded
and then stirred under heating for 8 hours at 60 °C. The
polymerizationrate (i.e.,monomerconversionrate) ofMMAwas
30%.

[0136]
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To chilled hexane, the reaction solution was added
the polymer was isolated by re-precipitation. The
polymer Q has Mn=5,800and PDI=1.24. According
measurement, 90% of the iodopropionyl part had no i
andablockpolymer(BMAandMMA)wasalmostselect
from the iodophenyl acetyl part.

[0137]

Furthermore, to the polymer Q (160 mM) obtained in

secondreaction step, 20 mL (8 M) of n-butyl acryla

tetrabutylammoniumiodide(320mM)wereaddedand

and
isolated
tothe NMR
nitiation

ivelyproduced

the
te (BA) and

thenstirred

under heating for 24 hours at 110 °C. The polymerization rate

(i.e.monomerconversiorratepBAvas32%. To

the reaction solution was added and the polymer was
by re-precipitation.

[0138]

The isolated polymer R has Mn = 8,000 and PDI = 1.
According to the NMR measurement, the polymerizatio
initiated almost 100% from of the iodopropionyl par
Accordingly, together with growth of a homopolymer
triblock polymer (BMA, MMA, and BA) was grown from
acetyl part.

[0139]

Accordingly jivaspossibletosynthesizeanon-s

multi-blockpolymerofCABCtypeinwhichAchaini

is MMA, and C chain is BA.
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[0140]

1H-NMR chart of the polymer P, Q, and R which have
obtained in each step is as shown in (c) to (e) of
respectively.

[0141]

Incidentally, "M" with regard to the concentration
indicatesmolenumberbasedonlliterofamonomer
8 M means that 8 moles are included in 1 liter of a
Incidentally, in case of MMA, 1 liter of a monomer
is 8 moles at room temperature.

[0142]

Furthermore, "mM" with regard to the concentration
indicates millimole numberbasedon 1 literofamo
example,80mMmeansthat80millimolesareinclude
of a monomer.

[0143]

Furthermore, "Mn" indicates number average molecul

weight of an obtained polymer.
[0144]

Furthermore, "PDI" indicates the ratio of Mw/Mn.
[0145]

According to the method for producing a polymer of
presentinventiondescribedintheabove,sinceal
polymerizationinitiatorwhichhas,asaninitiatin

reaction, two halogen atoms different from each oth
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reactivityisused, itispossible toproceedwith
livingradicalpolymerizatiorreactionforeachini

by suitably adjusting the reaction conditions.

Reference Signs List

[0146]

R Linking group

R? Anyoneofahalogenatom,anaromaticgroup,ana
group, and an acyloyl group

X, Y Halogen atom
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CLAI M5

[Claim 1]

Amethodforproducingapolymerbyusingaliving radical
polymerizationinitiatorrepresented by the followi nggeneral
formula (1):

[Chemical Formula 1]

R2 R4
| |

X—? R1 Cl_Y == (1)
R3./n RS m

inthe formula, R ! represents an organic group which is
linkablewithtwoormoreotherorganicgroups,and isselected
fromanaliphaticgrouphavingltol2carbonatoms ,anaromatic
group, an alkylcarbonyl group having 1to 12 carbon atoms, an
alkoxycarbonyl group having 1 to 12 carbon atoms, a n
aminocarbonyl group, an alkylaminocarbonyl group ha ving 1to
12 carbon atoms, a dialkylaminocarbonyl group havin gltol12
carbon atoms, an arylcarbonyl group, an alkylsulfon yl group
havingltol 2carbonmatoms,anarylsulfonyligroup andanorganic
group in which two or more of those groups are comb ined,

R2,R 3R “andR ®areahydrogenatom oran organic group

selected from an aliphatic group having 1to 12 car bon atoms,
an aromatic group, an alkylcarbonyl group, an alkox ycarbonyl
group, anaminocarbonylgroup, analkylaminocarbony Igroup, a

dialkylaminocarbonyl group having 1 to 12 carbon at oms, an
arylcarbonyl group, a carboxy group, an alkylsulfon yl group
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having 1 to 12 carbon atoms, and an aryl sulfonyl g

X and Y are a halogen atom,

m and n are an integer of 1 or more, and

the X and Y are in a state in which they are diffe
from each other in reactivity with a monomer;

afirstpolymerizationstepinwhich,foronlyone
atomoftheXorYotthelivingradicalpolymeriza
a living radical polymerization reaction in which t
radicapolymerizatiorreactioninitiatoismixed
withunsaturatedoondandthereactioniscarriedo
conditiondepending on atype ofthe monomerone or
while changingin order the type of the monomerto
obtain a first product; and

asecond polymerization step inwhich, for both ha
atoms of the X and Y contained in the first product
one type of the monomer is subjected to a living ra
polymerization reaction in order at a reaction cond

depending on atype of the monomer to obtain a fina

[Claim 2]
Themethodforproducingapolymeraccordingtocl

wherein the halogen atom is iodide, chloride, or br

[Claim 3]

The method for producing a polymer accordingto cl
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or 2, wherein the first polymerization step and the
polymerizationsteparecarriedoutbyusingacata
first polymerization step and the second polymeriza
are carriedoutsuchthatatleastone ofreaction

and type of the catalyst is changed depending on th

the monomer.

[Claim 4]
Themethodforproducingapolymeraccordingtocl
whereirthecatalysisaransitiormetatomplex-
which is used for an atom transfer radical polymeri
catalystconsistingofacompoundcontainingatlea
element selected from phosphorus, nitrogen, carbon,
germanium, tin, and antimony and a halogen atom bou
center element, which is used for reversible chain
catalystpolymerization anorganicaminecompound
for reversible complexation mediated polymerization
catalystinwhich,asanon-metalcompoundhavinga
with a halide ion, a non-metal atom in the non-meta
is in a cation state and forms an ionic bond with t

ion.

[Claim 5]
The method for producing a polymer according to an

ofclaims1to4,whereinthefirstpolymerization
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second polymerization step are carried out at 180 °C or lower.

[Claim 6]

The method for producing a polymer according to an yone
ofclaims1to5,whereinthefirstpolymerization stepandthe
second polymerization step are carried out for reac tion time
of 30 minutes or longer and 24 hours or shorter.

[Claim 7]

A living radical polymerization initiator by using the
method for producing a polymer according to any one of claims
1 to 6, represented by the following general formul a(1):
[Chemical Formula 1]

R? R4

x—clz% R1—6c|:—Y === (1)

o )n &S Jm

inthe formula, R ! represents an organic group which is
linkablewithtwoormoreotherorganicgroups,and isselected
fromanaliphaticgrouphavingltol2carbonatoms ,anaromatic
group, an alkylcarbonyl group having 1to 12 carbon atoms, an
alkoxycarbonyl group having 1 to 12 carbon atoms, a n
aminocarbonyl group, an alkylaminocarbonyl group ha ving 1 to
12 carbon atoms, a dialkylaminocarbonyl group havin gltol12
carbon atoms, an arylcarbonyl group, an alkylsulfon yl group

havingltol 2carbonatoms.anarylsulfonylgroup
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andanorganic



group in which two or more of those groups are comb

ined,

R2,R 3R “andR ®areahydrogenatom oran organic group

selected from an aliphatic group having 1to 12 car
an aromatic group, an alkylcarbonyl group, an alkox
group, anaminocarbonylgroup, an alkylaminocarbony
dialkylaminocarbonyl group having 1 to 12 carbon at
arylcarbonyl group, a carboxy group, an alkylsulfon
having 1 to 12 carbon atoms, and an aryl sulfonyl g

X and Y are a halogen atom,

m and n are an integer of 1 or more, and

the X and Y are in a state in which they are diffe

from each other in reactivity with a monomer.

[Claim 8]

Thelivingradicalpolymerizationinitiatoraccord

claim7 whereinthehalogenatomisodide chlori
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