DESCRIPTION
METHOD FOR MANUFACTURING GRAFT POLYMER, GRAFT POLYHER, AND
INITIATOR OF GRAFT POLYMER
TECHNICAL FIELD
[0001]

The present invention relates to a method for rfeanturing a graft polymer,
the graft polymer manufactured with the manufaamirmethod, and an initiator of the
graft polymer to manufacture the graft polymer Bing a low-price and stable organic
catalyst to the initiator having a monomer strugtumit containing an iodine initiating
group to easily perform living radical polymerizati
BACKGROUND ART
[0002]

Recently, various kinds of highly-functional maas have been developed
based on a precise control of a polymer structukespecially, the use of high reactivity
of radical polymerization ensures a wide varietyiafyl monomer polymerization, and
development of more innovative functional materfes been achieved.

[0003]

Especially living radical polymerization among ttaglical polymerizations is a
polymerization reaction that reversibly generatesdical species from a stable
covalent bond species. Since a process of theglisadical polymerization includes
only an initiation reaction and a growth reactiathaut a chain transfer reaction,
polymers each having an identical length are obthiand moreover, since the living
radical polymerization process does not includel@ eaction that inactivates a growth
terminal of an initiator, the growth terminal cantes to grow during the polymerization

and polymers as though they are alive can be gekraThat is, this living radical



polymerization has excellent characteristics ofrémpective living polymerization and
radical polymerization together, and can be usethi® development of high-polymer
materials having more advanced functions.

[0004]

Incidentally, in such a living radical polymerigat, as a transition metal
catalyst and a radical initiator, a peroxide tisadanger and has difficulty in synthesis is
forced to be used in some cases. In view of thiprogress the living radical
polymerization safely and easily, it is necessarlring a low-price and stable organic
catalyst into contact with the polymer as the @tdr having a recurring unit in a main
chain.

[0005]

Conventionally, for example, techniques describe@atent Documents 1 and
2 are disclosed as the techniques for the lividgced polymerization of the polymer
that has a chemical structure containing an imigagroup as the recurring unit.

[0006]
Patent Document 1: JP-A-2004-18556

Patent Document 2: JP-A-2014-117672

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

In manufacturing a graft polymer by progressing tiving radical
polymerization, more stably progressing the liiadical polymerization is especially
required. While it can be expected in theory thatuse of a monomer structural unit

containing an iodine initiating group allows motatde progress of the living radical



polymerization, the above-described techniquesate® Documents 1 and 2 do not
especially disclose a technique that uses a polyiangng the monomer structural unit
containing the iodine initiating group as the reicy unit as the initiator, and such a
technique has not been inspected also in disclesiher than Patent Documents 1 and
2 in the present situation.

[0008]

Therefore, the present invention has been inveintednsideration of the
above-described problems and an object of the prasesntion is to provide a method
for manufacturing a graft polymer, the graft polymeanufactured with the
manufacturing method, and an initiator of the gpaftymer that ensures more stable
progress of a living radical polymerization by @sanmonomer structural unit

containing an iodine initiating group as the irtiia

SOLUTIONS TO THE PROBLEMS
[0009]

The inventors seriously examined to progressitimegl radical polymerization
using the monomer structural unit containing trdine initiating group as the initiator.
As a result, it was found that the use of a compddwaving a recurring unit represented
by the following formula (1) in a main chain asiatiator ensured more stable progress
of a living radical polymerization to manufacturgraft polymer.

[0010]

That is, a method for manufacturing a graft polyaecording to a first
invention includes performing a living radical polgrization of a compound with a
vinyl monomer by an organic catalyst to manufactheegraft polymer, the compound

having a recurring unit represented by a formu)ab€low in a main chain.



[0011]

[Chem. 1]

[0012]

Here, R: a linking group (linear, branched, or cyclic déye group having 1
to 30 carbon atoms that may contain an ether kammdmide bond, or an ester bond, an
aromatic group)

R?, R, R, R, R® a hydrogen atom, an aromatic group, an aliptiatap

n=1to5
[0013]

In the method for manufacturing the graft polyraecording to a second
invention, the living radical polymerization is femmed with the organic catalyst
containing any of an amine compound, a phosphingoaoind, a phosphonate
compound, a phosphonium salt, an iodoimido comppandn ammonium compound.
[0014]

A graft polymer according to a third inventiomimgnufactured with the method
for manufacturing the graft polymer according te thist or the second invention.
[0015]

An initiator of a graft polymer according to a fuinvention is used as an
initiator for a living radical polymerization with vinyl monomer in the method for
manufacturing the graft polymer according to thstfor the second invention. The

initiator of the graft polymer has the recurringtuepresented by the formula (1) below



in the main chain.
[0016]

[Chem. 2]

[0017]

An initiator of a graft polymer according to atfifinvention is used as an
initiator for a living radical polymerization wita vinyl monomer by an organic catalyst.
The initiator of the graft polymer has a recurrurgt represented by a formula (1)
below in a main chain.

[Chem. 3]
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o (1)

Here, R: -COO-(CH).0CO-
R, R, R, R, R® a hydrogen atom, an aliphatic group

a=2to5

EFFECTS OF THE INVENTION
[0018]
The present invention having the above-describedtsires ensures the stable

progress of the living radical polymerization, awkntually ensures the stable



manufacture of the graft polymer.

DESCRIPTION OF PREFERRED EMBODIMENTS
[0019]

The following describes a method for manufactuargraft polymer according
to the embodiment of the present invention in dletai
[0020]

In the method for manufacturing the graft polyrteewhich the present
invention is applied, a compound having a recurting represented by a formula (1) in
a main chain is living-radical-polymerized with imyl monomer by an organic catalyst.
[0021]

[Chem. 4]

[0022]

Here, R is a linking group.  Especially this'& a linear, branched, or cyclic
alkylene group having 1 to 30 carbon atoms that awengain an ether bond, an amide
bond, or an ester bond, an aromatic group?, RR R, R°, and R are a hydrogen atom,
the aromatic group, an aliphatic group, or the,liked n = 1 to 5 is satisfied.

[0023]

It is a premise for this compound as the initidhat structural units having

iodine initiating groups are continuous.

[0024]



The vinyl monomer (radically polymerizable monojmeacted with such a
compound represented by the formula (1) as thiaiaitis a monomer that can perform
a radical polymerization in the presence of an migeadical and has an unsaturated
bond. Thatis, in a polymerization method of thesent invention, any monomer
conventionally publicly-known to perform the livimgdical polymerization can be
used.

[0025]

More specifically, a monomer what is called a Yimpnomer can be used.
The vinyl monomer is a general term of the monorapresented by a general formula
(2):

CHR'=CRR’ (2

(In the formula, R R?, and R are each a hydrogen atom or an organic group.)te No
than the monomer represented by the general for(huiacludes monomers
exemplified below.

[0026]

As the vinyl monomer, styrene and its derivatipeenyl group where Rand
R® are hydrogen atoms, and Ray have a substituent); acrylic acid @d F are
hydrogen atoms, and®® a carboxyl group); acrylamide {Bnd R are hydrogen
atoms, and Ris a group-CONHB) and its derivative; acrylate (acrylic acid ester
acrylic acid salt); methacrylic acid (i a hydrogen atom,®Rs a methyl group, and®R
is a carboxyl group) (MAA); methacrylamide’(R a hydrogen atom,®fs a methyl
group, R is a group-CONkE) (MAAm) and its derivative; and methacrylate
(methacrylic acid ester or methacrylic acid sadt) be preferably used.

[0027]

Specific examples of the styrene and its derieatian include styrene (St); o-,



m-, or p-methoxystyrene; o-, m-, or p-t-butoxyshggo-, m-, or
p-chloromethylstyrene; o-, m-, or p-chlorostyreag;m-, or p-hydroxystyrene; o-, m-,
or p-styrenesulfonic acid and its derivative; o-, or p-styrenesulfonic acid sodium; o-,
m-, or p-styrene boronic acid and its derivatived ¢he like.

[0028]

Specific examples of the acrylamide and its déifreacan include acrylamide,
N-isopropyl acrylamide, N, N-dimethylacrylamide,methylol acrylamide,
N-hydroxyethyl acrylamide, and the like.

[0029]

Specific examples of the acrylate can include lakyylate such as methyl
acrylate, ethyl acrylate, propyl acrylate, n-bwgtylate, t-butyl acrylate, hexyl acrylate,
2-ethylhexyl acrylate, n-octyl acrylate, nonyl datg, decanyl acrylate, and lauryl
acrylate; aryl alkyl acrylate such as benzyl adgjléetrahydrofurfuryl acrylate; epoxy
alkyl acrylate such as glycidyl acrylate; cyclodl&grylate such as cyclohexyl acrylate;
alkoxy alkyl acrylate such as 2-methoxyethyl ade/land butoxyethyl acrylate;
hydroxyalkyl acrylate such as 2-hydroxyethyl aciyland 2-hydroxypropyl acrylate;
polyalkylene glycol acrylate such as diethylenecglyacrylate and polyethylene glycol
acrylate; alkoxypolyalkylene glycol acrylate suchmaethoxy tetraethylene glycol
acrylate and methoxy polyethylene glycol acrylaiajkylaminoalkyl acrylate such as
2-(dimethylamino) ethyl acrylate; 3-chloro-2-hydypxopyl acrylate;
2-hydroxy-3-phenoxypropyl acrylate and the like.ludfoalkyl acrylate where a
fluorine atom is substituted to the alkyl groupatkyl acrylate and a compound where a
tris (trialkylsiloxy) silyl group is substituted ttie alkyl group of the alkyl acrylate also
can be used. An ionic liquid acrylate, such abl2N-diethyl-N-methyl amino) ethyl

acrylaté/trifluorosulfonyliminium (N(CRSQ,), ) salt,



2-(N-ethyl-N-methyl-N-hydrogenated amino) ethylydate'/trifluorosulfonyliminium
(N(CFsSQy),)) salt, and 1-ethyl-3-methyl imidazolium acryldfiiorohydrogenation
((FH),F") salt can be used.

[0030]

Specific examples of the methacrylamide and itsszdéve can include
methacrylamide (MAAm), N-isopropyl methacrylamidi&, N-dimethyl
methacrylamide, N-methylol methacrylamide, N-hydrethyl methacrylamide, and
the like.

[0031]

Specific examples of the methacrylate can inchiélgl methacrylate such as
methyl methacrylate (MMA), ethyl methacrylate, pybmethacrylate, n-butyl
methacrylate, t-butyl methacrylate, hexyl methaatey 2-ethyl hexyl methacrylate,
n-octyl methacrylate, nonyl methacrylate, decangthcrylate (LMA), lauryl
methacrylate; aryl alkyl methacrylate such as bemmthacrylate (BzMA);
tetrahydrofurfuryl methacrylate; epoxy alkyl methdate such as glycidyl
methacrylate; cycloalkyl methacrylate such as dyekyl methacrylate; alkoxy alkyl
methacrylate such as 2-methoxyethyl methacryladebamoxyethyl methacrylate;
hydroxyalkyl methacrylate such as 2-hydroxy ethetiacrylate (HEMA), 2-hydroxy
propyl methacrylate, and glycerin monomethacrylptdyalkylene glycol methacrylate
such as diethylene glycol methacrylate and polyetig/glycol methacrylate;
alkoxypolyalkylene glycol methacrylate such as rmgthtetraethylene glycol
methacrylate, methoxy polyethylene glycol methaae/(PEGMA); dialkylaminoalkyl
methacrylate such as 2-(dimethylamino) ethyl metiate (DMAEMA); alkoxysilyl
alkyl methacrylate such as 3-(trimethoxysilyl) pybmethacrylate;

3-chloro-2-hydroxypropyl methacrylate; 2-hydroxypBenoxypropyl methacrylate and



the like. A compound, for example: fluoroalkyl rhatrylate, such as
2,2,3,4,4,4-hexafluorobutyl methacrylate (HFBMA)evé fluorine atom is substituted
to the alkyl group of the alkyl methacrylate; anftirg& (trimethylsiloxy) silyl] propyl
methacrylate (MOPES), where tris (trialkylsiloxylysgroup is substituted to the alkyl
group of the alkyl methacrylate, also can be useth ionic liquid methacrylate, such
as 2-(N, N-diethyl-N-methyl amino) ethyl methactgdrifluorosulfonyliminium
(N(CRSQDy),) salt, 2-(N-ethyl-N-methyl-N-hydrogenated amint)yé
methacrylatétrifluorosulfonyliminium (N(CESQ), ) salt, 1-ethyl-3-methyl
imidazolium methacrylatéluorohydrogenation ((FHF ) salt, and N-ethyl-N-methyl
pyrrolidinium methacrylatéfluorohydrogenation ((FHF ) salt, can be used.

[0032]

In the present invention, even when bofteRd R are groups having a
carboxyl group or carboxylate, the reaction prdigrgrogresses. Specifically,
itaconic acid, such as itaconic acid (ITA), dimétigconate (MgTA), and monobutyl
itaconate (BulTA), its mono alkyl ester, and itallyl ester can be included.

[0033]

In the present invention, the monomer having twmore double bonds (vinyl
group, isopropenyl group, and the like) is alsdolesa Specifically, for example, a
diene-based compound (butadiene, isoprenoid, anltikd), a compound having two
allyl groups (diallyl phthalate and the like), amaound having two methacryl groups
(ethylene glycol dimethacrylate and the like), ancbompound having two acrylic
groups (ethylene glycol diacrylate and the liked iucluded.

[0034]
In the present invention, a vinyl monomer othamtthe above-described one

can be used. Specifically, for example, vinyl esfguch as vinyl acetate, propionic
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acid vinyl, benzoic acid vinyl), a styrene derivatiother than the above-described one
(such asi-methylstyrene), vinyl ketones (such as vinyl mékstone, vinyl hexyl

ketone, methyl isopropenyl ketone), N-vinyl compadisuch as N-vinyl pyrrolidone,
N-vinyl pyrrole, N-vinyl carbazole, and N-vinyl inte), acrylonitrile (AN),
methacrylonitrile, maleic acid and its derivatigei¢h as, maleic anhydride),
halogenated vinyls (such as vinyl chloride, vingle chloride, tetrachloroethylene,
hexachloropropylene, vinyl fluoride), olefins (sueh ethylene, propylene, 1 or 2-butene,
1-hexene, and cyclohexene) are included.

[0035]

These radically polymerizable monomers may be asmte or in combination
with two or more. In the use of two or more monosnéhey may be simultaneously
added at the start of the reaction, or may be seiglig added in association with the
progress of the polymerization.

[0036]

As an example of the organic catalyst, a compamamble of extracting an
iodine atom from an iodine compound to generatarban radical is included, and the
organic catalyst is roughly classified into an exgghosphorus compound, an organic
nitrogen compound, an organic oxygen compound rganic sulfur compound, and the
like.

[0037]

The organophosphorus compound is roughly classifieo a phosphine
compound, a phosphonate compound, a phosphonitna gdlosphazenium salt, a
phosphite compound, and the like.

[0038]

The phosphine compound includes triethyl phosptniteutyl phosphine,

11



triphenyl phosphine, and the like; the phosphonatepound includes
methylphosphonic acid, ethylphosphonic acid, phamysphonic acid,
methylphosphonic acid dimethyl ester, methylphosphacid diphenyl ester, and the
like; the phosphonium salt includes methyltribubggphonium iodide,
tetraphenylphosphonium iodide, and the like; thespimazenium salt includes
hexaphenyl diphosphazenium chloride and the likd;tae phosphite compound
includes dimethyl phosphite, diethyl phosphite udyjh phosphite, diphenyl phosphite,
and the like.

[0039]

The organic nitrogen compound is roughly clasgifirdo amines, imides,
imidazolium salts, pyridinium salts, ammonium salislinated amines, iodinated
imides, and the like.

[0040]

The amines include triethylamine, tributylamiretrakis (dimethylamino)
ethylene, 1,4,8,11-tetramethyl-1,4,8,11-tetraaZatgtradecane, diphenylamine, and
the like. The imides include succinimide and fke.l The imidazolium salts include
1-methyl-3-methyl-imidazolium iodide, 1-ethyl-3-rhgtimidazolium bromide, and the
like. The pyridinium salts include 2-chloro-1-mgtpyridinium iodide and the like.
The ammonium salts include tetrabutyl ammoniumdedtetrabutyl ammonium
trilodide, tetrabutyl ammonium bromodiode, andltke. The iodinated amines
include iodinated diphenylamine and the like. Tddnated imides include iodo
succinimide, iodinated maleimide, iodo phthalimitie3-diiodo-5,5-dimethylhydantoin,
and the like.

[0041]

The organic oxygen compound is roughly classiiiied phenols, alcohols,

12



furans, and the like. The phenols include 2,4r6dthylphenol,
2,6-di-t-butyl-4-methylphenol, 2,4-dimethylphen2tjsopropyl-5-methylphenol,
2,6-di-t-butyl-4-methoxyphenol, 2,6-dimethoxy-4-imgphenol,
2,6-dimethyl-4-cyanophenol, 4-nitrophenol, pherghmin E, hydroquinone,
resorcinol, catechol, 4-t-butylcatechol, 2-methogsdioquinone, hydroxyhydroquinone,
and the like. The alcohols include benzyl alcoligbhenylethyl alcohol, vitamin C,
and the like. The furans include furan, oligofyrpalyfuran, and the like.

[0042]

The organic sulfur compound is roughly classifigo thiophenes, sulfonium
salts, and the like. The thiophenes include thémyeh oligothiophene, polythiophene,
and the like. The sulfonium salts include tribatyfonium iodide and the like.

[0043]

The above-described living radical polymerizatiam be represented by, for
example, a chemical formula indicated as the fatgwormula (3).

[0044]

[Chem. 5]

m =2 to 10000
[0045]

By reacting a radically polymerizable polymer wilkie initiator represented by
the formula (1) under the organic catalyst, thétgralymer represented by the formula

(3) is generated.
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[0046]

The graft polymer to be generated may have a ad#&siructural formula
different from the structure described with theadescribed formula (3). Especially,
this polymer to be generated may be a homopolyonanay be a copolymer
(copolymer, terpolymer, and the like). The copatyrto be generated may be any of a
random copolymer and a block copolymer.

[0047]

By progressing the living radical polymerizati@action using such a
compound represented by the formula (1) as thiatait the graft polymer can be more
stably generated. Especially according to thegmreisivention, since the need for
using dangerous peroxides as the initiator andaledyst in the living radical
polymerization is eliminated, the reaction can &fkely progressed.

[0048]

In progressing the living radical polymerizati@action according to the
present invention, a reaction temperature is netiipally limited, but preferred to be
0°C to 180°C, and more preferably, 30°C to 120°CThis reaction temperature is
further preferred to be 40°C to 80°C. As a reactime, the reaction time appropriate
for each reaction can be chosen as necessaraitga of 30 minutes to 24 hours.
[0049]

The living radical polymerization reaction accaoglito the present invention
may be progressed without a solvent, but the soivety be used. A reaction solvent
in such a case is not especially limited insofathasreaction is not inhibited, and any
solvent may be used. As an example of this reastidvent, the solvent used in the
conventional living radical polymerization may keed as itis. Specifically, for

example, water, various alcohols such as ethaaddpoates such as ethylene carbonate,
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esters such as butyl acetate, amides such as MbHuil 2-methoxyethylamide
(DMMEA) and dimethylformamide (DMF), and ethers Bus diethylene glycol
dimethyl ether (diglyme) can be used.

[0050]

As a reactive condition of the living radical pawigrization reaction according
to the present invention, the living radical polyimation reaction may be performed
under the condition of the presence of air. Tlaetien may be performed under an
inert atmosphere such as nitrogen or argon as $eges
[0051]

In the method for manufacturing the graft polyrteewhich the present
invention is applied, an aspect where the polyma¢ion reaction is performed with still
another initiator added to a mixture of an iodidatenyl monomer, in which the
structural units having the iodine initiating greugre continuous, as the initiator, the
radically polymerizable monomer, and the organtalgat may be employed.

[0052]

In this case, as the other initiator, a knownaabinitiator used for the radical
reaction can be used. Examples of such knownahuitiitiators include azo radical
initiators, peroxide radical initiators, and thieeli  Specific examples of the azo radical
initiators include azobis (isobutyronitrile) (AIBN2,2'-azobis
(2,4-dimethylvaleronitrile) (V65), 2,2'-azobis (dethoxy-2,4-dimethylvaleronitrile)
(V70), dimethyl 2,2'-azobis (2-methylpropionate}s(d), 2,2'-azobis
(2-methylbutyronitrile) (V59), 1,1'-azobis (cyclotane-1-carbonitrile) (V40),
2,2'-azobis [N-(2-propenyl)-2-methylpropionamid¥096), 2,2'-azobis
(N-butyl-2-methylpropionamide)(VAm110). Specifigamples of the peroxide radical

initiators include benzoyl peroxide, dicumyl pembj t-butyl hydroperoxide, t-butyl
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peroxybenzoate (BPB), di (4-t-butylcyclohexyl) peydicarbonate (PERKADOX16),
hydrogen peroxide, potassium peroxide disulfatene 6f these radical initiators may
be used alone, or two or more of these radicahtoits may be used in combination.
[0053]

Of course, the present invention may be embodidtiegraft polymer
generated based on the formula (3) or the initispresented by the formula (1).
[0054]

Especially, when the present invention is embodgthe initiator
living-radical-polymerized with the vinyl monomey the organic catalyst, the
recurring units represented by the formula (1) Wwedoe included in the main chain.
[0055]

[Chem. 6]

Here, R: -COO-(CH).-OCO-

R% R, R, R°, R% hydrogen atom, aromatic group, aliphatic group

a=2to5
[0056]

R": linking group (linear, branched, or cyclic alkgtgroup having 1 to 30
carbon atoms that may contain an ether bond ost@n kond, an aromatic group) may
be more preferably represented by a general fori@)laelow (in the formula, Zand
Z? are oxygen atoms independently of one anotheg,general formula (B) below.

Here, R° represents a linear, branched, or cyclic alkylgmoeip, and B represents a
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hydrogen atom or an aliphatic group.
[0057]

[Chem. 7]

(A) \“/ZLRWZZ\"/
O 0

[0058]

[Chem. 8]
(B) |

[0059]

R": linking group may be embodied as a general foani@) (in the formula,

Ar represents an optionally substituted aromatizigyj.
[0060]

[Chem. 9]

(C) —Ar—

[0061]

The aliphatic group in RR®, R, R°, R®, and R* has an optionally substituted
linear or branched alkyl group having 1 to 12 carbtoms. When the aliphatic group
is substituted, the number of substituents is pet#ically limited insofar as the
substitution is possible, and is one or more.

[0062]

As the group that may be substituted for the alijghgroup, a halogen atom, an
optionally substituted linear or branched alkylgdaving 1 to 12 carbon atoms, an
optionally substituted aromatic group, an optionalibstituted non-aromatic

heterocyclic group, a linear or branched alkoxyugrbaving 1 to 12 carbon atoms, a
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cyano group, a nitro group, or the like is included
[0063]

The aromatic groups in’RR®, R, R, R®, and R' include an aromatic
hydrocarbon ring group or an aromatic heterocygiaup, and specifically, a phenyl
group, a biphenyl group, a terphenyl group, a nagtgroup, a binaphthyl group, an
azulenyl group, an anthracenyl group, a phenanghgeoup, a fulleryl group, a furyl
group, a thienyl group, a pyrrolyl group, a pyrgtgiroup, a imidazolyl group, an
isoxazolyl group, a thiazolyl group, a thiadiazayybup, a pyridyl group, a
benzofuranyl group, an indolyl group, a benzothidzgroup, a carbazolyl group, and
the like are included.

[0064]

This aromatic group may be substituted, and tmebmur of substituents in this
case is not specifically limited insofar as thestitbtion is possible, and is one or more.
[0065]

As the group that may be substituted for the atmnggoup, a halogen atom,
an optionally substituted linear or branched atirglup having 1 to 12 carbon atoms, an
optionally substituted aromatic group, an optionalibstituted non-aromatic
heterocyclic group, a carboxyl group, a linear @mched alkoxy group having 1 to 12
carbon atoms, a cyano group, a nitro group, ofikieds included.

[0066]

While the following specifically describes the geat invention with the
working examples, the present invention is nottiaito the following working
examples. A measuring method of molecular weiggttidution in the following
working examples is as follows.

[0067]
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[Molecular Weight Distribution Measurement]

A polydispersity index (hereinafter referred toRa3l in short) is a value
indicated by PDI = Mw/Mn. Here, Mw is a weight azge molecular weight, and Mn
is a number average molecular weight. Mn and Rildw are standard polymethyl
methacrylate (PMMA) conversion molecular weightsaitied by a gel permeation
chromatography (GPC; GPC-101, manufactured by Sf)adgegng a 10 mmol/L lithium
bromide N,N-dimethylformamide (DMF) solution orrgydrofuran (THF) with an
eluate.

[0068]

A compound in which the recurring unit represeriigdhe formula (1) is
Chem. 4 was synthesized. The compound havingethening unit represented by
Chem. 4 in the main chain is hereinafter referredst PHEMA-EMA-I.  The
molecular weight of the recurring unit of PHEMA-EMAs 357. Before the working
examples, a method for manufacturing poly (2-hygletltyl methacrylate) (hereinafter
referred to as PHEMA in short) as a raw materidlllvd described with a reference
example.

[0069]
[Manufacture of Main Chain Polymer (PHEMA) (RefecerExample)]

In a reactor equipped with a stirrer, a thermometed a nitrogen inlet tube, 11
pts.mass of diethylene glycol dimethyl ether (heaéier referred to as DMDG in short),
100 pts.mass of 2-hydroxyethyl methacrylate (hexftén referred to as HEMA in short),
0.2 pts.mass of iodine, 2.8 pts.mass of tetra gtammmonium iodide (hereinafter
referred to as BiNI in short), and 1.5 pts.mass of 2,2'-azobis
(4-methoxy-2,4-dimethylvaleronitrile) [product nam&70 (hereinafter referred to as

V-70 in short), manufactured by FUJIFILM Wako P@kemical Corporation] as the
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initiator were added. Then, nitrogen gas wasestiwhile being introduced, and
warmed to 50°C. Polymerization was performed fioe¢ hours while maintaining a
reaction system at 50°C. The reaction mixture pagfied by reprecipitation
recovery using hexane as a poor solvent to obtdiENPA.  For the obtained PHEMA,
the molecular weight of 10 mmol/L lithium bromideNNdimethylformamide solution
as its eluent was measured by GPC in polymethyhaweylate conversion.
[0070]

The method for manufacturing PHEMA-EMA-I in Workjirexample 1 and
Working Example 2 will be described using PHEMA mtattured based on the

above-described reference example as a raw material

[0071]
[Chem. 10]
CH3 H
| ’
C—C:
A H
0) O
.......... (4)
|
O (i_CH3
CH;

Working Example 1
[0072]
[Introduction of Polymerization Initiating Group Main Chain Polymer (PHEMA)
First Method]

After 2 g of PHEMA (Mn = 23000, PDI = 1.41) and B1L of pyridine were
added in a reactor equipped with a magnetic stitre7 g of 2-bromoisobutyryl

bromide was added and stirred at 20°C for 30 mswutd he reaction mixture was
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purified by reprecipitation recovery after filtrati using water as a poor solvent. Next,
the obtained precipitate was weighed to take bydnd 15 mL of acetone and 6.3 g of
sodium iodide (hereinafter referred to as Nal iorghwere added. Then, stirring was
performed under nitrogen atmosphere at 80°C fds h8urs. After filtering sodium
bromide to be generated, the reaction mixture waiigd by reprecipitation recovery
using a 1% by weight sodium bisulfite aqueous smuas the poor solvent to obtain
PHEMA-EMA-I by a yield of 3.9 g. In the measurerhehthe molecular weight by
GPC using a THF solvent, Mn was 27000 and PDI was ih polymethyl methacrylate
conversion.
[0073]

H-NMR (400 MHz, CDC}) &: 4.33 (t, 2H), 4.21 (t, 2H), 2.12 (s, 6H), 2.03 to
1.39 (m, 2H), 1.22 to 0.81(m, 3H).
Working Example 2
[0074]
[Introduction of Polymerization Initiating Group Main Chain Polymer (PHEMA)
Second Method]

After 200 mL of methylene chloride, 20.8 g of PHENMnN = 17400, PDI =
1.73), and 15.8 g of pyridine were added in a maajuipped with a magnetic stirrer, a
mixture of 44.1 g of 2-bromoisobutyryl bromide &% mL of methylene chloride was
added and stirred for 30 minutes. The reactiortungxwas purified by reprecipitation
recovery after filtration using methanol as a pearent. Next, the obtained
precipitate was weighed to take by 20 g after dyyand 140 mL of acetonitrile and
32.2 g of Nal were added. Then, stirring was penfl under nitrogen atmosphere at
80°C for 17 hours. After filtering sodium bromitiebe generated, the reaction

mixture was purified by reprecipitation recoveryngsmethanol as the poor solvent to
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obtain PHEMA-EMA-I by a yield of 20.3 g. In the amurement of the molecular
weight by GPC using THF solvent, Mn was 50000 abtiWas 1.4 in polymethyl
methacrylate conversion.

[0075]

H-NMR (400 MHz, CDC}) &: 4.33 (t, 2H), 4.18 (t, 2H), 2.10 (s, 6H), 2.03 to
1.58 (m, 2H), 1.52 to 0.62 (m, 3H).

Working Example 3
[0076]

Working Example 3 describes a method for manufaaithe graft polymer
based on the PHEMA-EMA-I into which the polymeripatinitiating group is
introduced.

[0077]
[Manufacture of Graft Polymer]

7.1534 g of hexyl methacrylate (HMA) as a monore300 g of
PHEMA-EMA-I (Mn = 27000, PDI = 1.51) as an alkyliole, 0.1522 g of tetrabutyl
ammonium iodide (hereinafter referred to agNBun short) as a catalyst, and 4.9689 g
of diethylene glycol dimethyl ether (hereinaftefereed to as DMDG in short) as a
solvent were mixed in a 100 mL eggplant flask, reing oxygen was replaced with
argon, and this reaction solution was heated t€806erform the polymerization
reaction. The reaction time was 6 hours. A higlfggmance liquid chromatography
(HPLC) provided a polymerization rate of the monod¥2. In the measurement of
the molecular weight by GPC using the THF solviftri,was 300000 and PDI was 3.3

in polymethyl methacrylate conversion.
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CLAIMS
1. A method for manufacturing a graft polymer coisipg
performing a living radical polymerization of anapound with a vinyl
monomer by an organic catalyst to manufacture ta# golymer, the compound having
a recurring unit represented by a formula (1) beloa main chain.

[Chem. 11]

Here, R: a linking group (linear, branched, or cyclic diye group having 1
to 30 carbon atoms that may contain an ether bmmdmide bond, or an ester bond, an
aromatic group)

R, R, R, R, R® a hydrogen atom, an aromatic group, an aliptgatcp

n=1to5

2. The method for manufacturing the graft polymzraading to claim 1, wherein
the living radical polymerization is performed lwihe organic catalyst
containing any of an amine compound, a phosphingoand, a phosphonate

compound, a phosphonium salt, an iodoimido comppandn ammonium compound.

3. A graft polymer manufactured with the methodrf@nufacturing the graft

polymer according to claim 1 or 2.

4. An initiator of a graft polymer used as an ativr for a living radical

polymerization with a vinyl monomer in the methad fanufacturing the graft
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polymer according to claim 1 or 2, the initiatorthé graft polymer having the recurring
unit represented by the formula (1) below in themadain.

[Chem. 12]

5. An initiator of a graft polymer used as an atitir for a living radical
polymerization with a vinyl monomer by an organatatyst, the initiator of the graft
polymer having a recurring unit represented byrmtda (1) below in a main chain.

[Chem. 13]

Here, R: -COO-(CH2)a-OCO-
R?, R, R, R, R®: a hydrogen atom, an aliphatic group

a=2to5
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