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NOVEL FUNCTIONAL POLYMERS
BACKGROUND OF THE INVENTION

The present invention relates to a polymer containing. as a monomer unit. acryvlic acid.
acrylic acid ester, acrylamide, acrylonitrile and 'thc like to whose carbon atom at @ —position is
introduced a hydrophilic radical.  Particularly, the present invention relates 10 u functional
polymer containing, as a monomer unit, 2-hvdroxy acrvlic acid. Z—h)'drox}' acrvlic acid CSIeT,
2-hydroxy acrylonitrile, and the like which are useful as functional polymers in medical,
cosmetic and electronic industrial chemical fields.

Polymers comprising acrylic acid, methacrylic acid or their esters as a monomer unit have
been well known and many of those polymers have been practically utilized as \\'atér—szS()rbixlg
polymers, pofymcrs for chemical fibers, polymers for electron beams type resists. ete.  Further.
polymers having @ -acyloxy acrylic acid ester as a monomer unit has been reported ( for
instance, USP2,559,635).  Still further, polymers containing, acrylic acid ester as a monomer
unit, to whose carbon atom at @ -position is bound an acyl group, an alkoxy group, an alkylthio
group, etc.  have been reported (for instance, Japanese Patent Publication- Kokai-Nos.324201
.11994,:294980/1994, etc.).  However, those polymers do not satisfy such requirements on
functions as water-holding ability, water~absorbing ability, adhesive force to scmi—conductor.
substrate, heat resistance, etc.

Polymers comprising acrylic acid, methacrylic acid or their esters as a monomer unit have
been practically utilized in many ficlds of technologies.  In those polymers, carboxyl groups or
esterified carboxy groups pending on the main chain show the functionality.  However,
recently, it has strongly been desired in medical, cosmetic and clectronic industrial chemical
fields that highly functional polymers having_impmved water-holding ability, water-absorbing

ability, adhesive force to semi~conductor substrate and heat resistance are to be developed.

SUMMARY OF THE INVENTION
The problems to be solved by the present invention is, in consideration of the
circumstances mentioned above, to provide polymer having improved wathholding ability,

water—absorbing ability, adhesive force to semi—conductor substrate and heat resistance  which



arc useful in medical, cosmetic and electronic industrial fields.

The present invention has becn cstablished in order to solve the problems mentioned
above and comprises the following:
(1) A polymer comprising, as the structural component. a monomer unit shown by the general

formula [1]

R' R?®
Fo

- (C - |c> - (]
R® R®

(wherein R ' and R ? are, independently, a hvdrogen atom or a halogen atom, R is a
hydrophilic radical and R * is a cyano group , a aminocarbonyl group which may be substituted.

or a carboxyl group which may be esterified).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The halogen atom shown by R ' and R ° in the general formula (1] includes chlorine,
bromine, fluorine and iodine, among which fluorine is preferable.

The hydrophilic radical shown by R ® includes, for cxample, a hydroxy group, a carboxyl
group, a lower carboxyalkyloxy group, a lower sulfoalkyloxy group, a hydroxy lower
sulfoalkyloxy group, a sulfonic acid group, a lower hydroxyalkyl group, a lower
_hydroxyalkyloxy group, etc., among which a hydroxy group is preferable.

The lower alkyl group in the lower carboxyalkyloxy group, the lower sulfoaikyloxy
group. the hydroxy lower sulfoalkyloxy group, the lower alkylamino group, the lower
hydroxyalkyl group and the lower hydroxyalkyloxy group may be any of straight chained,
branched or cyclic ones, and preferably those having | to 4 carbon atoms, including specifically a
methyl group, a cthyl group, a n—propyl group, an isopropyl group, a cyclopropyl gmup,.z;
n~butyl group, an isobutyl group, a tert-butyl group and a scc-butyl group.

The aminocarbonyl group which may be substituted showm by R * includes, for
cxample, a carbamoyl group, a N-methylaminocarbonyl group, a N,N-dimethylaminocarbonyl

group, a N-ethylaminocarbonyl group, a N,N-dicthylaminocarbonyl group, a



c}

N-n-propylaminocarbon¥l group, a N.N-di - n-propylaminocarhony| group. a
N.N—diisopropylaminocarbonyl group. a N.N-diisopropylaminocarbony| group. a
N-2-hvdroxyethylaminocarbonyl group, a N,N-bis(2~hyvdroxvethylyaminocarhonyl group. a
N-(2-methoxyethyl)aminocarbonyl group, a N.N-bis(2-methoxvethylyaminocarhonyl group. a
N-(2-cthoxvethyl)aminocarbonyl group, a N.N-bis(2-cthoxycthyDaminocarbonyl group. a

N-2-aminocthylaminocarbonyl group, a N,N-bis(2-aminoethyl)aminocarbonyl group. a

- N-(2-methylaminoethyl)aminocarbonyl group. a N,N-bis(2-methylaminocthy Daminocarbonyl

group, a I\',N—bis(Z—dimethylaminocthyl)aminocérbon_\'l group, a
N-(2-dimethylaminoethyl)aminocarbonyl group, a N- 2—cthylafnin()cth_\'l)amint)curhun_\'l grmip,
a N,N-bis(2-ethylaminoethyl)aminocarbonyl group, a
N,N—bis(2—dietﬁylaminocthyl)aminocarbon__vl group, a morpholinocarbony] group. a
piperidinocarbonyl group and a piperazinocarbony! group.

The carbokyl group which may be esterified shown by R * is sfmwn by the formula of
~COOR and R is a hydrogcn atom or an'alkyl group which may have onc or more substituents
as shown by R °. '

The alkyl group which may have one or more substituents shown by R ° may be any of
straight chained, branched or cyclic ones, and the cyclic oncs may have one or more hetero atom
such as N, S and O, and the number of the hetero atom is preferably 1 t0 2. The straight or
branched alkyl is preferably onc having 1 to 12 carbon atoms, including specifically a methyl
group, a cthyl group, a n—propyl group, an isopropyl group, a n-butyl group, an isobutyl group,
a tert-butyl group, a sec-butyl group, a n-pentyl group, an isopenty| group, a tert-pentyl group,
a 1-mcthylpentyl group, a n~hexyl group, an isohexyl group, a heptyl group, an octyl group, a
nonyl group, a decyl group, an undecyl group, a dodecyl group, ete.  The cyclic alkyl group is
preferably one having 3 to 12 carbon atoms, including specifically a cyclopropyl group, a
cyclopentyl group, a cyclohexyl group, a tricyclodecanyl group, a dicyclopenteny! group, a
norbornyl group, a norbornan epoxy group, an adamantyl group, a 2-mcthyl-2-adamantyl group,
a tetrahydropyranyl group, a menthyl group, etc., among which those having 7 to 12 carbon

atoms such as a tricyclodecanyl group, a dicyclopentenyl group, a norbornyl group, a norbornan
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epoxy group. an adamantyl group and a 2-methyl-2-3damantyl group are exemplified as more
preferable embodiments.

The substitucnt in the alk_vllgmup shown by R ™ includes a halogen atom such as
chlorine, bromine, fluorine and iodine, a hydroxy group. a oxo group. an alkoxy group. a
haloalkoxy group and an aralkyloxy group. The alkoxy group and onc in the haloalkoxy group
may be any of straight chained or branched ones and those having 1 to § carbor atoms are
preferable. including specifically a methoxy group, an ethoxy group. a n-propoxy group, an
iSopropoxy group, a n-butoxy group, an isobutoxy group. a tert—=butoxy group. a sce-butoxy
group, a n—pentyloxy group, an isopentyloxy group, a n-hexyloxy group, an iso-hexyloxy
group, a n-heptyloxy group, an isoheptyloxy group, a n-octyloxy group, an isooctyloxy group,
etc. The halogen atom in the haloalkoxy group includes chlorine, bromine. fluorine and jodine .
The aralkyl group in the aralkyoxy group includes a benzyl group, a phencthy] group, a
phenylpropy! group, a methyvibenzyl group, a methyl phencthyl group, an ethylbenzyl group, ete.

The preferable examples of thosc alkyl group having substituent are a chloroalkyl group.
a bromoalky! group, a ﬂﬁomalk)’l group, an iodoalkyl group, a hydroxyalkyl group, a
dihydroxyalkyl group, 3-—0x6cyclohcxyl group, 4—(2-oxo-4-methyi)tetrahvdropyranyl group, an
alkoxyalkyl group, a haloalkoxyalky!l group, an aralkyloxyvalkyl group, ete, among which a
fluoroalkyl group is more preferable.

Namely, the polymer comprising the munm:ncr unit shown by lh(.; general formula [1],
wherein R * is carboxyl group esterificd with a fluoroalkyl group is uscful as a binder for
over—coating film which is used for preventing an influence of standing waves in a process of
lithography.

. The most characteristic feature of the polymer of the present invention lics in that the
polymer contains, as a monomer unit. a monomer to whose carbon atom at @ —pusition is bound
a hydrophilic radical such as a hydroxy group, a carboxyl group, a lower carboxyalkyloxy
group. a lower sulfoalkyloxy group, a hydroxy lower sulfoalkyloxy group, a sulfonic acid group,
a lowcf hydroxyalkyl group,-a lower hydroxyalkyloxy gr(;up, etc.

The polymer of the present invention, which compriscs, as the structural component, a



monomer unit shown by the general formula [1] is remarkably improved 1n its water-holding
ability. water-absorbing ability, water solubility. heat resistance. ete. because of the
hydrophilic radical contained in its molecule. as compared with knowr polymers.
Additionally, when the polymer is used as a resist material for semi-conductor devices. high
adhesiveness to a substrate is.attainc . Further. the polvmer containing fluorine atoms in the
molecule. among the polymers of the present invention. are improved in heat resistance and it
can much advantageously be used as an over-coating film material in production of ones derived
from semi-conductor devices because refractive index. ete are improved.

The monomer unit shown by the general formula [1] is one denved from the monomer

shown by the general formula [1a].

Rl Rs
| i -
i o
R? R*

Typical ex_arpplcs of the monomer shown by the above general formula [1a] are
2-hydroxyacrylic acid, 2-sulfoacrvlic acid, 2-carboxy acrvlic acid, 2-(2-hydroxvethoxy)acrylic
acid, 2-(2,3-dihydroxypropoxy)acrylic acid. 2¥hydrox_vucr_\'lonilrile, 2-hvdroxyacrylamide,
N,N-dimethyl 2¥hydroxya_crylamidc. N-methyl 2-hydroxyacrylamide. N-ethyl
2-hydroxyacrylamide, N,N-bis(2-hvdroxyethyl) 2-hydroxvacrylamide, piperidino
Z-hj'(irOX)'acr)'lamidc, N,N-dimethyl 2-hydroxyacrylamide,
2-hydroxymethylacrylamide,pipcridino 2—h_\'drox_\-'mcthylacr_\'lamidc,
3,3-difluoro-2-hydroxyacrylic acid. 3-monofluoro-2-hydroxyacrylic acid, methy|
2-hydroxyacrylate, ethyl 2-hydroxvacrylate, n-propyl 2-hvdroxyacrviate, isopropyl
2-hydroxvacrylate, sec-butyl 2-hyvdroxyacrylate, isobutyl 2-hydroxyacrylate, tert-butyl
2-hydroxyacrylate, n-pentyl 2-hydroxyacrylate, isoamyl 2-hydroxyacryvlate, n-hexyl
2-hydroxyacrylate, cyclohexyl 2-hydroxyacrylate, octyl 2-hydroxyacrylate, 1-methylcyclohexyl
2-hydroxyacrylate, 2-hydroxyethyl 2-hydroxyacrylate, 2,3-dihydroxypropyl 2-hydroxyacrylate,
4-hydroxybutyl 2-hydroxyacrylate, 2,2,2-trifluorocthyl 2-hydroxyacrylate, 3,3,3-trifluoropropyl

2-hydroxyacrylate, 3,3,4,4,4-pentafluorobutyl 2-hydroxyacrylate, perfluorocthyl



2-hvdroxyacrylate, pcrﬂuorobutyl 2-hydroxyacrylate, 3~oxocyclohexyl 2-hyvdroxyvacrylate,
4-(2-oxo-4-methyl)tetrahydropyranyl 2-hydroxyacrylate. tricyclodecanyl 2-hydroxyacrylate,
dicyclopentenyl 2-hydroxyacrylate, norbornyl 2-hvdroxyvacrylate, norhornan epoxy
2-hydroxvacrylate, adamantyl 2-hyvdroxyacrylate, 2-mcthyl-2-adamantyl 2-hyvdroxvacrylate,
1-methoxyethyl 2-hydroxyacrylate, 1-ethoxyethyl 2-hvdroxvacrylate. 1-isopropoxyethyl
2-hydroxvacrylate, 1-hcnzyloxyethyl 2-hydroxyacrylatc, 1-butoxvethyl 2-hydroxyacrylate,
1-(2-chloroethoxy)ethyl 2-hydroxyacrylate, 1—methox;\'—1—'meth_\'leth_\'l 2-hvdroxvacrylate,
tetrahydropyranyl 2—hydroxyacrj'latc, tetrahydrofuranyl 2-hyvdroxyacrylate,
2-hydroxymethylacrylic acid, 2-(2,3-dihydroxypropoxy)acrylic acid, menthyl 2 -
hydroxyacrylate, etc. | |

The polymer comprising, as a structural component. a monomer unit shown by the
general formula [1] includes homopolymers containing one kind of the monomer unit in the
present invention, copolymers containing two br more kinds of the monomer units in the present
invention and copolymers containing one or morc kinds of the monomer units in the present
invention and one or more kinds of other monomer unit. The said other monomer unit may
be any monomer units of copolymerizable monomers, including ones derived from cthylene type
monomers having 2 to 15 carbon atoms such as acrylonitrile, methacrylonitrile, vinyl alcohol and
styrene type monomers such as styrene, p-methyl-styrene, p-hydroxystyrene,
p-tert—butoxystyrene, p—tert-butoxycarbonyloxystyrene and p-1-cthoxycthoxystyrene, a , 8
—ethylenically unsaturated carboxylic acids having 3 to 20 carbon such as methacrylic acid,
acrylic acid, itaconic acid, maleic acid, fumaric acid and crotonic acid, ¢ . B -cthylcnically
unsaturated carboxylic acid esters having 4 to 20 carbon atoms such as methyl methacrylate,
ethyl methacrylate, propyl methacrylate, butyl methacrylate, 2-ethylhexyl methacrylate,
2,2,2-trifluoroethylmethacrylate, 3,3,3-trifluoropropyl methacrylate, 3,3,4,4,4-pentafluorobutyl
methacrylate, tricyclodecanyl methacrylate, adamantyl methacrylate, 2-methyl-2-adamantyl
methacrylate, 2-methoxyethyl methacrylate, 2-ethoyethyl methacrylate, 2-isopropoxyethyl
methacrylate, 1-methoxy-1-methylethyl methacrylate, 1-benzyloxycthyl methacrylate,

1-(2-chloroethoxy)ethyl methacrylate, stearyl methacrylate, methyl acrylate, ethyl acrylate, butyl



acrylate, 2-ethylhexyl acrylate, lauryl methacrylate, stearyl acrvlate. methyl itaconate. ethyl
itaconate, methyl maleate, ethyl maleate, methy fumarate, ethyvl fumarate, methyl crotonate and

ethyl crotonate, among which those shown by the following general formula [20] arc preferable:

H ll3‘

|

(l: = Cll [20]
A B®

(wherein A and B ' are, independently, a hydrogen atom or a lower alkyl group having 1 to 5
carbon atoms, and B * is a carboxyl group, a cyano group, a aminocarbonyl group. an alkyl
group which may have substituents, a alkyl oxycarbonyl gfoup which may have substituents or
aryl group which may have substituents).

In the formula [20], the alkyl group in the definition of A and B ' includes either straight
chained, branched or cyclic alkyl groups preferably having 1 to 5 carbon atoms, for example, a
methy] group, an ethyl group, a n~propyl group, an isopropyl group, a cyclopropyl group, a
n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl group, a nQpcnl)'l group, an
isopentyl group, a tert-pentyl group, a 1-methylpentyl group, a cyclopentyl group, etc.

The alkyl group which may be substituted in the definition of B 2, there can be used a
straight chained, branched or cyclic alkyl groups preferably having 1 to 15 carbon atoms, for
example, a methyl group, an cthyl group, a n-propy! group, an isopropyl group, & cyclopropyl
group, a n~-butyl grbﬁp, an isobutyl group, a tert-butyl group, a sec-butyl group, a n-pentyl
group, an isopentyl group, a tert-pentyl group, a 1-methylpentyl group, a cyclopentyl group, a
n-hexyl group, an isohexyl group, a cyclohexyl group, a heptyl group, an octyl group, a nonyl
group, a decyl group, a undecyl group, a dodecyl group, a tridecyl group, tetradecy! group, a
pentadecyl group, a tricyclodecanyl group, a dicyclopentenyl group, a norbomyl group, a
norborman epoxy group, an adamantyl groﬁp and a 2-methyl-2-adamantyl group, cte.

The substituent for the alkyl group in the definition of B ? includes a halogen atom such
as chlorine, bromine, fluorine and iodinc, an alkoxy group such as a methoxy group, an ethoxy
group, a n—-propoxy group, an iSOPropoxy group, a n—butoxy group, an isobutoxy group, a

tert-butoxy group, a sec~butoxy group, a n—-pentyloxy group, an isopentyloxy group, a
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n-hexvloxy group, ar iso~-hexyloxy group, a n~heptvlioxy group, an isoheptyloxy group. a
n-octyloxy group, and an isooctyloxy group or aralk_'\'lox_\' group such as benzyvloxy group and
phenethyloxy group.

The alkyl moiety in the alkyl oxycarbonyl group in the definition of B * includes straight
chained, branched or cyvclic alkyl grdups preferably having 1 to 15 carbon atoms. for example. a
methyl group, an ethyl émup, a n-propyl group, an isopropy! group, a cvclopropyl group, a
n-butyl group, an isobutyl group, a tert—butyl group. a sec-butyl group, a n~pentyl group, an
isopentyl group, a tert-pentyl group, l—rﬁcthylpentyl group, a cyclopentyl group, a n-hexyl
group, an isohexyl group, a cyclohexyl group, a heptyvl group, an octyl group, a nonyl group, a
decyl group, a undecyl group, a dodecyl group, a tridecyl group, tetradccyl group, a pentadecyl
group, a tricyclodecanyl group, a dicyclopentenyl group, a norbomyl group, a norbornan epoxy
group, an adamantyl group and a 2-methyl-2-adamantyl group, etc.

The substituent for the alkyl maiety in alkyl oxycarbony!l group in the definition of B 2
includes a halogen atom such as chlorine, bromine, fluorine and iodine, an alkoxy group such as
a methoxy group, an ethoxy group, a n-propoxy group, an iSOpropoxy group, a n-butoxy group,
an isobutoxy group, a tert-butoxy group, a sec-butoxy group, a n—pentyloxy group, an
isopentyloxy group, a n-hexyloxy group, an iso—hexyloxy group, a n-heptyloxy group, an
isoheptyloxy group, a n-octyloxy group, and an isooctyloxy group or aralkyloxy group such as
benzyloxy group and phenethyloxy group.

The aryl group which may be substituted in the definition of B ? , there can be used a
phenyl group, a tolyl group, a naphthy! group, etc.

" The substituent for the aryl group in the definition of B 2 includes a halogen atom such
as chlorine, bromine, fluorine and iodine, an alkyl group such as a methyl group, an cthyl group,
a n—propyl group, an isopropyl group, a cyclopropyl group, a n-butyl group, an isobutyl group, a
tert-butyl group, a sec-butyl group, a n-pentyl group, an isopentyl gmup,-a tert-pentyl group, a
1-methylpentyl group, a cyclopentyl group, a n~hexyl group, an isohexyl group, a cyclohexyl
group, an alkoxy group such as a methoxy group, an cthoxy group, a n-propoxy group, an

isopropoxy group, a n-butoxy group, an isobutoxy group, a tert-butoxy group, a sec-butoxy



| group, a n—pentyloxy group, an isopentyloxy group..a n-hexyloxy group, an iso-hexyloxy
group, a n-heptyloxy group, an isoheptyloxy group, a n—octyloxy group, and an isooctyloxy
group.
When the above monomer is used together with the monomer unit in the present
invention, the fesulting copolvmer has the monomer unit(s) shown by the general formula [1]

~ and a monomer unit(s) shown by the general formula [21]

't
- (? - (l:) - | [21)
A B?

wherein the symbols have the same meaning as above.

Examples of the polymers of thc present invention are poly(2-hydroxvacrylic acid),
poly(2-sulfoacrylic acid), poly(2-carboxyacrylic acid), poly[2-(2-hydroxycthoxy) acrylic acid),
poly[2-(2,3-dihydroxypropoxy)acrylic acid], poly(2-hydroxyacrylonitrile), poly(2-hydroxy
acrylamide), poly(N,N-dimethyl-2-hydroxy acrylamide), poly(N,N-dimcthyl-2-hvdroxy
acrylamide), poly(2~hydroxymethyl acrylamide), poly(piperidino~2-hydroxy acrylamide),
poly(N,N-dimethyl2-hydroxy acrvlamide), poly(3,3~difluoro-2-hydroxvacrylic acid),
poly(3-fluoro-2-hydroxyacrylic acid), poly(2-hydroxyacrylic acid/acrylic acid),
poly(2-hydroxyacrylic acid/methacrylic acid), poly (2-hydroxyacrylic acid/vinyl alcohol),
poly(2-hydroxyacrylic acid/2,2,2-trifluoroethyl methacrylate), poly(2-hydroxyacrylic
acid/3,3,3-trifluoropropyl methacrylate), poly(2~hydroxyacrylic acid/3,3,4,4,4-pcntafluorobutyl
methacrylate), poly(2-hydroxyethyl 2-hydroxyacrylate), poly(2,3-dihydroxypropyl
2-hydroxyacrylate), poly(4-hydroxybuty! 2-hydroxyacrylate), poly(perfluoroethyl
- 2-hydroxyacrylate/acrylic acid), poly(perfluorobutyl 2-hydroxyacrylate/methacrylic acid),
poly(methyl 2-hydroxyacrylate), poly(methyl 2-hydroxyacrylate/acrylic acid), poly(ethyl
2-hydroxyacrylate), poly(n-propyl 2-hydroxyacrylate), poly(isopropyl 2-hydroxyacrylate),
poly(sec-butyl 2—hydrox)'acryla§e), poly(isobutyl 2-hydroxyacrylate), poly(tert-butyl
2-hydroxyacrylate), poly(n—pentyl 2-hydroxyacrylate), poly(isoamyl 2-hydroxyacrylate),
poly(n-hexyl 2-hydroxyacrylate), poly(cyclohexyl 2~hydroxyacrylate), poly(octyl
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2-hydroxyacrylate), poly(l—methbxyethyl 2-hydroxyacrvlate). poly(1-cthoxyethvh
2-hydroxyacrylate), poly(1-methoxy-1-methylcthyl 2-hydroxyacrylate).
poly(1-methylcyclohexyl 2-hydroxyacrylate/tricyclodecanyl methacrylate).
poly(1-methylcyclohexyl 2-hydroxyacrylate/adamantyl methacrylate). poly(3-oxocyclohexyl
2-hydroxvacrylate/adamantyl methacrylatc), poly[4-(2-oxo-4-methyl)tctrahydropyranyl
2—hydroxyacr}'laté/2-mcthyl—z—-adamamyl methacrylate], poly(tetrahydropyranyl
2-hydroxyacrylate/adamantyl methacrylate), poly(tetrahydrofuranyl
2—hydroxyacrylate/2-mcthyl-2—adamamyl methacrylate).
poly(tricyclodecanyl-hydroxyacrylate/1~methoxyethyl methacrylate), poly(tricyclodecanyl
2-hydroxyacrylate/1-ethoxyethyl methacryalte), poly(menthyl 2-hydroxyacrylate/methyl
methacryalte), poly(tricyclodecanyl 2-hydroxyacrylate/1-isopropoxyethyl methacrylate),
poly(tricyclodecanyl 2-hydroxyacrylate/1~benzyloxyethyl methac?ylutc), poly(tricyclodecanyl
2-hydroxyacrylate/1-methoxy-1-methylethyl methacrylate), poly(dicyclopentenyl
2-hydroxyacrylate/1-methoxyethyl methacrylate), poly(dicyclopentenyl
2—hydroxyacrylétc/1-cthoxyethyl methacrylate), poly(dicyclopentenyl
2-hydroxyacrylate/1-methoxy-1-methylethyl methacrylate), poly(norboryl
2-hydroxyacrylate/1—ethoiyethyl methacrylate), poly(norbornyl
2-hydroxyacrylate/1~-methoxyethyl methacrylate), poly(norbornyl
2-hydroxyacrylate/1-(2-chloroethoxy)ethyl methacrylate), poly(norboman cpoxy
2-hydroxyacrylate/1-ethoxyethyl methacrylate), poly(norbornan epoxy
2-hydroxyacrylate/1-methoxy-1-methylethy methacrylate), poly(adamantyl
2-hydroxyacrylate/tert~butyl methacrylate), poly(adamantyl 2-hydroxvacrylate/1-methoxyethyl
methacrylate), poly(adamantyl 2-hydroxyacrylate/1-cthoxyethyl methacrylate), poly(adamantyl
2-hydroxyacrylate/1-methoxy-1-methylethyl méthacrylate), poly(1-methoxyethyl
2-hydroxyacrylate/tricyclodecanyl methacrylate), poly(l-;mcthoxyeth)'l
2-hydroxyacrylate/acrylonitrile), poly(1-methoxyethyl 2-hydroxyacrylate/adamanty)
methacrylate), poly(1-ethoxyethyl 2-hydroxyacrylate/adamantyl methacrylate), poly

(2-methyl-2-adamantyl 2-hydroxyacrylate/tert~butyl methacrylate),
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poly(2-methyl-2-adamantyl 2-hydroxyvacrylate/1-cthoxyethyl mcthacrylate).
poly(2-methyl-2-adamantyl 2-hydroxvacrylate.1-mcthoxy~1-mecthylethyl methacryviate).
poly(N,N-dimethyl2-hydroxymethylacrylamide 2-hydroxvacrylic acid). polv(2-hydroxymethyl
acrylamide/tricyclodecanyl 2-hydroxyacrylate), poly(2-hydroxvacrylamide:adamantyl
2-hydroxyacrylate), poly(N,N-dimethyl2-hydroxy acr_vlamidc/tricyclodccanyl
2-hydroxymethylacrylate), poly(1-cthoxvethyl 2-hyvdroxyacrylate/tricyclodecany! methacrylate).
poly(1-ethoxyethyl ?.—hydmxyacrylatc/acrylonitrilc), poly(1-isopropoxyethyl
2-hydroxyacrylate/tricyclodecanyl mcthacrylate), poly(1-benzyloxyethyl
2-hydroxyacrylate/tricyclodecanyl methacrylate), poly(1-butoxyethyl '
2-hydroxyacrylate/adamantyl methacrylate), poly[1-(2-chlorocthoxy)ethyl
2-hydroxyacrylate/adamantyl methacrylate], poly(1-mcthoxy—1-methylethyl
2-hydroxyacrylate/tricyclodecanyl mcthacrylate), poly(tetrahydropyranyl
2-hydroxyacrylate/tricyclodecanyl methacrylate), poly(tetrahydrofuranyl
2-hydroxyacrylate/adamantyl methacrylate), poly(2-hydroxyacrylic acid/2,2,2-trifluorocthyl

2-hydroxyacrylate), poly(2-hydroxyacrylic acid/3,3,3-trifluoropropyl 2-hydroxyacrylate),

- poly(2~hydroxyacrylic acid/3,3,4,4,4-pentaluorobutyl 2-hydroxyacrylate), poly(2-hydroxyacrylic

acid/pcrﬂuordbutyl 2-hydroxyacrylatc), poly(2-hydroxyacrylic acid/tricyclodecanyl
2-hydroxyacrylate), poly(2-hydroxyacrylic acid/adamantyl 2-hydroxvacrylate), poly(menthyl
2-hydroxyacrylate/methyl methacrylate), poly(2-hydroxyacrylic acid/menthyl
2-hydroxyacrylate), poly(2-hydroxyacrylic acid/2-—hydroxyacrylafnidc), pély(Z—hydmxyacrylic
acid/N,N~dimethyl 2-hydroxyacrylamide), poly(2—1iydroxyacrylic acid/p~hydroxystyrene),
poly(2-hydroxyacrylic acid/p—1-ethoxyethoxystyrenc), poly(2-hydroxyacrylic acid/styrene),
poly(2-hydroxyacrylic acid/p~tert-butoxycarbonyloxystyrene), poly(2-hydroxyacrylic
acid/p-tert-butoxystyrene), cross-linked copolymer of 2-hydroxyacrylic acid cross-linked by
xﬁethylene bisacrylamide, copolymer of 2-aminoacrylic acid cross—linked by methylene
bisacrylamide, copolymer of 2-hydroxyacrylic acid cross-linked by bisphenol A, ctc.

The polymer comprising, as a structural component, a monomer unit shown by the

general formula [1], wherein the hydrophilic radical shown by R * in the general formula [1] is
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a hydroxy group, for instance, is synthesized using. as a starting matcrial, a monomer whose

hydroxy group is protected with a protecting group, which is obtained by any of the following

- methods (a) to (d)-

Method (a):

A compound shown by the following general formula [3]
X-CH:_—CH—CH: ' (3]
Cl) H ([)H
(wherein X is a halogen atom such as chlorinc, bromine, fluorine and iodinc) is subjected to a
reaction in sulfuric acid, acetic acid or an aqueous solution thereof in the presence of an
bxidizing agent such as nitric acid, platinum oxide/oxygen, chromium trioxide, potassium
permanganate and chromic acid at 0 to 120 °C for 0.5 to 20 hours with stirring, and the reaction
solution is poured into water, followed by after—treatment to give
@ -hydroxycarboxylic acid compound shown by the geheral formula [4]
OH
/
X—-CH:—-CH 4]
\C OOH
(wherein X has the same meaning as above). The @ -hydroxycarboxylic acid compound is
reacted with a lower alcohol such as methanol, cthanol, iso~propanol, n-propanol, n~butanol,
sec—butanol and tert-butanol(the alcohol comresponding to R ° of the following gencral formula
[5]) and an acid [for instance, an inorganic acid such as sulfuric acid, phosphoric acid,
hydrochloric acid and hydrobromic acid and other Lewis acids and an organic acid such as
p-toluene sulfonic acid, malonic acid and oxalic acid are preferablc] at 30 to 110 °C for 1 to 20
hours to esterify the compound, and after the réaction, the resultant is subjected to conventional

after—treatment to give @ ~hydroxycarboxylic acid ester compound shown by the general
formula [5]
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OH
/
X-CH:~CH (5]
\C OOR?®
(wherein X has thclsame meaning as above and R ° is an alkyl group comresponding to the
above alcohol). Then, the @ ~hvdroxycarboxylic acid ester is rcacted with a lower aliphatic or
an aromatic carboxylic acid anhydride such as acetic anhvdride, propionic anhydride and benzoic
anhydride. (a compound containing the lower alkyl group or aryl group corrcs'p(mding toR ‘'’
in the following general formula [6]) at 20 to 120 °C for (.5 to 20 };ours, followed by treating
the reaction solution after a conventivnal manner to give a dicster compound shown by the
following general formula [6)
OCOR!'’®
/
X—-CH:—CH (6]
COOR?®
(wherein R '° is a lower alkyl group or an aryl group comresponding to the above acid, and R ’
and X have the same meaning as above). - Further this diester is subjected to a rcaction in the _
presence of an organic base [for instance, triethylamine, pyridine, 7 -collidine, piperidine, etc.
are preferable] in an organic solvent [for instance, benzene, toluenc, cyclohexanc, n-hexane,
cthyl ether, methylene chloride, etc. are preferable} at 0 to 120 °C for 0.5 to 20 hours,

followed by treating the reaction solution after a conventional manner to recover the object

monomer shown by the general formula [7]

OCOR'
/ | _
CHi=C | (7]
COOR?®

(wherein R * and R '° have the same mcaning as above).

Method (b):

A pyruvic acid ester or a fluorinated pyruvic acid ester shown by the following general

formula (8]
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R 0
//
CH-C-C 8]
V4 o\
R!'® O OR?

(wherein R ° has the same meaning as above andR "' andR ‘% are independently a hvdrogen
atom or a fluorine atom) is reacted with a lower aliph'zitic carboxylic or an aromatic carboxylic
acid anhydride such as acetic anhydride, propionic anhydride and benzoic anhyvdride or the
coresponding acid halide such as acetyl chloride, acety] bromide, propanoyl chioride and benzoyl
chloride(a compound containing an alkyl group or an aryl group corresponding to the R '° in
the following general formula [9]) in the absence of a catalyst or in the presence of a catalytic
amount of pyridinium p-toluene sulfonate, etc. in the presence of an organic basc [for |
instan_gc,_ tljie,t_hylamine; diethylanﬁinc, pyridine, pipcridiné and 7 -collidine are preferable] in a
suitablewso.lvcm [for ihstancc, organic solvents such as benzene, toluene, n-hexane, cthyl acctate,
acetone, methylethyl ketone, 1,4-dioxane, 1,3-dioxolane and cyclohexane are preferable] at 30 to
150 °C for 1 to 20 hours, and after the reaction, a conventional after-treatment is conducted to
recover the object monomer shown by the following gencral formula [9]
R" OCOR'’
N C= C/
s \ : 9]
R'? . COOR?®

(wherein R°, R '°, R "' and R '? have the same mecaning as abovce).

Method (c):

A pyruvic acid shown by the following formula [10)

7
CH:C-C
Y \ (10}
O OH

is reacted with an alcohol compound shown by the following general formula [11)]

R'*OH [11]

[wherein R '® is a straight chained, branched or cyclic alkyl group (the cyclic alkyl group may
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have one or more hetero atom such asN. S and O) which may be substituted. and the said
substituent is a halogen atom, a hydroxy group, an oxo group, an alkoxv group. a haloalkoxy
group, an aralkyloxy group, ctcj in the presence of a dehvdrating agent such as
dicyclohcxylcarbodiimide (DCC) in an organic solvent such as cthyl acetate, methylene chioride.
acetone, methylethyl ketone, tetrah_vdrofuran and ethy! ether at 0 to 120 °C for 0.5 to 20 hours
with stirring, followed by conventional after-treatment to give a pyruvic acid ester shown by the

following geheral formula [12]

o)
//
CH.C—-C [12]
oo\
0O OR?

(wherein R '* has the same meaning as above).

The pyruvic acid ester shown by the general formula [12] is also obtaincd by reacting the
pyruvic acid shown by the formula [10] with the alcohol compound shown by the general
formula [11] in the presence of a catalytic amount of an acid such as sulfuric acid, p—toluene
sulfonic acid, phosphoric acid, hydrochloric acid and oxalic acid in the absence or presence of an
organic solvent such as benzene, toluene, xylene and cyclohexane at 50 to 150 °C for 0.5 to 20
hours with stirring, followed by conventional after—treatment .

The pyruvic"acid ester shown by the general formula {12] is also obtained by reacting

pyruvic acid shown by the formula [10] with an ethenyl compound shown by the following

general formula {13]

Rll R[i.
/
\C=C\ [13]
H/ OR'®

(wherein R '* and R '* are independently a hydrogen atom, an alkyl group or a haloalky group
and R '° is an alkyl group, a haloalkyl group or an aralkyl group,and R '* and R '* orR '
and R '® may form together a mcthylene chain) in the presence of a catalytic amount of an acid
or a salt such as sulfuric acid, phosphoric acid, p-toluene sulfonic acid, oxalic acid, and

pyfidinium p-toluene sulfonate in an organic solvent such as 1,3-dioxolane, |,4-dioxanc, ethyl
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ether, tetrahyvdrofuran, acetonc, methylethyl ketone, benzene, toluenc>methylenc chloride and
ethyl acetate at 0 to 100 °C for 0.5 to 20 hours with stirring. followed by treating the reaction
solution after conventional manner.
Thus obtained pyruvic acid ester shown by the above general formula [12] is reacted with

a sillylating agent(a sillvlating agent comresponding to R '" of the gencral formula [14]){for
instance, a trialkyl sillyl chioride, hexamethyl disilazane, bis-N-(trimethylsillyl)
trifluoroacetamide, etc.  are preferable] in the presence of an organic basef{for instance.
triethylamine, pyridine, morpholine, etc. arc preferable] in an organic solvent such as cthyl
ether, cthyl acetate, benzene, toluene, cyclohexane, n-hexane, acctone and methylene chioride at
0 to 100 C for 0.5 to 10 hours with stirring, followed by treating the reaction solution after a
conventional manner to recover the object monomer shown by the following general formula
[14]

OR'

CH:=C [14]
COOR"'®

(wherein R '® is an alkyl sillyl group and R ' ® has the samc meaning as above).

Method (d):

| The pyruvic acid ester shown by the general formula [12] is reacted with a benzyl halide
compound(a benzy! halide compound corresponding to R '° of the general formula [15])[for
instance, p—nitrobenzyl chloride, benzyl chloride, benzyl bromide, etc.  are preferable] in the
presence of an inorganic base[for instance, sodium hydride, sodium methoxide, potassium
methoxide, potassium tert-butoxide, metallic sodium, n-butyl lithium, etc. arc preferable] in an
organic solvent such as benzene, tolucne, xylene, cyclohcxane, cthyl cther and tetrahydrofuran at
0 to 100 °C for 0.5 to 10 hours with stirring, followed by treating the reaction solution after a

conventional manner to recover the object monomer shown by the following gencral formula

(15]
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OR'*
/
CH.=C [15]

COOR"
(wherein R ** is benzyl groﬁp or a substituted benzyl group and R has the same meaning as
above).

Among the polymers of the present invention, those which compriscs as a structural unit
a monomer unit shown by the general formula [1} in which the h_vdrop.hilic radical shown by R *
is a hydroxy group can casily be obtained by any of the following methods (1) to (4) starting

from the monomer, which is obtained the above mentioned methods (a) to (d).

Method-(1) ' .-

The monomer shown by the general formula [7] or (9] obtained by the above method (a)
or (b) alone or a mixture of the monomer with other monomer, if necessary, in a sujtable amount
is allowed to conduct any of the following polymerization reactions
@ a reaction in the presence of an azo type polymerization initiator such as
2,2'-azobisisobutyronitrile, 2,2'-azobis(2-methylbutyronitrile),
2,2'-azobis(2,4-dimethylvaleronitrile), 2,2'-azobis(2,4-dimethyl-4-methoxyvaleronitrile) and
2,2'-azobis(methyl 2-methylproionate) or a peroxide type polymerization initiator such as
benzoyl peroxide and lauroyl peroxide in a dehydrated organic solvent such as ethyl ether,
1,3~-dioxolane, 1,2-dimethoxyethanc, ethyl acetate, tetrahydrofuran, toluene, cyclohexanc,
isopropanol and n-butanol under stream of an inert gas such as nitrogen and argon at 20 to 120
°C for' 0.5 to 20 hours with stirring, or
@ a reaction in the presence of a living anion polymerization initiator such as n-butyl lithium,
sec—bﬁtyl lithium, tert~buty! lithium, potassium naphthalenc and potassium cumyl in dehydrated
organic solvent such as ethyl ether, 1,3~dioxolane, 1,2-dimethoxycthune, tetrahydrofuran, ethyl
acetate, methylethyl ketone, toluene, and cyclohcxane under stream of an incrt gas such as
nitrogen and argon at =78 to 0 °C for 0.5 to 20 hours with stirring, followed by a conventional

after-treatment to obtain a homopolymer or a copolymer comprising as a structural unit a
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monomer unit shown by the following gencral formula [16]
OCOR'®
/
- (CH: - C)"' [16]

\COOR"

(wherein R * and R '° have the same meaning as above), or a homopolymer or a copolymer
comprising as a structural unit a monomer unit shown by the following gencral formula [17]
R' "OCOR"'*
\ /
- (C - C) - (17]
/ \
R'? COOR?
(whereinR*,R'°,R"' and R '? have the same meaning as above). Then. the
homopolymer or copolymer comprising as a structural unit thc monomer unit shown by the
above general formula [16] or [17] is subjected to a reaction in an aqueous solution or an
alcholic solution containing an alkali such as sodium hydroxide, potassium hydroxide and
tetramethyl ammonium hydroxide at 0 to 100 °C for 0.5 to 20 hours with stirring and the
reaction solution is treated after a conventional manner for recovering a polymer compound to

recover the polymer of the present invention comprising as a structural unit the monomer unit of

the general formula {1] wherein the hydrophilic radical shown by R * is a hydroxy group.

Method-(2)

The monomer shown by the general formula [14] obtained by the above method (c) alene
or a mixture of the monomer with other suitable monomer, if neccssary, in a suitablc amount is
subjected to a radical polymerization reaction or a living anion polymerization rcaction after a
similar manner to the above method (1), followed by treating after a conventional manner for
recovering a polymer to obtain a homopolymer or a copolymer comprising as a structural unit a

monomer unit shown by the following general formula [18)

/ORla
— (CH. - C\) - (18]
COOR"?
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(wherein R '® and R '® have the same meaning as above). Then the obtained polymer is
stirring in water or alcohol at 0 to 100 °C for 0.5 to 10 hours, followed by treating after a
conventional manner for recovering a polymer to recover the polymer of the present invention

comprising as a structural unit the object monomer unit.

Method-(3)

The monomer of the general formula [15] obtained by the above method (d) alone or a
mixture of the monomer with other suitable monomer, if necessary, in a pre—determined amount
is subjected to a radical polymerization reaction or a living anion polymerization reaction after a
similar manner to the above method (1), foliowed by treating after a conventional method for
Tecovering a polymer to obtain a homopolymer or a copolymer comprising as a structural unit a
monomer unit shown by the following gencral formula [19)

OR'®

/
- (CH: — C) - [19]

COOR"®
(wherein R '® and R '® have the same'meaning as above). Then the resulting polvmer is
subjected to catalytic reduction in the prescnce of a catalyst such as palladium-carbon and Raney
nickel in an organic solvent such as an alcohol, benzenc, tolucne, cyclohexance, cthyl ether and
tetrahydrofuran under normal to elevated pressure at () to 100 °C for 0.5 to 20 hours, and the
reaction solution is treated after a conventional manner to recover the polymer of the present

invention comprising as a structural unit the object monomer unit.

Method-(4)

The poly(2-hydroacrylic acid) obtained by above methods(1), (2) or (3) is reacted with a
compound shown by the following formula [22)

R?°X . [22]
[wherein R 2° is a straight chained, branched or cyclic alkyl group (the cyclic alkyl group may

have one or more hetero atoms such as N, S and O) which may be substituted, and the said
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substituent is a halogen atoin, a hydroxygroup, a oxo group, an alkoxy group. a haloalkoxy
group, an aralkyloxy group, etc. and X is a hydroxy group or a halogen atom] in the present of a
dehydrating agent such as dicyclohexylcarbodiimide(DCC) and
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride(WSC). or an acid such as
sulfuric acid, phosphoric acid; p-toluenesulfonic acid and oxalic acid in an organic solvent such
as benzene, toluene, cyclohexane, acetone, ethyl acctate, methylene chloride, methylethyl Ketone,
mrthylisobutyl ketone, tetrahydrofuran, cthyl ether, N,N-dimethylformamidc and
N,N-dimethylacetamide at 0 to 150 °C for 0.5 to 30 hours with stimring, followed by treating
.after a convent_ional manner for recovering a polymer to recover the polymer of the present
invention comprising as a structural unit the object monomer.unit. .

The polymer of the preseﬁt invention comprising as a structural unit thc monomer unit
shown by the general formula [1] is water soluble and thus useful for preparation of
semi-conductor dcvjces, particularly useful as a binder for over-coating film which is used for
preventing an effect of standing waves in a process of lithography. Further, the polymer shows
high adhesiveness to a semi-conductor substrate by virtuc of its hydrophilic radical such as a
hydroxy group at a carbon atom at the @ —position and shows high transmittancy near 193nm
wave length of ArF excimer laser and thus it is useful also as a binder for an exposure
technology using ArF excimer laser of the coming generation.

Further the polymer of the prescnt invention shows high water holding ability and water
absorbing ability and thus water-absorbable polymer of high quality ca.n be obtained by
subjecting the polymer to a cross—linking. rcaction with a cross-linking agent such as methylene
bisacrylamide.

Preferable examples of the polymer comprising as a structural unit the monomer unit
shown by the general formula [1] of the present invention which is useful for an ov-cr—coating
film material and a resist material are those wherein R ' and R ? are a hydrogen atom or a
fluororine atom, R * is a hydroxy group and R of the carboxyl group which may be esterified
shown by ~COOR of R * is an alkyl group which may have a substituent in the general formula

(1], namely, those comprising as a structural unit a monomer unit shown by the following
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general formula [2]
OH
~ (CH: - (IZ) - [2]
éOORs |
(wherein R ° has the same meaning as above), and particularly preferable examples are those
comprising as a structural unit a monomer unit of the general formula (1] wherein R “andR°
are a hydrogen atom, R * is a hydroxy group and R * of the carboxyl group is a cyelic alkyl
group of 7 to 12 carbon atoms which may have | to 2 hétcro atoms suchas N.Sand Oora
fluoroaikyl group.  The preferable examples of the cyclic alkyl group of 7 to 12 carbon atoms
which may have [ to 2 Hctero atoms are tricyclodccanyl group, dicyclopenteny! group, norbormnyl
group, norbornan epoxy group, adamantyl group, 2-~mcthyl-2-adamantyl group and menthyl
group.

The polymers comprising as a structural unit a monomer unit of the general formula [1]
wherein the hydrophilic radical shown by R ® is a lower carboxyalkyloxy group, a lower
sulfoalkyloxy group, a hydroxy lower sulfoalkyloxy group, or a lower hvdroxyalkyloxy group
can be prepared by producing at first a polymer comprising as a structural unit a monomer unit
of the general formula [1] wherein the hydrophilic radical shown by R Yisa hydmxy group and
then introducing a lower carboxyalkyl group, a lower sulfoalkyl group, a hydroxy lower
sulfoalkyl group, or a lower hydroxyalkyl group into the hydroxy group by treating the polymer
- after a conventional manner, or introducing the above a lower carboxyalkyl group, ctc. into the
hydroxy group of a monomer of the general formula [1a) whercin the hydrophilic radical shown
by R* is a hydroxy group after a conventional manner and then polymerizing thus obtained
monomer - |

The polymers comprising as a structural unit a monomer units of the gencral formula {1]
wherein the hydrophilic radical shown by R * is a carboxyl group, a sulfonic acid group or a
.lower hydroxyalkyl group. can be prepared in a similar manner to the case where tﬁc hydrophilic
radical shown R ® isa hydroxy group.

The average molecular weight of the polymer of the present invention comprising as a
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structural unit a monomer unit of the general formula [1] is 1,000 to 500.000, preferablys2.000 to
200,000 in weight-average molecular weight obtained by GPC measurement method using
polystyrene as a standard, and a molecular weight distribution (degree of dispersion) of the
polymer is 1.0 to 3.0, preferably 1.0 to 2.5. Those molecular weight and degree of dispersion
can be attained by controling reaction conditions such as polymerization reaction time and
temperature after a conventional manner.

In the following, the bresent invention is further explained with citation of synthesis
examples, application examples and comparative cxamples, and the present invention is not

limited, by any means, to those examples.

Examples ..
Synthesis Example 1 Synthesis of poly(2-hydroxyacrylic acid)

(1) 102.1 Grams(1 mole) of methyl pyruvate is dissolved in 204.2 g(2 moles) of acetic
anhydride and 5.0 g(20 millimoles) of pyridinium p-toluencsulfonate is added thercto, followed
by conducting a reaction at 100 to 110 °C for 7 hours with stirring and refluxing with stirring
for 11 hours. After cooling, the reaction solutioﬁ is poured into 5000 ml of water and the
precipitated oily substance is extracted with ethyl cther. The extract layer is washed with

water, dried over anhydrous magnesium sulfate, concentrated and distilled under reduced

pressure to give 50.0 g of methyl 2-acctyloxyacrylate as colorless oil having bp. 65 to 68 °C
/11 mmHg.

' HNMR 6 ppm(CDCI s ):2.24(3H,s,CH_s -CO), 3.81(3H,5,COOCH 3 ), 5.48 and 6.05 (each
1H, each d, J=1.46, CH 2 =).

(2) 7.2 Grams (S0 millimoles) of methyl 2~acetyloxyacrylatc obtained in the above (1) is
dissolved in 35 ml of toluene, and 10 ml of toluene solution of a catalytic amount of V-601
[Trade Name manufactured and sold by Wako Pure Chemical Industrics, Ltd. Chemical Name:
2,2'-azobis(methyl 2-methylpropionatc] is dropwise added thereto at 70 °C under nitrogen gas
stream, followed by conducting a reaction at the same temperature for 7 hours with stirring.

After cooling, the reaction solution is poured into 500 mi of methanol to cause precipitation.
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The precipitate is recovered by filtration, and dried under reduced pressure to give 5.9 g of

poly(methyl Z-écetyloxyacrylate) as white powder. Molecular weight of the resulting polymer

ié measured by GPC method using polystyrene as a standard to find that the weight-average

~ molecular »;'eight is 48,500 and the molecular weight distribution(dispersion) is 2.23.
' HNMR & ppm(CDClI s ):2.05(3H,bs,CH 3 -COOQ), 2.70-3.60 (ZH.bs.CkL £ ). 3.75(3H.bs,CH

3 -0C0).

(3) 10.0 Grams of poly(methyl 2-acctylox_-vacr_vlale.) is suspended in 100 ml of methanol
and 92.8 g of aqueous solution of 15% tetramethyl ammonium hydroxide is dropwide added
thereto at room temperature, followed by stirring at room tempcerature for 1 hour and then a
stirring at 45 °C for 10 minutes. The resultant is poured into 3000 ml of water to dissolve it
therein. Then the reaction solution is passed through a column packed with 250 g of ion
exchange resin (Amberlite IR-120B) and. concentrated under reduced pressure to give 13.5 g of
poly(2-hydroxyacrylic acid) as white powder. The weight-average molecular weight of the
obtained polymer is 29,500 and the dispersion thereof is 2.22 (GPC method:polycthyleneglycol

as a standard).

' HNMR 6 ppm(D : O): 2.0-3.0(2H,bs,CH 2 ).

Synthesis Example 2 Synthesis of poly(2-hydroxyacrylic acid/methacrylic acid)

(1) 8.6 Grams (60 millimoles) of methyl 2-acetyloxyacrylate obtaincd in Synthesis
Example 1 (1) and 6.0 g (60 millimoles) of methyl methacrylate arc polymerized after a similar
manner to Example 1 (2).  After cooling, the reaction solution is poured into 500 ml of
n-hexane to cause precipitation. The precipitate crystal is recovered by filtration and dried to
give 9.8 g of poly(methyl 2-acetyloxyacrylate/methyl mcthacrylate) as whitc powder.  The
structural ratio of methyl 2-acetyloxyacrylate unit to methyl methacrylate unit is found as 1:1 by
' HNMR measurement. The weight-average molccular weight is found to be 11,840 and the
dispersion is found to be 1.58 by GPC method using polystyrenc as a standard.

" HNMR 6 ppm(CDClI s ):0.7-1.6(3H,bs,CH s ), 1.7-3.5(7H,bs,CH 2 x 2 and CH_a —-COO),
3.5-3.9(6H,bs,CH 3 OCO x 2). '
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(2) Using 8.5 g of poly(methyl 2-acetyloxyacrylateimethyl methacrylate) obtained in the
above (1), a similar reaction and after treatment to Example 1 (3) are conducted to give 5.0 g of
poly(2-hydroxyacrylic acid/methacrylic acid) as white powdery crystal.  The structural ratio of
2-hydroxyacrylic acid unit to methacrylic acid unit is found as 1:1 by " HNMR mcasurcment .
The weight-average molecular weight is found to be 8.500 and the dispersion is found to be
1.57 (GPC method: polystyrene as a standard).

' HNMR 6 ppm(D : 0):0.8-1.2(3H.bs,CH 3 ), 2.0-3.0(2H,bs.CH : x 2).

Synthesis Example 3 Synthesis of poly(tricyclododecanyl 2-hydroxyacrylate/1-ethoxvethyl
methacrylate)

(1) 0.5 Grams of phenothiazin is added to 144.2 g (2 moics) of cthyl vinyl cther and 86.1
g (1 mole) of methacrylic acid is dropwise added thereto at 10 °C or lower, followed by stirring
at toom temperature for 4 hours. 5.0 Grams of pyridinium p-toluenesulfonatc is added to the
resultant, followed by conducting a rcaction with stirring at room temperaturc for 2 hours and
allowing to stand for overnight at room temperature. 5 Grams-of sodium bicarbonate and 5 g
of sodium sulfate are added to the reaction solution, followed by stifring at room temperature for
1 hour. Insolubles are removed by filtration and concentration under reduced pressure is
conducted, aﬁd the yellow oily residue is distilled under reduced pressure to give 134.0 g of
1-ethoxyethyl methacrylate as colorless oily fraction having bp. 43 to 45 °C /7mmHg.

" HNMR 6 ppm(CDCI 2 ):1.22(3H,t,J=6.96Hz,CH 3 -CH 2 ), 1.45(3H,d,J=5.13Hz,CH 3
~CH), 1.95(3H,5,CH 2 =C-CH s ), 3.50-3.79(2H,m,CH s -CH 2 -0-), 5.60(1H,t,J=1.46Hz,
H-CH=C-CH s ), 6.00(1H,dd,J=5.13Hz and 10.62Hz,~O-CH-0-), 6.16(1H,t,J=1.47Hz,
H-CH=C-CH 3).

(2) 58.5 Grams (0.6 mole) of pyruvic acid, 30.5 g (0.2 mole) of 2—tricyclodecanol and
24 g of p-toluenesulfonic acid are dissolved in 800 m! of benzene, followed by refluxing with
stirring for 4 hours.  After cooling, the resultant is washed twice with aqueous solution
saturated with sodium bicarbonate (cach 200 ml) and once with NaCl aqueous solution (100 ml)

and concentrated under reduced pressure to give 44.5 g of tricyclodecanyl pyruvate as pale
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vellow oil.

' HNMR & ppm(CDCl 5 ):0.92-2.35 (ISH..m,h_\'drogcn of cvclodecanyl ring). 3.4()(3H,5.C}_~l__.;
-C00), 5.02-5.08(1H.m,-O-CH-).

(3) 40.0 Grams (180 millimoles) of tricylodecanyl pyruvate obtained in the above (2) 1s
dissolved in 90 ml of DMF and 22.0 g of tricthylamine is drop»\_'isc added thereto at room
temperature and 21.5 g (198 millimoles) of trimethyt sillyl chloride is further dropwise added
at 10 C or lower, followed by conducting a reaction with stirring at room temperature for 2
~hours. 150 Milliliters of n-hexane and 150 ml of cthyl acctate are introduced into the resultant

to dilute and the whole is poured in 2000 ml of cold water.  The scparated oily layer is
recovered and dried over anhydrous magnesium sulfate and then the solvent is removed by
distillation. 52 Grams of vellow oily residuc is distilled under reduced pressure to give 45.5 g
of tricyclodecanyl 2-trimethyl sillyloxy acrylate as colorless oily fraction having bp. 159 to
161 °C /2mmHg.

" HNMR & ppm (CDCI 2 ):0.24(9H,s, CH_3 x3), 0.92-2.37(15H,m, hvdrogen of
tricyclodecany! ring), 4.95-5.00(1H,m,~O-CH-), 4.87 and 5.49 (each 1H.cach d,J=(.73Hz,
CH:=).

(4) Using 7.9 g (50 millimoles) of 1-ethoxycthyl methacrylate obtained in the above (1) and
14.7 g (50 millimoles) of tricvclodecanyl 2-trimethyl sillyloxy acrylate obtained in the above (3),‘
a similar polymerization reaction to Synthesis Example 1 (2) is conducted in the presence of
V-601 for 5 hours; and the reaction solution is treated similarly to give 10.8 g of
poly(tricyclodecanyl 2—-trimethy] sillyloxy acrylate/1-ethoxycthyl methacrylate) as white powder.

The structural ratio of 2~tricyclodecanyl 2-trimethyl sillyoxy acrylate unit to

1-ethoxyethyl methacrylate unit is found as 1:1 by ' HNMR mecasurement. The weight-average
molecular weight is found to be 5,000 and the dispersion is found to be 1.39(GPC mcthod:
polystyrenc as a standard).

' HNMR 6 ppm(CDCl s ):0.20(9H,s,CH 3 x3), 0.50-2.70(27H,m,hydrogen of tricyclodecanyl

ring, CH 2 x3 and CH 2 x2 ), 3.40-4.00(2H,m,CH_2 -CH 3 ), 4.87(1H,s, CH of tricyclodecanyl
ring), 5.72(1H,bs,CH of acetal).
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(5) 10.0 Grams of poly(tricyclodecanyl8-trimethyl sillyloxy acrylate/1-ethoxvethyl
methacrylate) is suspended in 45 g of tetra~n~butyl ammonium fluoride(1M agueous solution).
followed by stirring at room temperature for 2 hours. The resultant is extracted with cthyl
acetate(200 mi x 1) and the organic layer is washed with aqucous saturated ammonium chloride
solution (150 ml x2), and washed with NaCl aqueous solution(100 ml) and dried wi.th anhydrous
_ magnesium sulfate. The drying agent is removed and the solvent is removed by distillation to
give 7.6 g of residue of poly (2-tricyclodecanyl 2-hydroxyacrylate/1 -ethoxyethyl mcthagr_vlntc)
as pale yellow powder. The weight-average molecular weight is 4,100 and the dispersion is
1.38(GPC method: polystyrene as a standard).

' HNMR & ppm(Acctone—d 6 ):0.77-2.81(27H,m, hydrogen of tricyclodecanyl ring, CH.
x3 and CH 2 x2), 3.37-4.11(3H,m,CH 2 -CH s and OH), 4.98(1H,bs,CH of tricycl(.)dccanyl
ring), 5.77(1H,bs, CH of acetal).

Synthesis Exémple 4  Synthesis of poly(adamanty! 2-hydroxyacrylate/1-cthoxycthyl
methacrylate)
(1) 52.9 Grams (0.6 mole) of pyruvic acid and 76.3 g (0.5 mole) of 1-adamantanol arc dissolved
in 350 ml of benzene and 0.8 ml of concentrated sulfuric acid is dropwise added thereto,
followed by refluxing with stirring for 4 hours and allowing to stahd for overnight at room
temperature.  The resultant is washed twice with aqueous saturated sodium bicarbonate solution
(each 250 ml) and once with saturated NaCl aqueous solution (200 ml) and the organic layer is
dried over anhydrous magnesium sulfate. The solvent is removed by distillation to give 104.5
g of the residue of adamantyl pyruvate as white solid.

' HNMR & ppm(CDCl 1 ):1.69(6H,bs,hydrogen of adamantyl ring), 2.19(9H,bs,hydrogen of
adamantyl ring), 2.41(3H,5,CH_s -CO-).

(2) A similar reaction and after treatment to Synthesis Example 3 (3) is conducted with

the use of 30.0 g (135 millimoles) of adamantyl pyruvate obtained in the above (1) to give 36.1
g of the residue of adamantyl 2—triméthyl sillyioxy acrylate as pale brown oil.

' HNMR & ppm(CDCl 3 ):0.19(9H,s,CH s x 3), 1.65(6H,bs, hydrogen of adamantyl ring),
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2.13(9H.bs,hydrogen of adamantyi ring). 4.78 (1H,d.}J=0.7 Hz, H-CH=C-OTMS).
5.40(1H,d,J=0.7Hz, H-CH=C-OTMS).

3) 14.8 Grams (50 millimoles) of adamant_ﬁ'l 2-trimethyl sillvloxy acrvlate obtained in
the above (2) and 7.9 g (50 millimoles) of 1-ethoxvethy] methacrylate obtained by a similar
manner to Example 3 (1) arc dissolved in 90 ml of 1.4-dioxane and 1,4-dioxanc solution (30 ml)
containing a catalytic amount of V-601 is dropwise added thercto at 75 “C under nitrogen gas
stream, followed 5)' conducting a polymerization rcaction at the same temperature for 6 hours.
After cooling, the resultant is pourcd into méthanol(lZOO ml) to cause precipitation. The
precipitate is recovered by filtration and dried to give 6.8 g of poly(adamantyl 2-trimethyl
sillvloxy acrylate/1-ethoxyethyl methacrylate) as white powdery crystal.

The structural ratio of adamantyl 2~trimethyl sillyloxy acrylate unit to 1-ethoxycthyl
methacrylate unit of the polymer is found as about 1:1 by ' HNMR measurement. The
weight-average molecular weight is found to be 4,500 and the dispersion is found to be
1.47(GPC method: polystyrene as a standard).

' HNMR 6 ppm(CDCl s ):0.15(9H,bs,CH 3 x3), 1.18(6H,bs,CH 3 and -OCH 2 CH a ),
1.43(3H,bs,CH 3 ~CH), 1.60-1.90 and 1.90-3.00 (30H,hydrogen of adamantyl ring and
CH: x2), 3.40 (2H,m,~OCH 2 -CH 3 ), 5.73(1H,m,CH s -CH).

(4) A similar reaction and after-treatment to Synthesis Exampic 3 (5) is conducted with -
the use of 5.0 g of .poly (adamantyl 2-trimethy! sillyloxy acrylate/1-ethoxyethyl methacrylate)
obtained in the above (3) to give 3.7 g of poly(adamantyl 2-hydroxyacrylate/1-cthoxyethyl
methacrylate) as pale yellow powdery crystal. The weight-average molecular wcight is 3,600
and the dispersion is 1.45(GPC method: polystyrene as a standard).

' HNMR & ppm(CDCI s ):0.85-2.81(28H,m,hydrogen of adamantyl ring, CH_ 3 x3 and

CH 2 x2), 3.36-4.08(3H,m,CH 2 ~CH s and OH), 5.75(1H,bs,CH » ~CH).

Synthesis Example 5 Synthesis of poly(2-hydroxyacrulic acid/2,2,2-trifluoroethyl
2-hydroxyacrylate)

1.32 Grams of poly(2-hydroxyacrylic acid) obtained in Synthesis Example 1 and
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1.50g(15mmole) of 2,2,2~trifluoroethanol are dissolved in 30ml of N.N-dimethviformamide and
2.88g(15mmole) of 1-ethyl-3-(3-dimcthylaminopropyl)-carbodiimide hvdrochloride is added
thereto, followed by conducting a reaction at room temperature for 10 hours with stimring.  After
reaction, the reaction solution is poured into 200ml of water, the precipitated oily substance
obtained is washed with water and concentrated under reduced pressure to give 1.20g of residue
of pol}'(2—h}'drox}'aér}'lic acid/2,2,2-trifluoroethyl 2-hydroxyacrylate) as white powder.

The structural ratio of 2-hydroxyacrylic ;'scid unit to 2,2,2-trifluoroethyl
2-hydroxyacrylate unit is found as 1:.1 based on ' HNMR measurement. The weight-average
molecular weight is found to be 29,500 and the dispersion is found to Be 2.20(GPC method

:polyethyleneglycol as standard).

Application Example 1

An aqueous solution for over—coating film is prepared from the following composition.
[Composition A}
Poly (2-hydroxyacrylic acid) [polymer of Synthesis Example 1) 35¢g
Water 965 g
A pattern formation is conducted by using the above aqueous solution and a photorcsist
composition of the following composition B.

[Composition B]

Poly(p-tert-butoxycarbonyloxystyrcne/p~hydroxystyrene) 6.0g
Triphenyl sulfonium triflate 02pg
Propylene glycol monomethy! ether acetate 240

The photoresist composition of the above B is coated by a spin-coating method on
silicone wafer and baked on a hot plate at 90 °C for 90 seconds to give photoresist film of
1 4 mthick.  Then aqueous solution of the above composition A for over-coating, in which
the polymer of the present invention is dissolved, is coated by a spin-coating method on the
photoresist film to give an over—coating film of 0.3 # m thick. The film is sclectivcly' exposed

through a mask using KrF excimer laser stepper (NA 0.55).  After 1 hour exposure, the film is
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baked on a hot plate at 105 °C for 90 seconds and developed with a developing solution(Z.38%
aqueous tetramethyl ammonium hydroxide solution) for 60 seconds by a puddlc method to
dissolve away only the exposed portion of the photoresist film and all of the over-coating film

to give a positive tone rectangular pattern of 0.30 & m line and space with good profile.

Application Example 2

The following over—coating composition is prepared.
Poly (2-hydroxyacrylic acid/methacrylic acid) [polymer of Synthesis Example 2] 25 g
Perfluorotributylamide : 30g

Water 945

Pattern formation is carried out in the same manner as described in Application Example

1 for using an over-coating composition preparcd in the above and a photoresist composition

abtained in Application Example 1. As a result, 0.30 # m linc and space positive tone pattern

can be formed as in Application Example 1 with good profilc.

Comparative Example

A pattern is formed without using the aqueous solution using the polymer of the present
invention, namely without using an over-coating film. |
A photoresist composition comprising the Composition B of the Application Example 1 is coated
by a spin-coating method on a silicone wafer and baked under the same conditions as the
Application Example 1 to give a photoresist film of 1 # m thick. The film i selectively
exposed through a mask using KrF cxcimer laser stepper.  After 1 hour exposure, the film is

baked and developed under the same conditions as the Application Example 1 to fail to form a

pattern.

Application Example 3
The following over—coating composition is prepared.

poly(2-hydroxyacrylic acid/ZI,Z,Z-triﬂuorocth_vl 2-hydroxyacrylate)
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[polymer of Synthesis Example 5) 30g
Perfluoroalkyl nonionic surfactant lhg
Water ' 96.0 g

Pattern formation is carried out in the same manner as described in Application Example
1 for using an over—coating composition prepared in the above and a photoresist composition
obtained in Application Example 1. As a result, .30 £ m line and spacc positive tone patiern

can be formed as in Application Example 1 with good profile.

Application Example 4
The following photoresist composition is preparcd;

Poiy (tricyclodecanyl 2-hydroxyacrylate/1~cthoxyethyl 'methacrylate)

[Polymer of Synthesis Example 3] 6.0 g
Triphenylsulfonium triflate 03g
Propylene glycol monomethyl ether acetate 237¢g

The photoresist composition of the above is coated by a spin-coating method on
silicone wafer and baked at 90 °C for 90 seconds to give photo1"csis( film of 1 & m thick. The
film is selectively exposed through a mask using ArF excimer laser stepper ( 4 =193 nm;NA
0.55). After exposare, the film is baked at 90 °C for 90 seconds and dévelopcd with a

developing solution (2.38% aqueous tetramethyl ammonium hydroxide solution) by a puddie

method to give a positive tone pattem of 0.30 # m line and space.

Application Example 5
The following photoresist composition is prepared.

Poly (adamantyl 2-hydroxyacrylate/1-ethoxyethyl methacrylate)

[Polymer of Synthesis Examplc 4] 6.0¢g
Triphenylsulfonium triflate 03¢g
Propylene glycol monomethyl ether acetate 237g

A pattern formation is conducted with the use of the above photoresist composition  after
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the same manner as the Application Example 4 to give a positive tonc pattern of 0.30 £ m line
and space.

As clear from the above explanation, the polymer of the present invention is excellent in
its functions, and is remarkably useful as an over—coating film material and the main material for
ArF excimer laser resist which is expected as a technology of the coming gencration.

Therefore, the present invention has high value for formation of fine pattern in semi-conductor
industries, etc.

Further, the polymer of the present invention has high water-holding abitity and high

water—absorbing ability and thus can be applicable also to a water—absorbing polymer.
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WHAT IS CLAIMED IS:
1. A polymer comprising, as a structural component, a monomer unit shown by the
general formula [1]

R' R°?

I |

- (C - C) - (1]
Rt R

(whcreiﬁ R'andR? are, independently, a hydrogen atom or a halogen atom. R Yisa _
hydrophilic radical and R * is a cyano group, a aminocarbonyl group which may be substituted,
or a carboxyl group which may be esterified).

2. The polymer as claimed in Claim 1, wherein R ° is a hydroxy group.

-3. The polymer as claimed in Claim 1, whercin R ' and R ? are, independently, a
hydrogen atom or a fluorine atom, and R *isa hydroxy group.

4. The polymer as claimed in claim 1, wherein the monomer unit is one shown by the

general formula [2]
OH
— (CH.: - é) - 2]
(ll OOR?®
(wherein R ® is an alkyl éroup which may have one or more substituents).

5. The polymer as claimed in claim 4, wherein R ° is an alkyl group having 1 to 12

carbon atoms.

6. The polymer as claimed in claim 4, wherein R * is a cyclic alkyl group having 3 to 12

carbon atoms.

7. The-polymer as claimed in claim 4, wherein R ° is a cyclic alky! group having 7 to 12

carbon atoms.

8. The polymer as claimed in claim 4, whercin R ° is a tricyclodecanyl group.
9. The polymer as. claimed in claim 4, wherein R ° is a dicyclopentenyl group.
10. The polymer as claimed in claim 4, wherein R * is a norborny! group.

11. The polymer as claimed in claim 4, wherein R * is a norbornan epoxy group.

Thls Sheet Has Been Replaced
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12. The polymer as claimed in claim 4. wherein R * is an adamantyl group.
13. The polvmer as claimed in claim 4. wherein R © is a 2-methvi-2-adamantyl group.
14. The polymer as claimed in claim 4. wherein R ° is a fluoroalky! groun having 1 10 12
carbon atoms.
15. A homopolymer comprising. as a structural component. one Kind of 4 monomer uanit
shown by the general formula [1]

R' R?

| l

-(C —-C) - [1]
R. 2 Ila L]

(wherein R ' andR ? are, independently, a hydrogen atom or a halogen atom. R ‘isa
hydrophilic radical and R * is .a cyano group, a aminocarbonyl group which may be substituted,
or a carboxyl group which mav be esterified).

-16. A copolymer comprising, as a structural component, two or more different kind of

monomer units shown by the general formula [1]

IRI llzs
- (€ -0 - - )
R? R*

(wherein R ' and R * are, independently, a hydrogen atom or a halogen atom, R* isa

hydrophilic radical and R * is a cyano group, a aminocarbonyl group which may be substituted,

or a carboxyl group which may be esterified).
17. A copolymer comprising, as a structural component, one or more kind of monomer units

shown by the general formula [1]

b
(€ -0 - | (1]
R* R

(wherein R ' and R ? are, indepcndently, a hydrogen atom or a halogen atom, R® isa
hydrophilic radical and R * is a Cyano group, a aminocarbonyl group which may be substituted,

or a carboxyl group which may be esterified) and one or more kind of monomer units shown by

This Sheet Has Been Repl
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the general _formula (21]
H l|3 !
B I .
- (C - ,c> - 21]
I .
A B?

(wherein A and B ' are. independently, a hydrogen atom or a lower alkyl group having 1 to 5
carbon atoms, and B  is a carboxyl group, a Cyano group, a aminocarbony! group. an alkyl
group which may have substituents, a alkyl oxycarbony! group whicﬁ may have substituents or
aryl group which may have substituents). '

18. The polymer as claimed in claim |, wherein the polymer has a weight-average
molecular weight of 1,000 to 500,000.

19. The polymer as claimed in claim I, wherein the polymer has a molecular weight

distribution of 1.0 to 3.0.

This Sheet Has Been Reilaced
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ABSTRACT

NOVEL FUNCTIONAL POLYMERS

To provide a polymer comprising as a structural unit a monomer unit containing a
hydroxy group or oiher hydrophilic radical and other functional group in the molecule which is
useful in medical, cosmetic and electric industries.

A polymer comprising as a structural unit a monomér unit shown by the general

formfula [1]

R' R®
1

- (-0 - | 1]
R! R*

(wherein R ' and R ? are, independently, a hydrogen atom or a halogen atom, R Tisa

hydrophilic radical and R * is a cyano group or a carboxy| group which may be esterified).
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WHAT IS CLAIMED IS:

1. A polymer comprising. as a structural component, a monomer unit shown by the

general formula (1]

vy -
_ (? _ (‘:) _ . . 1[1]
Rz 'Rl .

(wherein R ' and R ? are, independently, a hydrogen atom or a halogen atom. R *isa
hydroxy group, a carboxyl group, a lower carboxyalkyloxy group, a lower
sulfoalkyloxy group, a hydroxy lower sulfoalkyloxy group, a sulfonic
acid group, a Iower hydroxyalkyl group, or a lower hydroxyelkyloxy
group, and R* is a cyano group, a aminocarbonyl group which may be-
substituted, or a carboxyl group which may be esterified).
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2. The polymer as claimed in Claim 1, wherein R °® is a hydroxy group.
3. The polymer as claimed in Claim 1, wherein R ' and R ? are, indupcnclcntfy. a

hydrogen atom or a fluorine atom, and R * is a hydroxy group.

4. The polymer as claimed in claim 1, wherein the monomer unit is onc shown by the

general formula [2]
| OH
- (CH.: - c‘:)— '[2]'
 Loore
(wherein R * is an alkyl group which may have one or more substituents).
5. The polymgr as claimed in claim 4, wherein R * is an alkyl group having 1 to 12

carbon atoms.

6. The polymer as claimed in claim 4, wherein R * is a cyclic alkyl group having 3 to 12

carbon atoms.

7. The polymer as claimed in claim 4, wherein R ° is a cyclic alkyl group having 7 to 12

carbon atoms.

8. The polymer as claimed in claim 4, whercin R * is a tricyclodecany! group.
9. The polymer as claimed in cl’aim 4, wherein R * is a dicyclopentenyl group.
10. The polymer as claimed in claim 4, whercin R ® is a norbornyl group.

1L The polymer as claimed in claim 4, wherein R °

is a norbornan cpoxy group.
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12. " The polymer as claimed in claim 4. wherein R * is an adamantyl group.

13. The polvmer as claimed in claim 4. wharein R *ica 2-methyl-2-adamanty! group .

14. The polymer as ctairﬁcd in claim 4. wherein R * is a fluorcalky! group having 1 10 12
 carbon atoms.

15. A homopolymer comprising. as a structural éumpon;:nt. one kind ¢l a mcnomér unit

shown by the general formula [1] -

' .
S -0 - [
R?* R*

(wherein R ' and R ° are, independently, a hydrogen atom or a halogen atom. R° isa

hydrophilic radical and R * is a cyano group, a aminocarbony! group i.vhich'may be substituted.

or 2 carboxyl group which may be ssterificd).
16. A copolymer comprising, as a structural componcnt, two or more different kind of

monomer units shown by the general formula [1]

R! R?

| ]

- (€ - f> - (1]
Rz . Rc

(wherein R ' and R ® are, independently, a hydrogen atom or a halogen atom, R “isa

hydrophilic radical and R * is a cyano group, 2 aminocarbonyl group which may be substituted,
or a carboxyl group which may be esterified).
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17. A copolymer comprising, as a structural component, onc or mors kind of munomssr units

shown by the general formula [1]

R' R’ | _
- ((I: - cl:) - o | i
R* R* '

‘(wherein R ' and R © are, independently, a hvdrogen atom or a halogzn atom. R ° isa
hydroxy group, a carboxyl group, a lower carboxyalkyloxy group, a lower
sulfoalkyloxy group, a hydroxy lower sulfoalkyloxy group, a sulfonic
acid group, a lower hydroxyalkyl group, or a lower hydroxyalkyloxy
group, and R¥ is a cyano group, a amimcairbon-yl group which may be
substituted,or a carbonyl group which may be esterified) and one or
more kind of monomer units shown by the general formula [21]

H ?‘
| |

-((‘3 -?)— . [21)
A B? | '

(whezeiz A and B ' are. irdspendently, a hydrogen atom or a lower aikyl group haviag 1 to 3

carbon atoms, and B ° is a carboxyl group, a cyano group, a aminocarbonyl group. an alkyl

group which may have substituents, a alkyl oxycarbonyl group which may have subs:ituents or
_ , :
aryl group which may have substituencs).

18. The polymer as claimed in claim |, wherein the polymer has a weight-average

molecular weight of 1,000 to 500,000.

19. The polymer as claimed in claim |, wherein the polymer has 2 molecular weight

distribution of 1.0 to0 3.0.

et o v,

REPLACEM bl\'? ‘«%sf’” £l

TR L s ey

02 PEL 1997
L . 99




. 4 &
»

Substitute Sheet
- 1st December 1997
-36 -

ABSTRACT

NOVEL FUNCTIONAL POLYMERS

To provide a polymer comprising as a structural unit a monomer unit containing a
hydroxy group or other hydrophilic radical and other functional group in the moleculs which is
useful in medical, cosmetic and electric industries.

A polymer comprising as a structural unit a monomer unit shown by the general
formfula (1]

5! lRJ
- -0 - | [
~R* R* '

(wherein R ' and R ? are, independently, a hydrogen atom or a halogen atom, R * is a

hydrophilic radical and R* is a cyano group or a carhoxyl group which may be esterified).
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