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The present invention relates to a polymer containing. as a monomer unit. anylic acid. 

acrylic acid ester, acrylamide, acrylonitrilc and the like to \\'hos:: carhon atom at a -positicm is 

introduced a hydrophilic radical. Particularly, the present inV1.:ntion rclatc.:s to a functional 

polymer containing, as a monomer unit, 2-hydrnxy acrylic add. :!-hydroxy acrylil' add ester. 

2-hydroxy acrylonitrilc, and the like which arc useful as functional polymers in medical, 

cosmetic arid electronic industrial chemical fields. 

Polymers comprising acrylic acid, methacrylic: ac.:id or their esters as a nlllnomc.:r unit han: 

been well known and many of those polymers have been practically utilized as wutcr-absorbing 

polymers, polymers for chemical fibers, polymers for electron beams type resists. etc. Further. 

polymers having a -acyloxy acrylic acid ester as a monomer unit has been reported ( for 

instance, USP2,559,635). Still further, polymers contuining, acrylic acid ester as a monomer 

unit, to whose carbon atom at a -position is bound an acyl group, an alkoxy group, an alkylthio 

group, etc. have been reported (for instance, Japanese Patent Publication- Kokai-l\'os.324201 

' . /1994,.294980/1994, etc.). However, those polymers do not satisfy such requirements on 

functions as water-holding ability, water-absorhing ability, adhesive force to semi-conductor 

substrate, heat resistance, etc. 

Polymers comprising acrylic acid, methacrylic acid or their esters as a monomer unit have 

been practically utilized in many fields of technologies. In those polymers, carhoxyl groups or 

esterified carboxy groups pending on the main chain show the functionality. However, 

recently, it has strongly been desired in medical, cosmetic and electronic industrial chemical 

fields that highly functional polymers having improved water-holding ability, water-absorbing 

ability, adhesive force to semi-conductor substrate and heat resistance an: 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 water-holding ability, 

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

'•;. ... ~ . 
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arc useful in medical, cosmetic and electronic industrial fields. 

The present invention has been established in order to sol\·c th:: prolikm~ mcntii1ncd 

above and comprises the following: 

(1) A polymer comprising, as the structural component. a monomer unit shown liy th:: gcn:.:ral 

formula [1] 

RI R 3 

I I 
(C - C) 111 

1· I 
R 2 R 4 

(wherein R 1 and R 2 are, independently, a hydrogen atom or a halogen atom, R ;\ is a 

hydrophilic radical and R 4 is a cyano group , a aminocarbonyl group which may be substituted. 

or a carboxyl group which may be csterifiecl). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The halogen atom shown by R 1 and R ~ in the general fomrnla [1] includes chlorine, 

bromine, fluorine and iodine, among which fluorine is preferable. 

The hydrophilic radical shown hy R 3 includes, for example, 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 sulfoalkyloxy 

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 I 10 4 carbon atoms, including specifically a 

methyl group, a ethyl group, a n-propyl group, an isopropyl group, a cyclopropyl group,. a 

n-butyl group, an isobutyl group, a tcrt-hutyl group and a sec-butyl group. 

The aminocarbonyl group which may be substituted showm by R ~ includes, for 

example, a carbamoyl group, a N-methylaminocarbonyl group, a N,N-dimcthylaminocarbonyl 

group, a N-ethylaminocarhonyl group, a N,N-diethylaminocarbonyl group, a 

:\ 
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i'-n-propylaminocarhon!l group, a f\.N-di - n-prnpylaminncarhonyl group. a ... 
N,N-diisopropylaminocarbonyl group. a N.N-diisopropylaminoc<1Thonyl group. a 

N-2-hydroxyethylaminocarbonyl group, a N,N-his(2-hydroxycthy1Jaminm:arhonyl group. a 

l'i-(2-methoxyethyl)aminocar~onyl group, a N,N-his(2-mcthoxycthyl )aminnG1rhonyl group. a 

N-(2-ethoxycthyl)aminocarbonyl group, a l'\,N-bis(2-cthoxycthyl)aminocarhonyl group. a 

N-2-aminocthylaminocarhonyl group, a N,N-bis(2-aminocthyl)aminocarhonyl group. a 

jl;-(2-methylaminoethyl)aminocarbonyl group. a N,7'-his(2-methylaminocthyl)aminrn.:arbonyl 

group, a N,N-bis(2-dimethylaminoethyl)aminocarhonyl group, a 

N-(2-dimethylaminoethyl)aminocarbonyl group, a N-(2-cthylaminocthyl)aminocarhonyl group, 

a N,N-his(2-ethylaminoethyl)aminocarbonyl group, a 

N,N-bis(2-diethylaminoethyl)aminocarbonyl group, a morpholinocarbonyl group. a 

pipcridinocarbonyl group and a piperazinocarbonyl group. 

The carbo.xyl group which may be esterificd shown hy R 4 is shown hy the fomrnla of 

-COOR and Risa hydrogen atom or an alkyl group which may have one or more substituents 

5 as shown by R . 

The alkyl group which may have one or more substiluents shown hy R ; may he any of 

straight chained, branched or cyclic ones, and the cyclic ones may have ont! or more hetcro atom 

such as N, S and 0, and the number of the hetcro atom is prcferahly 1 to 2. The straight or 

branched alkyl is preferably one having 1 to 12 carbon atoms, including specifically a methyl 

group, a ethyl group, a n-propyl group, an isopropyl group, a n-hutyl group, an isohutyl group, 

a tert-hutyl group, a sec-hutyl group, a n-pentyl group, an isopentyl group, a tcrt-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, etc. The cyclic alkyl group is 

preferably one having 3 to 12 carhon atoms, including specifically a cyclopropyl group, a 

cyclopcntyl group, a cyclohexyl group, a tricyclodecanyl group, a dicyclopentenyl group, a 

norbornyl group, a norboman epoxy group, an adamantyl group, a 2-methyl-2-adamantyl group, 

a tctrahydmpyranyl 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 norhornan 
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epoxy group, an adamantyl group and a 2-mcthyl-2-ildamantyl group ar:.: exemplified as mcm: 

preferable embodiments. 

The suhstitucm in the alkyl group shown tiy R " inclucks a halogen atom such as 

chlorine, bromine, fluDiine and iodine, a hydroxy group. a oxo group. an alkox~ group. a 

haloalkoxy group and an aralkyloxy group. The alkoxy group and one in the haloalkoxy group 

may be any of straight chained or hmnched ones and those ha\'ing 1 tn l' carhor. atl)m~ arc 

preferable. including specifically a mcthoxy group, an cthoxy group. a n-pmpoxy group, an 

isopropoxy group, a n-butoxy group, an isobutoxy group. a tert-hutoxy group. a scc-hutoxy 

group, a n-pentyloxy group, an isopcntyloxy group, a n-hexyloxy group, an iso-hcxyloxy 

group, a n-heptyloxy group, an isoheptyloxy group, a n-octyloxy group, an isom:tyloxy group, 

etc. The halogen atom in the haloalkoxy group includes chlorine, bromine. fluorine and iot.linc. 

The aralkyl group in the aralkyoxy group includes a henzyl group, a phenethyl group, a 

phenylpropyl group, a mcthylbenzyl group, a methyl phcnethyl group, an cthylhcnzyl group, etc. 

The preferable examples of those alkyl group having suhstitucnt are a chloroalkyl group. 

a bromoalkyl group, a nuoroalkyl group, an iodoalkyl group, a hydroxyalkyl group, Cl 

dihydroxyalkyl group, 3-oxocyclohexyl group, 4-(2-oxo-4-mcthyl)tetrahydropyranyl group, an 

alkoxyalkyl group, a haloalkoxyalkyl group, an aralkyloxyalkyl group, etc, among which a 

fluoroalkyl group is more pref era bk. 

Namely, the polymer comprising the monomer unit shown by the general formula [1), 

wherein R 
4 is carboxyl group csterified with a fluoroalkyl group is useful as a hinder 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 lies in that the 

polymer contains, as a monomer unit. a monomer to whose carhon atom al a -pllsition is hound 

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 lower hydroxyalkyl group,.a lower hydroxyalkyloxy group, etc. 

The polymer of the present invention, which comprises, as the structural component, a 
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monomer unit shown hy the gcnernl fomrnla [ l] is remarkahly impw\·::d in it:- wat:.:r-hnl.dinf 

ability. water-absorbing ability, water solubility. heat rcsistam:e. ctr. bc1.:aus:.: llf th:.: 

hydrophilic radical contained in it~ molecule. m• compared with kn()\\·r. pnlym..:r~. 

Additionally, when the polymer is uscd as a resist material for scmi-;.-.mductm d1.:\'iccs. hifh 

adhesiveness to a substrate is attain::d. Further. the polymer contaiilinf flul)Tinc.: atoms in th.: 

molecule. among the polymers of the present invention. arc impro\'cd in heat resistance and it 

can much advantageously he used as an over-coating film material in prmluction of om.:s derived 

from semi-conductor devices because refractive index. etc arc impro\'cd. 

The monomer unit shown by the general fom1Ula I l] is one deri\'ed from the monomer 

shown by the general fonnula [la]. 

RI 
I c = 
I 
Rz 

Ra 
I - . 
c 
I 
R4 

[la] 

Typical examples of the monon~cr shown hy the above general fomrnla (luJ arc 

2-hydroxyacrylic acid, 2-sulfoacrylic acid, 2-carboxy acrylic acid. 2-(2-hydroxyethnxy)acrylic 

acid, 2-(2,3-dihydroxypropoxy)acrylic acid. 2-hydroxyacrylonitrile, 2-hydroxyacrylamidc, 

N,N-dimethyl 2-hydroxyacrylamitk. N-methyl 2-hydroxyacrylamicl:.:. ;-;-ethyl 

2-hydroxyacrylamidc, N,N-his(2-hydroxycthyl) 2-hydroxyacrylamidc, pipcridino 

2-hydroxyacrylamide, N,N-dimethyl 2-hydroxyacrylamidc, 

2-hydroxymethylacrylamide,pipcridino 2-hydroxymethylacrylamide, 

3,3-difluoro-2-hydroxyacrylic acid, 3-monofluoro-2-hydroxyacrylic acid, methyl 

2-hyclroxyacrylatc, ethyl 2-hydroxyacrylate, n-propyl 2-hydroxyacrylate, isopropyl 

2-hydroxyacrylate, sec-butyl 2-hydroxyacrylate, isohutyl 2-hydroxyacrylate, tcrt-hutyl 

2-hydroxyacrylate, n-pentyl 2-hydroxyacrylatc, isoamyl 2-hydroxyacrylatc, n-hexyl 

2-hyclroxyacrylatc, cyclohexyl 2-hydroxyacrylate, octyl 2-hydroxyacrylatc, 1-mcthylcyclohexyl 

2-hydroxyacrylate, 2-hydroxyethyl 2-hydroxyacrylatc, 2,3-dihyclroxypropyl 2-hydroxyacrylatc, 

4-hydroxybutyl 2-hydroxyacrylate, 2,2,2-trifluorocthyl 2-hydroxym.:rylate, 3,3,3-trifluoropropyl 

2-hydroxyacrylate, 3,3,4,4,4-pentafluorobutyl 2-hydroxyacrylate, pcrfluoroethyl 
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2-hydroxyacrylatc, perfluorobutyl 2-hydroxyacrylate, 3-oxocyclohexyl 2-hydroxyacrylate, 

4-(2-oxo-4-methyl)tetrahydropyranyl 2-hydroxyacrylate. tricydodecanyl 2-hydroxyacrylatc, 

dicyclopentenyl 2-hydroxyacrylate, norbornyl 2-hydroxyacrylate, nortioman epoxy 

2-hydroxyacrylate, adamantyl 2-hydroxyacrylate, 2-mcthyl-2-adamantyl 2-hydrilxyaL·rylate, 

1-methoxyethyl 2-hydroxyacrylatc, 1-ethoxyethyl 2-hydrnxyacrylatc. l-i!'oprop1lxycthyl 

2-hydroxyacrylate, 1-bcnzyloxycthyl 2-hydroxyacrylate, 1-butoxyethyl 2-hydroxym:rylatc, 

1-(2-chloroethoxy)ethyl 2-hydroxyacrylate, 1-methoxy-1 ~methylethyl 2-hydroxym:rylate, 

tetrahydropyranyl 2-hydroxyacrylatc, tetrahydrofuranyl 2-hydroxyacrylate, 

2-hydroxymethylacrylic acid, 2-(2,3-dihydroxypropoxy)acrylic acid, mcnthyl 2 -

hydroxyacrylate, etc. 

The polymer comprising, as a structural co~poncnt, 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 or more kinds of the monomer units in the present 

invention and copolymers containing one or more 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 onci; derived from ethylene type 

mon~mers having 2 to 15 carbon atoms such as acrylonitrile, methacrylonitrilc, vinyl alcohol and 

styrene type monomers such as styrene, p-methyl-styrene, p-hyclroxystyrene, 

p-tert-butoxystyrerie, p-tert-butoxycarbonyloxystyrene and p-1-cthoxyethoxystyrene, a , f3 

-ethylenically unsaturated carboxylic acids having 3 to 20 carbon such as methacrylic acid, 

acrylic acid, itaconic acid, maleic acid, fumaric acid and crotonic acid, a , /3 -ethylcnically 

unsaturated carboxylic acid esters having 4 to 20 carbon atoms such as methyl mclhacrylatc, 

ethyl methacrylate, propyl methacrylate, butyl methacrylate, 2-ethylhexyl methacrylatc, 

2,2,2-trifluoroethylmethacrylate, 3,3,3-trifluoropropyl methacrylate, 3,3,4,4,4-pcntatluorobutyl 

methacrylate, tricyclodecanyl methacrylate, adamantyl methacrylatc, · 2-mcthyl-2-adamantyl 

methacrylate, 2-methoxyethyl methacrylate, 2-ethoyethyl mcthacrylatc, 2-isopropoxyethyl 

methacrylate, 1-methoxy-1-methylethyl methacrylate, 1-bcnzyloxycthyl methacrylate, 

1-(2-chloroethoxy)ethyl methacrylate, stearyl methacrylate, methyl acrylate, ethyl acrylate, butyl 
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acrylate, 2-ethylhexyl acrylate, lauryl methacrylate, stearyl acrylate. methyl itaconate. ethyl 

itaconate, methyl maleate, ethyl maleatc, mcthy fumaratc, ethyl fumarate, methyl l"TOtnnate and 

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

H Bi 
I I 
c = c [20] 
I I 
:\ B: 

(wherein A and B 1 arc, independently, a hydrogen atom or a lower alkyl group having 1 to 5 

carbon atoms, and B 2 is a carboxyl group, a cyano group, a aminocarhonyl group. an alkyl 

group which may have substituents, a alkyl oxycarbonyl group which may have suhstituents or 

aryl group which may have substituents). 

In the formula [20], the alkyl group in the definition of A and B 
1 

includes either straight 

chained, branched or cyclic alkyl groups preferably having 1 to 5 carbon atoms, for example, a 

methyl 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 n-pcntyl 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 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 n-pentyl 

group, an isopentyl group, a tert-pentyl group, a 1-methylpentyl group, a cyclopcntyl group, a 

n-hexyl group, an isohexyl group, a cyclohcxyl group, a heptyl group, an octyl group, a nonyl 

group, a dccyl group, a undecyl group, a dodccyl group, a tridecyl group, tetradccyl group, a 

pentadecyl group, a tricyclodecanyl group, a dicyclopcntenyl group, a norbomyl group, a 

norboman epoxy group, an adamantyl group and a 2-methyl-2-adamantyl group, etc. 

The substituent for the alkyl 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-hutoxy group, an isobutoxy group, a 

tert-butoxy group, a sec-butoxy group, a n-pentyloxy group, an isopcntyloxy group, a 
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n-hexyloxy group, an. iso-hexyloxy group, a n-heptyloxy group, an isohcptyloxy group. a 

n-octyloxy group, and an isooctyloxy group or aralkyloxy group sul·h as bcnzyloxy group and 

phenethyloxy group. 

The alkyl moiety in the alkyl oxycarhonyl group in the definition of B ~ indudcs strnighc 

chained, branched or cyclic alkyl groups preferably ha\'ing 1 to 15 carbon atom~. for example. a 

methyl group, an ethyl group, a n-pmpyl group, an isopropyl group, a cycloprnpyl group, a 

n-butyl group, an isobutyl group, a tcrt-butyl group. a sec-butyl group, a n-pcniyl group, an 

isopentyl group, a tert-pentyl group, a 1-methylpentyl group, a cyclopcntyl 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, tetraclccyl group, a pcntadecyl 
. 

group, a tricyclodecanyl group, a dicyclopentenyl group, a norbornyl group, a norbormm epoxy 

group, an adarnantyl group and a 2-rnethyl-2-adarnantyl group, etc. 

The substituent for the alkyl moiety in alkyl oxycarbonyl 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-pcntyloxy group, an 

isopentyloxy group, a n-h~xyloxy group, an iso-hcxyloxy 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 2 
, there can be used a 

phenyl group, a tolyl group, a naphthyl 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 ethyl group, 

a n-propyl group, an isopropyl group, a cyclopropyl group, a n-butyl group, an isohutyl group, a 

tert-butyl group, a sec-butyl group, a n-pcntyl group, an isopcntyl group, a tcrt-pcntyl group, a 

1-methylpentyl group, a cyclopentyl group, a n-hexyl group, an isohcxyl group, a cyclohexyl 

group, an alkoxy group such as a methoxy group, an cthoxy group, a n-pmpoxy group, an 

isopropoxy group, a n-butoxy group, an isobutoxy group, a tcrt.,-butoxy group, a scc-butoxy 
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group, a n-pentyloxy group, an isopentyloxy group,..a n-hcxyloxy group, an iso-hexyloxy 

group, a n-heptyloxy group, an isoheptyloxy group, a n-octyloxy group, aml an isooctyloxy 

group. 

When the above monomer is used together with the monomer unit in the present 

invention, the resulting copolymer has the monomer unit(s) shown hy the general formula I 1] 

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

H 
I 

(C 
I 
A 

B1 
I 
C) 
I 
B2 

wherein the symbols have the same meaning as above. 

(21] 

Examples of the polymers of the present invention arc poly(2-hydroxyacrylic 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-hydroxy 

acrylamide), poly(2-hydroxymethyl acrylamide), poly(piperidino-2-hydroxy acrylamidc), 

poly(N,N-dimethyl2-hydroxy acrylamide), poly(3,3-difluoro-2-hydroxyacrylic acid), 

poly(3-fluoro-2-hydroxyacrylic acid), poly(2-hydroxyacrylic acid/acrylic acid), 

poly(2-hydroxyacrylic acid/mcthacrylic acid), poly (2-hydroxyacrylic acid/vinyl alcohol), 

poly(2.,.hydroxyacrylic acid/2,2,2-trifluoroethyl methacrylate), poly(2-hydroxyacrylic 

acid/3,3,3-trifluoropropyl methacrylatc), poly(2-hydroxyacrylic acid/3,3,4,4,4-pcntafluorobutyl 

methacrylate), poly(2-hydroxyethyl 2-'hydroxyacrylate), poly(2,3-dihydroxypropyl 

2-hydroxyacrylate), poly(4-hydroxybutyl 2-hydroxyacrylate), poly(perfluornethyl 

2-hydroxyacrylate/acrylic acid), poly(perfluorobutyl 2-hydroxyacrylateimcthacrylic acid), 

poly(methyl 2-hydroxyacrylate), poty(methyl 2-hydroxyacrylate/acrylic acid), poly(ethyl 

2-hydroxyacrylate), poly(n-propyl 2-hydmxyacrylate), poly(isopropyl 2-hydroxyacrylate), 

poly(sec-butyl 2-hydroxyacryla~e), poly(isobutyl 2-hydroxyacrylate), poly(tcrt-butyl 

2-hydroxyacrylate), poly(n-pentyl 2-hydroxyacrylate), poly(isoamyl 2-hydroxyacrylate), 

poly(n-hexyl 2-hydroxyacrylatc), poly(cyclohcxyl 2-hydroxyacrylate), poly(octyl 
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2-hydroxyacrylate), poly(l-methoxyethyl 2-hydroxyacrylate). poly(l-cthoxycthy\... 

2-hydroxyacrylate), poly(l-methoxy-1-methylcthyl 2-hydroxyacrylatc), 

poly( 1-methylcyclohexyl 2-hydroxyacrylateitricyclodccanyl methacrylatc ), 

poly(l-methylcyclohexyl 2-hydroxyacrylate/adamantyl methacrylate). poly(3-oxm.·yclohcxyl 

2-hydroxyacrylate/adamantyl methacrylatc ), poly[ 4-(2-oxo-4-mcthyl )tctrahydropyranyl 

2-hydroxyacrylate/2-mcthyl-2-adamantyl mcthacrylate ], poly(tctrahydropyranyl 

2-hydroxyacrylate/adamantyl methacrylate), poly(tetrahydrofuranyl 

2-hydroxyacrylate/2-methyl-2-adamantyl rnethacrylate). 

poly(tricyclodecanyl-hydroxyacrylate/1-methoxyethyl mcthacrylate ), poly(tricyclndccanyl 

2-hydroxyacrylate/l-ethoxyethyl rnethacryaltc), poly(menthyl 2-hydroxyacrylateimethyl 

rnethacryalte ), .poly(tricyclodecanyl 2-hydroxyacry latc/1-isopropoxycthy I mcthacry late), 

poly(tricyclodecanyl 2-hydroxyacrylate/1-benzyloxyethyl rnethacrylatc), poly(tricyclodecanyl 

2-hydroxyacrylate/1-methoxy-1-methylethyl methacrylate ), poly(dicyclopentcnyl 

2-hydroxyacrylate/1-methoxyethyl methacrylate ), poly( dicyclopcntcnyl 

2-hydroxyacrylate/l-ethoxyethyl methacrylate), poly( dicyclopentenyl 

2-hydroxyacrylate/1-methoxy-1-methylethyl methacrylate), poly(norbomyl 

2-hydroxyacrylate/1-ethoxyethyl methacrylate ), poly(norbomyl 

2-hydroxyacrylate/1-methoxyethyl methacrylate ), poly(norbornyl 

2-hydroxyacrylate/1-(2-chloroethoxy)ethyl mcthacrylate ), poly(norboman epoxy 

2-hydroxyacrylate/1-ethoxyethyl ·mcthacrylatc), poly(norboman epoxy 

2-hydroxyacrylate/1-methoxy-1-methylethy methacrylatc), poly(adamantyl 

2-hydroxyacrylate/tert-butyl methacrylatc), poly(adamantyl 2-hydroxyacrylatc/1-methoxyethyl 

methacrylate), poly(adamantyl 2-hydroxyacrylate/1-cthoxyethyl mcthacrylate), pnly(adamantyl 

2-hydroxyacrylate/1-methoxy-1-methylethyl methacrylate), poly(l-methoxycthyl 

2-hydroxyacrylate/tricyclodecanyl methacrylate), poly(l-mcthoxyethyl 

2-hydroxyacrylate/acrylonitrilc), poly(l-methoxyethyl 2-hydroxyacrylate/adamantyl 

methacrylate), poly(l-ethoxyethyl 2-hydroxyacrylate/adamantyl methacrylate), poly 

(2-rncthyl-2-adamantyl 2-hydroxyacrylatc/tert-butyl mcthacrylate), 
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poly(2-methyl-2-adamantyl 2-hydroxyacrylate!l-cthoxyethyl mcthacrylate ). 

poly(2-methyl-2-adamantyl 2-hydroxyacrylate.'l-mcthoxy-1-mcthylcthyl mcthacrylatc). 

poly(N,N-dimethyl2-hydroxymcthylacrylamide.'2-hydroxyacrylic: acid). poly(2-hydroxymcthyl 

acrylamide/tricyclodecanyl 2-hydroxyacrylate), poly(2-hydroxyacrylamidc;adamantyl 

2-hydroxyacrylate), poly(N,N-dimethyl2-hydroxy acrylamidc/tricyclodccanyl 

2-hydroxymethylacrylate ), poly(l-cthoxycthyl 2-hydroxyacrylatc/tricydodccany I mcth.icrylatc ). 

poly(l-ethoxyethyl 2-hydroxyacrylatciacrylonitrilc), poly(l-isopropnxyethyl 

2-hydroxyacrylate/tricyclodecanyl mcthacrylate ), poly(l-bcnzyloxyethyl 

2-hydroxyacrylate/tricyclodecanyl mcthacrylate ), poly(l-butoxyethyl 

2-hydroxyacrylate/adamantyl mcthacrylate), poly[l-(2-chloroethoxy)ethyl 

2-hydroxyac;rylate/adamantyl methacrylate ], poly(l-mcthoxy-1-methylcthyl 

2-hydroxyacrylate/tricycloclecanyl mcthacrylate), poly(tetrahydropyranyl 

2-hydroxyacrylate/tricyclodecanyl mcthacrylatc), poly(tctrahydrofuranyl 

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-pcntaluorobutyl 2-hydroxyacrylatc), poly(2-hydroxyacrylic 

acid/perfluorobutyl 2-hydroxyacrylatc), P?ly(2-hydroxyacrylic acid/tricyclodecanyl 

2-hydroxyacrylate), poly(2-hydroxyacrylic acid/adamantyl 2-hydroxyacrylate), poly(menthyl 

2-hydroxyacrylate/methyl methacrylate), poly(2-hydroxyacrylic acid/menthyl 

2-hydroxyacrylate), poly(2-hydroxyacrylic acid/2-hydroxyacrylamidc), poly(2-hydroxyacrylic 

acid/N,N-dimethyl 2-hydroxyacrylamide), poly(2-hydroxyacrylic 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 

methylene bfsacrylamidc, copolymer of 2-aminoacrylic acid cross-linked by methylene 

bisacrylamide, copolymer of 2-hydroxyacrylic acid cross-linked by bisphcnol A, etc. 

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

general formula [l], wherein the hydrophilic radical shown by R :i in the general formula (1] is 
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a hydroxy group, for instance, is synthesized using, as a starting material, a monomer whose 

hydroxy group is protected with a protecting group, which is ohtaincd hy any of the following 

methods (a) to (d). 

Method (a): 

A compound shown by the following general formula (3] 

(3] 

(wherein X is a halogen atom such as chlorine, bromine, fluorine and iodine) is suhjectcd to a 

reaction in sulfuric acid, acetic acid or an aqueous solution thereof in the presence of an 

oxidizing 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 

a -hydroxycarboxylic acid compound shown by the generdl formula (4] 

OH 
I 

X - C H 2 - C H (4) 
\ 
COOH 

(wherein X has the same meaning as above). The a -hydroxycarboxylic acid compound is 

reacted with a lower alcohol such as methanol, ethanol, iso-propanol, n-propanol, n-butanol, 

sec-butanol and ten-butanol(the alcohol corresponding to R 0 of the following general 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 preferable] at 30 to 110 °C for 1 to 20 

hours to esterify the compound, and after the reaction, the resultant is subjected to conventional 

after-treatment to give a -hydroxycarboxylic acid ester compound shown by the general 

formula [5] 
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[51 

(wherein X has the same meaning as above and R 
9 

is an alkyl group corresponding lo the 

above alcohol). Then, the a -hydroxycarboxylic acid ester is reacted with a lower aliphatic or 

an aromatic carboxylic acid anhydride such as acetic anhydride, pmpionic anhydride and hcnZllic.: 

anhydride. (a compound containing the lower alkyl group or aryl group com:sponding to R i ~ 

in the following general formula [6J) at 20 to 120 °C for 0.5 to 20 hours, followed by treating 

the reaction solution after a conventional manner to give a dicster compound shown by the 

following general formula (6] 

OCOR 10 

I 
X-CH2-CH 

\ 
COOR 9 

(6] 

(wherein R 1 0 
is a lower alkyl group or an aryl group corresponding to the above acid, and R 

9 

and X have the same meaning as above). Further this diester is subjected to a reaction in the 

presence of an organic base (for instance, triethylaminc, pyridine, r -collidine, piperidinc, etc. 

are preferable] in an organic solvent [for instance, benzene, toluene, cyclohexane, n-hexane, 

ethyl 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 10 

I 
CH2=C 

\ 
COOR 9 

[7] 

(wherein R 
9 

and R 10 have the same meaning 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 1·
1 0 
"- I; 

CH-C-C 
/ II \ 

R 1 z 0 OR 9 

[S] 

(wherein R 9 has the same meaning as above and R : 
1 

and R : z are independently a hydrogen 

atom or a fluorine atom) is reacted with a lower aliphatic carboxylic or an ~1romatic rarhoxylk 

acid anhydride such as acetic anhydride, propionic anhydride and bcnzoit' anhydride or the 

coresponding acid halide such as acetyl chloride, acetyl bromide, propanoyl chloride and bcnzoyl 

chloride(a compound containing an ;ilkyl group or an aryl group corresponding to the R 
1 0 

in 

the following general formula [9]) in the absence of a catalyst or in the pres«!ncc of a catalytic 

amount of pyridinium p-toluene sulfonate, etc. in the presence of an organic hasc [for 

instan~e, triet.hylamine; diethylamine, pyridine, piperidine and r -collidine are preferable] in a 

suitable solvent (for instance, organic solvents such as benzene, toluene, n-hcxane, ethyl acetate, 

acetone, methylethyl ketone, 1,4-dioxane, 1,3-dioxolane and cyclohexanc arc 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 general formula [9] 

R 11 OCOR 10 

"-. I 
C=C 

/ \ 
R 12 COOR 9 

(9] 

(wherein R 
9 

, R 
1 0

-, R 1 1 
and R 1 2 have the same meaning as above). 

Method (c): 

A pyruvic acid shown by the following formula [10] 

0 
I/ 

CH3C-C 
II \ 
0 OH 

[lOJ 

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

(11) 

[wherein R 
1 3 

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 as~. S and 0) which may be substituted. and the said 

substituent is a halogen atom, a hydroxy group, an oxo group, an alkoxy group. a haloalkoxy 

group, an aralkyloxy group, etc) in the presence of a dehydrating agent such as 

dicyclohexylcarbodiimide (DCC) in an organic solvent such as ethyl acetate, methylene chloride. 

acetone, methylethyl ketone, tetrahydrofuran and ethyl ether at () to 120 ec for 05 to :!Cl hours 

with stirring, followed by conventional after-treatment to give a pyruvic acid ester shown hy the 

following general formula [12] 

1? 
C H3 C- C 

11 \ 
0 OR' 3 

[12] 

(wherein R 
1 3 

has the same meaning as above). 

The pyruvic acid ester shown by the -general formula [12) is also obtained 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-tolucne 

sulfonic acid, phosphoric acid, hydrochloric acid and oxalic acid in the absence or presence of an 

organic solvent such as benzene, toluene, xylene and cyclohexanc at 50 to 1511 "C for 0.5 to 20 

hours with stirring, followed by convcnti~nal after-treatment. 

The pyruvic.acid ester shown by the general formula [12) is also obtained by reacting 

pyruvic acid shown ·by the formula [HJ] with an ethcnyl compound shown by the following 

general formula [13] 

R 14 Rt<· 

'\C= d 
H/ \OR 16 

[13) 

(wherein R 
1 4 

and R 
1 5 

are independently a hydrogen atom, an alkyl group or a haloalky group 

and R 
1 6 

is an alkyl group, a haloalkyl group or an aralkyl group, and R 1 4 and R 1 5 or R 1 5 

and R 
1 6 

may form together a methylene chain) in the presence of a catalytic amount of an acid 

or a salt such as sulfuric acid, phosphoric acid, p-toluenc sulfonic acid, oxalic acid, and 

pyridinium p-toluene sulfonate in an organic solvent such as l,3-dioxolanc, 1,4-dioxanc, ethyl 



- 16-

ether, tetrahydrofuran, acetone, methylethyl ketone, benzene, tolucnc~mcthylenc chloride and 

ethyl acetate at 0 to 100 °C for 0.5 lo 20 hours with stirring. followed hy treating the reaction 

solution after conventional manner. 

Thus obtained pyruvic acid ester shown by the abo~·e general formula I i2J is reacted with 

a sillylating agent(a sillylating agent corresponding to R 1 8 of the general formula l14l)[for 

instance, a trialkyl sillyl chloride, hexamethyl disilazane, bis-N-(trimethylsillyl) 

trifluoroacetamide, etc. are preferable] in the presence of an organic hase(for instance. 

triethylamine, pyridine, morpholine, etc. arc prcferablcl in an organic solvent such as ethyl 

ether, ethyl acetate, benzene, toluene, cyclohexane, n-hexane, acetone and methylene chloride at 

0 to 100 "C for 0.5 to 10 hours with stirring, followed.by treating the reaction solution after a 

co.nventional manner to recover .the object monomer shown by the following general formula 

(14] 

OR ta 

I 
CH2=C 

\ 
COOR 13 

[14) 

(wherein R 1 8 
is an alkyl sillyl group and R 1 3 

has the same meaning as above). 

Method (d): 

The pyruvic acid ester shown by the general formula (12] is reacted with a benzyl halide 

compound(a benzyl halide compound corresponding to R 1 9 of the general fonnula (15])[for 

instance, p-nitrobenzyl chloride, bcnzyl chloride, benzyl bromide, etc. are preferable] in the 

presence of an inorganic base[for instance, sodium hydride, sodium mcthoxidc, potassium 

methoxide, potassium tert-butoxide, metallic sodium, n-butyl lithium, etc. arc preferable] in an 

organic solvent such as benzene, toluene, xylene, cyclohcxane, ethyl ether and tctrahydrofuran 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 

(15] 



OR is 

I 
C H2=C 

\COOR 13 
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(15] 

(wherein R 1 9 is benzyl group or a substituted henzyl group and R · has thc ~amc meaning a!' 

above). 

Among the polymers of the present invention, those which comprises as a structural unit 

a monomer unit shown by the general formula (1) in which the hydrophilic rndkal shown 'lly R :• 

is a hydroxy group can easily be obtained by any of the following methods (I) 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 suitable amount 

is al_lowed to conduct any of the following polymerization reactions 

CD 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-methoxyvaleronitrilc) and 

2,2'-azobis(methyl 2-rnethylproionate) or a peroxide type polyrnerizatinn initiator such as 

benzoyl peroxide and lauroyl peroxide in a dehydrated organic solvent such as ethyl ether, 

1,3-dioxolane, 1,2-dirnethoxyethane, ethyl acetate, tctrahydrofuran, toluene, cydohexane, 

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-butyl lithium, tert-butyl lithium, potassium naphthalene and potassium cumyl in dehydrated 

organic solvent such as ethyl ether, l,3-dioxolane, 1,2-dimethoxycthane, tetrahydrofuran, ethyl 

acetate, methylethyl ketone, toluene, and cyclohcxane under stream of an inert gas such as 

nitrogen and argon at - 78 to 0 "C for 0.5 to 20 hours with stirring, followed hy 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 general formula [16] 

OCOR 10 

I 
- (CH2 - C) -

\C 00 R 9 

116] 

(wherein R 9 and R 1 0 have the same meaning as above), or a homopolymcr or a copolymer 

comprising as a structural unit a monomer unit shown hy the following general formula [ 17] 

R'' 
\ 

- (C 
I 

R 12 

OCOR 10 

I 
C) -· 
\ 

COOR 9 

[17] 

(wherein R 9 
, R 1 0 

, R 11 and R 1 2 have the same meaning as above). Then. the 

homopolymer or copolymer comprising as a structural· unit the monomer unit shown hy 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 3 is a hydroxy group. 

Method-(2) 

The monomer shown by the general formula [14] obtained by the above method (c) alone 

or a mixture of the monomer with other suitable monomer, if necessary, in a suitable amount is 

subjected to a radical polymerization reaction or a living anion polymerization reaction 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) 

OR ia 

I 
- (CH2 - C) -

\COOR 13 

[18) 
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(wherein R 1 3 and R 1 
E have the same meaning as ahove). Then the obtaim:cl polymer is 

stirring in water or alcohol at 0 to 100 °C for 0.5 to 10 hours, followed oy 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 oy the ahovc method (d) alone or u 

mixture of the monomer with other suitable monomer, if necessary, in a prc-detcm1incd amount 

is subjected to a radical polymerization reaction or a living anion polymerization reaction after a 

similar manner to the above method (1), followed by treating after a convcntionul method 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 (19] 

OR 19 

I 
- (CH2 - C) -

\COOR 13 

[19] 

(wherein R 1 3 and R 1 9 have the same. meaning as above). Then the resulting polymer is 

subjected to catalytic reduction in the presence of a catalyst such as palladium-carbon and Raney 

nickel in an organic solvent such as an alcohol, benzene, toluene, cyclohexane, ethyl ether and 

tetrahydrofuran under normal to elevated pressure at 0 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 mcthods(l}, (2) or (3) is reacted with a 

compound shown by the following formula [22] 

[22] 

[wherein R 
2 0 

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 0) which may be substituted, and the said 
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substituent is a halogen atom, a hydr~xygroup, a oxo group, an alkoxy group. a haloalkoxy 

group, an aralkyloxy group, etc. and X is a hydroxy group or a halogen atom 1 in the present of a 

dehydrating agent such as dicyclohexylcarbodiimide(DCC) and 

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride(WSC). or an add such as 

sulfuric acid, phosphoric. acid; p-toluenesulfonic acid and oxalic acid in an organic: solvent such 

as benzene, toluene, cyclohexane, acetone, ethyl acetate, methyl~nc chloride, methylethyl ketone, 

mrthylisobutyl ketone, tetrahydrofuran, ethyl ether, N,N-dimethylformamide and 

N,N-dimethylacetamide at 0 to 150 °C for 0.5 to 30 hours with stirring, followed tiy treating 

after a conventional manner for recovering a polymer to rec~>ver the polymer of the present 

invention comprising as a structural unit the object monomer unit. 

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

shown by the general formula [1] is water soluble and thus useful for preparation of 

semi-conductor devices, 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 virtue of its hydrophilic radical such as a 

hydroxy group at a carbon atom at the a -position and shows high transmittancy near 193nm 

wave length of ArF excim_er 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 present invention shows high water holding ahility and water 

absorbing ability and thus water-absorbable polymer of high quality can be obtained by 

subjec~ing the polymer to a cross-linking reaction 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 over-coating 

film material and a resist material are those wherein R 1 and R 2 are a hydrogen atom or a 

fluororine atom, R 3 is a hydroxy group and R of the carboxyl group which may be esterified 

shown by -COOR of R 4 is an alkyl group which may have a substitucnt in the general formula 

11]. namely, those comprising as a structural unit a monomer unit shown by the following 



general formula [2] 

OH 
I 

-21 -

- (CH2 - C) - [2} 
I 
COOR 5 

(wherein R 5 has the same meaning as above), and particularly preferable examples arc those 

comprising as a structural unit a monomer unit of the general formula ! l l wherein R ' and R ; 

are a hydrogen atom, R 3 is a hydroxy group arid R !'- of the carboxyl group is u l:ydic alkyl 

group of 7 to 12 carbon atoms which may have l to 2 hetero atoms such as N. S and 0 or a 

fluoroalkyl group. The preferable examples of the cyclic alkyl group of 7 to 12 carbon atoms 

which may have 1 to 2 hetero atoms are tricyclodccanyl group, clicydopcntcnyl group, norbomyl 

group, norboman epoxy group, adamantyl group, 2-mcthyl-2-adamantyl group and mcnthyl 

group. 

The polymers comprising as a structural unit a monomer unit of the general formula [ 1] 

wherein the hydrophilic radical shown by R 3 is a lower carboxyalkyloxy group, a lower 

sulfoalkyloxy group, a hydroxy lower sulfoalkyloxy group, or a lower hydroxyalkyloxy group 

can be prepared by producing at first a polymer comprising as a structural unit ii monomer unit 

of the general formula {l] wherein the hydrophilic radical shown by R :i is a hydroxy 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 hy treating the polymer 

after a conventional manner, or introducing the above a lower carboxyalkyl group, etc. into the 

hydroxy group of a monomer of the general formula [la] wherein the hydrophilic radical shown 

by R 
3 

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 general formula (1] 

wherein the hydrophilic radical shown by R 3 is a carhoxyl group, a sulfonic acid group or a 

lower hydroxyalkyl group can be prepared in a similar manner to the case where the hydrophilic 

radical shown R 3 is a 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 [l] is 1,000 to 500.000, prdcrahly•·2,000 w 

200,000 in weight-average molecular weight obtained tiy GPC measurement mcthod using 

polystyrene as a standard, and a molecular weight distrihution (degree of dispcr~ion) of the 

polymer is 1.0 to 3.0, preferably 1.0 to 2.5. Those molecular weight and degree of dispcrsinn 

can be attained by controling reaction conditions such a~ polymerization reaction time amt 

temperature after a conventional manner. 

In the following, the present invention is further explained with citation of synthesis 

examples, application examples and comparative examples, 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(l mole) of methyl pyruvatc is dissolved in 204.2 g(2 moles) of acetic 

anhydride and 5.0 g(20 millimoles) of pyridinium p-toluenesulfonatc is added thereto, 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 solution is poured into 5000 ml of water and the 

precipitated oily substance is extracted with ethyl ether. The extract layer is washed with 

water, dried over anhydrous magnesium sulfate, concentrated and distille(l under reduced 

pressure to give 50.0 g of methyl 2-acetyloxyacrylate as colorless oil having bp. 65 to 68 °C 

/11 mmHg. 

1 
HNMR o ppm(CDCI s ):2.24(3H,s,CH 3 -CO), 3.81(3H,s,COOCH 3 ), 5.48 and 6.05 (each 

lH, each d, J = 1.46, CH.! =) . 

(2) 7.2 Grams (50 millimoles) of methyl 2-acctyloxyacrylatc 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 Industries, Ltd. Chemical Name: 

2,2'-azobis(methyl 2-methylpropionatc} is dropwisc 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 ml 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 2-acetyloxyacrylate) as white powder. Molecular weight of the resulting polymer 

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

molecular weight is 48,500 and the molecular weight distrihution(dispcrsion) is 2.23. 

1 HNMR o ppm(CDCI a ):2.05(3H,bs,C.tl_;!. -COO), 2.70-3.60 (:?.H.bs.CtL. ). 3.75(3H.bs,Cl:I 

.!-OCO). 

(3) 10.0 Grams of poly(methyl 2-acetyloxyacrylate) is suspended in 100 ml of methanol 

and 92.8 g of aqueous solution of 15% tetramcthyl ammonium hydroxide is dropwidc added 

thereto at room temperature, followed by stirring at room temperature 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 throµgh a column packed wich 250 g of ion 

exchange resin (Arnberlite 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) . 

1 HNMR o ppm(D 2 0): 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 obtained 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-acetyloxyacrylatc/methyl methacrylate) as white powder. The 

structural ratio of methyl 2-acetyloxyacrylate unit to methyl mcthacrylate unit is found as 1:1 by 
1 

HNMR measurement. The weight-average molecular weight is found to be 11,840 and the 

dispersion is found to be 1.58 by GPC method using polystyrene as a standard. 
1 

HNMR o ppm(CDCI 3 ):0.7-1.6(3H,bs,CH a), 1.7-3.5(7H,bs,CH 2 x 2 and CH...! -COO), 

3.5-3.9(6H,bs,CH a OCO x 2). 
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(2) Using 8.5 g of poly(methyl 2-acetyloxyacrylatcimcthyl methacrylatc) nhtained in the 

above (1), a similar reaction and after treatment to Example 1 (3) arc conducted to give 5.0 g of 

poly(2-hydroxyacrylic acidimethacrylic acid) as white powdery crystal. The structural ratio cif 

2-hydroxyacrylic acid unit to methacrylic acid unit is found as 1:1 'by : H:'\MR measurement· 

The weight-average molecular weight is found to he 8.500 and the dispersion is found to be 

1.57 (GPC method: polystyrene as a standard). 

1 HNMR o ppm(D ~ 0):0.8-l.2(3H,bs,CH 3 ), 2.0-3.0(2H,hs.CI:L.:. x 2). 

Synthesis Example 3 Synthesis of poly(tricyclododecanyl 2-hydroxyacrylatc/1-cthoxycthyl 

methacrylate) 

(1) 0.5 Grams of phenothiazin is added to 144.2 g (2 moles) of ethyl viJJ~:I ether and 86.1 

g (1 mole) of methacrylic acid is dropwise added thereto at 10 °C or lower, followed by stirring 

at room temperature for 4 hours. 5.0 Grams of pyridinium p-tolucnesulfonatc is added to the 

resultant, followed by conducting a reaction with stirring at room temperature 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 stirring at room temperature for 

1 hour. Insolubles are removed hy filtration and concentration under reduced pressure is 

conducted, and 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. 

1 
HNMR o ppm(CDCl 3 ):1.22(3H,t,J=6.96Hz,CH 3 -CH 2 ), 1.45(3H,d,J=5.13Hz,Cfu 

-CH), 1.95(3H,s,CH 2 =C-Cfu ), 3.50-3.79(2H,m,CH 3 -CH 2 -0-), 5.60(1H,t,J=1.46Hz, 

H-CH=C-CH 3 ), 6.00(1H,dd,J=5.13Hz and 10.62Hz,-O-CH-O-), 6.16(1H,t,J=l.47Hz, 

H-CH=C-CH 3 ). 

(2) 58.S Grams (0.6 mole) of pyruvic acid, 30.5 g (0.2 mole) of 2-tricyclodecanol and 

2.4 g of p-toluenesulfonic acid are dissolved in 800 ml of benzene, followed by refluxing with 

stirring for 4 hours. After cooling, the resultant is washed twice with aqueous solution 

saturated with sodium bicarbonate (each 200 ml) and once with NaCl aqueous solution (100 ml) 

and concentrated under reduced pressure to give 44.S g of tricyclodecanyl pyruvate as pale 
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yellow oil. 

1 HNMR o ppm(CDCl 3 ):0.92-2.35 (15H.m,hydrogcn of cyclodecanyl rinf). 2.46(3H,s.Cl:L. 

-COO), 5.02-5.0S(lH,m,-O-CH-). 

(3) 40.0 Grams (180 millimoles) of tricylodccanyl pyru\'atc ohtain:.:d in th.: alill\'C (2l i~ 

dissolved in 90 ml of DMF and 22.0 g of tricthylaminc is dropwise added therclll ut rollm 

temperature and 21.5 g (198 millimolcs) of trimethyl silly! chloride i~ further dropwisc added 

at 10 T or lower, followed by conduc:ting a reaction with stirring at room temperature for 2 

hours. 150 Milliliters of n-hexane and 150 ml of ethyl acetate arc introduced into the resultant 

to dilute and the whole is poured in 2000 ml of cold water. The separated oily layer is 

recovered and dried over anhydrous magnesium sulfate and then the solvent is remo\'ccl hy 

distillation. 52 Grams of yellow oily residue is distilled under reduced pressure to give 45.5 g 

of tricyclodecanyl 2-trimethyl sillyloxy acrylate as colorless oily fraction having hp. 159 to 

161 °C /2mmHg. 

1 HNMR 6 ppm (CDCl 3 ):0.24(9H,s, CH :1 x3), 0.92-2.37(15H,m, hydrogen of 

tricyclodecanyl ring), 4.95-5.00{lH,m,-0-Ctl-), 4.87 and 5.49 (each 1 H,each d,J=0.73Hz, 

CH 2 =). 

(4) Using 7.9 g (50 millimolcs) of 1-ethoxycthyl methacrylate obtained in the ahovc (1) and 

14.7 g (50 millimolcs) of tricyclodecanyl 2-trimcthyl 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-trimethyl sillyloxy acrylate/1-ethoxycthyl mcthacrylatc) as white powder. 

The structural ratio of 2-tricydodecanyl 2-trimethyl sillyoxy acrylate unit to 

1-cthoxyethyl methacrylatc unit is found as 1:1 by 1 HNMR measurement. The weight-average 

molecular weight is found to be 5,000 and the dispersion is found to be 1.39(GPC method: 

polystyrene as a standard). 

1 
HNMR 6 ppm(CDCl 3 ):0.20(91-1,s,CUJ. x3), 0.50-2.70(27H,m,hydrogen of tricyclodecanyl 

ring, CH 3 x3 and CJ.:U. x2 ), 3.40-4.00(2H,m,Cfu -CH a), 4.87(1H,s, Ctl of tricyclodecanyl 

ring), 5.72(1H,hs,CH. of acctal). 
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(5) 10.0 Grams of poly(tricyclodecanyl ·2-trimcthyl sillyloxy acrylatcil-cthoxycthyl 

mcthacrylate) is suspended in 45 g of tctra-n-butyl ammonium fluoridc(lM aqueous solution). 

followed by stirring at room temperature for 2 hours. The resullant is extracted with ethyl 

acetate(200 ml x 1) and the organic layer is washed with aqueous saturated ammonium chlorick 

solution (150 ml x2), and washed with NaCl aqueous solution(lOO ml) and dried with anhydrou~ 

magnesium sulfate. The drying agent is removed and the solvent is rcmo\'ed hy distillation to 

give 7 .6 g of residue of poly (2-tricyclodecanyl 2-hydroxyacrylate/1-ethoxycthyl mcthacrylatc) 

as pale yellow powder. The weight-average molecular weight is 4,100 and the dispersion is 

1.38(GPC method: polystyrene as a standard). 

1 HNMR o ppm(Acetone-d _& ):0.77-2.81(27H,m, hydrogen of tricyclodecanyl ring. Cfu 

x3 and CH 2 x2 ), 3.37-4.11(3H,m,CH 2 -CH a and OH), 4.98(1H,bs,CH of tricyclodccanyl 

ring), 5.77(1H,bs, CH of acetal). 

Synthesis Example 4 Synthesis of poly(adamantyl 2-hydroxyacrylateil-ethoxycthyl 

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 adclecl thereto, 

followed by refluxing with stirring for 4 hours and allowing to stand 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. 

1 
HNMR O ppm(CDCl 3 ):1.69(6H,bs,hydrogen of adamantyl ring), 2.19(9H,hs,hydrogen of 

adamantyl ring), 2.41(3H,s,CH a -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 pyruvatc obtained in the above (1) to give 36.1 

g of the residue of adamantyl 2-trimethyl sillyloxy acrylate as pale brown oil. 

1 HNMR o ppm(CDCl 3 ):0.19(9H,s,CH 3 x 3), 1.65(6H,bs, hydrogen of adamantyl ring), 



-27-

2.13{9H,bs,hydrogen of adamantyl ring). 4.78 (lH,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 adamantyl 2-trimethyl sillyloxy acrylate ohtained in 

the above (2) and 7.9 g (50 millimoles) of 1-ethoxyethyl mcthacrylatc obtained hy a similar 

manner to Example 3 (1) arc dissolved in 90 ml of 1,4-dioxane and 1,4-dioxane solution (30 ml) 

containing a catalytic amo.unt of V-601 is dropwise added thereto at 75 cc under nitrogen gas 

stream, followed by conducting a polymerization reaction at the same temperature for 6 hours. 

After cooling, the resultant is poured into methanol(l200 ml) to cause precipitation. The 

precipitate is recovered by filtration and dried to give 6.8 g of poly(adamantyl 2-trimethyl 

sillyloxy acrylate/1-ethoxyethyl methacrylatc) as white powdery crystal. 

The struc~ral ratio of adamantyl 2-trimethyl sillyloxy acrylate unit to 1-ethoxycthyl 

methacrylate unit of the polymer is found as about 1:1 by 1 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). 

1 
HNMR o ppm(CDCl 3 ):0.15(9H,bs,CH 3 x3), 1.l8(6H,bs,CI:I2 and -OCH 2 CJ-1 ~ ), 

1.43(3H,bs,CH 3 -CH), l.60-1.90 and 1.90-3.00 (30H,hydrogen of adamantyl ring and 

CH 2 x2), 3.40 (2H,m,-0Cfu -CH 3 ), 5.73(1H,rn,CH a -CH). 

(4) A similar reaction and after-treatment to Synthesis Exampi;:; 3 (5) is conducted with · 

the use of 5.0 g of.poly (adamantyl 2-trimethyl sillyloxy acrylate/1-ethoxycthyl 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 weight is 3,600 

and the dispersion is 1.4?(GPC method: polystyrene as a standard). 

1 
HNMR o ppm(CDCl a ):0.85-2.81(28H,m,hydrogen of adamantyl ring, C!:L:i. x3 and 

CH 2 x2), 3.36-4.08(3H,m,CH 2 -CH 3 and OH), 5.75(1H,bs,CH :i -CH)· 

Synthesis Example 5 

2-hydroxyacrylate) 

Synthesis of poly(2-hydroxyacrulic acid/2,2,2-trifluoroethyl 

1.32 Grams of poly(2-hydroxyacrylic acid) obtained in Synthesis Example 1 and 
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1.50g(l5mmole) of 2,2,2-trifluoroethanol are dissolved in 30ml of j\;,~-dimethylformamidc and 

2.88g(l5mmole) of 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimidc hydror.:hloriclc is added 

thereto, foilowed by conducting a reaction at room temperature for IO hour.: with stirring. After 

reaction, the reaction solution is poured into 200ml of water, the precipitated oily substance 

obtained is washed with water and concentrated under reduced pressun: to gi,·c l)Og of re!'iduc 

of poly(2-hydroxyacrylic acid/2,2,2-trifluoroethyl 2-hydroxyacrylatc) as white powder. 

The structural ratio of 2-hydroxyacrylic acid unit to 2,2,2-trifluorocthyl 

2-hydroxyacrylate unit is found as 1 :1 based on 
1 HNMR measurement. The weight-average 

molecular weight is found to be 29,500 and the dispersion is found to he 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] 

Water 

3.5 g 

96.5 g 

A pattern formation is conducted by using the above aqueous solution and a photoresist 

composition of the following composition B . 

[Composition B] 

Poly(p-tert-butoxycarbonyloxystyrene/p-hydroxystyrene) 

Triphenyl sulfonium triflate 

Propylene glycol monomethyl ether acetate 

6.0 g 

0.2 g 

24.0 g 

The photoresis't 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 photorcsist film of 

1 µ m thick. 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 ri1cthod on the 

photoresist film to give an over-coating film of 0.3 µ m thick. The film is selectively exposed 

through a mask using KrF excimcr laser stepper {NA 0.55). After 1 hour exposure, the film is 
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baked on a hot plate at LOS °C for 90 ·seconds and dc\·clopcd with a dc\'cloping ~olution(~.3!:\ct 

aqueous tctramethyl ammonium hydroxide solution) for 60 seconds hy a puddle m:.:thod to 

dissolve away only the exposed portion of the photoresist film and all of the Cl\"c;-roatin£ film 

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

Application Example 2 

The following over-coating composition is prepared. 

Poly (2-hydroxyacrylic acidimethacrylic acid) (polymer of Synthesis Example 2] 

Perfluorotributylamide 

Water 

2.5 g 

3.0 g 

94.5 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 ahove and a photorcsist l'1'mposition 

abtained in Application Example 1. As a result, 0.30 /1 m line and space positi\'c tone pattern 

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

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 /1 m thick. The film is selectively 

exposed through a mask using KrF excimer laser stepper. After 1 hour cxposun:, the film is 

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

pattern. 

Application Example 3 

The following over-coating composition is prepared .. 

poly(2-hydroxyacrylic acid/2,2,2-trifluoroethyl 2-hydroxyacrylatc) 
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[polymer of Synthesis Example 5} 

Perfluoroalkyl nonionic surfactant 

Water 

3.0 g 

1.11 g 

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 photorcsist composition 

obtained in Application Example 1. As a result, 0.30 µ. m line and space positive tone pattern 

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

Application Example 4 

The following photoresist composition is prepared. 

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

[Polymer of Synthesis Example 3] 6.0 g 

Triphenylsulfonium triflate 0.3 g 

Propylene glycol monomethyl ether acetate 23.7 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 photoresist film of 1 /1 m thick. The 

film is selectively exposed through a mask using ArF excimer laser stepper ( A. =193 nm;NA 

0.55). After expos11re, the film is baked at 90 °C for 90 seconds and developed with a 

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

method to give a positive tone pattern of 0.30 J1 m line and space. 

Application Example S 

The following photoresist composition is prepared . 

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

(Polymer of Synthesis Example 4] 

Triphenylsulfonium triflate 

Propylene glycol monomethyl ether acetate 

6.0 g 

0.3 g 

23.7 g 

A pattern formation is conducted with the use of the above photoresist composition after 
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the same manner as the Applicati'on .Example 4 to give a positive tone pattern of 0.30 µ 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 g.cncrntion. 

Therefore, the present invention has high value for formation of fine pactcm in semi-conductor 

industries, etc. 

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

water-absorbing ability and thus can be applkable 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 liy the 

general formula [1) 

RI R3 
I I 

(C - C) 
I I 
R 2 R 4 

[1 J 

(wherein R 1 and R 2 are, independently, a hydrogen atom or a halogen atom. R :i is a 

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

or a carboxyl group which may be estcrified) . 

2. The polymer as claimed in Claim 1, wherein R 3 is a hydroxy group. 

~.3. The polymer as claimed in Claim 1, wherein R 1 and R 2 are, independcntly, a 

hydrogen atom or a fluorine atom, and R 3 is a hydroxy group. 

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

general formula [2] 

OH 
I 

- (CH2 - C) -
I 
COOR 5 

[2] 

(wherein R 5 is an alkyl group which may have one or more substituen.ts). 

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

carbon atoms. 

6. The polymer as claimed in claim 4, wherein R 5 is a cyclic alkyl group having 3 to 12 

carbon atoms. 

7. The-polymer as claimed in claim 4, wherein R 5 is a cyclic alkyl group having 7 to 12 

carbon atoms. 

8. The polymer as claimed in claim 4, wherein R 5 is a tricyclodccanyl group. 

9. The polymer as claimed in claim 4, wherein R 5 is a dicyclopentenyl group. 

10. The polymer as claimed in claim 4, wherein R 5 is a norbornyl group. 

11. The polymer as claimed in claim 4, wherein R 5 is a norbornan epoxy group. 
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12. The polymer as claimed in claim 4. wherein R 5 
i!' an adamantyl grnur. 

13. The polymer as claimed in claim .1. wherein R ; i~ a 2-methyl-2-adam:mtyl groun. 

14. The polymer as claimed in claim ~- wherein R " is a fluoroalky! gr<'llf' havin~ 1 to 12 

carbon atoms. 

15. A homopolymer comprising, as a structural component. nn.: kind of a monom.:r unii 

shown by the general fonnula (1) 

R3 
I 
C) 
·1 
R4 

[1] 

(wherein R 1 and R 2 are, independently, a hydrogen atom or a halogen atom. R 
3 

is a 

hydrophilic radical and R 4 i~ .a cyano group, a aminocarbonyl group which may he substituted, 

or a :::arboxyl group which may be esterificd). 

· 16. A copolymer comprising, as a strµctural component, tv.'o or more different kind of 

monomer units shown by the general formula [1) 

R 1 Ra 
I I 

(C - C) 
I I 
R 2 R 4 

fl] 

(wherein R 1 and R 2 are, independently, a hydrogen atom or a halogen acorn, R :i is a 

hydrophilic radical and R 4 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 fonnula [1] 

Ra 
I 
C) 
I R4 

[1] 

(wherein R 1 and R 2 are, independently, a hydrogen atom or a halogen atom, R 3 is a 

hydrophilic radical and R 4 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 



the general formula [21] 

H 
I cc 
I 

A 

. . 

B1 
I 
C) 

~2 
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[21] 

(whe:-ein A and B 1 are. independently, a hydrogen atom or a lower alkyl group having l to 5 

carbon atoms, and B 2 is a carboxyl group, a cyano group, a aminocarbonyl group, an alkyl 

group which may have substituents, a alkyl oxycarbonyl group which may have substituents or 

aryl group which may have substituents). 

18. The polymer as claimed in claim 1, wherein the polymer has a weight-average 

molecular weight of 1,000 to 500,000. 

19. The polymer as claimed in claim 1, wherein the polymer has a molecular weight 

distribution of 1.0 to 3.0 .. 
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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 other hydrophilic radical and other functional group in the mokcuk which is 

useful in medical, cosmetic and electric industries . 

A polymer comprising as a structural unit a monomer unit shown by the p:m:ral 

forrnfula ( 1] 

RI R3 
I I 

(C - C) 
I I 

fl] 

Rz R4 

(wherein R 1 and R 2 are, independently, a hydrogen atom or. a halogen atom, R ·' is a 

hydrophilic radical and R 4 is a cyano group or a carboxyl group which may be cstcrified.).. 

};··-
.::, .. < 

~ :· -~-
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WHAT IS CLAIMED IS: 
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1 . A polymer comprising. as a structural component, a nmnon1cr unit shown by the 

general formula [ 1] 

RI R 3 

I I . , 
(C - C) 

I I 
R 2 R • 

ll) 

(wherein R 1 and R 2 are, independently, a hydrogen amnt or a haltlgc:n amm. R 
1 

is 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, or a lower hydroxl81kyloxy. 
group., and R!f' is a cyano group, a aminocarbonyl group which may be 

substituted, or a carboxyl group which may be esterified). 

, 

REPLACEMENT-· SHEET 

I 0 2 DEC 1997 I 
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2. The polymer as claimed in Claim lt wherein R 3 is a hydroxy grour . 

. 3. The polymer as claimed in Claim l, wherein R 1 and R 2 arct indcpcnd::ntly. a 

hydrogen atom or a fluorine atom, and R 
3 

is a hydroxy group. 

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

general formula { 2] 

OH 
I 

- (CH2 - C) -
I 
COOR 5 

(2] 

(wherein R 5 is an alkyl group which may have one or more substituents). 

S. The polym~r as clain,ted in claim 4, wherein R 5 ·is an alkyl group having 1 to 12 

carbon atoms. 

6. The polymer as claimed in claim 4t wherein R 5 is a cyclic alkyl group having 3 to 12 

carbon atoms. 

7. The-polymer as claimed in claim 4, wherein R 5 is a cyclic alkyl group having 7 to 12 

carbon atoms. 

8. The polymer as claimed in claim 4, wherein R ~ is a tricyclodc:canyl group. , 
9. The polymer as claimed in claim 4, wherein R 5 is a dicyclopentenyl gmup. 

10. The polymer as claimed in claim 4, wherein R 5 is a norbornyl group. 

11. The polymer as claimed in claim 4, wherein R 5 is a norbornan epoxy group. 

REPLACEME1'N~I'fil;r.72r-·i . ....rtr.:,IJ I 

~71· -------1 
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12. The polymer as claimc=d in claim ~. wherein R ! i~ an adamantyl group. 

13. The polymer as. claimed in claim 4. w~:r::i~ R ' i:; a 2-mc:thyl-2-ad:imanty! group. 

14. The polymer as claim::d in claim ~.wherein R ;< is a flucrcalkyt ~roup h:iving l to i2 

carbon atoms. 

15. A homopolymer comprising. as a structural compm~.:nt. or:c kind c: a :m:nomer ur.it 

shown by the general fonnula (1] 

R: R 3 

I I 
(C - C) 

I I 
R2 R' 

(1) 

(wherein R 1 and R 2 are, independently, a hydrogen atom or a halogen atom. R 3 is a 

hydrophilic radical and R 4 
is .a cyano group, a aminocarbonyl group which· may he: suhstitutcd. 

or a ::a:boxyl group which rnay be est:rificd). 

16.' A copolymer comprising, as a structural component, two or mcm: different kind of 

monomer units shown by the general formula [l] 

Ri R3 
I I 

CC - C) 
I I 
Rz R4 

[1] 

(wherein R 1 and R 2 are, independently, a hydrogen atom or a halngc:n amm, R 3 is a , 
hydrophilic radical and R 4 is a cyano group, a aminocarbonyl group which may he substituted, 

or a carboxyl group which may be: c:stcrificd). 

REPLACEMENT sijif 
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l i. A copolymer comprising, as a mucural component. one or mer: kind nf munom:: units 

shown by the general fonnula {l] 

R 1 R J 

I I 
CC - C) 

I I 
R z R • 

[11 

(wherein R 1 and R : arc, independently, a hvdro2en iltom or a halo2:n atom. R 2 is a 
hydroxy group, a carboxyl group, a lower camoxyalkyloxy group, a lower 

sulfoalkyloxy group, a hydroxy lower sulfoalkyloxy group, a sulfonic 
acid group, a lower hydroxyalkyl group, or a lower hydroxyalky !cixy. 

group, and Rf is a cyano group, a aminocar:bonyl group which may be 

substituted,or a carbonyl group which may be esterified) .and one or 

more kind of monaner uni ts shown by the general formula ( 2il 

H 
I 

CC 
I 

A 

B' 
I 
C) 

~2 
[21] 

(wh::eir. A and B 1 ar:. ind:p:ndentl~·. a hydrogen acom or a Lower alkyl ~oup ha\l'toii l t" 5 

carbon atoms, and B 2 is a carboxyl group, a cyano group~ a aminocarhonyl group. an alkyl 

group which may have substituenES, a alkyl oxycarbon~·t group which may have: substituc:ncs or 
, 

aryl group which may have substitucncs). 

18. The polymer as claim:::d in claim 1, whc:rein the: polymer ha!i a wcisht-avcr:ig1: 

molecular weight of l,000 to 500,000. 

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

distribution of 1.0 to 3.0. 

REPLACE~i§~Td:~~~~~r··i~; 
~-;;'r, . .cl 
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NOVEL FUNCTIONAL POLYMERS 

To provide a polymer comprising a.o; a scruccural unit a mone>me; unit containing a 

hydroxy group or other hydrophilic radical and other functional group in the molccul::: which is 

useful in medical, cosmetic and electric industries . 

A polymer comprising as a strucrural unit a monomer unit shown by the ~cncral 

formfula ( 1} .· 
RI R3 
I I 

(C - C) 
I I 

{1] 

Ri R• 

(wherein R 1 and R z are, independently, a hydrogen atom or a halogc:n amm, R ·' is a 

hydrophilic radical and R 4 is a cyano group or a carbo::<yl group which may be c:stc:rific:tij. 
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