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HIGHLY HYDROUS SOFT CONTACT LENS
AND A TREATING SOLUTION FOR CONTACT LENSES

The present invention relates to a highly hydrous
soft contact lens which has high water cbntgnt and good
transparency and is able to prevent stain adhesion.

Fuarther the present invention relates to a treating
solution for contact lenses, more particularly, to a
treating solution for, contact lenses such as a hard contact
lens, an anhydrous soft contact lens and a hydrous soft
_contact lens to give stain resistance and hydrophilic
nature to these lenses. -

The highly hydrous soft contact lens is characterized
in that it gives little feeling of physical disorder to the
eyeball -in comparison with a hard contact lens not
containing water which essentially comprises a monomer
such as methyl methacrylate, and siloxanylalkyl methacry-
late (Japanese Patent Publication Sho 52-33502 (1977)).
As for a hydrous contact lens, a lens essentially con-
taining 2-hydroxyethyl methacrylXate supplies little
oxygen and gives feeling of physical disorder to the eye-
ball. '
content, a contact lens comprising a copolymer of
N-vinyl-pyrrolidone and methyl methacrylate, 2-hydroxy-
ethyl methacrylate or methécrylic acid was proposed,
However, the above contact lens has the disadvantage that
stains are easily adhered to the lens to lower the
strength and the lens grows yellowish by repeated heat
treatment for sterilization.

Recently, to increase the percentage of water
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~anhydrous soft contact |enses and hydrous soft contact |enses to give

stain resistance and hydrophilic nature to these |enses. A highly
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and hydrous soft contact lenses,

These anhydrous lenses having advantages over the
hydrous lenses in terms of stability of materials and
simple care are lenses principally containing methyl-
methacrylate or lenses made of silicone rubber. Lately, a
hard contact lens having high oxygen permeability princi-
pally containing silyl type methacrylate or fluoric type
methacrylate which gives moderate effects to eyes has

. been used.

However, the anydrous Jlenses: have problems that the
hydrophobic surface gives a feeling of physical disorder to
the eyeball and has a bad influence on the cells in the eye-
ball. 1In particular, the lenses having high oxygen
permeability and containing silicone or fluorine in large
quantities are highly hydrophobic, and there are problems
of feeling of physical disorder, lowering of adhesion
properties and staining of proteins and lipids. Thére-
fore, to change the hydrophobic surface into a hydrophil-
ic surface, it is known to treat with plasma or chemical-
ly treat with acid or basic materials. TheSe methods have
problems in the maintenance of the hydrophilic nature,
the denaturation after the treatment, and troublesome
treating steps. As the other method, for example, there
is a method disclosed by Japanese Patent Publication No.
48-37910 {1973) in which a contact lens is immersed into
a solution containing a water-soluble polymer of poly-
vinyl alcohol, hydroxyethyl cellulose, polyvinylpyrroli-
done or the iike. There are disadvantages that hydrophil-
ic contact lenses are not always obtained by the method

 and the method is not effective for prevention of stains

such as proteins and lipids.
In the other hand, the hydrous soft contact lenses
give a good fit to eyes and have no problems. However,
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N-vi nyl - pyrrol i done and nethyl nethacrylate, 2-hydroxy- ethyl nethacf}late
or nethacrylic acid was proposed, However, the above contact |ens has the
disadVant?ge t hat «2- stains are
easily adhered to the lens to lower the strength and the |ens grows
yel | owi sh by repeated heat treatnent for sterilization.

Conventional Iy used contact |enses may_Re classified into two groups,
.anhydrous hard or soft contact |enses and hydrous soft contact |enses.

these lenses are hydrogel lenses principally comnstituting
2-hydroxyethyl methacrylate, vinylpyrrolidone or the
like, and there are disadvantages of adhesion of pro-
teins, lipids and the like to the lenses, and increase of

5 bacteria for sanitary reasons, and lowered mechanical
strength for increased water content. Therefore, sanitary
care is commonly required for the lenses by boiling,
sterilization or by using a care product such as germi-
cides or detergent liduids.

10

An object of the present invention is to provide a

highly hydrous soft contact lens which has high water
content of 40% ana more, good mechanical strength, good
stain resistance and possibility of long term fitting.

15 Another object of the present invention is to provide
a treating solution for a contact lens, the solution
being capable of giving surface hydrophilic nature to
‘anhydrous contact lenses or high water content to hydfous
contact lenses, improving the fit or feeling to eyes,

20 and preventing the adhesion or deposit of stains of
proteins and lipids. 0

The present invention is a highly hydrous soft con-

tact lens comprising a copolymer which contains as an
ingredient a mohomer having constitution similar to that

25 of a phospholipid represented by the following general

formula:
i 2
- l .
- X-{Y),,-0-P=0-(CH,},~-N*-R (1)
O~ R4
wherein X is CHZ:?-CHZ-O" 2= ?"CHz"O"C"’, CH2=({:-0-%"
U
35 Rq Rq o Ry O
CH2=C!Z-O- ' CH2=(,Z-('}-O— ’ CH2=$-%-NH— ' CH2=(IZ- CHZ—O-%-NH— ’
Ry R;0 R40 " Ry 0
T
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These anhwdrous | enses having advantages over the hydrous lenses in terns
of stabpility of materials and sinple care are |lenses principally

contalnlng met hyl - nethacrylate or | enses made of silicone rubber. Lately,
a hard contact |ens having high oxygen perneability princi- pally
containing silyl type nmethacrylate or fluqQy.c type nethacrylate which

gi ves noderate effects to eyes has been used. However, the anhydrous

| enses have problens that the hydrophobic surface gives a feeling of

physi cal disord ebal |nfluence on the cells in
the . eye ball. ¢%2p§r?6€ﬁT§¥2 tréﬁlggﬁggﬁhgbv 5 ﬁyg A%-permeabi ity

and cont ai ni ng S|I|ﬁfne or quorlneIHn | ar ge quankytles re highly

hydr ophobi c, and thefe are probl ens .
5 and Rq is hydrogen or methyl, Y is -CHy~-, -CH,-O-,

~CH,CHy-0~, -CH,CH,CH,-0-, ~CHCHp=0-, or

10 “H3
—CHZCHZCHZCHZ-—O-,
n is an integer of 1-20, and, Rys Ry and Ry are the sanme
or different groups and alkyl or hydroxyalkyl of 1-8

15 carbon atoms. |

Further, the present invention is a treating solution
for contact lenses which comprises a polymer containing
as an ingredient the above monomer and a solvent which
can dissolve the polymer.

20 The present invention is embodied in the following.

In the present invention, the monomer having phospho-
lipid-like constitution which is used as an essential
ingredient is a monomer represented by the above general
formula (1). \

25 In the formula, n is an integer of 1-20. If n is more
than 20, the hydrophilic nature of the polymer is unde-
sirably lowered. Carbon atoms of alkyl groups of Ry-Ry
are 1~-8. If the carbon atoms are more than 8, a signifi-
cant decrease of the hydrophilic nature of the polymer or

30 polymerizability of the monomer is observed, so that such
a compound is unsuitable for the use.

As the monomer represented by the above general
formula (1), 2-{methacryloyloxy)ethyl 2'-{trimethylammo-
‘hio)ethyl phosphate, 3-(methacryloyloxy)propyl 2'-(tri-

35 methylammonio)ethyl phosphate, 4-(methacryloyloxf)buty1
2'—(trimethylammonio)ethyl phosphate, 5-
(methacryloyloxy)pentyl 2'-(trimethjlammonio)ethyl phos-
phate, 6-(methacryloyloxy)ethyl 2°'-
(trimethylammonio)ethyl phosphate,

40 2- (methacryloyloxy)ethyl 2'—(N—methyl-N N~
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ly treat with acid or basic materials. These nethods have

diethy}ammonio)ethyl phosphate, 2-(methacryloyloxy)ethyl
2' -{N,N-dimethylethylammonio)ethyl phosphate, 2-{metha-
cryloyloxy)ethyl 2'-(triethylammonio)ethyl phosphate, 2-
(methacryloyloxy)ethyl 2'—(N,N—dimethylprqpylammonio)—
ethyl phosphate, 2-{methacryloyloxy)ethyl 2'-(N,N-dipro-
pyl-N-methylammonio)ethyl phosphate, 2-(methacryloyloxy)
ethyl 2'-{tributylammonio)ethyl phosphate, 2-{methacry-
loyloxy)ethyl 2'-(tricyclohexylammonio)ethyl phosphate,

-(vinyloxy)ethyl 2'-(trimethylammonio)ethyl phosphate,

2-(allyloxy) 2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyl)ethyl 2'-(trimethylammonio)ethyl phosphate,

2-{vinylbenzoyloxy)ethyl 2'-(trimethylammonioc)ethyl
phosphate,

2-(styryloxy)ethyl 2'-(trimethylammonio)ethyl phos-
phate, 2-(allyloxycarbonyl)ethyl 2'-(trimethylammonio)-
ethyl phosphate, 2-{vinyloxycarbonyl)ethyl 2'-(trimethy-
lammonio)ethyl phosphate, 2-(acryloylamino)ethyl 2'-
(trimethylammonio)ethyl phosphate, 2-(allyloxycarbony1-'
amino)ethyl 2'~(trimethylammonio)ethyl phosphate, {metha-
cryloyloxy)methyloxy 2'-(trimethylammonio)ethyl phos-
phate, 2-(methacryloyloxy)ethyloxy 2'-(trimethylammonio)-
ethyl phosphate, 3-(methacryloyloxy)propyloxy 2'-(tri-
methylammonio)ethyl phosphate, 2-{methacryloyloxy}isopro-
pyloxy 2'—-(trimethylammonio)ethyl phosphate, and 4-
(methacryloyloxy)}butyloxy 2'-(trimethylammonio)ethyl
phosphate are exemplified.

Moreover, 2-{methacryloyloxy)propyl 2'-(trimethylam-
menio)ethyl phosphate, 2-{methacryloyloxy)butyl 2'-
(trimethylammonio)ethyl phosphate, 2-
{methacryloyloxy)pentyl 2'-(trimethylammonio)ethyl phos-
phate, 2-(methacryloyloxy)hexyl 2'-
{trimethylammonio)ethyl phosphate, 2-
{methacryloyloxy)ethyl 2'-(triphenylammonlo)ethyl phos-
phate, 2-(methacryloyoxy)ethyl 2'-(trimethylammonio)ethyl
phosphate, 2- (v1nyloxy)ethy1 2' -(trimethylammonio)ethyl
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s a nmethod dlsclosed by Japanese Patent Publ i cati on No. 48-37910 (1973)
in which a contact lens is immersed into a solution containing a
wat er*- sol ubl e pol ymer of poly- vinyl alcohol, hydroxyethyl cellul ose,

pol yvinyl pyrroli- done or the like. There are disadvantages that
“hydrophil- ic contact |enses are not always obtained by the nethod and
the method is not effective for preventir8m of stains such as proteins and
[ pids. In the other hand, the hydrous -soft contact |enses give a

"good fit to eyes and have no problens However, these |enses are hydrogel
l'enses princ ma,lslpyaaa:er;sizu-t( allpdox) bjtﬂ&QX)Zét-M!ti‘lﬁétﬂiWMcﬁiﬁ:)ethyl

brotelns, 11 g 8 Baethy e 31 i RuBeBrgtgI HARAT" O Adneston
v1nylbenzy1)oxy 2'-(trimethylammonlo)ethyl phosphate, 2-
{p-vinylbenzoyloxy)ethyl 2'-(trimethylammonic)ethyl
5 .phosphate,
2-(p-vinylbenzyl)ethyl 2'-(trimethylammonio)ethyl phos-
éhate can be exemplified.
These compounds can be used alone or two or moreto a
mixture. The polymers obtained have water solubility and
10 hydrophilic nature. High water content, good stain
resistance and good mechanical strength can be given - to
the contact lens obtained. When the polymers are used in
the treating solution for contact lenses of the present
invention, such compounds adhere or deposit on the sur-
15 face of contact lenses, and the contact lenses become
hydrophilic and prevent stain a&hesion. '
The {(meth)acrylates represented by the formula (1)
which are characteristically used in the present inven-
_ tion can be synthesized by several kinds of commonly
20 known methods. For example, hydroxyalkyl (meth)acrylate
is reacted with 2-chloro-2—oxo-1,3,2,-dioxaphosphorane in
the presence of amine, the obtained (2-ox0-1,3,2,~-
dioxaphosphoroyloxy)alkyl (meth)acrylate is reacted with
a certain tertiary amine. In the other method, hydroxyal-
25 kyl (meth)acrylate is reacted with 2-bromoethylphosphoryl
dichloride, and the obtained {meth)acryloyloxyalkyl 2'-
bromoethyl phosphate is reacted with a certain tertiary
amine. Before the polymerization, it is desired to purify
the products by a known method such as recrystalization.
30
Preparation of the contact lens of the present invention
In the preparation of the contact lens, in addition
to the above monomers, styrene, a-methylstyrene, nucleus
methylated styrene, nucleus chlorinated styrene, vinyl
35 acetate, vinyl propionate, methyl (meth)acrylate, ethyl
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of bacterj.a for sanitary reasons, and | owered nechanical strength for

i ncreased water content. Therefore, sanitary care is comonly required for
the lenses by boiling, sterilization or by using a care product such as
germ - cides or detergent |iquids. WO A- 92/ 07885 was published on 14
May 1992 and clainms priority froman application filed on 29 Cctober 1990.
It discloses as a contact |ens nmaterial €ross-1linked copolynmers which are
- obt ai nabl e by polynerizing a neutral diluent nononmer or nononers, a

" nononer or nononers bear -

(meth)acrylate, n-butyl {(meth)acrylate, (meth)acrylic

acid, (meth)acrylamide, N,N-dimethyl (meth)acrylamide,
2-hydroxyethyl (meth)acrylate, ethylvinyl ether, n-butyl-
vinyl ether, N-vinylpyrrolidone, vinylpyridine, diethyl

5 itaconate, and di—n-butfl itaconate can be exemplified as
copolymerizable monomers which can be used as séarting
monomers. _

Moreover, polyfunctional monomers such as allyl
(meth)acrylate, ethyleneglycol di({meth)acrylate, diet-

10 _hyleneglycol di(meth)acrylate, tetraethylene glycol
di(meth)acrylate, 1,4-butanediol di{meth)acrylate, di-
1yl phthalate, diethylene glycol bisallyl carbonate,
divinyl benzene, methylene bisacrylamide, tri-allyl
trimellitate and tri-allyl cyanulate can be used.

15 Tﬁe monomer ingredient represented by the general
formula (1) can be used alone or as a mixture. To in-
crease the heat resistance, processing characteristics
and form stability of the highly hydrous soft contact
lens obtained, at least one kind of polyfunctional mono-

20 mers is preferably used. In that case, the above-mentioned
other copolymerizable monomer can preferably be used at a
proportion of 10000 to 5 parts by weight per 100 barts by
weight of the monomer (1) having phospholipid-like con-
stitution, especially preferably 1000 to 100 parts by

25 weight. If the above-mentioned other monomer ingredient is
more than 10000 parts by weight, the water content and
stain resistance of obtained hydrous soft contact lens
arg lowered. If the ingredient is less than 5 parts by
weight, the processing characteristics and form stability

30 are lowered.

In the present invention, the contact lens can easily
be obtained by radical polymerization of the above start-
ing monomer in the presence of a radical polymerization
initiator. As the radical polymerization initiator, a

35 heat polymerization initiator such as benzoyl peroxide,
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-4- ing a centre of pernmanent p05|t|ve charge and a blfunc- tlonal
and/for trifunctional cross-linking agent and processes for the preparation
t her eof . An obj ect of the present invention is to provide a treating
solution for a contact lens, the solution being capable of giving a
“surface hydrophilic nature to anhy- drous contact |enses or high water
.content to hydrous contact |enses, inpSoving the fit or feeling to eyes,
ﬁand preventing the adhesion or dep05|t of stains of proteins and |ipids.
"The present invention provides a treating solution for contact |enses

whi ch conpri $86r8y 9lpéeokfié pyaieidptopyloxy dicarbonate, t-
butylperoxypivalate-t-butylperoxy diisobutylate, azobis-
isobutyronitrile, azobis-2, 4-dimethylvaleronitrile or
the like, or a photopolymerization initiator such as

5 benzoinmethyl ether, benzoinethyl ether or the like can
preferably be used. The usage of the radical polymeriza-
tion initiators is p:eferaply 10 or less parts by weight
per 100 parts by weight of the sﬁarting monomer, more
preferably 5 or less parts by weight.

10 The radical polymerization can be conducted by replacing
the polymerization atmosphere with an inert gas such as
nitrogen, carbon dioxide, helium or the like. In the case of
heat polymerization, the polymerlzatlon conditions are
preferably a temperature of 20-140°C and a reaction time of

15 about 6-120 hours. In the case of photopolymerization, ultra-
violet light or visual light may be irradiated for one
ﬁinute. to 20 hours. When necessary, the heat polymeriza-
tion may be conducted by the photopolymerization.

Further, in the present invention, when necessary, a

20 coloring agent such as pigments, an additive such as
ultraviolet absorbing agents and the like may be added to
the starting monomer.

To prepare the hydrous contact lens of the present
invention, using the radical polymerization conditions,

25 for example, in one method, the starting monomer is
copolymerized in a suitable vessel such as a test tube
and obtained rods or blocks are machined by grinding,
abxasion or the like. In another method, the starting
monomer and the polymerizétion initiator are injected

30 into a desired form to directly obtain a contact lens b§
mold polymerization. In ﬁhe other methods, the starting
materials are cast by heat or irradiation, or, after a
polymer is previously produced by a radical polymeriza-
tion method, the polymer is dissolved in a suitable

35 solvent and the solvent is removed Qz a cast method.
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of a polymner obtained by polynerisation of one or nore nononmers according

to formula (1) bel ow or by copolyneri- zation of 1 to 95% by wei ght of the
saidnononer(s) and 99 to 5% by wei ght of a copol yneri zabl e nononer, and. a
sol'vent which can dissolve the pol yner: Leyr] wherein X is [err]

[err]
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The water content of the highly hydrous soft contact
lens of the present invention is usually 30% or more,
preferably 60% or more. If the water content is less than
30%, it has an undesirable influence upon the cornea.

The highly hydrous soft contact lens of the present
invention is obtained by polymerization of starting

monomers which contain monomers having specified consti-
tution of phospholipid-like constitution, and it can have

high water content and give physiologically enough oxygen
to the cornea and has good stain resistance against the
adhesion of protein, lipid and the like.

Preparation of the treating solution for contact lenses

To prepare the treating solution of contact lenses of
the present invention, the polymer used in the treating
solution for contact lenses can be obtained by polymeri-
zation of (meth)acrylic monomers represented by the
formula {1), and also by copolymerization of the monomers
with the other copolymerizable vinyl monomers.

As such copolymerizable vinyl monomers, styrene,
methylstyrene, chloromethylstyreng, methyl (meth)acry- g
late, ethyl (meth)acrylate, n;butyl (meth)acrylate,
(meth)acrylic acid, {(meth)acrylamide, 2-hydroxyethyl
(meth)acrylate, ethyl vinyl ether, n-butyl vinyl ether,
N-vinyl pyrrolidone, vinyl chloride, vinylidene chloride,
ethylene, propylene, isobutylene, acrylonitrile, or
mixtures of these compounds can be exemplified. These
monomers are preferably used at a proportion of 10000 to
5 parts by weight per 100 parts by weight of the
(meth)acrylate (1). If the monomer is more than 10000
parts by weight, sufficient water solubility and stain
resistance given by the (meth)acrylic monomer (1) is not
observed. If the monomer is less than 5 parts by weight,
the polymerization effects are not observed.

The polymers which are characteristically used in the
present invention-can be obtained by the polymerization

eet Has Been Rzﬁaced
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- 5- [err] and Rlerr] is hydrogen or nethyl, A% |s -CH[err]

-CHerr]-0, [err] -CH[err]CH[err]CH[err]CH[err] , nis an I nt eger of
1-20; and Rlerr], Rerr] and R err] are the sane or di fferent groups and
al kyl or hydroxyalkyl of 1-8 carbon atons. The present invention may
be enbodi ed as fol | ows. In the presept invention, the nononer having
.phospho- lipid-like constitution which is used as an essential ingredient
fis a nonomer represented by the above general

or copolymerization of the above monomers. In this case,
the polymerization can bé effected in the presence of a
radical polymerization initiator, by a radical polymeri-
zation method such as known block polymerizatiaon,

5 suspension polymerization, emulsion polymerization,
solution polymerization and the like. As the radical
polymerization initiator, benzéyl peroxide, lauroyl
peroxide, diisopropyloxy.dicarbonate, t-butylperoxy-2-
ethylhexanoate, t-butylperoxy pivalate, £~peroxydiisobu-

10 tylate, azobisisobutylonitrile, azobisdimethylvaleroni-
trile, persulfate, and persulfate-bisulfite types can be

used. The usage of the polymerization initiators is
- " usually 0.01 to 10 parts by weight per 100 parts by weight

of the total amount of monomers, preferably_0.1~to 5-parts
15 by weight. '

The polymerization or copolymerization can be conducted -
by replacing the polymerization atmosphere with an inert
gas such as nitrogen, carbon dioxide, helium or the like.
The polymerization conditions are préferably a temperature of

20 30-100°C for 5-72 hours. The molecular weight of the poly-
mer, which is obtained by the radical polymérization and
used in the treating solution for contact lenses of the
present invention, can be changed by the poiymerization
teﬁperature, the usage of the initiator and the presence

25 or absence of a polymerization regulator. The number-
average molecular weight of the polymer obtained 1s;prererably
1000 to 300,000 and more preferably 2000 to 200,000 in
consideration of the solubility in the treating solution,
viZcosity of the treating solution and adhesion of the

30 solution to contact lenses.

As a solvent used in the treating solution for con-
tact lenses of the present invention, it can be used on
conditions that the solvent can dissolve the above poly-
mers and is harmless to contact lenses, and it is usable

35 by simple operation such as immersion, washing, or mixing
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formula (). In the formula, nis an integer of 1-20. If nis more =~ ™
than 20, the hydrophilic nature of the polyner is unde- sirably |owered.
Carbon atoms of al kyl groups of Rlerr]-Rerr] are 1-8. If the carbon atons

are nore than 8, a signifi- cant decrease of the hydrophilic nature of the
polymer or polynmerizability of the nmonomgf.is observed, so that such a
conpound is unsuitable for the use. As the nononer represented by the

above general formula (1), 2-(nethacryl oyl oxy)ethyl 2' -(trimethyl amo-
ni o) et hyl phosphate,  3-(nethacryl oyl oxy)propyl 2'-(tri-
met hy| ammoni o)’thyVa BRB s phe¥ coxanp Hﬁgeﬁ oeEhFRedty L sopropanol,
-(trinethyl ammeﬁéegmybophqs@ilpéﬂayﬁene (dBidACT WigepinbleBt Yl lene
(tr|nethylafnnnio&e hM ﬁhf
co onomethyl ether, dimethyl sulfoxide, tetrahydrof-

uran, acetone and mixtures of these solvents are exempli-

2|

- 5 fied. The polymer concentration in the solvent is usually
0.01 to 10 parts by weight. When the polymer concentration
is less than 0.01 parts by weight, the solvent insufficently
exerts its effect.

When contact lenses are treated by the solution, the

10 contact lenses are immersed in the solution or contacted
with the solution at a temperature of 20 to 70°C, and
then washed with water, physiological saline or a suit-
able washing liquid before the use.‘Accordingly, the

. contact lenses become hydrophilic, and they are prevented

15 from stains of proteins and lipids.

The treating solution for contact lenses of the
present invention can, if necessary, be used with a
surfactant, a germicide, an antiseptic and the like, or
it can be used as washing liquid or storage liquid:

20 When the treating solution for contact lenses of the
present invention is used, a phospholipid polar polymer
adheres to the lenses by simple steps of immersion or
coating by the solution andrinsing with water. As a result,
the hydrophilic nature and water content of the surface

25 of anhydrous contact lenses or hydrous soft contact
lenses are improved and the fitness to eyes is improved.
Furthermore, adhesion and deposit of stains such as
proteins and lipids can be controlled, so that the denat-
uration of the lenses can be prevented and the safety to

30 eyes can be improved.

The following examples illustrate the present inven-
tion more specifically. However, the present invention is
not limited by these examples.

35 nghly nxdrous soft contact lenses
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T



-6-  phat'e, 6-(methacryl oyl oxy) et hyl 2'-' (trlnethylannnnlo)ethyl
phosphat e, 2- (met hacryl oyl oxy) et hyl -(N-methyl -N, N-

di et hyl anmoni o) et hyl phosphat e, 2-(nethacry|by|oxy)ethy[ :
2' - (N, N- di net hyl et hyl anmoni o) et hyl phosphate 2- (met ha- cryl oyl oxy) et hyl

-(triethyl ammoni o) et hyl phosphate, 2-- @nethacryloyloxy)ethyl
2' - (N, N-di net hyl propyl ammoni 0) - ethyl phosphate, - 2-(net hacryl oyl oxy) et hyl
2' - (N, N-di pro- pyl-Nnethyl anmoni o) et hyl phosphate, 2-(nethacryl oyl oxy)
. Example 1

Starting monomers as shown in Table 1, namely, 20
parts by weight of 2-(methacryloyloxy)ethyl 2'-(trimethy-
lammonio)ethyl phosphate, 80 parts by weight of 2--

5 hydroxyethyl methacrylate, 2 parts by weight of allyl me
thacrylate, 0.2 parts by weight of azobisisobutyrcnitrile
were injected into a test tube-like glass form. After
repeating replacement with nitrogen and degassing in the
form, the form was sealed and the materials were heated

10 ‘and polymerized. The heat was effected by a rise in
temperature of 50-100°C for 50 hours in a thermostet.
After finishing the polymerization, transparent%cqlonless
polymer was taken out of the form. Obtained polyme:_was
machined by'conventional grinding and abrasion to form

15 the desired test film pieces. The following physical
properties were evaluated. The results are shown in Table
2.

(1) Water content - S

After the product film was 1mmersed in 0. 9% by welght

20 of physioclogic saline and saturated with the saline, the
product film was weighed and the water content was deter-
mined by the following equation.

(Wy-¥,)
Water content (% by weight)= —— X 100
25 ) w
: ‘Wy : weight of saturated conditions

W, ¢ initial weight of a film piece
{2) Oxygen permeability
Oxygen permeability was determined at 35°C in 0.9% by

30 weight of physiologic saline by using a Seikeken's meas-

uring equipment of film oxygen permeability. '

{(3) Tensile strength | _ _

. The test pieces which were an array type of plates

having a constricted center were immersed in 0.9% by
35 weight of physiologic saline at 20°C to be saturated with

water, and then these pieces were tested at a stress rate

Sheet Has Been “laced
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ethyl 2' -(tributylamonio)ethyl phosphate, 2'(”§fhaCEyf*

2|
2|
2|

2 .
.-2I
2 -
2"

"oyl oxy) et

- (tricycl ohexyl ammoni o) et hyl phosphate, 2-(vinyl oxy) et hyl
-(trimet hyl anmoni o) et hyl phosphate, 2-(allyloxy)
-(trinmet hyl ammoni o) et hyl phosphate, 2-(p- vinyl benzyl)ethyl
2L

(trinmethyl ammoni o) et hyl phosphate, 2-(vinyl benzoyl oxy) et hyl
(trinmethyl ammoni o) et hyl phosphate, ~13- 2-(styryl oxy) et hyl
(trimethyl anmoni o) et hyl phos- phate, 2-(allyl oxycarbonyl) et hyl
(trimethyl anmoni 0)- ethyl phosphate, 2-(vinyloxycarbonyl)ethyl
(trimethyof lanmmpmonet hyl phosphate, 2-(acryl oyl am no)ethyl 2'-

(trinethylanqgs;g%ethyFﬁghos hate 2-(al Iyl oxycar bonyl - am no) et hyl

(trimethyl PINCFASESERBSBhat e, (netha- cryl oyl oxy) net hyl oxy
- (trimet hyl ammpifitereahybnghes-lens is immersed for two weeks at

35°C in a physiologic saline solution of 0.39% (w/v) of
5 . albumin, 0.17% (w/v) of lysozyme and 0.105% (w/v) of y-
globulin, the contact lens was dashed with physiologic
saline to separate proteins adhered to the contact lens,
and a reagent which was quantifiable the proteins was
injected into the wash water to determine the amount of
10 the proteins.
Examples 2-10
Using the same method as used in Example 1, starting .
monomers as shown in Table 1 were polymerized and the -
physical properties were determined. The resuits are
15 shown in Table 2.
Comparison examples 1-3
Using the same method as used in Example 1, starting
monomers as shown in Table 1 were polymerized and the
physical properties were determined. The results are
20 shown in Table 2.
Table 1

starting monomers (ratio by weight)

HEMA/METMAEP/DEGMA (80/20/2)
HEMA /METMAEP /DEGMA (60/40/2)
HEMA/METMAEP/AMA (80/20/2)
HEMA/METMAEP/DEGMA (80/20/2)
Example HEMA/METMAEP/AMA (80/20/2)

25 Example 1
2
3
3
5
30 Example 6 HEMA/MMA/METMAEP/DEGMA (70/10/20/2)
7
8
9
1

Example
Example
Example

HEMA/NVP/METMAEP/DEGMA (70/10/20/2)
NVP/METMAEP/DEGMA  (70/30/2)
HEMA/METEAEP/DEGMA (80/20/2)

0 HEMA/MMA/METEAEP/DEGMA (70/10/20/2)

Example

Eﬁample

Example

Example
35
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phat e, 2-(meéthacryl oyl oxy) et hyl oxy 2*"- (trIﬁEthy|aﬁﬁBﬁf6}***“ i

3- (nethacryloyloxy)propyloxy 2'-(tri - nethylannnnlo)ethyL_thsphate
2 (et hacryl oyl oxy) i sopr o- - pyloxy

-(trinmethyl ammoni o) et hyl phosphate, and 4- (nethacryl ol
2'-(trinethylannnnio)ethyl phosphate are exenplified.
2- (et hacryl oyl oxy) propyl (trlmethylan:4 nnnlo)ethyl

2- (et hacryl oyl oxy) but yl Z

L

Comparison example 1

HEMA/DEGMA (100/2)
Comparison example 2
HEMA/NVP/DEGMA . (80/20/2)
5 Comparison example 3
NVP/MMA/AMA (70/30/2)

In the table, abbreviations are as follows.
_ HEMA : 2-hydroxymethyl methacrylate
10 METMAEP : 2- (methacryloyloxy)ethyl 2'-(trimethylam-~
monic)ethyl phosphate
DEGMA : diethyleneglycol dimethacrylate

AMA allyl methacrylate
MMA methyl methacrylate
15 METMAEP : 3- (methacryloyloxy)propyl 2' -(trimethylam-

monio)ethyl phosphate

METEAEP : 2- (methacryloyloxy)ethyl 2'-(triethylammo-
nio)ethyl phosphate

NVP : N-vinylpyrrolidone

20 ' Table 2
Wafer Oxygen Tensil Stain

Content Permeability - Strength Resistance
(%) (*) (g/mm?)  (ug/cm?)

25 Example 1 70 22 220 3.7
Example 2 76 18 202 2.9
Example 3 68 22 231 - 2.8
Example 4 71 21 238 3.0
Example 5 66 19 256 3.9
30 Example 6 52 18 258 2.6.
Example 7 65 21 239 4.7
Example 8 78 13 169 4.3
Example 9 74 17 212 2.1
Example 10 51 20 - . 207 2.9
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(trimethylammoni o) et hyl phosphate, 2- (nethacryl oyl oxy) pentyl.
- (trimethyl ammoni o) et hyl phos- phate, 2-(nethacryl oyl oxy)hexyl 2'-

(trimethyl ammoni o) et hyl phosphate, 2- (nethacryl oyl oxy) et hyl
-(tri phenyl anmoni o) et hyl phos- - phate 2- (et hacr yl oyoxy) et hyl
-(trinmethyl ammoni o) et hyl  phosphat e, QV|nonxy)ethyI
-(trinmethyl amoni o) et hyl phosphate, 2-7 Ionxy)ethyI 2" -

(fri et hyl ammoni o) et hyl phosphate, 2-(p- vinyl benzyl)oxy
-(trimet hyl anmoni o) et hyl phosphate, 2- (p-vinyl benzoyl oxy) et hyl
- (trimet hyl anGompayitdry | exgupdspitat e, 2- (p-vi nyl benzyl) et hyl

2' - (trinethyl anmoni o) et hyl pd@s- phage can be exeppbpified.5 g

Comparison example 2

41 17 156 11.2
5 Comparison example 3 .
65 26 92 12.3

(* x 10~ m1 (sTP) cm/cm? sec mmHg

10 Treating solutions for contact lenses

Preparation example 1

Stgrting monomers, namely 40 parts by weight of 2-
{methacryloyloxy)ethyl 2'-{trimethylammonio)ethyl phos-
phate, 60 parts by weight of n-butyl methacrylate and 0.1

15 parts by weight of azobisisobutylonitrile were dissolved

in 300 parts by weight of ethanol/tetrahydrofuran (a '
50/50 mixture), and the mixture solution was charged into
a glass tube. After the atmosphere was replaced with

ey nitrogen, the glass tube was hermetically sealed and

20 heated at a temperature of 60°C for 12 hours in a thermo-
static chamber.

After polymerization, the product was diluted with 50
‘ml of ethanol, the solution was added to one liter of
diethyl ether to preciptate a polymer.

25 Then, the polymer obtained by suction filtration was
dried under feduced pressure at room temperature for 12
hours.

The polymer was dissolved in ethylene glycol to
prepare a treating solution for contact lenses.

30 Preparation example 2

Using the same method as described in Preparation
example 1 except that 40 parts by weight of 2-(methacry-
loyloxy)ethyl 2'-(trimethylammonio}ethyl phosphate and 60
parts by weight of 2-hydroxyethyl methacrylate as mono-

35 mers and 300 parts by'weight of ethanol as a solvent were
used, a treating solution for contact lenses was pre-
pared. : — — '

This Sheet Has Been Reﬂlaced
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' Thééé'dbdpbhhas“één%be used al one or two or nore fd-é m xtures. The -
pol yners obtai ned have water solubility and hydrophilic nature. Wen the
pol yners are used in the treating solution for contact |enses of the
present invention, such conpounds adhere or deposit on the sur face of
contact |enses, and the contact |enses becone hydrophilic and prevent
stai n adhesion. . The (neth§acrylates represented by the
f.ormul a (1)
Preparation example 3
Using the same method as described in Preparation
- example 1 except that 90 parts by weight of 2-{methacry-
loyloxy)ethyl 2'-{trimethylammonio)ethyl phosphate and 10
5 parts by weight of styrene as monomers and 300 parts by
weight of ethanol as a solvent were used, a treating
solution for contact lenses was prepared.
Example 11
A common contact lens was prepared by the following
10 method. Starting monomers, namély 99 parts by weight of
methyl methacrylate, one part by weight of diethylenegly-
col dimethacrylate and 0.2 parts by weight of azobisisob-
utylonitrile were injected into a test tube-like glass
form, and the atmosphere was replaced with nitrogen and
15 degassed by repetition. After sealing the form, the
compounds were heated at a temperature'of 50 to 100°C for
50 hours in a thermostatic chamber. After polymerization,
a colorless and transparent polymer was taken out of the
form. The polymer obtained was cut and abraded to obtain
20 desired test pieces.

The pieces and a holder were immersed in the solution
obtained in Reference example 1 which was charged into a
stock case for contact lenses. The pieces and the holder
were taken out of the case and thoroughly washed with tap

25 water to obtain hydrophilic contact lenses. Then, the
following physical properties were determined. The re-
sults are shown in Table 3.

Example 12

An oxygen-permeable hard contact lens was prepared by

30 the following method.

The same procedure as in Example 11 was repeated
except that the monomers were changed to 40 parts by
weight of tris (trimethylsiloxy)silylpropyl methacrylate,
30 parts by weight of trifluoroethyl methacrylate, 10

35 parts by weight of methyl methacrylate, 15 parts by

i



whi ch are.characteristically used in the present inven- tion can be

synt hesi zed by several kinds of commonly known net hods. For exanpl e,

hydr axyal kyl (rmeth)acrylate is reacted with
-2-ch|oro-2-oxo-1,3,2,-dioxaphosphorane in the presence of amne, the
obt ai ned (2-oxo-1, 3,2, dloxaphosphoropr%y)alkyI (meth)acrylate is
reacted wwth a certaln tertiary amne. In the other nethod, hydroxyal -

kyl (meth)acrylate is reacted w th 2-bronoet hyl phosphoryl dlchlorlde and
the obt ai ned (et h acryl oxyal kyl 2 bronoet hyl' phosphate is reacted
with a.certaiveigh éﬁ*‘fi@le@w& Mdnedihaeavilagei end 5t pastsldsyred to

purify the p&é’ﬁ%ﬁisof’ﬁné?t KA 1R 100k S Ul %ﬂﬁ@ry%ﬁ@ 6Bth2led was
Preparation of the treating solutiaon for contact |enses
subjected to hydrophillclty treatment. Then, the follow-.
ing physical properties were determined. The results are
5 shown in Table 3, -
Example 13
A soft contact lens was prepared. The same procedure
as in Example 11 was repeated except that the monomers
were changed to 99 parts by weight of 2-hydroxyethyl
10 methacrylate and one part by weight of ethyleneglycol.
dimethacrylate. Then, the contact lens obtained was
subjected to hydrophilicity treatment. Then, the follow-
ing physical properties were determined. The results are
shown in Table 3.
15 Examples 14-16
Using the same method as used in Example 11, each
hydrophilic contact lens was obtained. except that the
solution of Preparation example 2 was used. Then, the
following physical properties were determined. The re-
20 sults are shown in Table 3. '
Example 17-19
Using the same method as used in Example 11, each
hydrophilic contact lens was obtained except that the
solution of Preparation example 3 was used. Then, the
25 following physical properties were determined. The re-
sults are shown in Table 3.
Compariéon example 4
Using the same method as used in Example 11, a hydro-
philic contact lens was obtained éxcept that an aqueous
30 solution of polyvinyl alcochol (saponificatioﬁ rate @
about 88%) was useﬁ. Then, the following physical proper-
ties were determined. The results are shown in Table 3.
Comparison example 5
Using the same contact lens as used in Comparison
35 example 4, except that the contact lens was not treated

un\iﬁ\i‘iilfﬁﬁ ||ﬂi“°“



To prepare the treating solution of contact |enses of the present

I nvention, the polynmer used in the treating solution for contact |enses
can be obtained by polyneri- zation of (neth)acrylic nononers represented
by the formula (1), and al so by copol ynerization of 1 to 95% by weight of
the nononers with 99 to 5% by weight of a copolynerizabl e nononer. As
such copol yneri zabl e vinyl nononers, styrgme, nethylstyrene,

chl oronet hyl styrene, nethyl (meth)acry- late, ethyl (neth)acrylate,

n-butyl (nmeth)acrylate, (nmeth)acrylic acid, (neth)acrylam de,
2-hydroxyethy|with polyvinyl alcohol, the physical properties were

determined, The results are shown in Table 3.

Further, contact angles and stain resistance in the
5 table were determined by the following method.
(I) Contact angle
After contact lenses were subjected to hydrophilicity
treatment and the surface was dried, the contact angle
were determined by a water dropping method.
10 (II) Stain resistance
After contact lenses were immersed in a physiological
saline solution of 0.39% (w/v) of albumin, 0.17% (w/v) of
lysozyme and 0.105% (w/v) of y-globulin at a temperature
of 35°C for two weeks, the contact lenses were washed
15 with physiological saline. Proteins sdhered on the con-
tact lenses were peeled off with a surface-active agent,
and a reagent for protein determination was injected into
the protein solution. Then, the protein adsorption on the
surface of the contact lenses was determined.

20
Table 3
Treating Contact Solvent Contact Stain ]
solution lense angle resistance
25 (%) {ug/cn®)
Example 11 Preparation HCL EG 51.9 3.7
example 1
12 1 GPH EG 50.7 2.9
30 13 1 sCL EG 46.8 2.8
14 2 HCL EG 52.0 3.0
15 2 GPH EG 53.9 3.9
16 2 SCL EG 47.5 2.6
17 3 HCL EG/Water 49.3 4.7
35 : 50/50
18 3 GPH EG/Water 50.8 4.3

L : 50/50
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-O- (neth)acrylate, ethyl vinyl ether, n-butyl vinyl ether, N-vinyl
pyrrolidone, vinyl chloride, vinylidene chloride, ethylene, propylene,

i sobutyl ene, acrylonitrile, or mxtures of these conpounds can be.
exenplified. These nononers are preferably used at a proportion of 10000
to 5 parts by weight per 100 parts by weight of the (neth)acrylate (1).

I f the nononer is nore than 10000 parts b¥ wei ght, sufficient water
solubility and stain resistance given by-tfe (meth)acrylic monomer (1) is
not. observed. If the nmononer is less than 5 parts by weight, the

pol ynmeri zation effects are not observed.

19 3 SCL EG/Water 44.8 4.0
:. 50/50
Comparison
example 4 PVA/Water HCL Water 78.3 9.2
5 5 HCL 92.5 9.6

Note HCL : Hard contact lens
GPH : Oxygen-Permeable hard contact lens
SCL : Soft contact lenmns
10 EG : Ethylene glycol
PVA : Polyvinyl alcohol.

Sheet Has Been Replaced
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The pol ypers which are characteristically used in the present jinvention

can be obtained by the polynerization or copolymerizati ot ced
nonorfers. In this case, the polynerization can be effect ﬁ Fnce
of a radical polymerization initiator, by a radical poly

met hod such as known bl ock pol yneriza- tion, suspension

pol ynmeri zation, erul sion polynerization, -29el uti on pol yneri zation and the
i ke. As the radical pol amHIZaEYOROUS SDRITOCONDROE OpENper oxi de, | aur oyl
peroxi de,- dIISOprOpylxﬂglKﬂﬂﬁﬂﬂmauﬂtSDLUTEONprErOQUTRCT BEMsEMexanoate

t- butylperoxydlégﬂgue t - butyl peroxydiisobu- tylate,

‘azobi si sobutylonitrile, azobisdi methylval eroni trile ersul fate, and
persul fate-bisulfite tyhbs &xﬂﬂ%ﬁ?ylﬁ¥§§°“$hé°§§a§@nBP°#h£eﬁﬁI9¢ﬁﬂﬂkﬁni on

initiators ising a copolymer which contains as an ingredient a monomer
having constitution similar to that of phospholipid
5 represented by the following general formula:

i 12
X—(Y)n-o-li-o-(CHz)2—1?*-1?3 (1
10 o- Ry

wherein X is CH,=C-CH,-0-, CH =C~CH -0-C-, CH,=C-D-C-,
2772 2 27 27
Ryq R1 o] R1 0

CHp=C-0-, CHp=C-C-0-, CHy=C-C-NH-, CH2=(I2—CH2-O—ﬁ—NH-—
R4 R1 RO R4 0

15

20 CHZ:Cl: C6H4"CHZ r CHZ-CI‘,‘-CGH4-O-, CH2—$-C6H4"1CI"0—
R1 R1 R1

and Ry is hydrogen or methyl, Y is -CH,-, ~CH,-0-,
2 ~CH,CHp-0~y ~CH,CH)CHp=0-, -CHCH;-O-, or
CH3
30 -CH,CH,CH,CH,-O~,
n is an integer of 1-20, and, Rye Ry and Ry are the same
or different groups and alkyl or hydroxyalkyl of 1-8
carbon atoms. _
35 + 2. A contact lens as claimed in claim 1, where
in it comprises a copolymer obtained by copolymerization
of 1-95 % by weight of the monomer represented by the
formula (1) and 99-5 % by weight of a copolymerizable
monomer., ‘ | .
40 {" " 3.A contact lens as claimed in claim 1 or 2, where-
in the @onomer'represented by the formula (1)Wis
one or more compounds selected from the group consisting
of 2-(methacryloyloxylethyl 2'-(trimethylammonio)ethyl
phosphate, 3-(methacryloyloxy)propyl 2'-(trimethylammo-
45 nio)ethyl phosphate, 4-(methacryloyloxylbutyl 2'-(tri-
methylammonio)ethyl phosphate, 5-(methacryloyloxy)pentyl

0N



usually 0.01 to 10 parts by weight per 100 parts by
- 10- wei ght of the total ampunt of nononers, preferably 0.1 to 5 parts
by wei ght . The pol ynerization or copol yner.i zat i oNTKS$hef Baf8s Repthd&it €d

by replacing the polynerization atnosphere with an ine |
ni trogen, carbon dioxide, heliumor the 1like. The poly ' " L
conditions are preferably a tem peratucrgtiof 30-100[err] - rs.

The nol ecul ar weight of the polyner, which is obtained by the radical
pol ymer- . :

2'—(trimethylammonio)ethyl phosphate, 6-
{methacryloyloxy)ethyl 2'-{trimethylammonio)ethyl phos-
phate,

2-{methacryloyloxy)ethyl 2'-(N-methyl-N,N-

5 diethylammonioc)ethyl phosphate, 2-{methacryloyloxy)ethyl
2'-(¥,N~dimethylethylammonio)ethyl phosphate, 2-{metha-
cryloyloxy)ethyl 2'-(triethylammonio)ethyl phosphate, 2-
(methacryloyloxy)ethyl 2'-(N,N-
dimethylpropylammonio)ethyl phosphate, 2-(methacryloyl-

10 oxy)ethyl 2'-(N,N-dipropyl-N-methylammonio)ethyl phos-
phate, 2-(methacryloyloxy)ethyl 2'-{tributylammonio)ethyl
phosphate, 2-(methacryloyloxy)ethyl 2'-(tricyclohexylam-
monio)ethyl phosphate, 2—(vinyloxyiethyl 2'-{trimethylam-
monio)ethyl phosphate, 2-(allyloxy) 2'-{trimethylammo-

15 nio)ethyl phosphate, 2-{p-vinylbenzyl)ethyl 2'-{trimethy-
lammonio)ethyl phosphate, 2-(vinylbenzoyloxy)ethyl 2'-
(trimethylammonio)ethyl phosphate, .

2-{styryloxy)ethyl 2'-{trimethylammonio)ethyl phos-
phate, 2-{allyloxycarbonyl)ethyl 2'-(trimethylammonio)-

20 ethyl phosphate, 2-{vinyloxycarbonyl)ethyl 2'-(trimethy-
lammonio)ethyl phosphate, 2-(acryloylaminojethyl 2°'-~
(trimethylammonio)ethyl phosphate, 2-{allyloxycarbonyla-
mino)ethyl 2'-{trimethylammonio)ethyl phosphate, {(metha-
cryloyloxy)methyloxy 2'-(trimethylammonio)ethyl phos-

25 phate, 2-{methacryloyloxy)ethyloxy 2'-(trimethylammonio)-
ethyl phosphate, 3-(methacryloyloxy)propyloxy 2'-{tri-
methylammonio)ethyl phosphate, 2-(methacryloyloxy)isopro-
pyloxy 2'-(trimethylammonio)ethyl phosphate, and 4-
(methacryloyloxy)buthyloxy 2'—(tfimethylammonio)ethyl

30 phosphate.

4. A contact iens as claimed in claim 2 or 3,
wherein the popolymerizable monomer is one or more éompounds
selected from the group consisting of styrene, c-me-
thylstyrene, nucleus methylated styrene, nucleus chlori-

35 nated styrene, vinyl acetate, vinyl propionate, methyl

R O A



i zation and usedin-the treating solution for contact |enses of the
present I nvention, ca Q&wg d by the polynerization tenperature, the
usage of the i nThis - presence or absence of a pol ynerization
regula- tor. Th e nol ecul ar wei ght of the polyner obtained
Is preferably 10 nd nore preferably 2000 to 200,000 in
consi deration of the solublllty in the tre|d~ ing solution, viscosity of
the treating solution and adhesion of the solution to contact | enses.

ASs a solvent used in the treating solution for con- tact |enses of the

pr esent invent(mﬁthiacnyﬂhﬁﬁaLéﬂnyxnxmeﬂhvﬂdﬁyaatethaLbhhﬁlsolvent can
di ssolve the a ov oly-, _ners, a rmm ess to,con nse and it is
usable by si ng‘il e‘b’g% ’é‘{]r‘-'b LYY 5t ‘fﬁﬁae]rlscl SF* %éﬂﬁ‘f&ﬁagf ﬁ?%‘%
N, N-dimethyl {(meth)acrylamide, 2-hydroxyethyl
{meth)acrylate, ethylvinyl ether, n-butylvinyl ether, N-
5 vinylpyfrolidone, vinylpyridine, diethyl itaconate,

di-n-butyl itaconate,

allyl (meth)acrylate, ethyleneglycol di(meth)acrylate,
diethyleneglycol di{meth)acrylate, tetraethylene glycol
di{meth)acrylate, 1,4-butanediol di(meth)acrylate, dial-

10 1lyl phthalate, diethylene glycol bisallyl carbonate,
divinyl benzene, methylene bisacrylamide, tri-allyl
trimellitate and tri-allyl cyanulate.

5. A contacﬁ lens as claimed in claim 2, 3 or 4,
wheréin the copolymerizable monomer contains 0.5-10 % by

15 weight of one,or more polyfunctional monomers.

6. & contact lens as claimed in claim 5, where-
in the polyfunctidnal monomer is one or more compounds
selected from the group consisting of allyl (meth)acry-
late, ethyleneglycol di(meth)acrylate, diethyleneglycol

20 di(meth)acrylate, tetraethylene glycol di(meth)acrylate,
1,4;butanediol di{meth)acrylate, diallyl phthalate,
diethylene glycol bisallyl carbonate, divinyl benzene,
methylene bisacrylamide, tri-allyl trimellitate and tri-
allyl cyanulate.

25 . 7. A treating solution for contact lenses
which comprises a polymer containing as an ingredient a
monomer having constitution similar to that of phospho-
'lipid represented by the following general formula and a
solvent which can be dissolved the polymer:

30 ) R
! 2 :
X~(¥),-0-P-0-(CHy)5-N*-Ry (1)
I ! :
o- R
35 4

wherein X is Cst?-CHz-O-, CHy= ? CHZ’O“ﬁ" CH2=?-O—S-

RN



with water. For exanple, water, nethanol, isopropanol, ethylene ghyeot; —
pol yet hyl ene glycol, glycerine, ethylene glycol nonomrethyl ether 'nﬁ&gyl
sul f 6xi de, tetrahydrof- wuran, acetone and m xtures of t = SREI €
exenpl i - fied. The polynmer concentration i “ “ S
usually 0.01 to 10 parts by weight. Wen the polynmer con ' S

| ess than 0.01 parts by weight, the solyvesnt

CH2=(I:—O-' ? CH2=(1:-ﬁ"'O" ’ CH2=?—ﬁ ~NH- ’ CH2=(':— CH2-O-%—NH— 2

R4 R40 R40 R4 0
5 CH2=?-C6H4-CH2-; CH2=C‘—CGH4-'O—, CH2=?-CGH4—ﬁ—O—,
10 and Ry is hydrogen or methyl, Y is -CHy-,
'-CHZ"O—', "'CH2CH2"O"' -CH2CH2cHZ—O", "‘?.HCHZ—O—; or
CH
15 3

-CH,CH,CH,CH,~0-,
n is an integer of 1-20, ang, Ry, Ry and R,y are the same
or  different groups and alkyl or hydroxyalkyl of 1-8
20 carbon atoms.

8. A tfeating solution for contact lenses as
claimed in claim 7, wherein it contains 0.01-10 % by
weight of a copolymer obtained by copolymerization of 1-
95 % by weight of the monomer represented by the formula

25 (1) and 99-5 % by weight of a copolymerizable monomer.

9. A treating solution for contact lenses as
claimed in claim 7 or 8, wherein the monomer represented by
the formula (1) is
one or more compounds selected from the group consisting

30 of 2-{methacryloyloxy)ethyl 2'-(trimethylammonio}ethyl
phosphate, 3-(methacryloyloxy)propyl 2'-(trimethylammo-
nio)ethyl phosphate, 4-({methacryloyloxy)butyl 2'-{tri-
methylammonio)ethyl phosphate, 5-{methacryloyloxy)pentyl
2'-(trimethylammonio)ethyl phosphate, 6-

35 (methacryloyloxy)ethyl 2'-(trimethylammonio)ethyl phos-
phate, _

2-(methacryloyloxy)ethyl 2'-{N-methyl-N,N-
diethylammonio)ethyl phosphate, 2-{methacryloyloxy)ethyl
2'-(N,N-dimethylethylammonioc)ethyl phosphate, 2-{metha-

40 cryloyloxy)ethyl 2'-~(triethylammonio)ethyl phosphate, 2-

{methacryloyloxy)ethyl 2'-{N, N~
dimethylpropylammonio)ethyl phosphate, 2-(methacryloyl-

WA



insuffickently exerts its effect. When contact | enses are treated by
t he sqution"fhé‘"Eontact | enses are immersed in the solution or contacted

with the Sohyi ks ature of 20 to 70C, and then washed with

wat er, phyS|o a suit- able washing liquid before the use.
Accordlngly, “gm enses beconme hydrophilic, and they are prevented
fromstains o | i pids. -2lf1e treating solution for contact

| enses of the present |nventlon can, if necessary, be used with a
surfactant, a germcide, an antiseptic and the like, or it can be used as

rastnd | b geie B B Ut prona SRR AR A LR Lo
pol ymer phate, 2~ (methacryloyloxy)ethyl 2'-(trlbutylammonlo)ethyl
phosphate, 2-(methacryloyloxy)ethyl 2'-(tricyclohexylam-
monio)ethyl phosphate, 2-{vinyloxy)ethyl 2'-(trimethylam-
5 monic)ethyl phosphate, 2-{(allyloxy) 2'-(trimethylammo-
nio)ethyl phosphate, 2-{p-vinylbenzyl)ethyl 2'-{trimethy-
lammoniojethyl phosphate, 2-~(vinylbenzoyloxy)ethyl 2'-
{trimethylammonio}ethyl phosphate,
2-(styryloxy)ethyl 2'-(trimethylammonio)ethyl phos-
10 phate, 2—(allylokycarbony1)ethyl 2'~(trimethylammonio)-
ethyl phosphate, 2-(vinyloxycarbonyl)ethyl 2'-{trimethy-
lammonio)ethyl phosphate, 2-(acryloylamino)ethyl 2'-
(trimethylammonio)ethyl phosphate, 2-{allyloxycarbonyla-
mino)ethyl 2! -(trimethylammonio)ethyl phosphate, (metha-
15 cryloyloxy)methyloxy 2'-{(trimethylammonio}ethyl phos-
phate, 2-{methacryloyloxy)ethyloxy 2‘—(trimethylammonio)-
ethyl phosphate, 3-(methacryloyloxy)propyloxy 2'-(tri-
methylammonio)ethyl phosphate, 2-({methacryloyloxy)isopro-
pyloxy 2'-(trimethylammonio)ethyl phosphate, 4-(methacry-
20 loyloxy)buthyloxy 2'-(trimethylammonio}ethyl phosphate,
2-{methacryloyeoxy)propyl 2'-(trimethylammonio)ethyl
phosphate, 2-{methacryloyloxy)butyl 2'-
(trimethylammonio)ethyl phosphate, 2-
{methacryloyloxy)pentyl 2'-(trimethylammonio)ethyl phos-
25 phate, 2-{methacryloyloxy)hexyl 2'-
{trimethylammonio}ethyl phosphate, 2-
(methacryloyloxy)éthyl 2'~(triphenylammonio)ethyl phos-
phate, 2-(methacryloyoxy}ethyl 2'-(t}imethylammonio)ethyl
phosphate, 2-{vinyloxy)ethyl 2'-(trimethylammonio)ethyl
30 phosphate, 2-(allyloxy)ethyl 2'-(trimethylammonio)ethyl
2'-(trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyl)oxy 2'-(trimethylammonio)ethyl phosphate,
2-{p-vinylbenzoyloxy)ethyl 2'-{trimethylammonio)ethyl
phosphate, and 2-{p-vinylbenzyl)ethyl 2'-(trimethylammo-
35 nio)ethyl phosphate.
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adheres to the lenses by sinple steps of imersion or —coating by the
soluti,on and rinsing with water. As a result, the HM ﬁggﬁhgbgmﬁ_ Jde and
wat er content of the surface of anhydrous cont act ous soft
contact |enses are inproved and the fitness to eyes |ﬂllnm

Furthernore, adhesion and deposit of stajdls such as | pi ds
can be controlled, so that the denaturation of the | enses can be prevented
and the safety to eyes can be inproved.

-12-

.10. A trgating solution for contact lenses as '
claimed in claim 8 or 9, wherein the copolymerizable mohomer
is one or more compounds selected from the group consist-
ing of styrene, methylstyrene, chloromethylstyrene,

5 methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl
(meth)acrylate, {meth)acrylic acid, {(meth)acrylamide, 2-
hydroxyethyl (meth)acrylate, ethyl vinyl ether, n-butyl
vinyl ether, N-vinyl pyrrolidone, vinyl chloride, vinyli-
dene chloride, ethylene, propylene, isobutylene, and

10 acrylonitrile.

.11, A treating solution for contact lenses as claimed
in any of q;éims 7 to 10, wherein the solvent is one or more
compounds selected from the group consisting of water,
methanol, isopropanol, ethylene glycol, polyethylene

15 glycol, glycerine, ethylene glycol monomethyl ether,
dimethyl sulfoxide, tetrahydrofuran, and acetone.

R




The follpw ng exanples illustrate the present inven- tion nore
specifically. However, the present inventionis not limted by these
exanpl es. The contact |enses of Exanples 1-10 fall outside the invention
as claimed. Highly hydrous soft contact |enses
Exanmple 1 Starting nonomers as shown i,n Table 1, nanely, 20 parts by
wei ght of 2-(nethacryl oyl oxy)ethyl 2'-(trife¢fhy- | ammonio)ethyl phosphate,
80 parts by weight of 2- hydroxyethyl nmethacrylate, 2 parts by wei ght of
allyl me thacrylate, 0.2 parts by weight of azobisisobutyronitrile were
injected into a test tube-like glass form After repeating replacenent
with nitrogen andP8%§asting in the

: Highly hydrous soft contact lens and a'treating solution

for contact lenses

5 A highly hydrous soft contact lens comprising a
copolymer which contains as an ingredient a monomer
having constitution similar to that of phospholipid
fepresented by the following general formula:

10
0] R
i 12
X=(¥)5,-0-B-0-(CH,) 2-1\!1*—113 (1)

15 O~ Ry

wherein X is cn2_$-c112-0—, CH,=C-CH,-0-C-, CH,=C-0-C-,
| H | H
R R O R
20 1 1 1
CH2=(!:—O-—, CHZ--(‘.‘.-%-O-, CH2=ClI-ﬁ~NH-,. CHZ--C'!—CHZ-O—ﬁ—NH—,
R4 R0 R0 R4 0
25 CH2=(II-C6H4—CH2 ’ CHZ-('Z-CGH4-O-, CH2—$—CGH4 %-O—
Ry Ry R4 0

30 and Ry is hydrogen or methyl, Y is -CH,-, -CH,-0O-,

~CH,CH,-0~-, -CH,CH,CH,-0-~, ~CGiCH,~0~, or
CH4
~CH,CH,CH,CH,-0-,

35 n is an integer of 1-20, and; Ry, R3 and Ry are the same
or different groups and alkyl or hydroxyalkyl of 1-8
carbon atoms.

Further, a treating solution for contact lenses which
comprises a polymer containing as an ingredient the above

40 monomer and a solvent which can dissolve the polymer.

. fooiuak
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form the formwas sealed and the materials were heated and mevvﬁEPVzed.
The heat was effected by a rise in tenperature of 50-100[err]C for 50
hours in a thernostat. After finishing the polynerization, transparent

col orl ess - polyner-yas takegmout "of"ithe form Obtained pol ymer was

machi.med by convetiti‘onal - fﬂngﬂ@g,aqd abrasion to form the deshmeddeast
film pie s;-Thé”foFTq%r ’ZpﬁVSLQ?I; properties were evaluated. The results

are showM in TabLe532é““(1)'Wﬂfer’bintent After the product film was

i mer sed j n -0:9% by“diei ght'> Gf-"physijol ogi ¢ saline and saturated with the
saline; the producttil#i a8 ieighdd and the water content was deter-

e, A

TREATING SOLUTION FOR CONTACT LENSES

The present invention relates to treating solutions
for contact lenses, more particularly, to treating solu-
tions for contact lenses such as hard contact lenses,
anhydrous soft contact lenses and hydrous soft contact
lenses to give stain resistance and hydrophilic nature to
these lenses.

A highly hydrous soft contact lens §§_characterized
in that it gives little feeling of physical disorder to
the eyeball in comparison with a hard contact lens not
containing water which essentially comprises a monomer
such as methyl methacrylate, and siloxanylalkyl methacry-
late (Japanese Patent Publication Sho 52-33502 (1977)).
As for a hydrous contact lens, a lens essentially con-
taining 2-hydroxyethyl methacrylate supplies little
oxygen and gives feeling of physical disorder to the
eyeball. Recently, to increase the percentage of water
content, a contact lens comprising a copolymer of
N-vinyl-pyrrolidone and methyl methacrylate, 2-hydroxy-
ethyl methacrylate or methacrylic acid was proposed,

However, the abowve gontact lens has the disadvantage that

This is the replacement sheet
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-13- m ned by the follow ng equation.

(Werr]-Werr]) Wat er content (% by weight)= X 100
Werr] Werr] : weight of saturated conditions
Werr] : initial weight of a filmpiece (2) Oxygen perneability Oxygen

perneability was determ ned at 35[err]Cin 0.9% by wei ght of physiologic
saline by using a Sei kaken's neas- uring equi pnent of film oxygen
perneability. (3) Tensile strength The test pieces which were an array
type of pl atesthamsngra eastlyi adlkeerednterther kensmes Sbowen thd% by wei ght
of physiologic saline at 20[err]C to be saturated with water, and then
these pieces @abrengtbtaddatha tenesgreuseyellevis by wrepeytSldieat
resistance treatment for sterilization.

Conventionally used contact lenses may be classified
into two groups, anhydrous hard or soft contact lenses
and hydrous soft contact lenses.

These anhydrous lenses having advantages over the
hydrous lenses in terms of stability of materials and
simple care are lenses principally containing methyl-
methacrylate or lenses made of silicone rubber. Lately, a
hard contact lens having high oxygen permeability princi-
pally containing silyl type methacrylate or fluoric type
methacrylate which gives moderate effects to eyes has
been used.

However, the anhydrous lenses have problems that the
hydrophobic surface gives a feeling of physical disorder to
the eyeball and has a bad influence on the cells in the
eye ball. In particular, the lenses having high oxygen
permeability and containing silicone or fluorine in large
quantities are highly hydrophobic, and there are problems
of feeling of physical disorder, lowering of adhesion
properties and staining of proteins and lipids. There-
fore, to change the hydrophobic surface into a hydrophil-
ic surface, it is known to treat with plasma or chemical-

ly treat with acid or basic materials. These methods have

problems in the maintenance of the hydrophilic nature,

This is the replacemeant sheet
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After a contact lens is imersed for two weeks at 35[err]C in a physiologic
saline solution of 0.39% (wv) of albumn, 0.17% (wWv) of |ysozyme and
0.105% (w v) of y- globulin, the contact |ens was washed wi th physi ol ogic
saline to separate proteins adhered to thg contact lens, and a reagent

whi ch was quantifiable the proteins was injected into the wash water to
determ ne the anount of the proteins. Exanpl es 2-10
Usi ng the sanme nethod as used in Exanple 1, starting nononers as shown in
Tabl e 1 were { Wwidtaat tAth tEFgihtiie alrdatmeantt, aadwereutidiesomened. The

results are shown in Table 2. Conpari son exanples 1-3
Usi ng t he sanerewtihoy sstepsedd tHxaler hetdiad,t ity mxampdres dhest@own in
Table 1 were polynerized and the physical properties were determ ned. The
results are diown nathebldstlosed by Japanese Patent Publication Nog-

48-37910 (1973) in which a contact lens is immersed into

a solution containing a water-soluble polymer of poly-

vinyl alcohol, hydroxyethyl cellulose, polyvinylpyrroli-

done or the like. There are disadvantages that hydrophil-

ic contact lenses are not always obtained by the method

and the method is not effective for prevention of stains

such as proteins and lipids.

In the other hand, the hydrous soft contact lenses
give a good fit to eyes and have no problems. However,
these lenses are hydrogel lenses principally constituting
2-hydroxyethyl methacrylate, vinylpyrrolidone or the
like, and there are disadvantages of adhesion of
proteins, lipids and the like to the lenses, and increase
of bacteria for sanitary reasons, and lowered mechanical
strength for increased water content. Therefore, sanitary
care is commonly required for the lenses by boiling,
sterilization or by using a care product such as germi-
cides or detergent liquids.

WO-A-92/07885 was published on 14 May 1992 and claims
priority from an application filed on 29 October 1990.

It discloses as a contact lens material cross-linked

copolymers which are obtainable by polymerizing a neutral

diluent monomer or monomers, a monomer Or monomers bear-

This is the replacemsent sheet
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Table 1 starting nononers (ratio by weight) Example 1

HEMA METMAEP/ DEGVA (80/20/2) Exanple 2  HEMA/ METMAEP/ DEGVA
(60/ 40/ 2) Exanple 3 HEMA/ METMAEP/ AVA (80/20/2) Exanple 4
HEMA METMAEP/ DEGVA (80/20/2) Exanple 5 HEMA/ METMAEP/ AVA

(80/20/2) Exanple 6 HEMA MVA/ METMAEP/ DEGVA  ( 70/ 10/ 20/ 2) Exanple 7
HEMA NVP/ METMAEP/ DEGVA  ( 70/ 10/ 20/ 2) Exanple 8 NVP/ METMAEP/ DEGVA
(70/30/2) Exanple 9 HEMA VETEAEP/ DEGVA (80/20/2) Exanple 10
HEMA/ MVA/ VMETEAEP/ DEGVA  ( 70/ 10/ 20/ 2) Conpari son exanple 1

HEMA DEGVA ing a centr¢ p0/2rmadentamiosort isseamilagg?2, and a bifunc-
HEMA/ NVP/ DEGVA (80/20/2) Conparison exanple 3

NVP/ MVA/ AMA tional and/qqmyqﬂﬁqgctional cross-linking agent and

processes for the preparation thereof.

An object of the present invention is to provide a
treating solution for a conﬁact lens, the solution being
capable of giving a surface hydrophilic nature to anhy-
drous contact lenses or high water content to hydrous
contact lenses, improving the fit or feeling to eyes,
and preventing the adhesion or deposit of stains of
proteins and lipids.

The present invention provides a treating solution
for contact lenses which comprises 0.01 to 10% by weight
of a polymer obtained by polymerisation of one or more
monomers according to formula (1) beiow ;f by copolymeri-
zation of 1 to 95% by weight of the said monomer(s) and

99 to 5% by weight of a copolymerizable monomer, and a

solvent which can dissolve the polymer:

‘.? "
!
x-(Y)n—o-$-o-(CH2)2—§*-R3 (1)
o- Ry

wherein X is CHy=C-CH,5-0~, CHy=C-CH,-0-C-, CH,=C-0-C-,
l 1 I b
Ry Ry 0 Ri 0

CHp=C-0-, CH,=C-C-O-, CHp=C-C-NH-, CHp=C-CH,-O-C-NH-,

W L 1 i
Ry R¢0 R40 R4 o
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In the table, abbreviations are as foll ows. HEMA 2- hydr oxynet hyl

nmet hacryl ate METMAEP : 2-(nethacryl oyl oxy)ethyl 2'-(trinmethylam
noni o) et hyl phosphat e DEGVA : di et hyl enegl ycol dinethacrylate
AMA allyl nethacryl ate MWA : met hyl nethacryl ate VETMAEP

. 3-(net hacryl oyl oxy) propyl 2'-(trinmethylsn nonio)ethyl phosphate
METEAEP : 2-(nethacryl oyl oxy)ethyl 2'-(triethylamo- nio)ethyl phosphate
NVP N-vi nyl pyrrolidone - 15-
Table 2 Wat er Oxygen Tensil e Stain
CH2=(IZ'-C6H4—CH2—, CHZ=(lJ-C6H4-0—, CH2=?"C6H4‘%—O—’

R4 R4 R4 o
and Ry is hydrogen or methyl, Y is -CH,-, -CH,-O-,
-CHZCHZ—O—, —CHZCHZCHZ-—O—, —CI:HCHZ—-O-, or

CHgy
~CH2CH2CH2CH2—0—,
n is an integer of 1-20, and, Ry, Ry and Ry are the same
or different groups and alkyl or hydroxyalkyl of 1-8
carbon atoms.

The present invention may be embodied as follows.

In the present invention, the monomer having phospho-
lipid-like constitution which is used as an essential
ingredient is a monomer represented by the above general
formula (1). ..

In the formula, n is an integer of 1-20. If n is more
than 20, the hydrophilic nature of the polymer is unde-
sirably lowered. Carbon atoms of alkyl groups of Ro-Ry
are 1-8,. If the carbon atoms are more than 8, a signifi-
cant decrease of the hydrophilic nature of the polymer or
polymerizability of the monomer is observed, so that such
a compound is unsuitable for the use.

As the monomer represented by the above general
formula (1), 2-(methacryloyloxy)ethyl 2'-(trimethylammo-
nio}ethyl phosphate, 3-(methacryloyloxy)propyl 2'-(tri-
methylammonio)ethyl phosphate, 4-(methacryloyloxy)}butyl
2'-(trimethylammonio)ethyl phosphate, 5-

(methacryloyloxy)pentyl 2'-(trimethylammonio)ethyl phos-
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Content Perneability Strength Resistance (% (*)

(g/mmijerr]) ([err]g/cnferr]) Exanple 1 70 22 220
3.7 Exampl e 2 76 18 202 2.9 Exampl e 3 68
22 231 2.8 Exanpl e 4 6 71 21 238
3.0 Exanple 5 66 19 77256 3.9 Exanple 6 52
18 258 2.6 Exanpl e 7 65 21 239
4.7 Exampl e 8 78 13 169 4.3 Exampl e 9 74
17 phdté, 6- (me%h&cryﬁ&?ﬁBk?)éthl5é‘ 20 207
2.9 Conmpari son exanp e 210

iiSZ Conpar i sQi r@%a¥ply® admonio)ethyl phoébhate, 17 156

2-{methacryloyloxylethyl 2'-(N-methyl-N,N-
diethylammonio)ethyl phosphate, 2-({methacryloyloxylethyl
2'-{M,N-dimethylethylammonio)ethyl phosphate, 2-{metha-
cryloyloxylethyl 2'-(triethylammonio)ethyl phosphate, 2-
(methacryloyloxylethyl 2'-(N,N-dimethylpropylammonio)-
ethyl phosphate, 2-{methacryloyloxy)ethyl 2'-{N,N-dipro-
pyl-N-methylammonio)ethyl phosphate, 2-(methacryloyloxy)
ethyl 2'-(tributylammonio)ethyl phosphate, 2-{methacry-
loyloxylethyl 2'-(tricyclochexylammonio)ethyl phosphate,
2-{vinyloxylethyl 2'-(trimethylammonio}ethyl phosphate,
2-{allyloxy) 2'-{trimethylammonio)ethyl phosphate, 2-(p-
vinylbenzyl)ethyl 2'-({trimethylammonio)ethyl phosphate,
2-(vinylbenzoyloxy)ethyl 2'-(trimethylammonio)ethyl
phosphate,

2-(styryloxylethyl 2'-{trimethylammonic)ethyl phos-
phate, 2-(allyloxycarbonyl)ethyl 2'~-(trimethylammonio) -
ethyl phosphate, 2-{(vinyloxycarbonyl)ethyl 2'-{(trimethy-~
lammonio)ethyl phosphate, 2-(acryloylamino)ethyl 2'-
{trimethylammonio)ethyl phosphate, 2-(allyloxycarbonyl-
amino)ethyl 2'-{trimethylammonio)ethyl phosphate, (metha-
cryloyloxy)methyloxy 2'-{trimethylammonio)ethyl phos-
phate, 2-{methacryloyloxy)ethyloxy 2'-(trimethylammonio)-
ethyl phosphate, 3-(methacryloyloxy)propyloxy 2'-(tri-

methylammonio}ethyl phosphate, 2-(methacryloyloxy)isopro-
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Conpari son exanple 3 65 26 92 12.3
(*) X 10[err] m (STP) cmcnferr] sec mHg Treating solutions for
contact | enses Preparation exanple 1 Starting
nmononers, nanely 40 parts by weight of 2-7_ (nethacryl oyl oxy) et hyl
2' -(trinmethyl amoni o) et hyl phos- phate, 60 parts by weight of n-butyl
nmet hacrylate and 0.1 parts by wei ght of azobisisobutylonitrile were
di ssol ved - 16-
pyloxy 2'-(trimethylammonio}ethyl phosphate, and 4-
{(methacryloyloxy)butyloxy 2'~(trimethylammonio)ethyl
phosphate are exemplified.

Moreover, 2-{methacryloyloxy)propyl 2'-{trimethylam-
monioc)ethyl phosphate, 2-(methacryloyloxy)butyl 2'-
{trimethylammonio)ethyl phosphate, 2-
(methacryloyloxy}pentyl 2'-(trimethylammonio)ethyl phos-
phate, 2-(methacryloyloxy)hexyl 2'-
(trimethylammonio)ethyl phosphate, 2-
(methacryloyloxylethyl 2'-(triphenylammonio)ethyl phos-
phate, 2-{methacryloyoxyj)ethyl 2'-{trimethylammonio)ethyl
phosphate, 2-{vinyloxy)ethyl 2'-(trimethylammonio)ethyl
phosphate, 2-{allyloxy)ethyl
2'-{trimethylammonio)ethyl phosphate, 2-{p-
vinylbenzyl)oxy 2'-(trimethylammonio)ethyl phosphate, 2-
(p-vinylbenzoyloxy)ethyl 2'~(trimethylammonio)ethyl
phosphate,

2-{p-vinylbenzyl)ethyl 2'~-(trimethylammonio)ethyl phos-
phate can be exemplified.

These compounds can be used alone or two or more to a
mixtures. The polymers obtained have water solubility and
hydrophilic nature. When the polymers are used in the
treating solution for contact lenses of the present
invention, such compounds adhere or deposit on the sur

face of contact lenses, and the contact lenses become

hydrophilic and prevent stain adhesion.
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in 300 parts by wei ght of ethanol/tetrahydrofuran (a 50/50 m xture), and
the m xture solution was charged into a glass tube. After the atnobsphere
was replaced with nitrogen, the glass tube was hernetically seal ed and
heated at a tenperature of 60[err]C for 12 hours in a thernpo- static

chanber . After polynerization, the Bgoduct was diluted with 50 m of
et hanol, the solution was added to one [Tier of diethyl ether to
preci ptate a pol yner. Then, the polymer obtained by suction filtration

was dried under reduced pressure at roomtenperature for 12 hours.
The polymer was @h8S@h¥eH)hBr@iAYEENeepL¥68htEQ by the formula (1)

which are characteristically used in the present inven-
tion can be synthesized by several kinds of commonly
known méthods. For example, hydroxyalkyl {(methlacrylate
is reacted with 2-chloro-2-oxo0-1,3,2,-dioxaphosphorane in
the presence of amine, the obtained (2-oxo-1,3,2,-
dioxaphosphoroyloxylalkyl {(meth)acrylate is reacted with
a certain tertiary amine, In the other method, hydroxyal-
kyl (meth}acrylate is reacted with 2-bromoethylphosphoryl
dichloride, and the obtained (meth)acryloyloxyalkyl 2'-
bromoethyl phosphate is reacted with a certain tertiary
amine, Before the polymerization, it is desired to purify

the products by a known method such as rgcrystalization.

Preparation of the treating solution for contact lenses

To prepare the treating solution of contact lenses of
the present invention, the polymer used in the treating
solution for contact lenses can be obtained by polymeri-
zation of {(meth)acrylic monomers represented by the
formula (1), and also by copolymerization of 1 to 95% by
weight of the monomers with 99 to 5% by weight of a
copolymerizable monomer.

As such copolymerizable vinyl monomers, styrene,
methylstyrene, chloromethylstyrene, methyl (meth)acry-
late, ethyl (meth)acrylate, n-butyl (meth)acrylate,

{meth)acrylic acid, (meth)acrylamide, 2-hydroxyethyl

This is the replacement sheet
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prepare a treating solution for contact |enses.

Preparati on exanple 2 Usi ng the sane nethod as described in
Preparation exanple 1 except that 40 parts by wei ght of 2-(nethacry-

| oyl oxy) et hyl 2'-(trimethyl ammoni o) et hyl phosphate and 60 parts by wei ght
of 2-hydroxyethyl nethacrylate as nono- _gers and 300 parts by wei ght of

et hanol as a solvent were wused, a treating solution for contact |enses was
pre- pared. Preparati on exanple 3 Usi ng the sane
met hod as described in Preparation exanple 1 except that 90 parts by

wei ght of 2- ((méttaragryldtoy) cathel hyin?l -dthemnp triwdwtrgibni ia)yel latlhegphosphat e

and 10 N-vinyl pyrrolidone, vinyl chloride, vinylidene chloride,
ethylene, propylene, isobutylene, acrylonitrile, or
mixtures of these compounds can be exemplified. These
monomers are preferably used at a proportion of 10000 to
5 parts by weight pexr 100 parts by weight of the
{meth)acrylate (1). If the monomer is more than 10000
parts by weight, sufficient water solubility and stain
resistance given by the (meth)acrylic monomer (1) is not
observed. If the monomer is less than 5 parts by weight,
the polymerization effects are not observed.

The polymers which are characteristically used in the
present invention can be obtained by thg polymerization
or copolynmerization of the above monomers. In this case,
the polymerization can be effected in the presence of a
radical polymerization initiator, by a radical polymeri-
zation method such as known block polymeriza-
tion, suspension polymerization, emulsion polymerization,
solution polymerization and the like. As the radical
polymerization initiator, benzoyl peroxide, lauroyl
peroxide, diisopropyloxy dicarbonate, t-butylperoxy-2-
ethylhexanoate, t-butylperoxy pivalate, t-butylperoxydiisobu-
tylate, azobisisobutylonitrile, azobisdimethylvaleroni-
trile, persulfate, and persﬁlfate-bisulfite types can be
used. The usage of the polymerization initiators is

usually 0.01 to 10 parts by weight per 100 parts by
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-17- parts by weight of styrene as nononers and 300 parts by weight of
et hanol as a solvent were used, a treating solution for contact |enses was
pr epar ed. Exanmple 11 A common contact | ens
was prepared by the following nmnethod. StHfting nmonomers, nanely 99 parts
by wei ght of nethyl nethacrylate, one part by wei ght of diethylenegly-

col dinethacrylate and 0.2 parts by wei ght of azobisisob- wutylonitrile

were 1nject edweliné}gt aog etsrge ttuo ea:]! Ia‘?neoxglltasgf monomers, preferably 0.1 to

5 parts by weight.

The polymerization or copolymerization can be con-
ducted by replacing the polymerization atmosphere with an
inert gas such as nitrogen, carbon dioxide, helium or the
like. The polymerization conditions are preferably a tem
perature of 30-100°C for 5~72 hours. The molecular weight
of the polymer, which is obtained by the radical polymer-
ization and used in the treating solution for contact
lenses of the present invention, can be changed by the
polymerization temperature, the usage of the initiator
and the presence or absence of a polymerization requla-
tor. The number-average molecular weight of the polymer
obtained is preferably 1000 to 300,000 and more preferably 2000 to
200,000 in consideration of the solubility in the treat-
ing solution, viscosity of the treating solution and
adhesion of the solution to contact lenses,

As a solvent used in the treating solution for con-
tact lenses of the present invention, it can be used on
conditions that the solvent can dissolve the above poly-
mers and is harmless to contact lenses, and it is usable
by simple operation such as immersion, washing, or mixing
with water. For example, water, methanol, isopropanol,
ethylene glycol, polyethylene glycol, glycerine, ethylene
glycol monomethyl ether, dimethyl sulfoxide, tetrahydrof-

uran, acetone and mixtures of these solvents are exempli-
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form and the atnosphere was replaced wth nitrogen and degassed by
repetition. After sealing the form the conpounds were heated at a
tenperature of 50 to 100[err]C for 50 hours in a thernostatic chanber
After polynerization, a colorless and transparent polynmer was taken out of
the form The pol yner obtained was cut and abraded to obtain desired test
pi eces. The pieces and a holder were imersed in the solution

obtai ned in Reference exanple 1 which wadlcharged into a stock case for
contact |enses. The pieces and the holder were taken out of the case and

t hor oughl y mashed wth tap water to obtain hydrophilic contact | enses.

Then, the |OMAn physi cal proper were d ernt he re- _sults
are ShoWn In Tg iymer concen ra ion in %Le so vent is usually

0.01 to 10 parts by weight. When the polymer concentra-
tion is less than 0.01 parts by weight, the solvent
insufficiently exerts its effect.

When contact lenses are treated by the solution, the
contact lenses are immersed in the solution or contacted
with the solution at a temperature of 20 to 70°C, and
then washed with water, physiological saline or a suit-
able washing ligquid before the use. Accordingly, the
contact lenses become hydrophilic, and they are prevented
from stains of proteins and lipids.

The treating solution for contact lenses of the
present invention can, if necessary, be héed with a
surfactant, a germicide, an antiseptic and the like, or
it can be used as washing liquid or storage liquid.

When the treating solution for contact lenses of the
present invention is used, a phospholipid polar polymer
adheres to the lenses by simple steps of immersion or
coating by the solution and rinsing with water. As a
result, the hydrophilic nature and water content of the
surface of anhydrous contact lenses or hydrous soft
contact lenses are improved and the fitness to eyes is
improved. Furthermore, adhesion and deposit of stains
such as proteins and lipids can be controlled, so that
the denaturation of the lenses can be prevented and the

safety to eyes can be improved.
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Exanpl e 12

fol I'ow ng net hod.

r epeat ed

An oxygen- per neabl e hard contact |ens was prepared by

tris (trimethylsiloxy)silylpropyl nethacpylate, 30 parts by weight of
trifluoroethyl nethacrylate, 10 parts by weight of nethyl nethacrylate, 15
parts by weight of triethyleneglycol dinethacrylate and 5 parts by

The following examples illustrate the present inven-
tion more specifically. However, the present invention is
not limited by these examples. The contact lenses of
Examples 1-10 fall outside the invention as claimed.

Highly hydrous soft contact lenses

Example 1

Starting monomers as shown in Table 1, namely, 20
parts by weight of 2-(methacryloyloxy)ethyl 2'-(trimethy-
lammonio)ethyl phosphate, 80 parts by weight of 2-
hydroxyethyl methacrylate, 2 parts by weight of allyl me
thacrylate, 0.2 parts by weight of azobisisobutyronitrile
were injected into a test tube-like glass form. After
repeating replacement with nitrogen and degassing in the
form, the form was sealed and the materials were heated
and polymerized. The heat was effected by a rise in
temperature of 50-100°C for 50 hours in a thermostat.
After finishing the polymerization, transparent colorless
polymer was taken out of the form. Obtained polymer was
machined by conventional grinding and abrasion to form
the desired test film pieces. The following physical
properties were evaluated. The results are shown in Table
2,
{1) Water content

After the product film was immersed in 0.9% by weight
of physiologic saline and saturated with the saline, the

product film was weighed and the water content was deter-

t he

The sane procedure as in Exanple 11 was
except that the nonomers were changed to 40 parts by weight of
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wei ght of methacrylic acid. The contact |ens obtained was subjected to
hydrophilicity treatnment. Then, the follow ing physical properties were
determ ned. The results are shown in Table 3. _
Exanpl e 13 A soft contact |ens was prepared. The sanme procedure as in
Exanpl e 11 was repeated except that the nﬂﬁgners were changed to 99 parts
by wei ght of 2-hydroxyethyl nethacrylate and one part by weight of

et hyl enegl ycol dinmethacrylate. Then, the contact |ens obtained was

subjected to hyvdrophilicity treatnent. Then, the follow ing physical
properties me?égﬁgfé)nf%@ﬁ%oﬁﬁng€§hFﬁ#aaﬁgn“shown in Table 3.

Exanpl es 14-16 (Wy=Wo)

Water content (% by weight)z —————— X 100
W
1
Wy : weight of saturated conditions

Wy, : initial weight of a film piece

(2) Oxygen permeability

Oxygen permeability was determined at 35°C in 0.9% by
weight of physiologic saline by using a Seikaken's meas-
uring equipment of film oxygen permeability.
(3) Tensile strength

The test pieces which were an array type of plates
having a constricted center were immersed in 0.9% by
weight of physiologic saline at 20°C to be saturated with
water, and then these pieces were tested at a stress rate
of 60 mm/min.
(4) Stain resistance

After a contact lens is immersed for two weeks at
35°C in a physiologic saline solution of 0.39% {w/v) of
albumin, 0.17% (w/v) of lysozyme and 0.105% (w/v) of y-
globulin, the contact lens was washed with physiologic
saline to separate proteins adhered to the contact lens,
and a reagent which was quantifiable the proteins was
injected into the wash water to determine the amount of
the proteins.

Examples 2-10

Using the same method as used in Example 1, starting
monomers as shown in Table 1 were polymerized and the
physical properties were determined. The results are
shown in Table 2.

Comparison examples 1-3

Using the same method as used in Example 1, starting
monomers as shown in Table 1 were polymerized and the
physical properties were determined. The results are
shown in Table 2.
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Usi ng the sane nethod as used in Exanple 11, each hydrophilic contact |ens
was obt ai ned except that the solution of Preparation exanple 2 was used.
Then, the follow ng physical properties were determ ned. The re- sults

are shown in Table 3. -14- Exanple 17-19
-19- Usi ng the sane nethod as used in Exanple 11, each
Table 1
starting monomers {ratio by weight)

Example 1  HEMA/METMAEP/DEGMA (80/20/2)
Example 2  HEMA/METMAEP/DEGMA (60/40/2)
Example 3  HEMA/METMAEP/AMA (80/20/2)
Example 4  HEMA/METMAEP/DEGMA (80/20/2)
Example 5  HEMA/METMAEP/AMA (80/20/2)
Example 6 HEMA/MMA/METMAEP/DEGMA (70/10/20/2)
Example 7 HEMA/NVP/METMAEP/DEGMA (70/10/20/2)
Example 8  NVP/METMAEP/DEGMA (70/30/2)
Example 3  HEMA/METEAEP/DEGMA (80/20/2)
Example 10 HEMA/MMA/METEAEP/DEGMA (70/10/20/2)

Comparison example 1

HEMA /DEGMA (160/2)
Comparison example 2 ..

HEMA/NVP/DEGMA (80/20/2)
Comparison example 3

NVP/MMA/AMA (70/30/2)

In the table, abbreviations are as follows.
HEMA : 2-hydroxymethyl methacrylate
METMAEP : 2-{methacryloyloxy)ethyl 2'-{trimethylam-
monio)ethyl phosphate
DEGMA : diethyleneglycol dimethacrylate
AMA : allyl methacrylate
MMA methyl methacrylate
METMAEP : 3-(methacryloyloxy)propyl 2'-{trimethylam-
monio)ethyl phosphate
METEAEP : 2-(methacryloyloxy)ethyl 2'-({triethylammo~
nio)ethyl phosphate
NVP : N-vinylpyrrolidone
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hydrophilic contact I'ens was obtained except that the solution of
Preparation exanple 3 was used. Then, the follow ng physical properties
were determined. The re- sults are shown in Table 3.

Conpari son exanple 4 Using the same ygethod as used in Exanple 11, a
hydro- philic contact |ens was obtai ned except that an aqueous sol ution
of pol yvinyl alcohol (saponification rate : about 88% was used. Then, the
foll owi ng physical proper- ties were deternmined. The results are shown in
Tabl e 3. Conpari sonpaxapl e 5 Usi ng the sane
contact |lens as used in Conparison exanple 4, except that the contact |ens
was not treated wth polyvinyl alcohol, the physical propertres were

Water Oxygen Tensile Stain
Content Permeability Strength Resistance
(%) - (%) (g/mn?) (ug/cm?)
Example 1 70 22 220 3.7
Example 2 76 18 202 2.9
Example 3 68 22 231 2.8
Example 4 71 21 238 3.0
Example 5 66 19 256 3.9
Example 6 52 18 258 2.6
Example 7 65 21 239 4.7
Example 8 78 13 169 4.3
Example 9 74 17 212 2.1
Example 10 51 20 207 2.9
Comparison example 1
36 15 210 5.5
Comparison example 2
41 17 1586 11.2
Comparison example 3
65 26 92 12.3

(*) X 10~1! m1 (sTP) cm/em? sec mmHg

Treating solutions for contact lenses

Preparation example 1
Starting monomers, namely 40 parts by weight of 2-
(methacryloyloxylethyl 2'-(trimethylammonio}ethyl phos-
phate, 60 parts by weight of n-butyl methacrylate and 0.1

parts by weight of azobisisobutylonitrile were dissolved
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detérnined. The results are shown in Table 3. Further, contact
angles and stain resistance in the table were determ ned by the foll ow ng
met hod. (1) Contact angle After contact | enses were subjected to
hydrophilicity treatnent and the surface was dried, the contact angle
were determ ned by a water dropping nethed- (I1) Stain resistance
After contact |enses were imersed in a physiological saline solution of
0.39% (W v) of albumn, 0.17% (w v) of
in 300 parts by weight of ethanol/tetrahydrofuran (a
50/50 mixture), and the mixture solution was charged into
a glass tube, After the atmosphere was replaced with
nitrogen, the glass tube was hermetically sealed and
heated at a temperature of 60°C for 12 hours in a thermo-
static chamber.
After polymerization, the product was diluted with 50
ml of ethanol, the solution was added to one liter of
diethyl ether to preciptate a polymer.,
Then, the polymer obtained by suction filtration was
dried under reduced pressure at room temperature for 12
hours.
The polymer was dissolved in ethylene glycol to
prepare a treating solution for contaét 1énses.
Preparation example 2
Using the same method as described in Preparation
example 1 except that 40 parts by weight of 2-(methacry-
loyloxy)ethyl 2'~(trimethylammonio)ethyl phosphate and 60
parts by weight of 2-hydroxyethyl methacrylate as mono-
ners and 300 parts by weight of ethanol as a solvent were
used, a treating solution for contact lenses was pre-
pared.
Preparation example 3
Using the same method as described in Preparation

example 1 except that 90 parts by weight of 2-(methacry-

loyloxylethyl 2'-{trimethylammonio)ethyl phosphate and 10
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- 20- | ysozyme and 0. 105% (w/' v) of y-globulin at a tenperature of
35[lerr] C for two weeks, the contact | enses were washed w th physiol ogi cal
saline. Proteins sdhered on the con- tact |enses were peeled off with a
surface-active agent, and a reagent fori1f@rotein determination was injected
into the protein solution. Then, the protein adsorption on the surface of
the contact | enses was determ ned. Table 3

Treati ng Contact Sol vent Contact Stain solution |ense
angl e resi paatseby weight of styrene as monomers and 300 pangs by

([err]g/?”{eﬁékéht of ethanol as a solvent were used, a treating
solution for contact lenses was prepared.
Example 11

A common contact lens was prepared by the following
method. Starting monomers, namely 99 parts by weight of
methyl methacrylate, one part by weight of diethylenegly-
col dimethacrylate and 0.2 parts by weight of azobisisob-
utylonitrile were injected into a test tube-like glass
form, and the atmosphere was replaced with nitrogen and
degassed by repetition. After sealing the form, the
compounds were heated at a temperature of 50 to 100°C for
50 hours in a thermostatic chamber. After polyﬁerization,
a colorless and transparent polymer was taken out of the
form. The polymer obtained was cut and abraded to obtain
desired test pieces.

The pieces and a holder were immersed in the solution
obtained in Reference example 1 which was charged into a
stock case for contact lenses. The pieces and the holder
were taken out of the case and thoroughly washed with tap
water to obtain hydrophilic contact lenses. Then, the
following physical properties were determined. The re-
sults are shown in Table 3.

Example 12
An oxygen-permeable hard contact lens was prepared by

the following method.
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Exanpl e 11 Preparation HCL EG 51.9 3.7 exanpl e

1 . 12 1 GPH EG 50.7 2.9 13

1 SCL EG 46. 8 2.8 14 2 HCL EG
52.0 3.0 15 2 GRHs8- EG 53.9 3.9

16 2 SCL EG 47.5 2.6 17 3 HCL
EG Vat er 49. 3 4.7 : 50/ 50

18 3 GPH EGQ Water 50. 8 4.3

: 50/ 50 The same procgluigrias HR \Bxample UY w@1s repepteed

50/ 50 Conpari son
except that the monomers were changed to 40 parts by

weight of tris (trimethylsiloxy)silylpropyl methacrylate,
30 parts by weight of trifluorocethyl methacrylate, 10
parts by weight of methyl methacrylate, 15 parts by
weight of triethyleneglycol dimethacrylate and 5 parts by
weight of methacrylic acid. The contact lens obtained was
subjected to hydrophilicity treatment. Then, the follow-
ing physical properties were determined. The results are
shown in Table 3.
Example 13

A soft contact lens was prepared. The same procedure
as in Example 11 was repeated except that the monomers
were changed to 99 parts by weight of 2<hydroxyethyl
methacrylate and one part by weight of ethyleneglycol
dimethacrylate. Then, the contact lens obtained was
subjected to hydrophilicity treatment. Then, the follow-
ing physical properties were determined. The results are
shown in Table 3.

Examples 14-16

Using the same method as used in Example 11, each
hydrophilic contact lens was obtained except that the
solution of Preparation example 2 was used. Then, the
following physical properties were determined. The re-
sults are shown in Table 3.

Example 17-19
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exanple 4 PVA/ Wt er HCL Wat er 78.3 9.2

-21- 5 HCL 92.5 9.6 Not e
: Hard contact |ens GPH : Oxygen- Perneabl e hard contact |ens
SCL : Soft contact |ens EG : Ethyl ene gl ycol PVA :

Pol yvi nyl al cohol .
ol yvi nyl al coho 19-

Using the same method as used in Example 11, each
hydrophilic contact lens was obtained except that the
solution of Preparation example 3 was used. Then, the
following physical properties were determined. The re-
sults are shown in Table 3.

Comparison example 4

Using the same method as used in Example 11, a hydro-
philic contact lens was obtained except that an aqueous
solution of polyvinyl alcohol (saponification rate :
about 88%) was used. Then, the following physical proper-
ties were determined. The results are shown in Table 3.

Comparison example 5

Using the same contact lens as used in Comparison
example 4, except that the contact lens was not treated
with polyvinyl alcohel, the physical properties were

determined. The results are shown in Table 3,

Further, contact angles and stain resistance in the
table were determined by the following method.
{I) Contact angle

After contact lenses were subjected to hydrophilicity
treatment and the surface was dried, the contact angle
were determined by a water dropping method.
(II) stain resistance

After contact lenses were immersd&d in a physiological

saline solution of 0,39% (w/v) of albumin, 0.17% (w/v) of

HCL
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-22-

to

TREATI NG SOLUTI ON FOR CONTACT LENSES d ai mrs:
treating solution for contact
of a polymer obtained by polynerization of one or

| enses which

sai d nononer(s) and 99 to 5% by weight o

sol vent whi ch can dissol ve

t he pol yner:

a
[err]

1. A

conprises 0.01 to 10% by wei ght

lysozyme and 0.105% (w/v) of y-globulin at a temperature

of 35°C for two weeks, the contact lenses were washed

with physiological saline. Proteins sdhered on the con-

tact lenses were peeled off with a surface-active agent,

and a reagent for protein determination was injected into

the protein solution. Then, the protein adsorption on the

surface of the contact lenses was determined.

Table 3
Treating Contact Solvent Contact Stain
solution lense angle resistagce
(%) (ug/cn”)
Example 11 Preparation HCL EG 51.9 3.7
example 1 .
12 1 GPH EG 50.7 2.9
13 1 SCL EG 46.8 2.8
14 2 HCL EG 52.0 3.0
15 2 GPH EG 53.9 3.9
16 2 SCL EG 47.5 2.6
17 3 HCL EG/water 49.3 4,7
: 50/50
18 3 GPH EG/Water 50.8 4.3
: 50/50
19 3 SCL EG/Water 44.8 4.0
: 50/50
Comparison
example 4 PVA/Water HCL Water 78.3 9.2

nore nononers accordi ng
formula (1) bel ow or by copolynerization of 1 to 95% by weight of the
copol yneri zabl e nononer,

and a
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wherein X is [err] [err] and Rlerr] is hydrogen or nethyl, Y is

-CHerr]-, -CHerr]-0, [err] -CHerr]CHerr]CHerr]CHerr]-O, nis an
i nteger of 1-20, and, Rerr], Rerr] and R err] are the sane or different
groups and al kyl or hydroxyal kyl of 1-8 carbon atons. 2. Atreating

solution for contact lenses as clained in claim1, wherein the nmononer

represented by the fornu- la (1) is one-8f~nore conpounds sel ected fromthe
group consi sting

5 . HCL 92.5 9.6

Note HCL : Hard contact lens
GPH : Oxygen-Permeable hard contact lens
SCL : Soft contact lens
EG : Ethylene glycol

PVA : Polyvinyl alcohol.
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of 2-(nethacryl oyl oxy)ethyl 2'-(trinmethylamoni o)ethyl phosphate,
3- (et hacryl oyl oxy) propyl 2'-(trinmethyl anmo-
-23- ni o) et hyl phosphate, 4-(nethacryl oyl oxy)butyl 2'-(tri-
met hyl anmoni o) et hyl phosphat e, 5-(netha95 | oyl oxy) pentyl
2' -(trimethyl anmoni o) et hyl phosphate, 6- "(nethacryl oy- | oxy)ethyl
2' -(trimethyl ammoni 0) eCREATENGS BREUEION FOR- CONTAQTr YVERSEDXY) et hyl 2
-(N-nmret hyl - N, N- di et hyl ammoni o) et hyl phosphat e, 2-(nethacryl oyl oxy) et hyl
2' - (N, N-di methykgghyl ammoni o) et hyl phosphate, 2-(netha- cryl oyl oxy)ethyl 2
-(triethyl ammoni o) et hyl phosphate, 2- (nethacryl oyl oxy)ethyl 2'-(N, N
di met hyl propyl ammpnao}eehylinghesphatien 2ognmebhaaey! D¥hsesxyh e&hyl
2' - (N, N-di propyl - N-nret hyl ammoni o) et hyl phos- phat e,
2- (et hacryl ophpxyseshgL02' £6t 10BUbY| eairghtop €t Aybopiwsphaibeained by
2- (et hacryl oyl oxy)ethyl 2'-(tricycl ohexyl am
polymerization of one or more monomers according to

formula (1) below or by copolymerization of 1 to 95% by
weight of the said monomer({s) and 99 to 5% by weight of a
copolymerizable monomer, and a solvent which can dissolve

the polymer:

0 R
i ) 2
X—(Y)n-o-f—o-(CHz)2-N+—R3 (1)
I
0~ R

4

wherein X is CH,=C-CH,-O-, CH,=C~CH,-0-C-, CH,=C-0-C-,
2502 254270 2770
Rq Ry 0 Ry O

CH2=?-0-, CH2=?—%-O-, CH2=?—%-NH~, CH2=$:?H2—O—%-NH—,

R4 R,0 R40 R4 0
CH2=?—CGH4-CH2-, CH2=$-C6H4—O—, CH2=?—CGH4~%-0-,

Ry Ry R4 o
and R4 is hydrogen or methyl, Y is -CHy-, -CH,»-0-,
~CH;CHy=0~ -CH;CH;CHy-O~, ~CHCH;-O-, or

CH4
~-CH,CH,CH,CH,~0~,
n is an integer of 1-20, and, Rys Ry and Ry are the same
or different groups and alkyl or hydroxyalkyl of 1-8
carbon atoms.

2. A treating solution for contact lenses as claimed
in claim 1, wherein the monomer represented by the formu-
la (1) is
one or more compounds selected from the group consisting
of 2-{methacryloyloxy)ethyl 2'-{trimethylammonio)ethyl
phosphate, 3-{methacryloyloxy)propyl 2'~(trimethylammo-

_”!II“J mm lll"" Hllsl " I!'l ' This is the replacement skeet
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nmoni o) et hyl phosphate, 2-(vinyloxy)ethyl 2'-(trinmethylam nonio)ethyl
phosphate, 2-(allyloxy) 2'-(trinmethylammo- nio)ethyl phosphate,
2- (p-vinyl benzyl )ethyl 2" -(trinethy- |anmonio)ethyl phosphate,
2- (vinyl benzoyl oxy) ethyl 2'- (trinmethyl anmonio)ethyl phosphate,
2-(styryloxy)ethyl 2" -(trinethylamonig)ethyl phos- phate,
-(al lyl oxycarbonyl ) et hyl 2'-(trinethyldfmoni o)- ethyl phosphate,
vi nyl oxycar bonyl )ethyl 2'-(trinethy- |anmonio)ethyl phosphate,
acryl oyl am no)ethyl 2'- (trimethylamonio)ethyl phosphate,

11yl - |y 2 = {ihil kAt Byl hat e,
tha or SFERART By |4 Harcerd Dy RERRA! ) - Ragannet e
net hacr ytethybanramid a&hvt ghosphatsd amidethacstionlaxydosmdivd,
met hacr y} 04/1 DR O % )‘éﬁr’?r S AP Y-0) qlnithaRigapRat e

- (
- (
- (
me
|
- (et hacry] oyl oxy)isopro- | ox '-(trjnmethyla ni t hyl phosphéte,
- (met hacr y:o10\8 %étéLTﬂﬂég&Fgﬁ& % Qﬂﬂqﬁﬁékkﬁnﬁ S¥H® phosphat e,
- (et hacr yl oy epxgnetitaiyry Iy Uday ratipdl ahnoii -egetthipll-Nphes phat e,

- (et hacr yl oyl,0x | 2 ri JPy yusill QE;: -

met hacryl oé’f%&%%%“%%ﬁl“}ét(}fﬁ r#elfrzﬁé aa{#b’ni o)@%ﬁl}fyépﬁ@g%p t%,th%’l

- (et hacr y2 oyl o diasgtihytethylammonio)ethyl phosphate, 2-(metha- -
cryloyloxy)ethyl 2'-{triethylammonio}ethyl phosphate, 2-

NTNNBENWNTDNDNNDN

(methacryloyloxylethyl 2°'-(N,N-
dimethylpropylammonio)ethyl phosphate, 2-(methacryloyl-
oxy)ethyl 2'-(N,N-dipropyl-N-methylammonio)ethyl phos-
phate, 2-{methacryloyloxy)ethyl 2'-{tributylammonio)ethyl
phosphate, 2-{methacryloyloxy)ethyl 2'-(tricyclohexylam-
monio)ethyl phosphate, 2~{vinyloxylethyl 2'-(trimethylam-
monio)ethyl phosphate, 2-(allyloxy) 2'-{(trimethylammo-
nio)ethyl phosphate, 2~(p-vinylbenzyl)ethyl 2'-(trimethy-
lammonio)ethyl phosphate, 2-(vinylbenzoyloxy)ethyl 2‘-
(trimethylammonio}ethyl phosphate,

2-{styryloxy)ethyl 2'-(trimethylammonio)ethyl phos-
phate, 2-{allyloxycarbonyl)ethyl 2'-(trimethylammonio}-
ethyl phosphate, 2-{(vinyloxycarbonyl)ethyl 2'-(trimethy-
lammonio)ethyl phosphate, 2-(acryloylamino)ethyl 2'-
{trimethylammonio)ethyl phosphate, 2-{allyloxycarbonyla-
mino)ethyl 2'-(trimethylammonio)ethyl phosphate, (metha-
cryloyloxy)methyloxy 2'-(trimethylammonio)ethyl phos-
phate, 2-{methacryloyloxy)ethyloxy 2'-(trimethylammonio)-
ethyl phosphate, 3-(methacryloyloxy)propyloxy 2'-{tri-
methylammonio)ethyl phosphate, 2-(methacryloyloxy)iscpro-
pyloxy 2'-(trimethylammonio)ethyl phosphate, 4-(methacry-
loyloxy)buthyloxy 2'-{(trimethylammonio)ethyl phosphate,

2-(methacryloyeoxy)propyl 2'-(trimethylammonio)ethyl
phosphate, 2-(methacryloyloxy)butyl 2'-
(trimethylammonio}ethyl phosphate, 2-
{(methacryloyloxyl)pentyl 2'-(trimethylammonio)ethyl phos-
phate, 2-{methacryloyloxy)hexyl 2'-
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- 24- (trimethyl anmoni o) et hyl phosphate, 2- (nethacryl oyl oxy) et hyl
2' - (triphenyl amoni o) et hyl phos- phate, 2-(nethacryl oyoxy)ethyl
-(trinmet hyl anmoni o) et hyl phosphate, 2-(vinyl oxy) et hyl
- (trimet hyl anmoni o) et hyl phosphate, 2-f244yl oxy)ethyl 2
-(trinmethyl ammoni o) et hyl phosphate, 2-(p- vinyl benzyl)oxy
-(trimethyl anmoni o) et hyl phosphate, 2-(p- vinylbenzoyloxy)ethyl
-(trimethyl DnIO el osphat e, .and 2 V|nylbenzyl)ethyl .
-Etrinethyl&ﬂﬁ %ﬁ#@ﬁgl tRhosph a Atreating solution for
cont act Ienseaméﬁhaéthm¥ﬂ¢xyréﬁhyn12tw(ﬁk1wﬁéﬂ¥iamﬁ&madxuxﬂgmﬁﬁﬁdﬁﬂoI?
nonomer i s o e ou sel r consi,st,
styrene, [}5‘? ;TD% (x&%ﬁaocf(}ﬁlé? ﬁ%’fe é)'m '%%ﬂ%%%\’t gg‘ygt hyl
(et h) acr yI atmhospmw zmmmwmmyx rﬁ:‘e't-l‘l()mlyétlwmltbnlo)ethyl
(meth)acryl ar’gﬁi@quat (%/ﬂ)&y r@g f\cryl ate, ethyl vinyl ether,
V|n

n- butyl vi nyl | done, vinyl chloride, vinyli- dene

chl ori de, eth§1 1 1%@%&@4%%@9“4%%&&%34GQRPSEREFQMH%HQRntlﬂ | e. 4. A

treating sol U&ix@ﬂﬁ&[z@%ﬁﬁtﬂﬁﬂﬁeﬁné@lﬁﬁﬂ&fidféﬁm phosphatledi M 1 to

3, wherein thf—?p nylbenzg;loxy)ethyl 2'-({trimethylammonio)ethyl
phosphate, and 2-{p-vinylbenzyl)ethyl 2'-(trimethylammo-

nio)ethyl phosphate.

3. A treating solution for contact lenses as claimed
in claim 1 or 2, wherein the copolymerizable monomer is
one or more compounds selected from the group consisting
of styrene, methylstyrene, chloromethylstyrene, methyl
(meth)acrylate, ethyl {meth)acrylate, n-butyl
(meth)acrylate, {meth)acrylic acid, (meth)acrylamide, 2-
hydroxyethyl (meth)acrylate, ethyl vinyl ether, n-butyl
vinyl ether, N-vinyl pyrrolidone, vinyl chlorlde, vinyli-
dene chloride, ethylene, propylene, isobutylene, and
acrylonitrile.

4, A treating solution for contact lenses as claimed
in any of ¢laims 1 to 3, wherein the solvent is one or
more compounds selected from the group consisting of
water, methanol, isopropanol, ethylene glycol, polyethyl-
ene glycol, glycerine, ethylene glycol monomethyl
ether, dimethyl sulfoxide, tetrahydrofuran, and acetone.
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nore conpounds sel ected fromthe group consisting of water, methanol,
| sopropanol , ethyl ene glycol, polyethyl- ene gl ycol, glycerine, ethylene
gl ycol nononet hyl ether, dinethyl sulfoxide, tetrahydrofuran, and acetone.

25~
Abstract

TREATING SOLUTION FOR CONTACT LENSES

A highly hydrous soft contact lens comprising a
copolymer which contains as an ingredient a monomer
having constitution similar to that of phospholipid
represented by the following general formula:

i 12
i
X-(Y)n-o-ﬁ’-o-(cnz)2—1;1“-123 (1)
0- Ry

wherein X is CHy=C-CH,-0-, CHy=C-CH,-0-C-, CH,=C-0-C-,
[ i f Lol
R4 Ry 0 Ry O
CHy=C-0-, caz=<lz-lcl—o-, CHa=C-C-NH-, CH2=cl:-CH2-o-%-NH-,
R4 R40 R4 0 R4 0

CH2=(I:-C6H4‘-CI'I2—', CH2=(|:-C6H4—O—, CH2=§:"C6H4-T’;—O—,
Ry Ry . R4, O

and Ry is hydrogen or methyl, Y is -CHy-, -CH,-0O-,
-CH,CHy~0~, -CH,CH,CH,-O-, -({ZHCHZ—O—, or
CH3
-CH2CH2CHZCH2-O—,
n is an integer of 1-20, and, Ry Ry and Ry are the same

or different groups and alkyl or hydroxyalkyl of 1-8
carbon atoms. )

Further, a treating solution for contact lenses which
comprises a polymer containing as an ingredient the above
monomer and a solvent which can dissolve the polymer.
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