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1m1in11if 
HIGHLY HYDROUS SOFT CONTACT LENS 

5 AND A TREATING SOLUTION FOR CONTACT LENSES 

The present invention relates to a highly hydrous 

10 soft contact lens which has high water cont~nt and good 

transparency.and is able to prevent stain adhesion. 

Further the present invention relates to a treating 

solution for contact lenses, more particularly, ·to a 
treating solution f.cr, contact lenses such as a. ha..rd contact 

15 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 

20 in that it gives .little feeling of physical disorder· to the 

eyeball ·in comparison with a hard contact lens not 

containing "water which ess~ntially comprises a monomer 

such as methyl·methacrylate, and siloxanylalkyl methacry-

; late (Japanese Patent Publication Sho 52-33502 (1977)). 

25 As for a hydrous contact lens, a lens essentially con­

taining 2-hydroxyethyl methacryiate supplies little 

oxygen and gives feeling of physical disorder to the eye- . 

balt. Recently, to increase the percentage of water 

•content, a contact lens comprising a copolymer of 

30 N-vinyl-pyrrolidone and methyl methacrylate, 2-hydroxy­

ethyl methacrylate or methacrylic 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 

35 treatment for sterilization. 

.. 
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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 
5 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 

10 methacrylate which ~ives moderate effects to eyes has 
. been used. 

However, the anydrous :len.s:e.S: 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-

15 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 st~ining of proteins and lipids. There-

20 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 

25 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-

30 done or the like. There are disadvantages that hydrophil­
ic cont~ct 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 
35 give a good fit to eyes and have no problems. However, 



··: 

............ , ............... ,., .. ~. 
l • 

-3-

these lenses are hydrogel lenses principally constituting 
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 liquids. 

10 

An object of the present invention is to provide a 
highly hydrous soft contact lens which has high water 
content of 40% and more, good mechanical strength, good 
stain resistance and possibility of long term fitting. 

1 5 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 hydrous 
contact lenses, improving the fit or feeling to eyes, 

20 · and preventing the adhesic::m or deposit··of stains of 
proteins and lipids. • 

The present invention is a highly hydrous soft c.on­
tact lens comprising a copolymer which contains as an 
ingredient a monomer having constitution similar to that 

25 of ft phospholipid represented by the following general 
formula: 

?i ~2 
X-(Y}n-o-1-0-(CH2>2-~+-R3 • ( 1 } 

30 
0- R4 

wherein x is CH2=C-CH2-o-, CH2=C-CH2-o-c-, CH2=C-O-C-, 
I I 11 I II 

35 R1 a1 0 R1 0 

iii ii Ur 
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CH2=C-C6H4-CH2-,·CH2=C-C6H4-0-,.CH2=C-C6H4-C-O-, 
I I I II • 

R1 R1 R1 0 

and R1 is hydrogen or methyl, Y is -cH2-, -cn2-o-, 
-CH2CH2-0-, -CH2CH2CH2-0-, -CHCH2-o-, or 

I 
CH3 

-CH2ca2ca2ca2-o-, 
n is an integer of 1-20, and, R2 , R3 and R4 are the same 
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-

1 ipid-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 R2-R4 
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-

• . 
nio)ethyl phosphate, 3-(methacryloyloxy)propyl 2'-(tri-

35 methylammonio) ethyl phosphate, 4-(methacry.loyloxy)butyl 
2'-(trimethylammonio)ethyl phosphate, 5-
(methacryloyloxy)pentyl 2'-(trimethylammonio)ethyl phos­
phate, 6-(methacryloyloxy)ethyl 2 1

-

(trime~hylammonio)ethyl phosphate, 
40 2-(methacryloyloxy)ethyl 2'-(N-methyl-N,N-
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diethylammonio)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-dimethylpropylammonio)-

5 ethyl phosphate, 2-(methacryloyloxy)ethyl 2'-(N,N-dipro­

pyl-N-methylammonio)ethyl phosphate, 2-(methacryloyloxy) 

ethyl 2 1 ~(tributylammonio)ethyl phosphate, 2-(methacry­

loyloxy)ethyl 2'-(tricyclohexylammonio)ethyl phosphate, 

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

10 2-(allyloxy) 2'-(trimethylammonio)ethyl phosphate, 2-(p­

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

2-(vinylbenzoyloxy)ethyl 2'-(trimethylammonio)ethyl 

phosphate, 

2-(styryloxy)ethyl 2 1 -(trimethylammonio}ethyl phos-

15 phate, 2-(allyloxycarbonyl)ethyl 21 -(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-

20 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 1 -(trimethylammonio)ethyl phosphate, and 4-

25 (methacryloyloxy)butyloxy 2'-(trimethylammonio)ethyl 

phosphate are exemplified. 

Moreover, 2-(methacryloyloxy)propyl 2'-(trimethylam­

menio)ethyl phosphate, 2-(methacryloyloxy)butyl 2 1
-

(trimethylammonio)ethyl phosphate, 2-
30 (methacryloyloxy)pentyl 2'-(trimethylammonio)ethyl phos­

phate, 2-(methacryloyloxy)hexyl 2 1
-

(trimethylamm~nio)ethyl phosphate, 2-

(methacryloyloxy)ethyl 2 1 -(triphenylammonio)ethyl phos­
phate, 2-(methacr.yloyoxy)ethyl 2'~(trimethylammonio)etbyl 

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

iiiii1Hr 
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phosphate, 2-(allyloxy)ethyl 2 1 -(trimethylammonio)ethyl 
2'-(trimethylammonio)ethyl phosphate, 2-(p­
vinylbenzyl)oxy 2 1 -(trimethylammonio)ethyl phosphate, 2-
(p-vinylbenzoyloxy)ethyl 2'-(trimethylammonio)ethyl 

5 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 

mixture. The polymers obtained have water solubility and 
1 O hydrophilic nature. -Hiqh 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 adhesion. 

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-oxo-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, an~ 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 s~ch 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-m~thylstyrene, nucleus 
methylated styrene, nucleus chlorinated styrene, vinyl 

35 acetate, vinyl propionate, methyl (meth)acrylate, ethyl 
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(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-butyl itaconate can be exemplified as 
• copolyrnerizable monomers which can be used as starting 

monomers. 

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

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

15 The 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 parts 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 
are 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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lauroyl peroxide, diisopropyloxy 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 pr:efera,bly 1 O ~r less parts by weight 
per 100 parts by weight of the starting 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 polymerization 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 

~inute. 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 ~uch 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 obtai~ed rods or blocks are machined by grinding, 
abrasi"on or the like. In another method, the starting ... 
monomer and the polymerization initiator are injected 

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

35 solvent and the solvent is removed by a cast method. 
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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. 

5 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 

10 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 
15 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, 
20 methylstyrene, chloromethylstyrene, methyl (meth)acry­

late, ethyl (meth)acrylate, n-butyl (meth)acrylate, · 
(meth)acrylic acid, (meth)acrylamide, 2-hya+oxyethyl 
(meth)acrylate, ethyl vinyl ether, n-butyl vinyl ether, 
N-vinyl pyrrolidone, vinyl chloride, vinylidene chloride, 

25 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 
(Jneth)acrylate (1). If the monomer is more than 10000 

30 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 
35 present invention·can be obtained by the polymerization 

iim1nr 
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or copolymerization of the above monomers. In this case, 
the polymerization can be eff~cted in the presence of a 

radical polYm.erization initiator, by a radical polymeri­
zation method such as known block polymerization, 

5 susp~nsion polymerization, emulsion polymerization, 

solution polymerization and the like. As the radical 
polymerization initiator, benzoyl peroxide, lauroyl 
peroxide, diisopropyloxy dicarbonate, t-butylperoxy-27 
ethylhexanoate, t-butylperoxy pivalate, t-peroxydiisobu-

10 tylate, azobisisobutylonitri~e, 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 i)er 100 parts by weight 
of the total amount of monomers, preferably 0.1 .to s·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 th~ like. 
The polymerization conditions are preferably a temperature of 

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

25 or absence of a polymerization regulator. The number-
' average molecular weight of the polymer obtained is preferably 

1000 to 300,000 and more preferably 2000 tq 200,000 in 
consideration of the solubility in the treating solution, 
vi§cosity 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-. . 

m.ers and is harmless to contact lenses, and it is usable 
35 by simple operation such as imm~rsion, washing, or mixing 

im11umn 
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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-

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 polal;' 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 

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 

w:-oteins 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 Highly hydrous soft contact lenses 
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Example 1 

start~ng 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 
th-acrylate, 0.2 parts by weight of azobisisobutyronitrile 
were ~njecte.Q into a test tube-like glass form. After 
repeating replacement with n.itrogen and degassing in the 
form, the form was sealed and the materials were heated 

1 O ·and ~lymerized. T_he heat was ~ffected by a ri$e in· 
temperature of 50-10.0°C for 50 hours in a thermostat. 
After finishing the poly~erizatiori, transpax-en~Ql.orless 
polymer was tclken out of ·the form. Obtaineq polyme~ was 
machi_ned by·conventional grinding and abrasion t<;> form 

15 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 

. . 
20 of p~ysiologic saline and saturated with the saline, t}le 

product film was weighed and the water co~tent was deter~ 
mined by the foliowing equat~on. 

. (W1-W2) 
Water content (%.by weight)= X 100 

25 W1 
w1 : weight of saturated conditions 
w2 : initial weight of a film p~ece 

(2) Oxy~en permeability 
oxygen permeability was determined at 35°C in 0.9% by 

30 weight of physiologic saline by using~ Seikaken's meas­
uring equipment of film oxygen permeability_. 
(3) Tensile strength 

. The test pieces which were an array type of plates 
having a· cons.tricted center were immersed in 0.9%. by 

35 we1:ght. of phy$1ologic saline at 20°c. to be ~aturated· wi-th 
water, and then. these .pieces were tested ·at a stress rate 

• 

t:";. 

. . ~ 
•,.: ~-:' 

_,,;:i,;.;.~~ 
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of 6 O mm/min. 
(4) Stain resistance 

After a contact le~s 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 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 

10 the proteins. 

15 

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 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) 

25 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) 

30 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 9 HEMA/METEAEP/DEGMA (80/20/2) 

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

35 
-·---· - ·-- . --· . ·---·---- --

Th~r 11mfinr 
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Compari~on example 1 

HEMA/DEGMA 

Comparison example 2 

HEMA/NVP/DEGMA 

Comparison example ~ 

NVP/MMA/AMA 

(80/20/2) 

(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 : 

MMA : 

allyl methacrylate 

methyl methacrylate 
METMAEP : 3-(methacryloyloxy)propyl 2'-(trimethylam-

monio)ethyl phosphate 

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

NVP : N-vinylpyrrolidone 

Table 2 

Water Oxygen Tensil 

Content Permeability . Strengt:h 
(%) (*) (g/mm2) 

Example 1 70 22 220 

Example 2 76 18 202 

Example 3 68 22 231 

Example 4 71 21 238 

Example 5 66 19 256 

Example 6 52 18 258 

Example 7 65 21 239 

Example 8 78 13 169 

Example 9 74 17 212 

Example 10 51 20 ·201 

Stain 

Resistance 
(µg/cm2 ) 

3.7 

2.9 

2.8 

3.0 

3.9 

2.6. 

4.7 

4.3 
2.1 

2.9 
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Comparison example 1 
36 15 210 s.s 

Comparison example 2 
41 17 156 11.2 

5 Comparison example 3 
65 26 92 12.3 

(*) x 10-11 ml (STP) crn/cm2 sec mmHg 

10 Treating solutions for contact lenses 
Preparation example 1 

15 

Starting 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 
parts by weight of azobisisobutylonitrile were disse>lved 
in 300 parts by weight of ethanol/tetrahydrofuran (a 
50/50 m·ixture), and the mixture solution was charged into 
a glass tube. After the atmosphere was replaced with 
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 reduced 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. ··---- ---- ··--------
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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 1 -(trimethylammonio)ethyl phosphate and 10 

5 parts by weight of styrene as monomers and 300 parts by 
weight of ethanol as a solvent were us~d, a treating 
solution for contact lenses was prepared. 

Example 11 

A common contact lens was prepared by the following 
10 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 

15 degassed by repetition. After sealing the form, the 
compounds were heated at a temperature of 50 to 1 00°C for 
50 hours in a thermostatic chamber. After polymerization, 

~ a colorless and transparent polymer was taken out ot 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 
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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 

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. 
Comparison example 4 

Using the same method as used in Example 11, a hydro­
philic contact lens was obtained except that an aqueous 

30 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 

35 example 4, except that the contact lens was not treated 
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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 inunersed 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 

1s· 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 resis~ance 

(%) { µg/cm ) 25 

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 
: 50/50 

iiiiifi1R 
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19 3 SCL EG/Water 44.8 

:. 50/50 

Comparison 

example 4 PVA/Water HCL Water 78.3 

5 HCL 92.5 

Note HCL . Hard contact lens . 
GPH : Oxygen-Permeable hard contact lens 

SCL : Soft contact lens 

10 EG : Ethylene glycol 

PVA : Polyvinyl alcohol. 

illi1Ui 

4.0 

9.2 

9.6 



1iilU~ifii 
-20-. 

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

Claims: 

1. A highly hydrous soft contact lens compris­

ing a copolymer which contains as an ingredient a monomer 

h~ving constitution similar to that of phospholipid 

5 represented by the following general formula: 

0 R 
II 1

2 

X-(Y)n-o-1-0-(CH2>2-~+-R3 (1) 

10 0- R4 

15 

20 

25 

wherein X is CH2=C-CH2-o-, CH2=C-CH2-o-C-, CH2=C-O-C-,. 
I I II I II 

R1 R1 0 R1 0 

CH2=C-O-, CH2=C-C-o-, CHz=C-C-NH-, CH2=C-CHz-O-C-NH-, 
I I II I II I It 

R1 R10 R1o R1 0 

CH2=C-C6H4-CHz-1 CHz=C-C6H4-0-, CH2=C-C6H4-C-O-, 
I I I II 

R1 R1 R1 0 

and R1 is hydrogen or methyl, Y is -CH2-, -CH2-o-, 

-CH2CH2-0-1 -CH2CH2CH2-o-, -CHCH2-o-, or 
I 
CH3 

30 -CH2CH2CHzCHz-o-, 

35 

40 

n is an integer of 1-20, and, R2 , R3 and R4 are the same 

or different groups and alkyl or hydroxyalkyl of 1-8 

carbon atoms. 
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. 
. 

3. A contact lens as.claimed in claim 1 or 2, where-
. .. 

in the ~onomer represented by the formula (1) is 

one or more compounds selected from the group consisting 

of 2-(methacryloyloxy)ethyl 2 1 -(trimethylammonio)ethyl 

phosphate, 3-(methacryloyloxy)propyl 2'-(tri~ethyl~nuno-

45 nio)ethyl phosphate, 4-(methacryloyloxy}butyl 2'-(tri­

methylamm.onio}eth:yl phosphate, 5-(methacryloyloxy)pentyl 

--------······------ -·-· 

' 1111111 llllll lllll lllll II Ill\ 
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2'-(trimethylammonio)ethyl phosphate, 6-

(methacryloyloxy)ethyl 2'-(trimethylammonio)ethyl phos­

phate, 

2-(methacryloyloxy)ethyl 2 1 -(N-methyl-N,N-

5 diethylammonio}ethyl phosphate, 2-(methacryloyloxy)ethyl 

2'-(N,N-dimethylethylammonio)ethyl phosphate, 2-(metha­

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

(methacryloyloxy)ethyl 2 1 -(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 1 -(tricyclohexylam­

monio)ethyl phosphate, 2-(vinyloxy)ethyl 2'-(trimethylam­

monio)ethyl phosphate, i-(allyloxy) 2'-(trimethylammo-

15 nio)ethyl phosphate, 2-(p-vinylbenzyl)ethyl 2 1 -(trimethy­

lammonio)ethyl phosphate, 2-(vinylbenzoyloxy)ethyl 2'­

(trimethylammonio)ethyl phosphate, 

2-(styryloxy)ethyl 2 1 -(trimethylammonio)ethyl phos­

phate, 2-(allyloxycarbonyl)ethyl 2'-(trimethylammonio)-

20 ethyl phosphate, 2-(vinyloxycarbonyl)ethyl 2'-(trimethy­
lammonio)ethyl phosphate, 2-(acryloylamino)ethyl 2'­

(trimethylammonio)ethyl phosphate, 2-(allyloxycarbonyla­

mino)ethyl 2'-(trirnethylammonio)ethyl phosphate, (metha­

cryloyloxy)methyloxy 2'-(~rimethylammonio}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' -(trimethylammonio )ethyl 

30 phosphate. . 
4. A contact lens as claimed in claim ? or 3, 

wherein the popolymerizable monomer is <;me or mo·re compounds 

selected from the group consisting of styrene, a-rne­
thylstyrene, nucleus methylated styrene, nucleus chlori-

35 nated styrene, vinyl acetate, vinyl propionate, methyl 

' lllllll llllll llltl 11111111111 * C L M S * 
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(meth)acrylate, ethyl (meth)acrylate, n-butyl 

(meth)acrylate, (meth)acrylic acid, (meth)acrylamide, 

N,N-dimethyl (meth)acrylamide, 2-hydroxyethyl 

(meth)acrylate, ethylvinyl ether, n-butylvinyl ether, N-

5 vinylpyrrolidone, 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 lyl phthalate, diethylene glycol bisallyl carbonate, 

divinyl benzene, methylene bisacrylamide, tri-allyl 

trimellitate and tri-allyl cyanulate. 

5. A contact lens as claimed in claim 2, 3 or 4, 

wherein the copolymerizable monomer contains 0.5-10 % by 
1 5 weight of one. or. more polyfunctional monomers~ 

6. A contact .lens as claim~d in claim 5, where~ 
in the polyfunctional monomer is one or more compounds 

selected from the group consisting of allyl (meth~acry­

late, ethyleneglycol di(meth)acrylate, diethyleneglycol 

20 di(meth)acryla~e, tetraethylene glycol di(meth)acrylate, 

1,4-butanediol di(meth)acrylate, diallyl phthalate, 

diethylene glycol bisallyl carbonate, divinyl benzene, 

methylene bisacry!amide, tri-allyl trimellitate and tri­

allyl cyanulate. 

25 . 7. A treating solution for contact lenses 

30 

35 

which comprises a polymer containing as an ingredient a 

monomer having constitution similar to that of phospho­

lipid represented by tbe following general formula and a 

solvent which can be dissolved the polymer: . . 

~ ~2 
X-(Y)n-o-~-O-(CH2>2-~+-R3 ( 1 ) 

0- R4 

I lllllll llllll 11111 lllll ll llll 
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CH2=C-O-, CH2=C-C-0-, CH2=C-C-NH-, CH2=C-CH2-0-C-NH- ,. 
I I II I II I II 
R1 R10 R10 R1 0 

CH2=C-C6H4-CH2-, CH2=C-C6H4-0-, CH2=C-C6H4-C-o-, 
I I I II 
R1 R1 R1 0 

and ·R1 is hydrogen or methyl, Y is -CH2-, 

-CHzCHzCHzCHz-0-, 

n is an integer of 1-20, and, R2 , R3 and R4 are the same 

or· different groups and alkyl or hydroxyalkyl of 1-8 

20 carbon atoms. 

8. A treating solution for contact len,ses 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

methyl~mmonio)ethyl phosphate, 5-(methacryloyloxy)pentyl 

2 1 -(trimethylamm.onio}ethyl phosphate, 6-

35 (methacryloyloxy)ethyl 2'-(trimethylammonio)ethyl phos­

phate, 

2-(methacryloyloxy)ethyl 2 1 -(N-methyl-N,N­
diethylammonio)ethyl phosphate, 2-(methacryloyloxy)ethyl 

2'-(N,N-dimethylethylammonio)ethyl phosphate, 2-(metha-

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

(methacryloyloxy)ethyl 2'-(N,N­

dimethylpropylammonio)ethyl phosphate, 2-(methacryloyl-

-··--------·-- --
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oxy)ethyl 2'-(N,N-dipropyl-N-methylammonio)ethyl phos­
phate, '2-(methacryloyloxy)ethyl 2'-(tributylammonio)ethyl 

phosphat~, 2-(methacryloyloxy)ethyl 2'-(tricyclohexylam­

monio)ethyl phosphate, 2-(vinyloxy)ethyl 2'-(trimethylam-

5 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-

10 phate, 2-(allyloxycarbonyl)ethyl 2'-(trimethylammonio)­

ethyl phosphate, 2-(vinyloxycarbonyl)ethyl 2'-(trimethy­

lammonio)ethyl phosphate, 2-(acryloylamino)ethyl 2 1
-

(trimethylamm.onio)ethyl phosphate, 2-(allyloxycarbonyla­

mino)ethyl 2'-(trimethylammonio)ethyl phosphate, (metha-

15 cryloyloxy)methyloxy 2 1 -(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 1 -(trimethylammonio)ethyl 

phosphate, 2-(methacryloyloxy)butyl 2 1
-

(trimethylammonio)ethyl phosphate, 2-
(methacryloyloxy)pentyl 2'-(trimethylammonio)ethyl phos-

25 phate; 2-(methacryloyloxy}hexyl 2'­

(trimethylammonio)ethyl phosphate, 2-

(methacryloyloxy)ethyl 2'-(triphenylammonio)ethyl phos-
e 

phate, 2-(methacryloyoxy}ethyl 2 1 -(trimethylammonio)ethyl 

phosphate, 2-(vinyloxy)ethyl 2 1 -(trimethylammonio)ethyl 
30 phosphate, 2-(allyloxy)ethyl 2 1 -(trimethylammonio)ethyl 

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

2-(p-vinylbenzoyloxy)ethyl 2 1 -(trimethylammonio)ethyl 

phosphate, and 2-(p-vinylbenzyl)ethyl 2*-(trimethylammo-
35 nio)ethyl phosphate. 

l lllllll llllll lllll lllll ll llll 
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. 10. A treating solution for contact lenses as ' 

claimed in claim 8.or 9, wherein th~ copol~merizable monomer 
is one or more compounds selected from the group consist­

ing of styrene, methylstyrene, chloromethy~styrene, 

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, ahd 

10 acrylonitrile. 

, 11. A t~eating solution for contact lenses as claimed 
in any of claims 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 ~ther, 

dimethyl sulfoxide, tetrahydrofuran, and acetone. 

111111111111111111111111 111111 
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