[ DESCRIPTION]
[ TITLE CF INVENTION:

LOW WATER CONTENT SOFT LENS FOR EYE, AND METHOD FOR PRODUCING

The present invention relates to a low water content soft
lens for eye and a method for producing the same.
[ Background Art]
{ 0002

Typical examples of a commercially avallable soft lens for
eye include a soft contact lens. A hydrogel material having a
water content of about 25 to 80% is commonly used in the
commercially avallable soft contact lens. However, since the
lowwater content soft contact lens made of the hydrogel material
contains water, there arises a phenomenon in which water is
vaporized from the contact lens. Thereby, certain fixed
proportions of contact lens wearers feel dry more strongly as
comparsdwiththecaseof thenakedeye, andthus feel uncomfortable.
Among these conbtact lens wearers, some persons complain a
condition of so-called contact lens-related dry eye. Since a
water-containing soft contact lens made of a hydrogel material
is likely to be contaminated with components in a lacrimal fluid
and also contains a large amount of water, there was also a risk

of the growth of bacteria.



[ G003

There has been known as, a highly oxygen permeable low water
content soft contact lens,  -for example, a silicone rubber lens
obtalined by a method of adding a platinum~-based catalyst to a
mixture of polydimethylsiloxane in which both ends of the
molecular chain are blocked with a vinylmethylsilyl group, and
methyl hydrogen polysiloxane, foilowed by heat-curing using a
molding methoed (Patent Literature 1} . Patent Literatures 2 to
6 disclose a highly oxygen permeable contact lens material
composed mainly of pelysileoxane having z pluraiity of
polymerizable functional groups.
[ 0004

Patent Literature 6 discloses a contact lens material made
of a polymer obtained by polymerizing a difunctional
organcsiloxane macromer aleone, or a polymer obtained by
copelymerizing a difunctional organosiloxane macromer with the
other monomers, and also discloses, as a monomer to be used in

copolymerization, an acrvlic acid flucroalkyl ester aor a

o

methacrylic acid fluoroalkyl ester, and an acrylic acid alkyl
ester or a methacrylic acid alkyl ester.
[ GO05]

However, the following problems also lie in a conventional
highly oxvygen permeable low water content soft contact lans.

First, a silicone rubber lens has such a drawback that a

hydrophilized layer formed so as Lo improve hydrophobicity of
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the surface of the lens is peeled, or adhesion of the lens to
thecorneacccursdue totoo largeresilience, andthusthesiliceone

rubber lens had not widely been put into practice.

A material conposed mainly of polysiloxane having a
pluraiity of polymerizable functional groups has high oxygen
permeability and also has flexibility, and the material is
Consideredtx>beone<3fméteLialsvﬂuﬁﬁzaresuitableforeacontact
lens. However, since tackiness is left on the surface of the
lens after polymerization, the lens may adhere to the cornea
and is also insufficient in khalance betwesen flexibility of the

lens and mechanical propertises such as folding resistance.

There have been known various methods for modification of
a surface of a soft lens for eye. Among these methods, there
is known a method in which lavers of two or more kinds of poclymer
materials are coated and accumulated in a layer by layer fashion
(Patent Literatures 7 to 9). Among these meithods, a method of
alternately forming layers made of two polymer materials, each
having an cpposite electric charge, in a layez‘by_layer fashion
by coating is called an LbL method, and it is considered that
each laver of the material is noncovalently bonded to the other
laver made of a different material. However, the highly oxygen
permeable soft lens for eye in which utility of this method is

clearly shown is made only of a silicone hydrogel material, and



utility to the low water content soft lens Zor eye has not been
known. Conventicnal LbL coating was carried cut to cbtain a
muiti-layered structure constituted from about 4 to Z0 layers,
and thus the production process may increase, to cause anincrease
in production costs.
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[Summary]

[Technical Problem]
[0009]

An object of the embodiments disclosed herein is to solve the
above-menticned various problems and to provides a low water content
soft lens for eye, wherein a phenomenon of adhesion of the lens to
the cornea during wear, which hag hitherto been regarded as a
problem in a conventional low water content soft lens for eye, has
been remarkably reduced or avoided. Another object of the
embodiments disclosed herein is to produce an excellent low water
content scft lens for eye by a simple procesns at low costs.

[Solution to Problenm]
[0010]

In corder to achieve the above cobjects, the present disclosure

includes the following constitutions.

{co11}l



The present disclosure is directed to a low water content soft lens for
eye, including a base material, a layer made of an acidic polymer and a
bagic polymer being formed on at least a part of a gurface of the base
material.

In a first aspect, there ig provided a low wabter content soft
lens for eve, comprising a base material, a layer wmade of an acidic
polymer and a basic polymer being formed on at least a part of a
surface of the base wmaterial, wherein water content of the lens is 1%
or less.
foo12]

In the above low water content soft lens for eye, the base
material preferably contain, as a main component, a polymer of the
following component A, or a copolymer of the following components A and
B:

component A: a polysiloxane compound which has a plurality of
polymerizable functional groups per wolecule, and also has a nunber
average molecular weight of 6,000 or more, and

component B: a polymerizable monomer having a fluorcalkyl group.
{0013}

The present disclosure is also directed to a method for producing
a low water content scft lens for eye, which includes the following
steps 1 to 3 in this order:
<Step 1=

Step of polymerizing a wmixture of & component A which is
polysiloxane compound having a plurality of polymerizable functional
groups per molecule, and also having a number average molecular welght
of €,000 or more, and a component B which is a polymerizable monomer

having a fluorcalkyl group, to obtain a lens-shaped molding;



<3tep 2>

SBtep of bringing the wmolding obtained in the step 1 into
contact with a basic poclymer solution, and then washing the molding,
to remove the surplus basic polyvmer solution; and
<Step 3>

Step of bringing the molding obtained in the step 2 into
contact with an acidic polymer solution, and then washing the
molding, to remove the surplus acidic peolymer solution,

In a second aspect, there is provided a method for producing a
low water content soft lens for evye, which comprises the following
steps 1 to 3 in this order, wherein water content of the lens is 1%
or less:
<Step 1>

Step of polymerizing a mixture of a component A which ig
polysiloxane compound having a plurality of polymerizable functional
groups per melecule, and alsc having a number average mceclecular
welght of 6,000 or more, and a component B which is a polymerizable
monomery having a fluorcalkyl group, to obtain a lens-shaped molding;
<Step 2>

Step of bringing the molding obtained in the step 1 into
contact with a basic polymer soluticon, and then washing the molding,
to remove the surplus basic polymer solution; and
<Step 3>

Step of bringing the molding obtained in the step 2 into
contact with an acidic polymer solution, and then washing the

molding, to remove the surplus acidic polymer solution.
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[Advantageous Effects of Invention]
0014]

According to the low water content soft lens for eye of the
present disclosure, it is possible to remarkably reduce or avoid a
phencmenon of adhesion of the lens to the cornea curing wear, which
hag hithertc been regarded as a prchlem in a conventional Jlow water
content soft lens for eye. The low water content soft lens for eye
of the present disclosure can reduce a risk of the growth of
bacteria because of itg low water content. According to preferred
embodiment of the presgent disclosure, 1t is possible to provide a
low water content soft lens £for eye, which has high oxygen
permeability and is excellent in water wettability, and which is
flexible and isg therefore excellent in comfort, and is also
axcellent in mechanical properties such as folding resistance. The
low water content soft lens for eyve of the present disclosure has a

merit capable of producing by a simple process at low costs.



[ Brief Description of Drawings!
[ 0015]

Pig. 1 is a schematic view showing dynanmic friction between

i

a sample film and an artificizal leathaf‘
[ Description of Embcediments]
[ 0018]
In the low water content soft lens for eye of the present

4

inventicn, “low water content’” means that water content 1s 10

o

by weight or less. “S5o0oft” means that tensile elastic modulus
is 10 MPa or less.
[ G017}

The low water content soft lens for eye of the present

a3 N -~

invention has features such as less feeling of dryness of eyes

[

of wearers and excellent comfort because of its lowwater content.
The low water content soft lens for eye of the present invention

has a merit such as low risk of the growth of bacteria because

Q

f its low water content. The water content is more preferably

[
o

or less, still more preferabliy 2% or less, andmost preferably

=
ol

cr Lless. Toohighwater content is notpreferred since feeling

]

of dryness of eyes of cphthalmic lens wearers may increase or
risk of the growth of bacteria may become nigher.
[ 0015}

Tensile elastic modulus of the low water content soft lens

for eye of the present inventicn is preferably from 0.01 to 5

MPa, more preferably from 0.1 toe 3 MPa, still more preferably



from 0.1 to Z MPa, even more preferably from 0.1 to 1 MPa, and

most preferably from 0.1 to 0.6 MPa. When the tensile elastic
medulus 1s too small, 1t may become difficult to handle since
the lens is too scft. When the tensile elastic modulus 1s too
large, comfort may become worse since the lens 1s teoo hard. It
is preterred that the tensile elastic modulus becomes 2 MPa or
less since satisfactory comfort iscbtained, and that the tensile
elastic modulus becomes 1 MPa or less since more satiszfactory

comfort is cohtained., The tensile elastic modulus is measured

by a specimen in a wet state.

Tensile elongation the low water content soft lens for sye
of the present invention is preferabliy Trom 100% to 1,000%, and
more preferably from 200% to 700%. 1t is not preferred that the
tensile elongation 1s too small since the low water content scft
lens for eye is likely to be broken. 1t is not preferred that
the tensile elongaticn 1s too large since the low water content
goit lens foreyeislikelytobedeformed. Thetensileelongation
iz measured by a gpecimen in a wel state,

[0oz01
Dynamic contact angle (advancing angle, immersion rate of

0.1mm/ssc) of the lens for eve 15 preferably 100° or less, more

|t

preferably 90° or less, and still more preferably 80° or less.
From the viewpoint of preventing adhesion to the cornea of the

wearer, the dynamic contact angle is preferably lower, and 1s



10
preferably 65° or less, more preferably 60° or less, still more
preferably 55° or less, even more preferably 50° or less, and
most preferably 45° or less.
[ CD21]

From the viewpoint of preventing adhesion to the cornea
of the wearer, liquid film retenticn time of a surface of a lens
for eye 1s preferably long. As used herein, the liquid film
retention time is the time during which a liguid filmon a surface
of a lens for eye is held without being broken, when the lans
for eye immersed in a borate buifer is pulled up and then heid
in air so that a diameter direction becomes vertical. The liguid
film retention time is preferably 5 seconds or more, more

F I

preferably 10 seconds or more, and most preferably 20 seconds
oY mMOoTe.
[ G02Z]

From the viewpcoint of preventing adhesion to the cornea
of the wearer, the surface of the lens for eye preferably has
excellent lubricity. Asanindicator representingthe lubricity,
friction measured by the method menticned in Examples of the
present descripticn is preferably smaller. The friction 1is
preferably €0 of or less, more preferably 50 gf or less, still
more preferably 40 gf or less, and most preferably 30 of cr less.
When the friction is extremely small, it may become difficult
to handle when wearing and removing. Therefore, the friction

1s 5 gf or more, and preferably 10 gf or more.
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Anti-fouling property of the lens for eyve can be evaluated
by adhesion of mucin, adhesion of 1ipid (methyl palimitate), and
an artificial lacrimal fluid immersion test. The amcunt of
acdhesion determined by these evaluations is preferably as smail
as possikble since the lens for eye 1s excellent in comfort, and
alsc a risk of tha growth of bacteria is r@duced. The amount
ofadhesionofmucihispreferably5pg/cmzorl@ss,morepreferably
4 png/em’ or less, and most preferably 3 pg/cm’ or less.

[ CDZ24)]

From the viewpoint of supply of oxygen from atmospheric
air to an eve of a wearer of the lens for eye, 1t is reguired
for a low water content scft lens for eye to have high oxygen
permeability. The oxygen permeability { x 107 (cm®/sec)
mlO,/ (mL-hPa)] is preferzbly from 50 to 2,000, more preferably
from 100 to 1,500, still more preferably from 200 te 1,000, and
mest preferably from 300 to 700. Tt is not preferred that the
oxygen permeability is excessively increased since an adverse
influence may be sometimes exerted on other physical properties
such as mechanical properties. The oxyvgen permeabkility is
measured Dy a specimen in a dry state.

[ 0025)
The low wéter content soift lens for eye of the present

invention 1s a low water content

&

oft lens for eye, including

a lens-shapedmolding {hereinafterreferredtcasabasematerial)



12

in which a laver made of acidic and basic polymers 1s formed

urface of the base material.

(i
9]

on at least a part of

—

0026}

The base materzal preferably contains 5% by welght or more
of silicon atoms in order to have high oxygen permeability, and
to obtaln strong adhesicon with a poclymer to e coated on a surface
without involving in a covalent bond. The content (% by weight)
of silicon atoms is calculated based on the weight of the base
material in adry state (100% by welght) . The content of silicon
atoms ¢f the base material is preferably from 5% by weight Lo
36% by weight, more preferably from 7% by weight to 30% by weight,

still more preferably from 10% by welght to 30% by weight, and
B Y g Y

ol

most preferably from 12% by weight to 26% by welght. It is not
preferred that the content of silicon atoms is too large since
tenslle elastic modulus may sometimes increase.

[ 0027]

The content of silicon atoms in the base material can be
measured by the following method. After weighing sufficiently
dried base material in a platinum crucible, sulfuric acid is
added then the base material is incinerated by heating using
a hot plate and a burner, The obtained ash is melted with sodium
carbonateandwaterisadded. Afterdissoilvingbyheating, nitric
acid is added and the volume is fixed by water. Regarding this
scluticon, siliconatoms aremeasuredby ICPemission spectrometry

1

and the content in the base material is determined.
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[ D028]
The basematerial preferably contains, as amain component,
a polymer of a component A: a polysiloxane compound which has

& plurality of polvmerizable funcitional groups per moleculs,

0

and also has a number average molecular welght of 2,000 or more,
or a copolymer of the above compenent A and a compound which
has a pelymerizable functicnal group and is different from the
component A. Asussedherein, themain componentimeans a component
which is contained in the amount of 50% by weight or more based
on the weight of the base material inadry state {100% by waight).
[ 0029
Number averagse molecular welght of the component A is

preferably 6,000 or more. The present inventors nave found that
it 1s posslible to obtain a low water content soft lens for eye,
whichisf{lexibleandisexcellentincomfort, andisalscexcellent
in mechanical properties such as folding resistancs, when the
number average molecular weight of the componentrA is within
the above range. The number average molecular weight of the
polysiloxane compound as the component 2 is preferably 8,000
or more since it is possible to obtain a low water content soft
lens for eye, which is more excellent in mechanical properties

such as folding resistance. The number average molecular weight

<o

of the component A 1s preferably within a range from 8,000 o
100,000, more preferably from 9,000 teo 70,000, and still more

preferably from 10,000 to 0,000. When the nunber average
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molecular weight of the component A is too small, mechanical
properties such as folding resistance may deteriorate. In
particular, when the number average molecular weight is less

than 6,000, foldingresistancedetericrates. Iti

w

not preferred
that the number average molecular weight of the component A is
too large since flexibility and transparency may deteriorate.
[ 00301

Tt is preferred that the low water content =s0ft lens for
eye 0f the present invention has high transparency since it 1is

an optical product. Regarding criteria of fransparency, 1t is

[

preferred that the soft lens is transparent with no turbidity
when visually observed. Furthermors, when the lens for eye is
observed by a lens projector, it 1s preferred that turbidity

is scarcely or not observed, and it is most preferred that no

turpbidity is observed,

Dispersion degree (value obtained by dividing weight
average molecular weight by number average molecular weight)
of the component A is preferably © cor less, more preferably 3
or less, still more preferably 2 or less, and most preferably
1.5 or less. When the dispersion degree of the component & is

low, 1t is possible to achieve such benefits that compatibility

B
)
O
T
j
[ty
s
9}

omponents is improved and thus transparency oi the
okbtained lens 1s improved; exfractable components contained in

the chtained lens reduce; and a ratio of shrinkacge associated
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with lens molding decreases. The ratio of shrinkage assoclated
with lens molding can be evaluated by a molding ratic of lens
= | diameter of lens] /[ diameter of cavity portion of mold) . As
the moiding ratio of lens approaches 1, it becomes easier to
stably produce a high-ouality lens. The molding ratio is
preferably within a range from 0.85 to 2.0, more prefaerably from

0.9 te 1.5, and most preferably from 0.91 to 1.3.

In the present invention, number average molecular weight

of the component A is polystyrene-eguivalent number average

chromatographicmethod {GPCmethod) usingchloreformas a solvent.
Welght average molecular welght and dispersion degree {(value
obtained by dividing weight average molecular weight by number
average molecular weight) are alsomeasured by a similar method.
[ 0G33]

In the present descripticn, the weight average molecular
welght is sometimes represented by Mw, and the number average
molecular weight is sometimes representad by Mn. The molaecular

9
H

welght of 1,000 is sometimes written

43

s 1 kD. For example, “Mw

AS

33 kDY means “welght average molecular weight of 33,0007,
[ 0034
The component & is a poelysiloxane compound which has

plurality of polymerizable functionasl groups. The number of

polymerizable functicral groups of the component A may be 2 or
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morepermolecule, andpreferably2permoleculs fromthe viewpoint
0f easily obtaining more flexibhle (low elastic modulus) lens

for eye. Particularly preferred is a structure having &
pelymerizable functiconal group at both ends of the mclecular
chain.

[ 0035]

The polymerizable functional group of the component A is
preferably a radical polymerizable functicnal group, and more
preferzbly a radical polymerizable functional group having a
carbon-carbon doublie pond. Examples of preferable
polymerizable functional group include a vinyl group, an allyl
group, a (meth}acrylioyl group, an o-alkoxymethvlacrylovyl group,
a maleic acid residue, a fumaric acid residue, an ltaconic acid
reéidue, a crotonic acid residue, an isocrotonic acld resilidug,
an citraconic acld residue and the like., BAmong these
polymerizable functicnal groups, a (meth)acryloyl group is most
preferable since it has high polym@rizability.

[ 003¢]

In the present description, the term “(meth)acryloyl”
represents both methacryloyl and acryleyl, and the same shall
apply to terms such as {(meth)acryl and (meth)acrylate.

[ 0037]

The compeonent A preferably has a structure of the following

formula (Al).

[ 0038]



[Chemical Formula 1]

RS | R ] [R?*] R7

XI—L1-§i-0+8i-O——§FOr—si—L2-x2 (A1)
NN A

[0038]

In the formula (A1), X' and X° each independently
represents a polymerizable functicnal group. R to R® each
independently represents a substituent selected from hydrogern,
an alkyl group having 1 to 20 carbon atoms, a phenyl group and
a fluoroalkyl group having 1 to 20 carbon atoms. L' and L?
each independently represents a divalent group. a and b each
independently represents the number of the respective
repeating units.

[0040]

¥' and X* are preferably radical polymerizable functional
groups, and radical polymerizable functional groups having a
carbon-carbon double bhond are preferable. Examples of
preferable polymerizable functional group include a vinyl
group, an allyl group, a (meth)acryioyl group, an o-
alkoxymethylacryloyvl group, a maleic acid regidue, a fumaric
acid residue, an itaconic acid residue, a2 crotonic acid
regidue, an isccrotonic acid residue, a citraconic acid
regidue and the like. Among these polymerizable functional
groups, a (meth)acryloyl group is most preferable since it has
high polymerizability.

[0041]
Suitable specific examples of R' to R® inciude hydrogen;

an alkyl group having 1 to 20 carbon atoms, such as a methyl
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group, an

L5

thyl group, a propyl group, an iscopropyl oroup, a
butyl group, a t-butyl group, a decyl group, a dodecyl group
or an octadecyl group; a phenyvl group; and a fluoroalkyl group
having 1 to 20 carbon atoms, such as a trifluoromethyl group,
a trifluecrcethyl group, a trifluoropropyvl group, a
tetraflucropropyl group, a hexafluorcisopropyl group, a
pentafluorcbutyl group, a heptrafluocropentyl group, a
nonafluorchexyl group, a hexafluorobutyl group, a
heptafluorcbutyl group, an octaflucropentyl group, a
nonaflu@ropentyl group, & dodecafluocrcoheptyl group, a
tridecafluoroheptyl group, a_dodecafluorooctyl group, a
tridecafluorooctyl group, a hexadecafluorcdecyl group, a
heptadecafluorodecyl group, a tetrafluoropropyl group, a
pentatiuvoropropyl group, a tetradecafluorcoctyl qrcu?, a
pentadecafliuorooctyl group, an octadecafluorodecyl group or a
noradecafluorodecyl group. Among these groups, hydrogen and a
methyl group are more preferable from the viewpoint of imparting
satisfacteory mechanical properties and high oxygen permeablility
to the lens for eye, and & methyl group i1s most preferable.
[ 0042)

L" and 1° zre preferably divalent groups having 1 to 20
carbon atoms. Among these groups, groups represented by the
following formulas (LE1) to (LEL2) arepreferable since a compound
of the formula (Al} has an advantage of easily obtaining with

nigh purity. Among these, L° and L7 are more preferably groups
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represented by the following formulas (LE1), {(LE3), {(LEY) and
(LE1LY, still morepreferably groups representedby the following
formulas (LELl) and (LE3}, andmost preferably a group represented
by the following formula (LEL). In the following formulas (LEL)
to (LE12), left side is drawn as an end which is bonded to a
polymerizablefuﬂctionalgroupxlorxz,whilerightsid@jjsdrawn
as an end which 1s bonded to a silicon atom.
[ 0C43]
[ Chemical Formula 2]

OCHCHLCH, (LE1)

NHCH,CH,CHy  (LE2)
OCH,CHNHCOOCH,CH,CH,  (LES)
OCH,CHyNHCONHCH,CH,CH,  (LE4)
OCH,CH,CH,CH, (LES)
NHCHCHoCH)CHy  (LES)
OCHECHzNHCOOCHéCHQCHZCHZ (LE7)

OCH,CHoNHOONHCH,GH,CH,CH, — (LES)

OCHoCH,yOCH,CH,CHy (LE9)
NHCH,CHaOCH,CH,CH,  (LET0)

OCHCHNHCOOCH,CHoOCH,CHLCH, (LE11)
OCH,CHoNHCONHCH,CHoOCH,CHLCH, - (LET2)
[ 0044
In the fermula (Al), a and b each independently represents

the number of the respective repeating units. Preferably, a and
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b each independently within a range from 0 to 1,500. ‘The
total value {(a + b} of a and b ig preferably 80 or more, more
preferacly 100 or more, still wmore preferably from 100 to
1400, even more preferably from 120 to 950, and yet more
preferably from 130 toe 700.

[0045]

When all of R® to R® are methyl groups, b = 0, and a is
preferably from 80 to 1,500, more preferably from 100 to 1400,
still more preferably from 120 to 9250, and even more
preferably from 130 to 700. In this case, the value of a is
determined by the molecular weight of the polysiloxane
compound as the component A.

[0046]

The component A of the present invention may be used
alone, or two or wore kinds may be used in combination.
(00471

The other compound to be copolymerized with the component
A is preferably a component B which is a polymerizable monomer
having a fluoroalkyl group. The component B has properties of
water and oil repellency due to a decrease in critical surface
tensgion caused by a fluorcalkyl group, thereby exerting the
effect of suppressing a surface of a lens for eye from being
contaminated with components such ag protein and lipid in a
lacrimal fluid. The component B alsoc has the effect of giving
a low water content soft lens for eye, which is Fflexible and

ig excellent in comfort,
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and is alsco excellent in mechanical propertiss such as folding
resistance. Suitable specificexamples of the fluorocalkyl group
of the component B includg fivorcalkyl groups having 1 to 2D
carbon atoms, such as a triflucromethyl group, a trifluorcethyl
group, a trifluoropropyl group, a tetrafiuvoropropyl group, a
hexaflucroiscprepyl group, a pentaflucrcbutyl group, a
heptafluoropentyl group, a nonafluocrochexyl group, a
hexafluorobutyl group, a heptafluorcbutyl group, an
octaflucrepentyl group, a nonafluoropentyl group, a
dodecafluorcheptyl group, a tridecaflucroheptyl group, a
dodecafiuorooctyl group, a tridecafluorcoctyl group, a
hexadecafluorodecyl group, a heptadecaflucrodecyl group, a
tetraflucropropyl group, a pantaflucropropyl group, a
tetradecafluorcoctyl group, a pentadecaflucrooctyl group, an
octadecafluorodecyl group and a nonadecafliuorodecyl group. The
flucroalkyl group is more preferably a fluoroalkyl group having
2 to 8 carbon atoms, for example, a trifluocrcethyl group, a
tetraflucrcopropyl group, a hexafiuoroisoprépyl group, an
octaflucropentyl group or a dodecafliuvorooctyl group, and most
preferably a triflucroethyl group.
[ 0048;

The polymerizable functional group of the compenent B is
preferably a radical polymerizable functional group, and more
prerferably a radical polymerizable functional group having a

carbon-carben double bond. Examples of preferable
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pelymerizakle Tuncticonal group include a vinyl group, an ailyl
group, a {meth)acryloyl greoup, ana~-alkoxymethylacryloyvl group,
amaleic acid residue, a fumaric acid residue, an itaconic acid
residue, a crotonic acid residue, an isccrotonic acid residue,

clitraconicacidresidueandthe like. Amongthesepclymerizable
functicnal groups, a (meth)acryloyl group is most preferable
since it has high polymerizability.
[ 0049]

The component B is most preferably a {(meth)acrylic acid
flucroalkylestersince it exertsaremarkableeffact ofobtaining
a low water content soft lens for eve, which is flexible and
iz excellent in comfort, and is also excellent in mechanical

properties such as folding resistance. Specificexamples of the

M

(meth)acryliic acid flucorocalkyl ester include trifluorcethyl
(meth)acrylate, tetrafluoroethyl (meth)acrylate,
trifluorcopropyl (meth)acrylate, tetrafluoropropyl
(meth)acrylate, pentaflucropropyl (meth)acrvlate,
hexaflucrcbhbutyl {(meth)acrylate, hexafluorciscpropyl
(meth)acrylate, heptafluorobutyl (meth)acrylate,
octafluoreopentyl {meth)acrylate, nonafluoropentyl

(meth)acrylate, dodecafluoropeniyl (methlacryla

-t

=y
dodecafinorcheptyl {(meth)acrvlate, dodecaflucrooctyl
(meth)acrvyiate and tridecafluorcheptyl (meth)acrylate.
Trifluoroethyl (meth}acrylate, tetrafivorcethyl {meth)acrvliate,

hexarluoroisopropyl (meth)acrylate, octaflucropentyl



(meth)acrylate and dodecaflucrooctyl (meth)acrylate, which are
preferably used., Triflucrcethyl (methjacrylate is most

creferable.

The component B of the present inventiocn may be used alone,
or two or more kinds may be used in combination.
[ 0051]

The content of the component Binthe copolymer ispreferably
from 10 to 500 parts by welght, more preferably from 20 to 400
parts by welight, and still more preferably from 20 to 200 parts
by welght, hased on 100 parts by weight of the component A. When
the use amount ¢f the component B is teo small, white turbidity
may arise in the obtained lens for eye, or mechanical properties
such as folding resistance may become insufficient.

[0052)

It is possible to use, as the copolymer to be used in the
basenmterial,écopolymerobtainedbycopolymerizingacmnponent
which is different from the components & and B (hereinafter
referred to as a component C), in additicen to the components

A and B.

The component C may be a component which decreases a glass

transition point of a copolyme

&

to room temperature or 0°C or
lower. The component decreases coheslive energy and therefore

aexerts the effect of imparting rubber elasticity and flexibility
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Lo the copolymer.

The polymerizaple functiconal group of the component C is
preferably a radical polymerizable functional group, and more
preferably a radlical pelymerizable functional group having a
carbon-carbon double bond. Examples of preferable
polymerizable functional group include a vinyl group, an allyl
group, a (meth)acryloyl group, an a-alkoxymethyvlacryloyl group,
amalelic acid residue, a fumaric acid residue, an itaconic acid
residue, & crotonic acid residue, an lscocrotonic acid residue,
acltraconicacidresidueandthe like. ZAmongthesepolymerizable
functicnal groups, a (meth)acryioyl group is most preferable
since it has high polymerizability.

F0055]

The component C, which is suitable for the improvement of
mechanical propertiessuchas fiexibilityand foldingresistance,
ig a (methlacrylic acid alkyl ester, and preferably a
(meth)acrylic acid alkyl ester whose alkyl group has 1 to 20
carbon atoms, and specific examples thereof include methyl
(meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acryvlate,
n-butyl (meth)acrylate, tert-butyl {(meth)acrylate, iscbutyl
(meth)acrylate, n-hexyl (meth)acrylate, n~coctyl {meth)acrylate,
Z2-ethylhexyl (meth)acrylate, n-~heptyl (meth)acrylate,
rn-nonyl {imeth)acrylate, n-decyl {(methlacrylate, isodecyl

(methlacrylate, n-lauryl {(meth)acrvlate, tridecyl



(meth)acrylate, n-dodecyl {meth}acrylate, cyclopentyl
{meth}acrylate, cyclchexyl (methlacrvlate, n-stearyli
(meth)acrylate and the like. The (methlacrylicacidalkyl ester
is more preferably n-butyl (meth}acrylate, n-octyl
(meth)acrylate, n-lauryl (meth)acryliate cor n-stearyl
(methjacrylate. 2Among these, a (meth)acrylic acid alkyl ester
whose alkyl group has 1 to 10 carbon atoms is more preferable.
It is not preferred that the number of carbon atoms of the alkyl
group 1s tco large since transparency of the lens may sometimes
detericrate. Monofuncticnal {meth)acrylateshavingasiloxanyl
groupare alscsuitable for the improvement of oxygen permealbilit
As used herein, a sileoxanyl group means a group having a Si-0-51
bond.

[ 00586]

Furthermore, in order to improve mechanical properties,
surface wettability, dimensional stability of the lens and the
like, the bhelow-mentioned moncomer <an be optionally
copolymerized.

[ DO57)

Examples of the monomer for the improvement of mechanical
properties include an aromatic vinyl compound such as styrene,
tert-pbutylstyrene and o-methylstyrene.

[ 0COE]
Examples cof the monomer for the improvement of surface

wettability include methacrylic acid, acrylic acid, itaconic



aclid, Z-hydroxyethyl methacrylate, Z-hydroxyethyl acrylate,
2-hydroxypropyl methacrylate, Z-hydroxyprepyl acrylate,
glycerol methacrylate, polyethylene glycol methacryiate,

N, N-dimethylacrylamide, N-methyl acrylamide,
dimethylamincethyl methacrylate, methylenebisacrylamide,
diacetone acrylamide, N-vinylipyrrolidone, N-vinylcaprolactam,
N-vinyl acetamide, N-vinyl-N-methyl acetamide and the like.
Among these monomers, an amide bond-containing meonomer such as
N, N-dimethylacrylamide, N-methyl acrylanide,
dimethylamincethyl methacrylate, methylenebisacrylamide,
diacetone acrylamide, N-vinylpvrrolidone, N-vinylcaprolactamn,

N-vinyl acetamide or N-vinyl-N-methyl acetamide is preferable.

Tt

[ 0058]

'Y

Examples of the monomer for the improvement of dimensional
stability of the lens include ethylene glycol Aimethacrylate,
diethylene glyecel dimethacrylate, triethylene glycol
dimethacrylate, polyethylene glycol dimethacrylate,
trimethylolpropane trimethacrylate, pentaerythritol
tetramethacrylate, bisphenol A dimethacrylate, vinyl
methacrylate, acryl methacrylate, and acrylates corresponding
to these methacrylates, divinvlbenzene, triallyl isocyanurate
and the like.

[ 0060
The component C may be used alone, or two or more kinds

may be used in combination.



[ 0061]

The use amcunt of the component € is preferably from 0.001
to 400 parts by weight, more preferakly from 0.01 to 300 parts
by weight, still more preferably from0.01 to 200 parts by welght,
and most preferably from 0.01 fo 20 parts hy welght, based on
100 parts by weight of the component A. When the use amount of
the compeonent C is too small, 1t may become difficult to obtain
the effect which 1s expected to the component C. When the use

amount of the component C is too large, white turbidity may arise

3

in the obtained lens for eye, or mechanical proparties such as
folding resistance nay become insufficient.
{ DGe2]

The low water content soft lens for eye of the present
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further contain a component such as an ultravioclet
absorber, a pigment, a colorant, a humectant, a slip agent, a
pharmaceutical and a nutritional supplementary component, a
compatibilizing component, an antibacterial cemponent, a mold
releaseagent andthe like. Anyoftheabove-mentionedcomponents
can be contained in a non-reactive form or a copolymerization
foam.
[ GCE3]

In the case of containing an ultraviolet asbsorber, 1t is
possible to protect eves of ophthalmic lens wearers from harmful
ultraviolet rays. In the case of containinga colorant, the lens

for eye is colored, results in easy identification and an
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improvement in convenience during handling.
{ 0064]

Any of the above-mentlioned components can be contained in
the form of a non-reactive form or a copolymerization form. It
is preferred that the above compeonents are copcelymerized, that
is, an ultraviolet absorber having a polymerizable group or a
colorant having a polymerizable group is used since the componant
is copolymerized with a base material and immobilized, and thus
elution may scarcely occur.

[ 00e’R]

The base material is preferably composed of components to
be selected from an ultraviclet absorber and a colorant, and
two or more kinds of components C other than these cémponents
thereinafter referred to as a component Ck). In that case, it
ispreferred that at least one kind of the component Ck is selected
froma (meth)acrylicaclidalkylester havingl to 10 carbon atoms,
and at least one kind cof the component Ck#is selected from a
menomer for the improvement of surface wettablility. Use of two
or more kinds of components Ck enhances affinity with an
ultraviolet absorber or a colorant, and thus it becomes possible
to cbhtain a transparent base material.

[ 006g)

Inthe caseof usinganultraviolet absorber, the use amount

thereof 1s preferably from 0.01 €£¢ 20 parts by welght, more

preferably from 0.05 to 10 parts by welght, and still more
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preferably from 0.1 te 2 parts by weight, based on 100 parts
by welght of the compeonent A. In the case of using a colorant,
the use amount thereof is preferably from 0.00001 to 5 parts
by weight, more preferably from 0.0001 to 1 part by weight, and
still more preferably from 0.0001 to 0.5 part by weight, based
on 100 parts by weight of the component A. When the content of
the uitraviolet absorber or colorant is too small, it may become
difficult feo cbtain the ultraviolel abscorption effect or

coloration effect. In contrast, when the content is too large,
it may become difficult to dissolve these components in the base
materizl. The use amount of the component Ck is preferably from
0.1 to 100 parts by welght, more preferably from 1 to 80 parts
by welght, and still mere preferably fromZ to 30 parts by weight,
based on 100 parts by weight of the component A. When the use
amount cf the component Ck 1s too small, it may become difficult
to obtaina transparent base material because of lackof affinity
with the uitraviolet absorber or colorant. It is not preferred
that the use amount of the component Ck is too large since whits
turbidity may arise in the obhtained lens for eye, or mechanical

properties such a

o]

felding resistance may become insufficient,
[ 0067]
It is possible to use, as a method for producing a base

is

material of a low water content soft lens for eye, that

W3]

r
lens-shapedmolding, a knownmethod. Forexample, it ispossible

to use 2 method in which a round kar- or plate-shaped polymer
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i1sonceobtainedand thenprocessedintoadesired shapebycutting
or the like, a meold polvmerilizaticn method, a spin-cast
polymerization methoed and the like. In the case of obtalinin

& lens by cutting, freeze-cutting at low temperature 15 suitable.

A method of polymerizing a raw material composition
containingacomponent Abyamoldpolymerizationmethod toproduce
a lens for eye will be described below as an example. First,
a gap between two mold members each having a fixed shape is fillied
wlith a raw material composition. Examples of the material of
the meld member include resin, glass, ceramics, metal and the
like. In the case of performing photopolymerization, since an
optically transparent material ispreferable, the resinor glass
is preferably used. Depending on the shape of the mold member
or properties of the raw material composition, a gasket may be
used s0 as to impart a fixed thickness to the lens for eye, and
to prevent liquid leakage of the rawmaterial composition filled
in the gap. The mold with the gap filled with raw material
composition 1s subsequently irradiated with active rays such
as ultraviolet rays, visible rays or a combination thereof, or
heating in an oven or a ligquid bath, thereby polymerizing the
rawmaterial composition filled in themold., Tt isalsopossible
to employ a method using twe types of polymerization methods.
That is, it is also possible toperformheat polymerization after

photopolymerization, or perform photopolymerization after heat
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polymerization. In a specific aspect of photopolymerization,
for example, light including ultraviclet rays such as light of
amercuryiamporanultravicletlamp(forexample,FLESEL;Toshiba
Corporation) are irradiated within a short Lime (usually 1 hour
cr less). In the case of performing heat polymerization,
conditions of gradually raising a temperature of the composition
from about room temperature and ralsing to the temperature of
£0°C to 200°C over several hours to several tens of hours are
preferably used so as to maintain optical uniformity and grade
of ‘@ lens for eye, and to enhance reproducibility.
[ D0&9]

Tn the polymerization, a heat polymerization initiator
typifiedbyaperoxide or anazocompound, or aphotopelymerization
initiator i1s preferably added so as to facilitate the

oa

polymerizaticn. In the case of performing heat polymerization,
an initiator having optimuam decomposition characteristics at
a desired reaction temperature is selected. Commonly, &an

azo~based initiator end a peroxide-based initiator, each having
a ten~hour half-iife temperature of 40 to 120°C, are suitable.
Examples of the pheotoinitiater in the case of performing

photopolymerization include a carbonyl compound, a peroxide,
an azo compound, a sulfur compound, a halogen cempound, a metal
saltandthe like. Thesepolymerizationinitiatorsareusedalone
or in combination. The amount of the polymerization initiator

ispreferablyvupto 5% byweight basedonapolymerizationmixture.
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[ 0070}
In the case of performing polymerization, apolymerization
solvent can be used, Organic and inorganic various sclvents can

ke appliedas the scilvent. Examplesof the solvent include water;

pd

alcohol-based solvents such as methyl alcohol, ethyl alcohol,
normal propyl alcohol, iscpropyl alcohel, normal butyl alcohol,
isobutyl alcchel, t-butyl alcohol, t-amyl alcohol,
tetrahydrolinalool, ethylene glycol, diethylene glycol,
triethylene glycol, tetraethylene glyccl and polyethylens
glycoel; glycol ether-based solvents such as methyl cellosclive,
ethyl cellosclve, iscpropyl cellosclve, butyl cellosolve,
propylene glycol monomethyl ether, diethylene glycol monomethyl
ether, triethylene glycel monomethyl ether, polyethylene glycol
monomethyl ether, ethylene glycol dimethyl ether, diethylene
glycol dimethyl ether, triethylene glycol dimethyl ether and
olyethylene glycol dimethyl ether; ester-based solvents such
as ethyl acsetate, butyl acetate, amyl acetate, ethyl lactate
and methyl benzoate; aliphatic hydrocarkbon~based solvents such
as normal hexane, normal heptane and normal octane; alicyclic
hydrocarbon-based solvents such as cyclohexane and
ethylcyclonexane; ketone-based solvents such as acetone, methyl
ethyl ketons and methyl iscbutyl ketone; arcmatic

uene and xylene;

ot

hydrocarbon-based sclvents such as benzene, to
and petroleum-based sclvents. These sclvent may be u:sed alone,

or two or more kinds may be used in combination.
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[ Q071}

It i3 necessary that a layver made of an aclidic pelymer and
a basic pclymer

{hereinafter

referred to as a coating layer)
is formed on at least a part of a surface of

a base material
inthe lowwater contentsoft lens foreveof thepresent invention.
Inclusion of a coating layer imparts satisfactory wettability
and lubricity to the surface of the lens,
excellent comfort.

and thus imparting
[ 0072

The present inventors have found that, evenif the low water
content scift lens for eye of the present inventlion has low water
centent and is soft, and also the base material 1s neutral

is possible to impart

al, it
sutficient wettability,

lub

=

icity and
anti-fouling property to the surface of the lens by forming a

coating layer made of an acidic polymer and a basic polymer on
the surface,.

Thereby, according to the low water content soft
lens foreyeof thepresentinvention, itilspoessible toremarkably

reduce or avold a phenomencn of adhesion of the lens to the cornea

i

during wear, which has hitherto been regarded as a problem in
a conventional low water content soft lens for eve
[ D073]

It is not necessary to have a covalent bond between
coating layer and the bhase material

the
It is pre

e N

ferred to have
no covalent bond between the coating layver and Lhe base material

since it become possible to preoduce by a simple and easy step.
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The ccating layer has practical durability even in the case of
having no covalent bond between the ccating laver and the base
material.
[ 0074]

The ceoating layer is preferably made of one or more kinds

of acidlc polymers and one or more kinds of basic polymaers. Use

f two or more kinds of acidic polymers or two or more kinds
of basic polymers are more preferable since it is sasy to develop
properties such as lubricity and anti~-fouling property to the
surface of the lens for eve. n particular, use of Twoe or more
kinds of acidic polymers and cne or more kinds of basic polymers
aremcrepyeferablesincethistendencyistobe further increased.
[ 0075]

The coating laver preferably inciudes one or more lavers
made of an acidic polymer (acidic pclymer laver), and one or
more layers made of a basic polymer (basic polymer layer).

[ O078)

The number of the acidic and basic polymer layers to be
formed an the surface of the base material is preferably from
1 to 5, more preferably from 1 to 3, and still more preferably
fromltoZ. Thenumberoftheacidicpolymerliavermayvbedifferent
from that of basic polymer laver.

[ 6077]
Thepresent inventorshave foundthatexcellentwettability

and lubricity can bpe imparted by very small number of lavyers
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(total number of acidic and basic polymer layers is 2 or 3) in
the low walter content soft lens for eye of the present invention.
This fact is crucially important for industry from the viewpoint
of shortening of the preduction process. In that sense, in the
low water content soft lens for eve ¢f the present invention,
the total number of acidic and basic pelymer layvers is preferably
2 or 3, and mot preferably 2.

[ D078)

The present inventors have also confirmed that wettability
and lubricity are scarcely developed even if the coating layer
only contains any cone of acidic and basic polymers.

[ 0079]

Fromtheviewpolintofwettability, Lubricityandshortening
of the production process, the low water content scft lens for
eye of the present invention preferably includes constitution
selected from the followiné layer constitutions 1 tc 4. In the
following notaticns, molding means a lens-shaped molding, that

is, a base material. The following notation shows lave

i

constitution in which the respective layers are seguentially
accumulated on a base material from left to right.
[ 0080)

olding/basic polymer lavexr/acidic

}4
[

Layer constitution 1:
polymer layerx
Layer constitution Z: Mclding/acidic polymer layer/basic

polymer laver



Laver constitution 3: Molding/basic polymer layer/acidic
polymer laver/basic polymer layer

Layer constitution 4: Molding/acidic polymer laver/basic
poivmaer layer/acidic polymer layer

Among these layer constitutions, laver constitution 1 and
layer constituticon 4 are more preferable since they exhibit
particularly excellent wettability, and layer constitution 1
is most preferable from the viewpoint of production-related
simplicity.

It is possible to suitably use, as the basic polymer, a
homopolymef or copolymer having a plurality of groups having
basicity along a polymer chain. Anamino group and salts thereof
are sultabkle as the group having basicity. Suiteble examplss
of the basic polymer include an amino group-centaining
{methjacrylate polymer zuch as polyv(sllyliamine),
poly (vinylamine), poly({ethyleneimine),
poly(vinylbenzylirimethylamine), pblyaniline,
poly(aminostyrene) or poly(N,N-dialkylaminoethyl
methacrylate); an aminoe group-containing (meth)acrylamide

3

salts thereof. Although the followings are examplies of a
homepolymer, these copolymers (i.e., a copolymer of basic
monomers composing the basic polymer, or a copolymer of a basic

monomar and the cother monomer) can also be suitably used.

[ 6081]
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When the basic polymer is a copolymer, the basic monomer
composing the copolymer is preferably a monomer having an allyl
group, avinylgroupandea {(meth)acryloylgroup fromthe viewpoint
of high polymerizability, and most preferably a monomer having
a {meth)acryloyl group. Suitable examples of the basic monomer
compesing the copolymer include allylamine, v;nylamine
{(N-vinvlcarboxylic acid amide as a precursor),
vinylbenzyltrimethylamine, amino group-containing styrene,
aminc group-containing (meth)acrylate, amino group-containing
{meth)acrylamide, and salts therecf. Among thesse monomers,
amino group-ccntaining {meth)acrylate, aminc group-contalning
(meth)acrylamide, and zalts therecf are more preferably from
the viewpoint of high polymerizability, and
N,N-dimethylaminoethyl methacrylate, N,N-dimethylaminopropyl

crylamide, and salts thereof are most preferable.
[ 008Z]

The basic pelymer may be a polymer having a quaternary
ammonium structure. The polymer having a quaternary ammonium
structure compound can inpart antimicrobial properties to a soft
lens for eye when used for coating of the soft lens for eye.
[ 0G82]

It is possible to sultably use, as the acidic polymer, a
homopolymer or copolymer having a plurality of groups having

cidicity along a polymer chain. The group having acldity is

suitablyacarboxylgroup, asulfonicacidgreoupandsalts thereof,
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and most sultably a carboxyl group and salts thereof. Examples
of suitable acidic polymer include polymethacrylic acid,
polyacrylic acid, poly(vinvlihenzoic acid),

poly (thiophene-3-acetic acid), polyi{d-styrenssulfonic acid),
polyvinylsulfonic acid,
poly(Z-acrylamide~2-methylpropanesulfonic acid) and salts
thereof. Although the above polymers are examples of a
homopolymer, these ceopolymers {(i.e., a copolymer of basic
monomers compesing the basic polymer, or a copolymer of a basic
monomer and the other monomer) can also be suitably used.

[ 0084]

Wnen the acidic polymer is a copolymer, the acidic monomer
composing the copolymer is preferably a monomer having an allyl
greup, avinylgroupanda (meth)acryvloyl group fromthe viewpoint
of high polymerizability, and most preferably a monomer having
a (meth)acryloyl group. Sultable examples of the acidic monomer
compesing the copolymer include (meth)acrylicacid, vinylbenzolc
aclid, styrenesulfonrnic acid, vinylsulfenic acid,
Z2-acrylamide-Z-methylpropanesuifconic acid and salts thereof.
Among these monomers, (meth)acrylic acid,
Z2-acrylamide-Z-methylpropanesulfonic acid, and salts thereof
are more preferable, and {(meth)acrvlic acid, and salts thereof

are most preferable.

It 13 preferred that at least one kind of basic and acidic
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polymers is a polymer having a group sslected from an amide bond
and a hydroxyl group. It ispreferredthat abasicpolymer and/or
an acidic polymer has/have an amide bond since a surface having
not only wettability but also lubricity can be formed. It is
preferred that a basic polymer and/or an acidic polymer has/have
a hydroxyl group since a surfacse having not only excellent
wettability but also excellent anti-fouling property against
a lacrimal fluid can be formed.
[ 0086)

More preferably, two or more kinds of the acidic polymer
and basic polymer are polymers having a group selected from a
hydroxyl group and an amlide bond. That is, the low water content
soft lens for eye preferably contains two or more kinds selected
from an acidic polymer having a hydroxyl group, a basic polymer
having a hydrexvl group, an acldic polymer having an amide bond
and a basic polymer having an amide bond. In this case, it is
preferredsince the effect of forming a surface having Tubricity,
or the effect capable of forming a surface having excellent
anti-fouling property against a lacrimal fluid can be more
remarkably exarted.
[ 0087]

More preferably, the cocating layer contains at least one
kind selected from an acidic pelymer having a hydroxvyl group
and a basic polymer having a hydroxyl group, and at least cne

kind selected from an acidic polymer having an amide bond and
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abasicpolymer havinganamidebond. Inthiscase, itispreferred
since both the effect of forming a surface having lubricity,
and the effect capable of forming a surface having excellent
anti-forling property against a lacrimal fluid can be exerted.
[ 0088]

Examples of the basic polymer having an amide bond include
polyamides having an amino group, partially hydrolyzed chitosan,
a copolymer of a basic monomer and a monomer having an amide
bond and the iike.

[ 0089

Examples of the acidicpolymer having an amide bond include
polyamides having a carboxyl group, a copolymer of an acidic
moncmer and a monomer having an amide bond and the like.

[ 0090

Examples of the basic polymer having a hydroxyl group
include amino-polysaccharides such as chitin, a copolymer of
a basic monomer and a monomer having a hydroxyl group and the
like.

[ 0021

fmd

Examples of the acidic pelymer having a hydroxyl group
includepolysaccharides havinganacidicgroup suchas hyaluronic
acid, chondroitin sulfate, carboxymethyl celluleose and
carboxypropyl cellulose, a copolymer of an acidic monomer and
a monomer having an amide bond and the like.

[ 0082]
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The monemer having an amlde bond is preferably a menomer
havinga {meth)acrylamide group and N-vinylcarboxyiicacid amide
(including a cyelic monomer) from the viewpolnt of ease of
polymerization. Suitable examples of the monomer include
N-vinylpyrrolidone, N-vinvylcaprolactam, N-vinyl acetamide,
K-methyi-N-vinyl acetamide, N-vinylformamide,

N, N-dimethylacrylamide, N,N-diethyl acrylamide, N-isopropyl
acrylamide, N-(Z-hydroxyethyl)acrylamide, acrvioyvlmorpheliine
and acrylamide. Among these monomers, N-vinylpyrrolidone and
N,N~dimethylacrylamide are preferable from the viewpoint of
lubricity, and N,N-dimethylacrylamide is most preferable.

[ D083)

Suitable examples of the monomer having a hydroxyl group
include hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate, hydro=zybutyl (meth}acrylate, hydroxyethyl
(meth)acrylamide, glycerol (meth)acrylate,
caprolactone-modified Z-hydroxyethyl (meth)acrylate,

N- (d-hydroxyphenyl)maleimide, hydroxystyrene and vinyl alcohol
(carboxylicacidvinyl ester as aprecurscor). The monomer having
& hydreoxyl group 1s preferably a monomer having a (meth)acryloyl
group from the viewpoint of ease of polymerization, and more
preferably a {(meth)acrylic acid ester monomer. Among these
monomers; hydroxyethyl (meth)acrylate, hvdroxypropyl
{meth)acrylate and glycerol (meth)acrylate are preferable from

the viewpeclnt of anti~-fouling property against a lacrimal fluid,
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and hydroxyethyl (meth)acrylate is most preferable,
[ C084)

Specificexamplesofpreferableceopolymerofabasicmononer
and a monomer having an amide bond include an
N, N-dimethylamincethyl methacryliate/N-vinylpyrrolidone
copoelymer, an N,N-dimethvlaminoethyl
methacrylate/N,N-dimethylacrylamide copclymer, an
W, N-dimethylaminopropy! acrylamide/N-vinvylpyrrolidone
copolymer and an N, N-dimethylaminopropyl
acrylamide/N,N~-dimethylacrylamide copolymer. An
N, N-dimethylaminopropyl acrylamide/N,N-dimethylacrylamide
copolymer is most preferable.

P 0095

U

Specific examples of preferable copcelymer of an acidic
monomer and a monomer having an amide bond include a {(meth)acrvylic
acid/N-vinylpyrrolidone copolymer, a (meth)acrviic
acid/N,N-dimethylacrylamide copoiymer, a
2-acrylamide~Z-methylpropanesulionic acid/N-vinylpyrrolidone
copolymer and a Z-acrylamide-Z-methylpropanesulfonic
acid/N,N-dimethylacrylamide copolymer. A (meth)acrylic
aclid/N,N-dimethylacrylamide copolymer is most preferable.

[ 0Cos]

Specificexamplesofpreferable copolymerof abasicnonomer
and a monomer having a hydroxyl group include an

N, N-dimethylamincethyl methacrylate/hydroxyethyl
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(meth)acrylate copolymer, an N,N-dimethylaminoethyl
methacrylate/glycerol (meth)acrylate copolymer, an
N,N-dimethylamincpropyl acrylamide/hydroxnyethyl
(meth)acrylate and an N,N-dimethylaminopropyl
acrylamide/glycerol (meth)acrylate copolymer. An
M, N-dimethylaminocethyl methacrylate/hydroxyathyl

{meth)acryviate copolymer i1s most preferable.
¥ -

Specific examples of preferable copolymer of an acidic
monomer and amonomer having an amide bond include a (math)acrylic
acid/hydroxyethyl {(meth)acrylate copolymer, a (meth)acrylic
acid/glycerol {meth)acrylate copolymer, a
Z~acrylamicde-2-methylpropanesulfonic acid/hydroxyethyl
{(meth)acrylate copolymer and a
Z-acrylamide~2Z2-methylpropanesulfonic acid/glycerol
(meth)acrylate cbpolymer. A (meth)acrylic acid/hydroxyethyl

H

(methlacrylate copolymer iz most preferable.

In the case of using a copolymer of the bhasic monomer or
acidic meonomer and the other moncmer, the copolymerization ratio
[ welght of basic monomer or acidic monomer] /[ weight of the other
monomer] is preferably from 1/99 to 99/1, more preferably from
2/98 to 90/10, and still more preferably from 10/90 to 80/20,
When the copolymerization ratic is within the above range,

functicns such as lubricity and anti-~fouling property against
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a lacrimal fluid are likely to be developed.
[ 0089]

In order to change varicus characteristics, for example,
thickness of the coating layer, it ispossible tochangemolecular
weights of an acidic poiymer and a basic polymer. Specificall
when the molecular welight is increased, the thickness of the
coating layer commonly increases. However, when the molecular
weight 1s tco large, it may become difficult to handle due to
an increase in viscosity. Therefcre, acidic and basic polymers
to be used in the present inventiocon preferably have a moclecular
welght of 2,000 to 150,000, The molecular weight is more
preferably from 5,000 to 100,000, and still mere preferably from
75,000 £o 1G0,000. The molecular weilght of the acidic and basic
polymers is a polyethylene glycol-equivalent weight average
molecular welght measured by a gel permeation chromatographic
method (aguecus solvent).

[ D100]

Coating of the coating laver can be achieved by varicus
metrhods disclosed, for example, in WO 99/35520, WO 01/57118 or
J.5. Patent No. 2001-0045676.

[ 6101)

The method for producing a low water content gdft lens for
eye of the present inventicon will be described below. The low
water content soft lens foreveof thepresent inventionisobtained

by respectively coating a surface of a lens-shaped molding (base
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material) with an acidic peolymer socluticn and a basic polymer
soluticn 1 to 5 times, more preferakly 1 to 3 times, and still
more preferably i to 2 times, to forma ceoating layer. The number
of times of the coating step of an acidic polymer solution may
be different from tfhat of the cpating step of a basic polymer
soluticn.
[ 0102)]

Thepresentinventorshavefoundthat@xceilentwettability
and lubricity can be imparted by very small number of times of
the coating steps (total number cof coating steps of acidic and
pasic polymer solutions is 2 or 3} in the methoed for producing
a low water content soft lens for eye of the present invention.
This fact is crucially important for incdustry from the viewpolnt

of sho

4

tening ot the productionprocess. Inthat sense, the total
number of ccating steps of acidic and basic polymer solutions
is preferably 2 cr 3, and moft preiferably 2.

f0103]

The pregent inventors have also confirmed that wettakility
and lubricity are scarcely developed only by performing either
the coating step of an acidic polymer solution or the coating
step cof a basic polymer soluticn once in the low water content
soft lens for sye of the present invention.

[ 0104]
Fromtheviewpointofwettability, lubricityandshortening

of the production process, coating of the coating laver 1is
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preferably performed wlth the constitution selected from the
following constitutions 1 to 4. The following notation shows
that the respectlive coating steps are sequentially applied to
a surface cof a molding from left to right.
[ 0105]

Constitution 1: Coating of basic polymer scluticon/coating
0f acidic polymer solution

Constitution?Z: Coatingofacidicpelymer solution/coating
of basic polymer solution

Constitution 3: Coating of basic polymer solution/coating
cf acidic polymer solution/coating of basic polymer solution

Constitutiond: Ceatingofacidicpolymer selution/coating
of basic polymer soluticon/ccating of acidic polymer sclution

Among these constitutions, constitutionlandconstitution
4 are more preferably since the obtailned low water content soft
lens for eye exhibits particularly excellent wettability, and
constitution 1 is most preferably from the viewpoint of
production-related simplicity.
[01086]

In the case of coating an acldic polymer solution and a

i}

baslc polymer solution, a surface of a base material may be
untreatedoralready treated. Asusedherein, thephrase “surface
of a base material i1s already treated” means that a surface of

a base material is subjected to a surface treatment or surface

modificationby a knownnrethod. Suitable examples of the surface



47
treatnent or surface modification include a plasma treatment,
a chemical medification, a chemical functionalization, a plasma

coating and the like.

One of preferred aspects of the method for producing a low
water content soft lens for eye of the present invention inciudes
the following steps 1 to 3 in this order:
<Step 1»

Step of polymerizing a mixture cof a component A which is
polysiloxane compound having a plurality of polymerlizable
functional groups per molecule, and also having a number average
molecular weight of 6,000 or more, and a component B which is

b

kyl group, to cbhtain

fot

a polymerizable menomer having a fluorca
a lens-shaped molding;
<Step 2>

Step of bringing the molding obtained in the step 1 into
contactwithabasicpclymersolution,andth@mwashingthemoldiﬂg,
to remove the surplus basic polymer solution; and
<S5tep 3>

Step of bringing the moldigg obtained in the step 2 into
contact with an acidic polymer solution, and then washing the
molding, to remove the surplus acidic polymer solution.
[ D108

hs mentioned above, a laver made of an acidic polymer and

a basic polymer can be formed on a lens-shaped molding by



48
sequentially bringing the molding into contact with an acidic
pelymer scolution and & basic pelvmer solution. Thereafter,
surpius polymer is preferably removed by sufficiently washing.
[ 0109]

bringing themolding

oty

Itispossibletoapply, asthemethodo
into contact with an acidic polymer solution or a basic polymer
solution, various ccating methods such as an immersion method
{dippingmethod), a brush coatingmethod, a spray coating method,
a spin ceatingmethod, adiecoatingmaethod and a2 squeeges method.
[ 0110]

When contact with &2 solution is performed hy an immarsion

method, immersion time can vary depending on various factors,

i

mrersion of a molding in an acidic polymer solution or & basic
polymer solution is preferably performed for 1 to 30 minutes,
morepreferably 2 toZ20minutes, andmostpreferably 1l to bminutes,

[ 01

[
—
[

[

The ceoncentration of acidic and basic polymer solutions
can vary depending on properties of an acldic polymer or a kasic
polymer, thickness of a desired coating layver, and other various
factors. The concentration of the acidic or basic polymer is
preferably from 0.001 to 10% by weight, more preferably from

N

0.005% to 5% by weight, and most preferably from 0.01 toc 3% by

o

waelght.
[ D112}

The pH of acidic and basic polymer scoiutions is prefarably
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maintaiﬁed_within a range from 2 to 5, and more preferably from
2.5 to 4.5.
10113

Removal of surplus acidic and basic polymers by washing
is commonly performed by rinsing a molding after coating using
clean water or an organic sclvent. Rinsing is preferably
performed by immersing the molding in water or an organic solvent
or exposing to a water flow or an organic sclvent flow. Rinsing
may be completed in one step. Howsver, 1t was recognized that
1t 1s efficient that a rinsing step is performed plural times.
Rinsing is preferably performed in 2 to 5 steps. Immersion of
each melding in a rinsing solution is preferably performed for
1 fo 3 minutes.
[ 0114]

Pure water is also preferably used as the rinsing solution.
In ordeyr to increase adhesicn of a coating layer, it is preferred
to use an aqueous buffered solution having pH adijusted within
a range from 2 to 7, more preferably from 2 to 5, and still more
preferably from 2.5 to 4.5,
[ 01158

The step of drying or removing an excess rinsing solution
may also be included. A molding can be dried to some extent by
merely being left te stand under air atmosphere. Drying is
preferablyacceleratedbysupplyvingamildair flowto thesurface.

m

Flow rate of the air flow can be adjusted as a function of the
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strength of & material to be dried, and mechanical fixturing

£

of amaterial. It isruﬂ:necessarytxacempletelyidry51molding.
Herein, it is important to remove droplets of a solution adhered
onte a surface of the molding as compared with drying of the
molding. Therefore, the molding is only dried until a film of
water cr a soluticnonthasurface of themold is removed, resulting
in shortening of the process time, favorably.

[ 011le]

It is preferred that an acidic polymer and a basic polymer
are alternately coated. It is possible to chtain a low water
content soft lens for eye, which has axcellent wettablility and
lubricity that cannot be obtained by a single layer, and alsoc

ert comfort that cannot be obtained by a single laver,

b+

has excel
by alternately coating the polymars.
[ 0117]

The coesting layer can be asymmetric. As used heresin,
“asymmetric” refers to the fact that a coating layer formed on
afirst side of a low water content soft lens for eye is different
from that formed on a second side opposite the first side. As
h

used hersin, “different coating layer” refexrs to fact that

t

B

a coating layer formed on a first side and a coating layer formed
on a second side each has different surface characteristics or
functionalities.

PoLigl

The thnickness of the coating laver can be controlled by
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adding one or more salts such as scodium chloride to an acidic
or basic polymer solution. The concentration of the salt is
preferably from 0.1 to 2.0% by weight. As the concentration of
the salt increases, a polyelectrolyte exhibits a more spherical
spatial structure. However, when the concentration becomes too
hi@h, even if the polvelectrolyte is deposited on a surface of
amolding, it is not satisfactorily deposited. More preferably,
the concentration of the salt is from 0.7 to 1.3% by weilght.
[ 0119]

The ;ow water content soft lens for eye of the present
invention 1s useful as a lens for eve, such as a low water content
soft contact lens, an intraocular lens, an artificial cornea,
a corneal inlay, a corneal cnlay or a spectacle lens. The soft
lens is particularly suitable as a lowwater content soft contact
lens.

[ Examples)
[ 0120}

The present inventionwill be specificalliy described below
by way of Examples, but the present invention is not limited
theretoc.

[ 03121]
Analvytical Method and Evaluation Method

In the present descriptlion, dry state means a state where
a specimen is vacuum-dried at 40°C for 16 hours, and then

vacuum~dried at room temperature (25°C) for 5 hours vacuum. The
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degree of vacuum in the vacuum dryving is set to 2 hPa or less.
The measurement of mechanical properties inadry state iscarried
out as soon as pessible after the vacuum drying.
[ 0122]

In the present descripticon, wet state means a state where
a specimen is immersed in pure water at room temperature (25°C)
for 24 hours or more.  The measurement of mechanical properties
in a wet state i3 carried ocut as soon as possible after pulling
out the specimen from pure water.
[ 0123]
{1} Molecular Weight

Weight average molecular welght and number average
molecularweight weremeasuredby a GPCmethod under the following
conditions.
Pump: TCSCH DP-38020
Detector: TOSOH RI-8010
Column oven: Shimadzu CTC-6A
Auto-sampler: TOSOH AS—BGlO
Column: TOS0OH tskgel GMEHR-M (7.8 mm in inner diameter x 30 cm,
5 um in particle diameter) » two coiumns
Column temperature: 35°C
Mobile phase: chloroform
Flow rate: 1.0 ml/minute
Sample concentration: 0.4% by welght

Injection amount: 100 ul



Standard sample: polystyrene (having amolecular weloht of 1,010
to 1,08G6,000)
{2} Elongation

Using a prescribed blanking die, specimens sach measuring
S5 mm in width (minimum portion), 14 mm in length and about 0.2
mm in thickness were cut out from contact lens-shaped samples,
and then stretchedup tothe length, whichisl.5times {(elongation
cf 50%) longer than an initial length, by hands. TFive specimsns
were tested and the number of specimens, which ware mot broken,

was written.

(3} Folding Resistances
A contact lens-shaped specimen was folded in two by fingers
and then strongly rubbed by fingers. Five specimens were taegted

and judged by the following criteria.

oW 211 specimens are not failed.

B: Some specimens are not failed.

C: All specimens are failed with slight degree.

D: All specimens are failed with intermediate degree between
C and E.

E: AlL specimens are failed to fragments.

[ 0125]

(4) Transparency
A contact lens-shaped specimen was visually observed and

transparency was evaluated by the following criteria.
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A Transparent wiith no fturbidity

B Whire turbidity fo about intermediate degreec between A and
C

C: Semi-~transparent with white turbidity.

D White turbidity with about intermedlate degree between C
and B

White turbidity with no transparency

{5} Water Content

L contact lens-zhaped specimen was usaed. The gspecimen was
dried by a vacuum drying oven at 40°C for 16 hours and weilght
(Wd) waz measured. After the specimen was hydrated by immersing
in pure water in a constant temperaturg path at 40°C at least
cvernight, water on a surface was wiped off by a wiping cloth
(“Kimwipe®”, manufactured by NIPPON PAPER CRECIA Co., LTD.} and
welght (Ww) was measured. Water content was determined by the
following equaticon. 1In the case the obtained value 13 less than

1

%, itwas judged as measurement iimitationocr less andwaswritten

et

as “less than 1%7.

Water content (%) = 100 x (Ww - Wd) /Ww
(6} Water Wettability

A contact lens-shaped specimen was immersed in a borate
buffer (pH7.1to7.3) inabeaker at room temperature. Thebeaker
containing the specimen and the borate buffer was exposecd to

ultrasonic using a ultrasconic cleaner (for 1 minute). The
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specimen was pulled up from the borate puffer and the specimen
was held in air so that a diameter direction becomes vertical.
A state of a surface of the specimen was visually observed, and

then judged by the following criteria,

A A liguid film on a surface is held for 20 seconds or more.
B: Aliquidfilﬂuwlasurfaaeisbrokenw&thinlotx)QDsecondsﬂ
C: Aliguid filmon asurface is broken within 5 to 10 seconds.
D: L liguid filmon a surface is broken within 1 to 5 seconds.
E: A liguid £ilm on a surface ig broken instantly {within 1
second) .

[o1z2m

(7) Measurement of Dynamic Contact Angle

Using, as dynamic contact angle samples, film-

2]

haped
specimens each measuring 5 mm » 10 mm » about 0.1 mm cut ouﬁ
from samples molded into a £ilm, or strip-shaped specimens of
Smm in width cut cut fromcontact lens-shaped samples, advancing
dynamic contact angle relatlve to a borate huffer (pH 7.1 Lo
7.3) was measured. &n immersion rate was set to 0.1 mm/sec, and
an immerse depth was set to 7 mm.

[ 0128]

(8) Tensile Elastic Modulus, Elongation at Break

Using a prascribed blanking die, specimens each measuring

[

> mm in width {minimum portion), 14 mm in length and 0.2 mm in
thickness were cut out from contact lens-shaped samples. Using

the specimens, a tensile test was carried out by a TENSILON Model
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RTM-100, manufactured by CRIENTEC Co., Ltd. A testing speed was
100 mm/minute, and a distance between grips (initial} was 5 mm.
[ 0129]
{9y Lubricity
Lubricitywas subjectedtosensoryevaluationafter rubbing
samples (contact lens shape) in a wet state five times with a

finger of a person.

pi Excellent lubricity

B: About intermediate lubricity between A and C

C: Moderate lubricity

D Little lubricity (about intermediate lubricity between C
and ©)

E: No lubriclty

[OiBD}

(10 Adhesion of Mucin

Mucin, Bovine Submaxillary Gland {(Cataleg Ho. 499643)
manufactured by CALBIOCHEM Corporation was used as mucin.
Contact lens-shaped samples were immersed in an aguecus mucin
sciluticn having a concentration of 0.1% under the conditlons
of 37°C for 20 hours, and then the amount of mucin adhered to
samples was determined by a bicincheninic acid (BCA) proteln
assay method.
[ 0131)
(11} Adhesicon of Lipid

In a 300 ml beaker, a stirring bar (36 mm} was placed, and



57
1.5 g of methyl palmitate and 500 g of pure water were charged.
A temperature of a water bath was set to 37°C and the above beaker
was placed in the center of the water bath, follcwed by stirring
for one hour using a magnetic stirrer. A rcotation speed was set
to 600 rpm.  Contact lens~shaped samples were put in a lens basket
oneknfomeandthenputjjltheabovebeaker,followeﬁbyétirrinq.
After 1 houyr, stirring was stopped and samples in the lens basket
were subjected to rubbing cleaning using city water at 40°C and
a liguid detergent for domestic use (“Mamalemon®, manufactured
by Lion Corporation) . After cleaning, sampleswereputina scraw
tube containing a borate buffer {(pH 7.1 to 7.3) and then immersed
in an ice path for 1 hour. After'pulling out the screw tube from
the ice bath, white turbidity of samples was visually observed
and the amount of methyl palmitate adhered to samples was Judged

by the following criteria.

A Transparent with no white turbidity

B: Slight white turbidity is cbserved

Ct Considerable white turbidity is observed
D White turbidity accounts for most part
E: Wﬁite rurbidity accounts for entirets

[ 6132]

(12} Artificial Lacrimal Fluid Immersion Test
Atear~like fluid (TLF) buffer solution, whichwas pregared
o

in accordance with the method disclosed in lines 5 to 39 on page

32 of WO 2008/127299 pamphlet, except that oleic acid is used
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inplace of the cleic acidpropyl ester, wasusedas anartificial

well of a multiplate for cuiture (Z4d-well

-

lacrimal fluid. In
model, material: polystyrene, radlosterilized), 2 mi of an

artificial lacrimal fluid was charged and then one sample (with
contact lens shape) was immersed. Shaking was carried out at
100 rpm and 37°C for 24 hours. After pulling cut the sample,
the sample was lightly washed with phosphate buffer solution
{PB3) andthenimmersedinthewell inwhichtheartificial lacrimal
fluid was replaced by 2 mL of an artificial lacrimal fluid,

Furthermore, after shaking at 100 rpm and 37°C for 24 heours,
the sample was lightiv washed with PBES and the amount of deposits
was cbservedbyvisually evaluating the degree of white turbidity
of the zanple. he evaluation was carried out according to the

following criteria.

A No white turbidity is observed.

B: Slight white turbidity (less than 10% of area) is cbserved
O Considerablewhite turbidity (10to 50% of area) is observed
B White turbidity accounts formost part (50 to 100% of areaj,

while back side can be seen through
B Thick white turbidity accounts for entirety, while back
side cannot be easily seen through
[ 0133
{13} Transparency (Projectorn)
In a glass petri dish, a borate buffer (pH 7.1 to 7.3) was

charged, and then a contact lens-shaped samplewasplaced., Using
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a universal projector (MODEL V-10&, manufactured by Nikon
Corporation}, transparency was visually observed when

g samples in a petri dish with light from above and

e

irradiati

below, and then evaluated according to the following criteria.

A Transparent with no white turbidifty
B: Slight white turbidity 1s observed
s Considerable white turbidity is observed

D: White turbidity accounts for most part
E: White turbidity accounts for entirety
[ 0134]

{14) Degree of Plgmentation

Degree of pigmentation {(depth of blue color] of samples

[

(contact lens shape) was visually observed and then evaluated

according to the following criteria.

A Coloration iz recognized at a glance

B About intermediate degree between B and C of pigmentation
C: Slight coloration is recognized

I About intermediate degree between C and D of pigmentabion
A No coloration 1s reccognized

[ 0135]

(15) Lens Molding Ratio

Lens molding ratio was determined by dividing a diameters
of a sample {(with contact lens shape) by a diameter of a gap
porticon (having & shape corresponding to the sample shape) of

a mold used for melding the sample.
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[ 0136]
{l6) Friction

Using the apparatus shown in Fig. 1, a dynamic friction
betweenafilm, asasample, andanartificial leatherwasmeasursad.
An artificial leather 1 (“SUPPLALE®™, model number: PRZ13001,
manufactured by Idemitsu Technofine Co., Ltd.) was stuck onto
one surface of a glass plate measuring 26 mm x 26 mm *» L.4 mm
to which a fishing line for pulling in a horizontal direction
is attached. The artificial leather was stuck so that the back
side faces outside. A film 2 measuring 60 mm » 60 mm = 0.25 mm
in a wet state was placed on a horizontal rubber plate 3 and
then a surface of the film was sufficiently wetted with a borate
Duffer {(pH 7.1 to 7.3} . The above glass plate was placed therein
so that the artificial leather faces the film, and then aplastic
container 4 containing small ircen balls (the total weight of
iron balls and a container is 50 g) was placed thereon. Using
a tensile testing machine (RTM?EOO, manufactured by CRIENTEC
Co., Ltd.), the fishing line attached toc the glass plate was
pulledatarateof 100mm/minute inahorizontal direction through
apulley. AL fthistime, adynamic fricticnbetween the artificial
leather (back side) and the film was measured by a force to be
applied to the tensile testing machine.
{17} Boiling Resistance

Samples (with contact lens shape) immersed in clean pure

water were put in a closed vial bottle. 2Zutoclave sterilization
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was carried out at 121°C for 30 minutes, and then Samples were
ccoled to roomtemperature. Five cycles were repaated, one cycle
including a series of the above operations, Thereafter, the
above-maentioned water wettabllity (6) was evaluated.
(18) Scrubbing Resistance A

Samples {with contact lens shape) were placed in the recess
Tormed in the center of ¢he flat of the handanda cleaning solution
(“OPTEE@EE@",ALCONJAPANLTD.)wasadded. After scrubbing front
andback sides {each 10 times) by ball of the forefinger of ancither
hand, samples were put 1n a screw tube containing clean “OPTI
FREE™” and then left to stand for 4 hours or more. Fifteen cycles
were repeated, provided that one cycle includes a series of the
above operations., BSamples were then washed with pure water and
immersed in a borate buffer (pH 7.1 te 7.3). Thereafter, the
above-menticned watey wettability (6) was evaiuated.
{13) Scrubbing Resistance B

Tn the same manner as in (18), except for using “ReNU™”
(Bausch & Lomb Incorporated) in place of “OPTI FREE™, the
evaluation was carried out.
[ G137)
Reference Example 1

Polydimethylsiloxane having a methacryloyl group at both
ends (DMS-R31, Gelest, Inc., belcw-mentioned compound of the
formula (M2}, welght average molecular weight of 30,000, number

average molecular weight of 13,000) {20 parts by weight) as a
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component A, trifluocroethyl acrylate (Biscoat 3F, Csaka Organic
Chemical Industry Ltd.) (80 parts by weight) as a component B,
TRGACURE® 1850 (Ciba Specialty Chemicals Inc., 2 parts by weight)
and tetrahydrcelinaicol (20 partis by welght) were mixed and then
stirred. As aresult, auniformand transparent monomer mixture
was obtained. This monomer mixture was charged in a ftest tubs
and degassing was carried out under reduced pressure of 20 Torr
(27 hPa) while stirringusing a touch mixer, and then the pressure
was returned to atmoespheric pressure using an argon gas. This

operation was repeated three times. In a glove box under a

3

1itrogen atmosphere, The moncmer mixture was indected into a
moid for contact lens made of a transparent resin
{polym4~m@thylp@ntene~l} and then polymerized by lrradialting
with light (2,000 lux, 20 minutes) using a fluorescent lamp
{(Toshiba Corporation, FL-6D, quasi-daylight, 6W, 4 lamps).
After polymerization, the whole mold was immersed in an agueous
60%bywelght isopropylalcohol solutionandacontact lens-shaped
molding was removed from the mold. The obitained mblding was
immersed in a large excess amount of an agueous 80% by weight
isopropyl alcohol solution at 60°C for 2 hours. Furthermore,
the molding was immersed in a large excess amount of an aguecus
50% by weight isopropyl alcchol solution at room femperature
for 30 minutes, followed by immersion in & large excess amount
of an agueous 25% by welght iscpropyl alcohol solution at room

temperature for 30 minutes, and further immersicn in a large
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excess amount of pure water at room temperature for 30 minutes.
Finally, the melding immersed in clean pure water was put in
aclosedvialbottle, andthenautoclave sterilizaticnwas carried
cut at 121°C for 30 minutes. The obtained molding had a waterxr
content of less than 1%. The evaluation results of the obtained
molding are shown in Table 1.
[ 0138]
Eeference EZxamples 2 to 12

in the very same manner as in Reference Example 1, except
that the uss amounts of components A and B were changed to amounts
shown in Table 1, wmoldings were obtained. Both the obtained
moldings had a water content of less than 1%, The evaluation
results of the obtained molding are shown in Table 1.

[G139]



| Table 1]

Evaiuation results

Comp;nen = Compgnent E‘ii éti? Elongat ion e 1o

DMS-R31 Biscoat 3F Tgiiy _— i (num_b.er Oi Folding c;lasgu, bloaqatlon

{Parts by | (Parts by | weight) Hrensparency ;iic,}m;f:f@ resistance moculus at :f)eak

welght) weight) nc;t ;rok/e;n‘) (kPa}
Reference Example 1 20 a0 7.4
Reference Example 2 40 60 15 A 5 A 450 00
Reference Example 3 45 55 i7 E:S 5 A ‘)10 250
Reference Example 4 50 50 19 B 5 A Unevaluated | Unevaluated
Reference Example 5 55 5 26 B 5 A Unevaluated | Unevaluated
Reference Example 6 60 “40 27 C 5 A 560 270
eference Example 7 65 35 24 C 5 A Unevaluated | Unevaluated
Reference Example 8 70 30 26 C 5 A Unevaluated | Unevaluated
Reference Example 2 75 25 28 C 5 A inevaluated | Unevaluated
Reference Example 10 80 20 30 C 5 A 470 270
Reference Example 11 1006 Q 37 [ 3 A Unevaluated | Unevaluated
Reference Example 12 0 100 - * 1 1 *1 *1 *1

*1: failed to mold into a lens shape due to poor polymerization

[ 0140]

9



Reference Examples 13 to 19

In the very same manner as in Reference Example 1, except

5

that polydimethylsiloxane having a methacryloyl group at botl

-

ends (DMS-RZ22, Gelest, Inc., kelow-mentioned compound of the
formula (M2}, weight average molecular weignt of 8,300, number
average molecular weight of 7,400) was used in the amount shown
in Table Z as a component A, and that trifluorcethyl acrylate
(Biscoat 3F, Osaka Organic Chemical Industry Ltd.) was used in
the amount shown in Table 2 a5 a component B, moldings were chiained.
The obtained molding had a2 water content of less than 1%. The

evaluation results of the obtained meolding are shown in Table



[ Table 2]

Component | Component . Evaluation results
) 5i atom
A B oatent Elengation Tensile :
DMS—-RZZ Biscoat 3F ‘ o . o Elongation
- (% by . i {number of Folding elasiic N )
{(Parts by | (Parts by . Transparency | . o AP . at break
bt weight) weight} specimens which | resistance madulus (%)
werghty welght were not broken) (kPa)
Refarence Example 13 10 20 3.7 C 5 B Unevaluated | Unevaluated
Reference Example 14 20 230 7.3 A 5 I3 630 180
Reference Example 15 40 60 15 A 5 B 264 170
Reference bxample 16 50 50 18 A 5 C Unevaluated | Unevaluated
Reference bxample 17 60 40 22 A 4 E 1140 S0
Reference Example 18 B0 20 29 A 4 L 1110 20
Reference Example 19 100 0 37 A 4 E 820 160

99



67

Reference Bxamples 20 to 24

In the very same manner as in Reference Example 1, except
that polydimethylsiloxane having a methacryloyl group at both
ends (X-22-164C, Shin-Eisu Chemical Co., Ltd., welight average
molecular welght of 7,200, number average molecular weight of
4,800) (50 parts by weight) was used as a compenent A, and that
the moncmer having a fluoroalkyl group (50 parts by weight) shown
in Table 3 was used as a component B, moldings were obtained.
Theravaluationresults|Jft&mzobtainednmﬂdingwareshownjflTable
3.

[ 0143]



[ Table 3]

T
Component A Component B Evaluation results
X-22-164C 51 itoi‘ Elongation
conten oy
(Parts by {(Parts by o (number of Folding
Name . % t Transparenc ) L .
weight) welght) ($bywelght) rensparency specimens which | resistance
) wera not bhroken)
Refarence Example 20 50 Biscoat 3EFM 50 13 A 2 D
Reference Example 21 50 Bisceat 8F 50 18 B ¥; E
Reference Example 22 50 Biscoat 3F 50 i3 A 1 D
Reference Examnple 23 50 Biscoalt 17F 50 - *1 *1 *1
Reference Example Z4 50 HFIP-M 50 18 A 0 &

89

*1: abandcned polymerization because of phase separation of polymerization raw solution

[ 0144]
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BiscoatBFM:Trifluoroethylm@thacrylate(OsakaOrganicChemical
Industry Ltd.}

Biscoat 8F: Octafluoropentyl acrylate (Osaka Organic Chemical
Industry Ltd.)

Bisceat 3F: Triflucroethyl acrvlate (Osaka Organic Chemilcal

o
tn
0
0
v}
-
k,—l
~]
T3
s
®
s
o
ol

decafluorodecyl acrylate (Osaka Organic
Chemical Industry Ltd.;

HEIP-M: Hexafluorociscpreopyl methacrylate (Central Glass Co.,

Reference Examples 25 to 37

in the very same manner as in Reference Example 1, except
that the polydimethylsiloxane having a methacrvloyl group at
both@mdsshowninTablé4{below—mentionedcompoundoftheformula
(MZ})) was used in the amount shown in Table 4 as a component
A, the component B was noi used, and the monomer shown 1n Table
4 (50 parts by welght) was used in the amount shown in Table
4 as a component C, moldings were obtained. The sevaluation
results of the obtained molding are shown in Table 4.

[ D145]



{ Table 4]

Component A

Compenent C

Evaluation results

Si atom Elcongation
Weight Number content {number of
) = Farts Parts R P Folding
MName averagb_ everage e}% Name by i¢W;¥ Transparency SPECIMENs | ogista
molecular | molecular L hE Lokt welight) which were N
wez doghts waight weigh weldht not nee
broken)
Reference Bxample 25 | X-22~164A 3,100 2,300 50 Butyl 50 17 A 0 £
uuuuu Example L L 64l ‘ r o acrylate i ' N
Y
Reference Example 26 | X-22-1648 5,200 3,760 50 Butyl 50 18 A 0 D
acryiace
Reference Example 27 | X-22-164C 7,200 4, 800 50 Butyl 50 13 B 1 D
acryiate
I N—dimettiul
Reference Example 28 | X-22-164C 7,200 4,800 5o | NeNdimethyl g 18 ‘E 0 E
acrylamide
Reference Example 29 | X-22-1643 3,100 2,300 5o | ethylhexyl gy 17 D 0 D
...... acrylate
—_— r
Reference Fxample 30 | X-22-164B 5,200 3,700 5o | omethylhexyl b o 18 D 0 D
] acrylate
Reference Example 31 | ¥-22-164C 7,200 4,800 o | 2methylhexyl | g, 18 B ] D
acryiate
Reference Example 32 |  DMS-R31 30,000 13,000 50 Butyl 50 19 3 5 A
acryiate
Reference Example 33 |  DMS-R2Z 2,300 7,400 50 _ Butyl 50 18 B 5 A
acrylate
Reference Example 34 |  DMS-R31 30,000 13,000 50 ?’223}2?:3’* 50 19 A 5 A
" N - . ' ZWetthhexyl - - -
Farancea . S — 200 ! ;
Reference bExample 35 MS RZ% 8,300 7,400 50 scrylate 50 18 A 5 A
Reference Example 36 | SyPthesizedi .3 gaq 75, 000 59 | <7ethylhexyl ) o, 19 B 5 A
. compound 1 acyrylate
- " ~ | Synthesized - A - 2-ethylhexyl - 1o N
Reference Example 37 Compound 2 157,000 103,000 50 acrylate 50 19 D 4 B

Synthesized compound 1: synthesized in laboratory by inventors

Synthesized corpound Z: synthesized in laboratory by inventors



[ 0147}
<Synthesis Examples>

Synthesis Examples of copolymers used for ceating in
Examples are shown. In Synthesis Examples, molecular weight of
each copolymer was measured under the following conditions.
{GPC Measurement Conditions}
hpparatus: Prominence GPC system, manufactured by Shimadzu
Corporation
Pump: LC-20AD
Auto-sampler: SIL-20AHT
Column oven: CTO-Z20A
Detector: RID-10A
Column: manufactured by TOSOH CORPORATION GMPWXL (7.8 mm in inner
diameter »* 30 com, 13 pm in particle diameter)
Solvent: water/methancl = 1/1 (addition of 0.1N lithiumnitrate)
Flow rate: .5 mi/minute
Measurement time: 30 minutes

Sample concentration: 0.1% by weight

[on]

Injecticon amount: 100 ulL

Standard sample: Peolysthylene oxide standard sample,
manufactured by Aglilent (0.1 kD to 1,258 kDj.

[ 0148]

Synthesis Example 1

<CPVPA: N~-vinylpyrrolidone/acrylic acid (melar ratio of 2/1)>

It a 500 mL three-necked flask, N-vinyipyrroiidone (66.68
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g, 0.60mol), acrylicacid (21.62 g, 0.30mel), dimethyl sulfoxide
(353.%6qg), apolymerizationinitiatoxr VA-061 (Wako Pure Chemical
Industries, Ltd., 0.1408 g, 0.562 mmol) and Z-mercaptcethanocl
(43.8 uL, 0.63 mmol) were charged, and then equipped with a
three-way stop-cock, a reflux condenser tube, a thermometer and
a mechanical stirrer. The concentration of the monomer was 20%
by weight. After degassing inside the three-necked flask using
a vacuum pump and repeating replacement by argon three times,
stirring was carried out at 50°C for 0.5 hours, followed by
temperature rise to 70°C and further stirring for 6.5 hours.
After completion of the polymerization, the polymerization

reaction solution was cooled to room temperature and 100 mL of
water was added, and then the solution was poured into 400 mL
of acetone and the mixad sclution was left to stand overnight.
On the next day, 200 mlL of acetone was further. added and the
sclution was left to stand, and then the supernatant was removed
by decantation. The obtalined solid component was washed seven
times with acetone/water (= 400 mL/100 mL). The solid component
was dried overnight by a vacuum drying oven at 60°C. TLiguid
nitrogen was charged and the solid component was crushed by a
spatula, and then dried by a vacuum drying oven at 60°C for 3

hours. The thus obtained copelymer had a melecular weight of

.

Mn: 46 kD, Mw: 180 kD {(Mw/Mn = 3.9).
[ 0149

Synthesis Example 2



<CPVPA: N-vinylpyrrolidone/acrylic acid (molar ratio of 1/2)>
Tna 500 mL three-necked flask, N-vinylpyrrolidone (33.34

g, 0.30mol), acrylicacid (43.24qg, 0.60mol}, dimethyl sulfoxide

0.562 mmel)

(307.08q), apolymerizationinitiator VA~061 (Wako Pure Chemical
and Z2-mercaptoethanol
and then eguipped with a

Industries, Ltd., 0.1408 g,
.63 mmol)
three-way stop-cock, a reflux condenser tube, a thermometer and

{43.8 uL, wore charged,
The concentration of the monomer was 20%

a mechanical stirrer.
After degassing inside the thres-—necked flask using

vacuum pump and repeating replacement by argon three times,
followsed by

by weight,
£.5 hours.

a
stirring was carried out at 50°C for 0.5 hours,
temperature rise to 70°C and further stirring for
After completicn of the polymerization, the polymerization
reaction solution was cocled to room temperature and 100 mL of
water was added, and then the solution was pcured inte 500 mL
of acetone and the mixed solution was left to stand overnlight.
200 mL of acetone was further added and then
The cbtained solid

OCn the next day,
the supernatant was removed by decantation.

component was washed seven times with acetone/water (=700 mL/100

iarged and the solidcomponent

N
e

The solid component was dried overnight by a vacuum drying

mly .

cvenat 60°C. Liguidnitrocgenwasc

was crushed by a spatula, and then dried by a vacuum drying oven
The thus obtained copolymer had a molecular

at 60°C for 3 hours.
65 kD, Mw: 202 kD {(Mw/Mn = 32.1).

welght of Mn:

[ 0150]



Synthesis Example 3
<CPVPA: N-vinylpyrrolidone/acrylic acid (molar ratic of 20/10)>
ina 500 mL threse-necked flask, N-vinylpyrrolidone (NVE,
90.02 g, 0.81 mol), acrylic acid (6.49 g, 0.09 mol), dimethyl
sulfoxide {(386.8 g), a polymerizaticn initiator VA-0&1 (Wako
Pure Chemical Industries, Ltd., $.1408 g, 0.562 mmol) and
Z-mercaptoethancl (2-ME, 43.8 pL, 0.63 mmol) were charged, and
then eguipped with a threse-way stop-cock, a reflux condenser
tube, a thermometer and a mechanical stirrer. The concentration
of the monomer was 20% by weilght. After degassing inside the
three-necked flask using @ vacuum pump and repeating replacement
by argon th:ee times, stirring was carried out at 50°C for 0.5
hours, followed by temperature rise to 70°C and further stirring
for 6.5 hours. After completion of the polymerization, the
polymerization reaction solution was cooled to room temperature
and 100 mL of water was added, and then the soluticn was poured
into 300 mL cf acetone and the mixed solution was left to stand
overnight. On the next day, 200 ml of acetone was further added
and 100 mL of hexane was added, and then the supernatant was
removed by decantation. The obtained selid component was washed
seven times with acetone/water (= 5006 mL/100 mL). The soclid
component was dried overnight by a vacuum drying oven at 60°C.
Liguid nitrogen was charged and the solid component was crushed
by a spatula, and then dried by a vacuum drying oven at 60°C

for 3 hours. The thus obtained copolymer had a molecular weight
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of Mn: 35 kD, Mw: 130 kD (Mw/Mn = 3.8}).

[ O

fo

51]

Synthesis Example 4

<CPVPA: N-vinylpyrrolidone/acrylic acid {(molar raticof 80/20)>
In the same manner as in Synthesis Example 3, except that

0.72 mol of N-vinylpyrrolidons and 0.18 mol of acrylic acld were

respectively used, a copolymer was obtained. The thus obtained

copalymer had a molecular weight of Mn: 45 kB, Mw: 193 kD {Mw/Mn

= 4.4) .

[ 0152}

Synthesis Example 5

<CPDA: N, N~dimethylacrylamide/acrylicacid (molarratioof2/1)>

In a 500 mL three-necked flask, N,N-dimethvyliacrylamide

1

It

(59.50 g, 0.600 mol), acryliec acid (21.62 g, 0.300 mol}, pure
water (325.20 g}, a polymerization initiator VA-061 (Wako Pure
Chemical Industries, Ltd., 0.1408 g, 0.56Z mmol) and
Z-mercaptoethanol (43.8 pL, 0.53 mmol) were charged, and then
aquipped with a three-way stop-cock, a reflux condenser tube,
a thermometer and a mechanical stirrer. The concentraticon of
the monomer was 20% by weight. After degassing inside the
three-necked flask using a vacuum pump and repeating replacement
by argon three times, stirring was carried out at 50°C for 0.5
hours, followed by temperature rise to 70°C and further stirring
for 6.5 hours. After completion of the polvmerization, the

pelymerization reaction sclution was concentrated up to 400 g
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by an evaporator, and then the scolution was poured into
2-propancl/n-hexane (=500mL/500mL) . Afterbeinglefttostand,
the supernatant was removed by decantation. The cobtained solid
component was washed three times with Z-propancl/n-hexane (=
250 mL/250 mL}. The solid component was washed seven Times with
acetone/water (= 500 mL/100 mL). The solid component was dried
overnight by a vacuum drying oven at 60°C. Liquid nitrogen was
charged and the solid component was crushed by a spatula, and
then dried by a vacuum drying oven at 60°C for 3 hours. The thus
obtained copolymer had a molecular weight of Mn: 55 kD, Mw: 192
kKD (Mw/Mn = 3.5},
[ 0153)
Synthesis Example §
<CPDA: N, N-dimethylacrylamide/acrylicacid (molar raticof1l/2)>

Ir a 500 mL three-necked flask, N,N-dimethylacrylamide
(29.70 g, 0.300 mol), acrylic acid (43.20 g, 0.600 mol}, pure
water (2%2.40 g}, a poiymerization initiatoy VA-061 (Wéko Pure
Chemical Industries, Ltd., 0.1408 g, 0.3%6Z mmol) and
Z-mercaptoethancl {43.8 uL, 0.63 mmol) were charged, and then
eguipped with a three-way stop-cock, a reflux condenser tube,
a thermometer and a mechanical stirrer. The concentration of
the monomer was 20% by weight. After degassing inside the
three-necked flask using a vacuum pump and repeating replacement
by argon three times, stirring was carried out at 50°C for 0.5

hours, followed by temperature rise to 70°C and further stirring
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h

or 6.5 nhours. After conpletion ¢f the polymerization, the
polymerization reaction solution was concentrated up toe 350 g
by an evaporator, and then the solution was poured into
2-propanocl/n-~hexane {(=500mL/500mL) . Afterbeinglefttostand,
the supernatant was removed by decantation. The obtained solid
component was washed three times with Z-propancl/n-hexane (=
250 mL/250 mL). The sclid component was dried overnight by a
vacuum drying oven at 60°C. Liguld nitrogen was charged and the
solid component was crushed by a spatula, and then dried by a
vacuum drying cven at 60°C for 3 hours. The thus obtained

copolymer had a molecular weight of Mn: 87 kD, Mw: 235 kD {Mw/Mn

[ 0154]
Synthesis Example 7
<CPDA: N,N-dimethylacrylamide/acrylic acid {(molar ratio cf
80/10) >
InaSOOmLthree“neckedfiask,N,N—dimethylacrylamide(DMA,
80.30 g, 0.810moly, acrylicacid (6.4% g, 0.0%0 mcl), pure water
(347.90qy, apolymerizaticoninitiator VA-061 (Wako Pure Chemical
Industries, Ltd., 0.1408 g, 0.562 mmol}) and Z-mercaptoethanol
(2-ME, 432.83 pL, 0.63 mmol) were charged, and then egulpped with
a three-way stop-cock, & refiux condenser tube, a thermometer
and a mechanical stirrer. The concentration ¢f the moncmar was
20% by weight. After degassing inside the three-necked flask

using a vacuum pump and repeating replacement by argon three
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times, stirring was caerried out at 50°C for 0.5 hours, followed
by temperature rise to 70°C and further stirring for 6.5 hours.

After completion of the polymerization, the polymerization

o

reaction sclution was concentrated up to 470 g by an evaporator,
and then the soluticon was poured into Z-propancli/n-hexane (=
500 mL/5CGO L) . Aft@r.b@ing left to stand, the supernatant was
removed by decantation. The obtained solid component was washed
five times with 2-propancl/n~hexrane (= 250mL/250mL). The solid
component was dried overnight by a vacuum drying oven at 60°C.
Liguid nitrogen was charged and the solid component was crushed
by a spatula, and then dried by a vacuum drying coven at £0°C
for 3 hours. The thus obtained copolymer had a molecular welght
of Mn: 54 kD, Mw: 162 kD (Mw/Mn = 3.0).
[ 0155]
Synthesis Example 8
<CPDA: N,N-dimethylacrylamide/acrylic acid (molar ratio of
85/5)>
Inathree-necked flask, N, N~dimethylacrylamide {(DMA, 0.19
mol), acrylic acid (AR, 0.01 mol}, pure water, a polymerization
initiator VA-061 (Wako Pure Chemical Industries, Ltd., $.093
mmol) and Z-mercaptoethancl (2-ME, .07 mmol) were charged, and
then eguipped with a three-way stop-cock, & reflux condenser
tube, & thermometer and a mechanical stirrer. The concentration
of the moncmer was 20% by walight. After degassing inside the

three-necked flask using a vacuum punp and repeating replacement
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by argon three times, stirring was carried out at 50°C for 0.5

hours, followed by temperature rise to 70°C and further stirring

4]

for 6.5 hours., After completicon of the polymerization, the

N

polymerization reaction sclution was concentrated up to 350 g
by an evaporator, and then the sclution was poured into
Z-propanol/n-hexane (=200mL/200mL) . Afterbeinglefttostand,
the supernatant was removed by decantation. The obtained solid
component was washed three times with Z-propvancl/n~hexane (=
100 mL/100 mL). The solid component was dried overnight by a
vacuum drying oven at 60°C. Liguid nitrogen was charged and the
solid component was crushed by a spatula, and then dried by a
vacuum drying oven at 60°C for 3 hours. The thus obtained
copolymar had a molecular welght of Mn: 77 kD, Mw: 229 kbD.
[ 0136]
Synthesis Examples % to 16
<CPDA: N,N-dimethylacrylamide/acrylic acid>

Polymerswere obtainedby the same procedure as in Synthesis
Example 8, except that amcunts and concentrations of monomers
of N,N~dimethylacrylamide {(DMA), acryvlic acid (&d), a
polymerization initiater VA-061 and Z-mercaptoethancl (2-ME)
wera selt Lo values shown in Table 5.

[ 01571
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[ Table 5]

iy e
DMA BA | VA-061 | 2-ME Honemst
{mol) {mol) | {mmol) (mmol) | CORCEntration
‘ - T T (% by weight)
Synthesis Example 8 0.19 0.0% 0.093 C.070 20
Synthesis Example & 0.1¢6 .04 0.124 0.140 20
SynthesisBExample 10 5.10 .10 .124 0.140 20
SynthesigBExampisll 0.19 0.01 0.03% 0.035 15
SynthesisExamplel2 0.1¢ 0.04 0.03% 0.035 15
i
SynthesisExampiel3 | 0.10 .10 0.031 : 0.035% 15
SynthesisExample 14 0.19 0.01 0.015 G.017 15
Synthesis Example 15 J.16 G.04 0.025 0.023 15
Synthesis Example 16 4.10 G.10 0.025 0.035 15

1 0158]
Synthesis Example 17
<CPDEAC: N, N-diethyl acrylamide/acrylovlimorpholines

In a 300 mL three-necked flask, N,N-diethyl acrylamide
(12.7 g, 0.100mol), N-acryloylmerpholine (14.12 g, 0.100 mol),
t-amylialcohol (€3.2049), apolymerizationinitiator VA-0&1 (Wako
Pure Chemical Industries, Ltd., 0.0310qg, 0.124mmol} werecharged,
and then equipped with a three-way stop-cock, a reflux condenser
tube, & thermometer and a mechanical stirrer. The concentration
of the monomer was 30% by weight. After degassing lnside the
three-necked flask using a vacuum pump and repeating replacement
by argon three times, stirring was carried out at 70°C for 1
hour, followed by temperature rise to 75°C and further stirring
for 4 hours. After completion of the polymerization, the

polymerization reaction seolution was cooled Lo room temperature
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and the sclvent was distilled off by an evaporator, and then
washed once with each of n-hexane/methancl (= 300 mL/80 mL, 130
mL/35 mL, 100 mL/20 mL and 100 mL/10 mL}. The solid component

was dried overnight by a vacuum drying oven at 60°C. Liguid

nitrogen was charged and the solid component was crushed by

Y

spatula, and then dried by a vacuum drying oven at 60°C for 2
nours. The thus obtained copolymer had a moclecular welght of
Mn: 49kD, Mw: 162kD (Mw/Mn = 3.3).
[ 0159]
Syntheslis Example 18
<CPACDM: Acryloylmgrpholine/N,N-dimethylacrylamider
Tna300mlthree-necked flask, N~acryleyimorpheoline {14.20
g, 0.101 mol), N,N-dimethylacrylamide {DMA, 2.2%2 g, 0.100 mol),
t-amyl alcohol (96.63g), apolymerizaticoninitiator VA-061 {Wako
Pure Chemical Industries, Ltd., 0.0310 g, 0.124 mmol),
2-mercaptoethanol (8¢ nL, 1.23 mmcl) were charged, and then
equipped with a three-~way stop-cock, a reflux condenser tube,
a thermometer and a mechanical stirrsr. The concentration of
the monomer was 20% by welight. After degassing inside the
three-necked flask using a vacuum punp and repeating replacement
by argon three times, stirring was carried out at 70°C for 1
hour, followed by temperature rise to 75°C and further stirring
for 4 hours. After completion of the polymerization, the
polymerization reaction solution was cooled to room temperature

and the sclvent was distilled off by an evaporator, and then
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washed once with each of n-hexane/methanol (= 400 mL/30 mL, 500
mL/40 mL, 130 mL/2 mL and 200 mL/7 mL}. The solid component was
dried overnight by a vacuumdrving oven at 60°C. Liguidnitrogen
was charged and the solid component was crushed by a spatula,
and then dried by a vacuum drying oven at 60°C for 3 hours. The
. thus cbtained copolymer had a molecular weight of Mn: 4.3 kD,
Mw: 17 kD (Mw/Mn = 4.%1)).
[ 0160]
Synthesis Example 19
<CPDEDM: N,N-diethyl acrylamide/N,N-dimethylacrylamide>

Ina300ml three-neckedflask, N, N-diethvylacrylamide {DEAA,
19.22 ¢, 0.1%1 mol), N,N~dimethylacrylamide (DMA, 14.88 g, 0.150
moly, TAA (104.65 g) and a polymerization initiator VA-061 (Wako
Pyure Chemical Industries, Ltd., 0.0465qg, 0.186mmol} were charged,
and then equipped with a three~way stop-cock, a reflux condenser
tube, a thermometer and a mechanical stirrer. The concentration
of the monomer was 25% by weight. After degassing inside the
three-necked flask using a vacuum pump and repeating replacement
by argon three times, stirring was carried out at 70°C for 1.5
hours, followed by temperature rise to 75°C and further stirring
for 3.5 hours. After completion of the polymerization, the
volymerization reaction solution was cooled to room temperature
and the solvent was distilled off by an evaporator, and then
washed once with each of n-hexanse/methancl (= 500 mL/0 mL, 250

ml/25% mL, 200 mL/30 mL and 200 mL/3 mlL). The solid componaent



was dried overnight by a vacuum drying oven at 60°C. Liguid
nirtrogen was charged and the solid component was crushed by a
spatula, and then dried by a vacuum drying oven at 60°C far 3
hours. The thus obtained copolymer had a molecular weight of

Mn: 90kD, Mw: 327kD (Mw/Mn = 3.7).

Synthesis Example 20
<CPHEDM:
N-{Z~hydroxyethyl)acrylamide/N,N~dimethylacrylamide>

In a 300 mL three-necked flask,
N-{Z2-hydroxyethyl)acrylamide (15.04 g, 0.100 mol),
N, N-dimethylacrylamide (2.%26qg, 0.100mol}, t-amyl alcohol (99.80
T g), polymerization initiator VA-06l (Wako Pure Chemical
Industries, Ltd., 0.0310 g, 0.124 mmol) were charged, and then
egquipped with a three-way stop-cock, a reflux condenser tube,
a thermometer and a mechanical stirrer. The concentration of
the monomer was 20% by weight. After degassing inside the
three-necked flask using a vacuum pump and repeating replacement
py argon three times, stirring was carried out at 70°C for 1
hour, followed by temperature rise to 75°C and further stirring
for 4 heours. After completicn of the polymerization, the
polymerization reaction sclution was cooled to room temperature
and the solvent was distilled off by an evaporator, and then
washed once with each of n-hexane/methancol (= 200 mL/100 mL,

200mL/100mL, 100 nL/40 mL and 100 mL/60mL) . The solid component
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[s]

was dried covernight by a vacuum drying oven at 60°C. Ligu:id
nitrogen was charged and the sclid component was crushed by a
spatula, and then dried by a vacuum drying oven at 60°C for 3

hours. The thus eobtained copolymer had a molecular weight of

Mn: 109 kD, Mw: 660 kD {Mw/Mn = 6.1).

Synthesis Example 21
ZCPHA: Z-hydroxyethyl methacrylate/acrylic acid (molar ratio
of 3/1)>

Ina 300mL three-neckedflask, Z-hydroxyethylmethacrylate
(HEMA, 17.1 g, 0.15 moly, acrylic acid {RA, 3.6 g, 0.05 mol),
dimethyl sulfoxide (48.4g) andapelymerizationinitiator VA-061
(Wako Pure Chemical Industries, Ltd., 0.0310 g, 0.124 mmol) weﬁe
charged, and then eguipped with a three-way steop-cock, a reflux
condenser tube, a thermometer and a mechanical stirrer. The
concentration of the monomer was 30% by weight. After degassing
inside the three~neckedwfla$k using a vacuum pump and repeating

replacament by argon three times, stirring was carried out at

§

On

0°C for 0.5 hours, followed by temperature rise to 70°C and
further stirring for 4.5 hours. After completion of the

polymerization, the polymerization reaction solutionwas cocled
to room temperature and 100 mL of ethancl was added, and then
the mixed solution was poured into 500 mL of water and left to
stand overnight. On the next day, the supernatant was discarded

and the obtained solid component was further washed twice with
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500 mlL of water., The solid component was drled overnight by a
vacuum drying oven at 60°C. Liquid nitrogen was charged and the
solid component was crushed by a gpatula, and then dried by a
vacuum drying>oven at 60°C for 3 hours. The thus obtained
copolymer had a molecular weight of Mn: 61 kD, Mw: 267 kD (Mw/Mn
= 404
[ 0163]
Synthesis Example 22
<CPHA: 2-hydroxyethyl methacrylate/acrylic acid (molar ratioc
of 3/1)>

Ina300mLthree-necked flask, 2~hydroxyethvlmethacrylate
{HEMA, 10.3 g,_0.09 moly, acrylic acid (AR, 2.2 g, 0.03 mol),
dimethyl sulfcexide (4%.7 g), polymerization initiator VA-0&1
(Wako Pure Chemical Industries, Ltd., G.009 g, 0.038 mmol} and
Z-mercaptoethancl (2-ME, 2.6 uL, 0.038 mmol) were charged, and
then equipped with a three-way stop-cock, a reflux condenser
tube, a thermometer and a mechanical stirrer. The concentration
of the monomer was 20% by welght. After degassing inside the
threse-necked flask using a vacuumpump and repeating replacement
by argon three times, stirring was carried out at 60°C for 0.5
nours, followed by temperature rise to 70°C and further stirring
for 4.5 hours. After completion of the polymerization, the
polymerization reaction solution was cooled to room tenperalure
and 20 mL of ethancl was added, and then the mixed sclution was

poured into 500 mL of water and left to stand overnight. On the
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next day, the supernatant was discarded and the obtained solid

component was further washed twice with 500 mlL of water. The

foute
+

solid component was dried overnight by a vacuum drying oven at

v

60°C. Liguid nitrogen was charged and the solid component was
crushed by a spatula, and then dried by a vacuum drying oven
at 60°C for 3 hours. The thus obtained copelymer had a molecular

weight of Mn: 83 kD, Mw: 188 kD (Mw/Mn = 2.3).

Synthesis Fxample 23

<CPHA: 2-hydroxyethyl methacrylate/acrylic acid (melar ratio

of 3/1)>»
Ina300mlthree-necked flask, Z~hydroxyethyl methacrylate

(UEMA, 10.3 g, 0.09% mol), acrylic acid (AA, 2.2 g, 0.03 mol),

dimethyl sulfoxide (49.8 g}, a poiymerizatioh initiator VA-{61

{(Hako Pure Chemical Industries, Ltd., 0.00%2 g, 0.038 mmol},

Z-mercaptoethanol (Z2-ME, 7.8 ui, 0.111 mmecl) were charged, and

¢

then equipped with a three-way stop-cock, a reflux condenser
tube,eathermometerandeamechanicalstifrer. The concentration
of the monomer was 20% by weight. After degassing inside the
three-neckad flask using a vacuum pump and repsgating replacement
by argon three times, stirring was carried out at 60°C for 0.5
hours, followed by temperature rise to 70°C and further stirring
for 4.5 hours. After completion of the polymerization, the

polymerization reacticn solution was cooled to room temperature

and 20 mlL of ethancol was added, and then the mixed solution was
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-

poured into 500 mL of water and left to stand overnight. On the
next day, the supernatant was discarded and the obtained solid
component was further washed twice with 500 mL of water. The

solid component was dried overnight by a vacuum drying oven at
60°C. Liguid nitrogen was charged and the solid component was
crushed by a spatula, and then dried by a vacuum drying oven
at 60°C for 3 hours. The thus obtained copolymer had amolecular

weight of Mn: 30 kD, Mw: 96 kD (Mw/Mn = 1.9).

[ 0165]

~

w2

ynthesis Example 24
<CPHA: Z-hydroxyethyl methacrylate/acrylic acid (molar ratic
of 1/1)>
inal2d0mLthree-necked flask, 2-hydroxyethyl methacrylate
(HEMA, 11.4 g, 0.10 mol), acrylic acid (AR, 7.21 g, 0.10 mol),
dimethyl sulfoxide (74.5¢) andapolymerizationinitiator VA-061
(Wako Pure Chemical Industries, Ltd., 0.016 g, 0.062 mmol) were
charged, and then equipped with a three-way stop~cock, a ref.ux
condenser tube, a thermometer and a mechanical stirrer. The
concentration of the monomer was 20% by welght. After degassing
inside the three-necked flask using a vacuum pump and repeating
replacement by argon three times, stirring was carried out at
60°C for 0.5 hours, followed by temperature rise to 70°C and
further stirring for 6.5 hours. After completion of the
polymerization, the polymerization reaction solution was cooled

£o room temperature, and then the mixed solution was poured 1nto
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watar {1,000 mL}/ethancl (10 ml) and left to stand overnight.
On the next day, the supernatant was discarded and the obtailned
solid component was further washed twice with 700 mL of water.
The seolid component was dried overnight by a vacuum drying cven
at 60°C. Liguid nitrogen was charged and the solid component
was crushed by & spatulia, and then dried by a vacuum drying oven
at 60°C for 3 hours. The thus obtainexicopolymér‘hadeamoleculaz
weight of Mn: 79 kD, Mw: 226 kD (Mw/Mn = 2.9).
f 0166)]
Reference Example 38

Hereinafter, pure water means water purified by filtering
through a reverse osmesls membrane.
Preparation of Coating Sclutiocon
<PEI solution A>

Polyethyiensimine (P3143, Sigma-Aldrich Corporation,
molecular weight of 750,000) was dissolvedinpure water tochtalin
an agueous 1% by welight sclution.
<PEI sclution B>

Polyethyleneimine {(P-70, 167-11%51, Wakoe Pure Chemical
Industries, Ltd., molecular weight of 70,000} was dissolved in
pure water to obtain an agueocus 1% by weight solution.
<PRA solution>

Polyacrylicacid (169-18591, Wako PureChemical Industries,
Ltd., molecular weight 250,600} was dissolved in pure water to

obtain an agueocus 1.2% by weight solution.
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<PBAAM soliution A>

Polyailylamine {PAA~15C, Nitto BosekiCo., Ltd., molecular
weight 15,000) was dissolved in pure water to chbtain an agueous
1% by weight solution.
<PARM sclution B>

Polyallylamine {PAA-25, Nitto Boseki Co., Ltd., molecular
weight 25, 000) was dissolved in pure water to obtain an agueous
1% by welght solution.
<PAS sclution>

A diallyldimethylammonium chloride polymer (PAS-H-10L,
Nitto BosekiCo., Ltd., molecularweight of 200,000 wasdissolved
in pure water to chtain an aguecus 1% by welght solution
<Scluticn of Copolymer>

The copolymers cobtained in the Synthesis Examples shown

in Table 6 were respectively dissolved in the solvents shown
in Table 6 to obtain soluticons having each concentration shown

in Table 6.

[ 0le7]



[ Table ©]

solution J

Example 14

Copelymerization | Copolymerization A B MA Mo Soluticon
Copolymer MONOMET MONOMEY {(Molar i (Molar (QD} (ﬁﬁ) Solvent concentration
. ) o i
A B ratio) | ratio) (% by weight)
CPVPA Synthesis
. ﬁy NVP AA Z 1 46 189 Pure water 1
solution A | Example 1
CPVPA Synthesis
} _,yp ?bl@ WP AR 1 2 65 202 Pure water 1
solution B | Example 2
CPVPA hesis e .
. %ynt e NVP AB 30 10 35 130 Pure water 1
solution C | Example 3
CPVPA Synthesis -
JUVER | SYTRnes YR AR 80 20 a5 163 Pure water 1
solution D | Example 4 o
EBD “hasi .
,C ,A %ynt ?515 A AR 2 1 55 192 Pure water 1
solution A | Example 5
CPDA Synthes] ! ‘ -
. “yn . s DA ey 1 2 87 235 Pure water 1
solution B | Example ©
CPDA nthesis
] N %y] o DMA AR S0 10 54 162 Pure water 1
solution C | Example 7 i
CED Synthesis ]
rba SYNEREst oMA AR 95 5 77 229 Pure water 1
solution D | Example 8
CFBA 3 hesis
B synthess DMA AR 80 20 20 227 Pure water 1
solution E | Fxample 9
CPDA Sy 2518 _ . n '
| Synthes DMA AR 50 50 84 195 Pure water 1
solution F | Example 10 )
CPD Synthesi .
R Synthesis DA AR 65 5 135 | 423 Pure water 1
solution G | Example 1
CPDA Synthesi
. , ‘yr hests DMVA AL 80 20 il4 442 Pure water 1
_soluticn H | Example 12
CPDA Synthesis . .
L “YI ,é DMA AL - 50 50 148 472 - Pure water 1
solution I | Example 13
CPhA Synthesis - R
ynt DA AR 95 5 180 608 Pure water 1

06



Copolyimerization | Copolymerization A B y y Sclution
Mry i
Copolymer MONOmer MONomer (Molar | {Molar (kD) (KD} Solvent concentration
A B ratio) | ratio) ) (% by weight)
CPDA Synthesis . _ .
. ) i AR 80 29 7 Pure ter i
solution K | Example 15 DHR ¢ - 169 33 HEE W PW
CPDA Synthesls . o
. . DMA, AA 50 50 124 552 Pure water 1
sclution L | Example 16
CPDEA Synthesi
CEDEAC yAEResAs DEAR ACMO 50 50 49 162 Pure water 1
solution Example 17 -
C By synthesi .
PACI Synthes.s ACHD DMA 50 50 4.3 17 Pure water 1
solution | Example 18 =
DM Synthesis - -
CEDEL CyRhness DEAA DMA 50 50 50 327 Pure water 1
sojution | Exampie 13
CPHEDM Synthesi - .
CEHED THEResa S HEAR DA 50 50 109 | 660 Pure water 1
selution Example 20
CPHA Synthesis » . Agueous 0.5 wit%
. ; L \ HEMA AR 3 1 61 267 . 6.1
solution A | Example 71 methanol solution
CPHA Synthesis . Acgueous 0.5 wi%
, o o HEMB AP 3 1 83 188 . 1
solution B | Example 27 ) methanol scolution 0.1
CPt Synthesis . Acuecus 0.5 wt%
criA Y ! HEMA A 3 1 50 96 duecus L. w 0.1
soiution € | Example 23 methanol solution
CPHA Synthesls ; ; . A 18 0.5 wth
_ Y 5 HEMA pa 1 1 79 226 queous 0.5 wt 0.1
soluticn D | Bxample 24 methanol solution
CPHA Synthesis . Aqueous 0.5 wt
ChEA = Synt HEMA an 3 1 50 96 dueous V.2 W 0.01
solution B | Example 23 methancl solution o
“PHA Synthesi ) Aguecus 5 wt3
P SRESLS HEMA AR 3 1 59 96 quects - W 1

solution F

Example 23

methanol sclution

[ 0168]

[6
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NVP: N-vinylpyrrolidons
DMA: N,N-dimethylacrylamide
DEAA: N,N-diethylacrylamide
ACMO: ARcryioylmorpholine
HEAZ: N-(Z-hydroxyethyl)acrylamide
HEMA: Z-hydroxyethyl methacrylate
Bl Acrylic acid
<Other Solutions>

The substances shown in Table 7 were respectivelydissolived
in pure water to cbtain aguecus solutions having each

concentration shown in Table 7.



[ Table T}
. Sclution
Name of substance Mw‘ concentration
{kDj . .
(% by weight)
PEI soluticon A Polyethyleneimine 750 i
PEY sclution Bl Polyethyleneimine 70 1
PAA sclution | Polvacrylic acid 250 1.2
PARAM solutlon A | Polyallylamine 15 1
PALM sclution B Polyallylamine 25 1
PAS solution Diallyldimaethylammenium chloride 200 1
polymer
PVP solution | Polyvinylipyrrolidene (K9G} 300 1
POMAA solutlon | Poly({N,N-dimethylacrylamide) 4C0 1
VAEZ solution Vinylpyrroliéone/vinyl acetate 190 N
(60/40}) copolymer
PACMC solution | Polyacryioylmarpholing 2483 1
PDERA sclution | Poly (N, N-diethylacrylamide} 47 1
PMMAZ soluticn | Pely{N-methoxymethilacrylamide) 17 1
PHMAA solution | Pely{-hydroxymethylacrylamide) 148 1
PNVE solution | Poly (N-vinylformamide) 1583 1
PHEAA solution | Polyl N—{(Z-hydroxyethyl)acrylamidel 85 L
AcOH solution | Acetic acid - i
DEA solution -| Pliethylamine - 1
AP sclution A |Hyzluronic acid Ha 1,150 0.1
AF sclution B | KIMICA ALGIN I-3 349 0.1
AP solution C | Alginic acid ester HV 3Z8 0.1
AP soluticon D | N5-300 {(Carmellosel 12,000 0.1
AP solution E | SUNROSE (APP-84) 543 0.1
AP solution F | Chondroitin sulfate Na 25 0.1
AP solution & | GLYLOID &C 500 0.1
AP solution H | Rhaball gum CG-SFT 5,340 G.1
AP solution I | APP-84 543 1

[ 0170}

HyaluronicacidNa: Sodiumnvaluronate (CHA} (CHISSO CORPORATICN)

KIMICA ALGIN I~3: Scdium alginate {(KIMICA Corporation)

KIMILOID

HV:

Alginic acid propylene glycol ester

(KIMICA
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corporation)
NS;3OO (Carmellose): Carboxymethyl cellulose (GCTOKU CHEMICAL
COMPANY LTD.)
SUNRCSE (APP-84): Carboxymethyl cellulose
(NEPPON PAPER Chemicals CO., LTD.)
Chondreitin sulfate Na: Chondroltin sulfate sodium (SEIKAGAKU
CORPORATION)
GLYLOID 6C: Tamarind gum (Dainippon Sumitcomo Pharma Co., Litd.)
Rhaball gum CG~8FT: Xanthan gum (Dalnippon Sumitoeme Pharma Co.,
Ltd.y.
F01713
Examples 1 to 3

Themoldings cbtained in the respective Reference Examples
shown in Table 8 were immaersed in a PET solution & for 30 minutes
and then respectively immersed in three pure water baths for

5 minutes.

T

he meldings were immersed in a PAA solution for 30
minutes and then respectively immersed in three pure water baths
for % minutes. Wettability and dynamic contact angle of the
cbtained low water content scft contact lenses were evaiuated.
The results are shown in Table 8. The reference sign “-" in the
table means that a ceoating operation using & solution 1s not
carried out.

[0172]

Examples 4 to 6

The moldings obtalined in the respective Reference Examples
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shown in Table £ were immersed in a PAA solution for 30 minutes
and then respectively immersed in three pure water baths for
5 minutes. The moldings were immersed in a PEL sclution A for
30 minutes and then respectively immersed in three pure water
bathsforSnﬂnutes. The moldings were immersed in & PAR solution
for 30 minutes and then respectively immersed in three pure water
baths for S minutes. Wettability and dynamic contact angle of
the obtained lowwater content soft contact lenseswereevaluated,

The results are shown in Tabls 2.

Examples 7 to 14

The meldings obtained in the respective Reference Examplies
shown in Table 8 were immersed.in a first solution for 30 minutes
and then respectively immersed in three pure water baths for
5 minutes. The meldings were immersed in a second sclution for
30 minutes and then respectively immersed in thres pure water
baths for Sminutes. Themoldings were inmersed ina PAA solution
for 30 minutes and then respectively immersed in three pure water
baths for 5 minutes. Wettability and dynamic contact angle of
theobtained lowwater content soft contact lenseswereevaluated.
The results are shown in Table §.
[ 0174]
Comparative Examples 1 Lo 3

Wettability and dynamic contact angle of the moldings

obtained in the respeciive Reference Examples shown in Table
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8wereevaluated. TheresultsareshowninTableB. Thereference
sign “-" in the table means that a ceating operatlion using a
soluticn is not carried out.
[ 0175]
Comparative Examples 4 to ©

The moldings obtained in the respective Reference Examples
shown in Table 8 wers immersad in a PET solution A for 30 minutes
and then respectively immersed in three pure water baths for
Sminutes. Wettabilityanddynamiccontact angle of the cbtained
lowwatercontent softcontact lenseswereevaluated. Theresults
are shown in Table 8. The reference sign “-"” in the table means
that a coating operation using a solution is not carried out.
[ 0178]
Comparative Examples 7 to 9

The moldings obtained in the respective Reference Examples
shown in Table 8 were immersed in a PAA solution for 30 minutes
and then respectively immersed in three pure water baths for
Sminutes. Wettability anddynamiccontact angle of the obtained
lowwater content soft contact lenseswereevaluated. Theresults
are shown in Table 8. The reference sign "-" in the table means

out.

0.

that a coating operation using a solution 1s not carrie

[ C177]



[ Table &)

Molding subjected

First solution

Second sclution

Third

Wettalkility

Dyvnamic

contact angle

ceating selution
{(Advance)

Example i Reference Examéle 4 | PET solution A FAA solution - 2 Unevaluated
Example 2 Reference Example 16| PEI solutiocn A PEA solution - B Unevaluated
Exanmple 3 Reference Example 22 | PEI solutlicn A& PAR zolution - B Unevaluated
Example 4 Reference Example 4 PAA soclutlon PEI solution A | PAA solution A 65

Example 5 Refarence Example 16| FAA solution PEI scolution A | PAA solution A 59

Example © Refarence Example 22| PAA sclution PE1 solution & | PAR solution A 54

Example 7 Reference Example 4 Pak solution PAS solution PAA solution A Unevaluated
Example & Reference Example 4 PAA solution PAAM solution A | PAA solution A Unevaluated
Example 9 Reference Example 4 PAL soiufion PAAM soluticn B | PAA solution A Unevaluated
Example 10 Reference Example 4 Pax solution PEI scoluticon B | PAA solubion A Unevaluated
Example 11 Reference Example 22 PAA solution PAS solution PAA solution A Unevaluated
Example 12 Reference Example 22 PAA solution PAAM solution A PAA soiution A Unevaluated
Example 13 Reference BExample 22 PAL solution | PAAM solution B PAA sclution A Unevaluated
Example 14 Reference Example 22 PAA solution PEI sclution B | FAA sclution A Unevaluated

L6



Molding subjected to

First scluticon

Second sclution

Third

Wettability

Dynamic

contact angle

Exanmple 8

Reference Example 22

coating soluticn
(Advance)
Comparative
] Reference Example 4 - - - E 115
Example 1 B
Comparative ) ) .
Reference Example 16 - - - E 118
Lxample 2
Comparative § } i
i ) Referance Exanple 22 - - - E 113
Example 3 .
Comparative i ) ) ]
Reference Example 4 | PEI sclution A - - B Unevaluated
| Example 4 o :
Comparative . ) . ; i
Reference Example 16| PEI soiution A - - ) Unevaluated
Example 5 4
Comparative ]
Reference Example 22| PELl solution A - - 5 Unevaluated
Example & S
Comparative ) ] i i ]
. Reference Example 4 PAZ solution - - i Unevaluated
Example 7 .
Comparative i .
Reference Example 16 PAA solution — - B Unevaluated
Example B
Comparative . i .
PaA solution | - - E Unevaluated

[ 0178]

86
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Reference Exanples 39 to 42

In the very same manner as in Reference Exanmple 1, except
that polydimethylsilcexane having a methacryleyl group at both
ends (DM3-R31, Gelest, Inc., below-mentiocned compound of the
formula (MZ), number average molacular weight of 13,000} (50
parts by weight) was used as a component A, and that a monomer
having a fluorcalkyl group shown in Table 89 (50 parts by weight)
was used as a component B, a low water content soft contact lenses
ware obtained. The evaluation results of the obtained low water
content soft contact lenses are shown in Table 9.

[ D179)



[ Table 9

Component B

Fvaluation results

Component A 51 atom
T " Elongation
DMS~R31L N (Parts b}" content . . E . ]:“Oldlflq
et ame ‘o o TANSPALenc wmber of specimens
(Parts by weight) : weight) (% by weight) sk Y ({1 P resistance
which were net broken)
Reference
50 Biscoat 3FM 50 19 A 4 B
Example 39
Reference . ) )
50 Biscoat 8F 50 19 B 3 B
Example 40
Reference ) ‘ o
. . 50 Biscoat 17F 50 i9 *1 *1 =1
Exampie 41
Reference -
506 HFIFP-M 50 ig A 4 A
Example 42

*1: abandoned polymerization because of phase separation

of polvmerization raw sclution

001
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Biscoat 3FM: Trifluorcethylmethacrylate (OsakaOrganicChemical
Industry Ltd.)
Bisceat BF: Octafluoropentyl acrylate (Csaka Organic Chemical
Industry Ltd.)
Biscoat 17F: Heptadecafluorodecyl acrylate (Osaka Organic
Chemical Industry Ltd.)
HEIP-M: Hexafluoroisopropyl methacrylate (Central Glass Co.,
Lrd.} .
[ 0181)
Reference Example 43

Polydimethyisiloxane having a methacryloyl group at both
ends (DMS5-R31, Gelest, Inc., below-mentioned compound of the
formula (MZ), number average molecular welght of 30,000) (50
parts by welight) as a component A, trifluorcethyl acrylate
(Biscoat 3F, Osaka Organic Chemical Industry Ltd.) (46 parts
by weight) as a component B, methyl methacrylate (3 parts by
weight) as a component C, an ultraviolet absorber having a
polymerizablegroup (RUVA-93, compound representedby the formula
(M1), Otsuka Chemical Co., Ltd.) (lpartbyweight) as a component
C, a polymerization initiator“IRGACURE®™ 1850 (Ciba Specialty
Chemicals Inc., Z parts by weight) and t-amyl alcohol (10 parts
by welght) were mixed and then stirred. 2As a result, a uniform
and traﬁsparent monomer mixture was obtained. This monomer
mixture was charged in a test tube and degassing was carried

cut under reduced pressure cf 20 Torr {27 hPa) while stirrving
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using a touch mixer, and then the pressure was returned to
atmospheric pressure using an argon gas. This operation was
repsatedthree times. Inacgloveboxunder aniirogenatmosphere,
the monomer mixture was injected intoc a mold for contact lens
made cf a transparent resin (poly-4d-methylpentene-1) and then
polymerized by irradiating with light (8,000 lux, 20 minutes)
using a fluorescent lamp {(Toshiba Corporation, FL-6D,
quasi-daylight, oW, 4 lamps). After polymerization, the wholse
mold was immersed in an agueous 60% by welght isopropyl alcohol
solution and a contact lens~shaped molding was removed from the
mold. The obtalinedmolding was immersed in a large excess amount
of an aqueous 80% by welght isopropyl alccohol sclution at 60°C

1

or 2 hours. Furthermore, the molding was immersec

Fho

in a large
excess amount of an agueous 50% by welght isopropyl alcohol
sclutionat roomtemperature for 30minutes, followedby immersion
1n a large excess ameount of an agusous 25% by welght isopropyl
alcohol Soiufioneﬂtromntemperature foriﬂ)minutes,aumifurther
immersicninalargeexcessancunt ofpurewaterat roomtenperature
for 30minutes. Finally, themolding immersedincleanpurewater
was put in a closed vial bottle, and then autcoclave sterilization
was carried out at 121°C for 30 minutes. The cbtained molding
had a water content of less than 1%. Using two glass plates and
a gaskst as a mold, a film-shapsed sample measuring 60 mm x &0
mm x 9.25 mm was obtained.

P 0182]



[ Chemical Formula 3]

[ 0183)
Reference Examples 44 to 47 ang 70 to 75

In the same manner as in Reference Example 43, except that
the components shown in Table 10 were used, contact lens-shaped
moldings, and film-shaped samples each measuring 60 mm x 60 mm
» (0.25 mm were obtained. The reference sign “~"” in the table
means that the component is nect used.

[ 0184]



[ Table 10]

Com t lymerization
Componant A Component B Component C Cotmponent © Component C omp?nen Po.yﬁe? Fation Solvent
) C initiator .
" 31 atom
Jltraviclet! . o
. Colorant ) content
Parts Parts Parts Parts ahsorber . N Parts Parts o
. . . i Uniblue A {% by
Name by Nams oy Name by Name oy RUOVA-G3 (Parts b Name by Name by weight)
weight welght welght welght | (Parts by we*Lht)y welght welghts g
weright) +
Reference . Bigcoat . . IRGACURE
DME-R31 50 ’ 46 M2 3 - - 1 - 1 TA 16
Example 43 ar A ’ 1850 A 19
Reference : Biscoat TRGACURE
FM-7726 50 16 MMA 3 - — 1 - 1 TAA 10 19
Example 441 3F 1850
Reference . Biscoat IRGACURE
Fiv-77 : 5 46 MA — - 1 - 1 Wi { i
Example 45 FM-T726L 0 . N 3 850 1 TAR 10 19
Reference . Biscoat IRGACURE
H-22-1 50 46 3 - - 1 - : 2y ¢
Example 46 164C ) e MMA 1850 1 ThA 10 18
Raference Biscoat ) TRGACURE
DMS~RZ2 50 46 3 - - 1 - TAR 1 1
Example 47 e | Hn 1850 . v 8
Reference | o gv0g gg | BESEOALL s o 5 DMAA 1 1 0.1 IRGRCURE | o o 1 g 10 18
Example 48 3F 819
Reference Biscoatl . ) - ; TRGACURE
FM-T7726 47 45 E 5 MAZ 3 1 0.1 0.5 : 10 i
Example 49 ' 3F A D 819 TRA +8
Reference | oy 9906 g5 | PREEORTL s L pmual s DMAA 5 1 p.1 | TRERCUEEL a5 | 10 17
Example 50 3F 819
Refea: 2 Biscoat IRGACURE
RELEIENCE | 7726 47 S 45 | ErAMA 5 DMAR 8 1 9.1 0.5 | Tan 10 16
Example 51 3E 819
Refer 31 at IRGACURE .-
Reference | o 7706 49 tEcos 45 | EBMA 5 PMAEA 1 1 0.1 ? 0.5 | Taa 10 18
Example 52 3F 819
ref e N B Biscoat - ] IRGACURE
eteren F14-7726 47 e 45 | EMMA! 5 DMBER 3 1 0.1 - 0.5 | TAA| 10 18
Example 53 3F 819
Refe s Bi t ) TRGACU '
FRETENCE | 7726 42 reees 45 | BHMA] 5 DMAER | 8 1 0.1 BOUREL 05 | man | 30 16
Example 54 35 819
Reference e Biscoat . ) . ; TRGACURE
N ce| FM-TT26 49 45 EHMA 5 [MAPARA 1 1 0.1 J.5 TAA 10 i8
Fxample 55 3K 2193

FOI



. Compaonent] Polymerizat
Component A Component B Component € Component C Component p{ﬂ 'id-aitﬂ'laiaormn Solvent
1 travioler = SR 51 atom
. Uitraviolst| o« ant ) ‘ content
Parts Parts Parts Parts absorber Uniblue A Parts Parts (% by
Name by MName by Name Iy Naina by RUVA-03 ( Par;;s n Name by Name by we;qhz)
welght welight weight weight | (Parts by el h“)y welght weight | 7
[
welght) ?
Reference .- Blscoat ITRGACURE
CLELSNCE | 7726 47 e 45 | mmal 5 | pwmPmnl 3 1 0.1 e 0.5 | TAn| 10 18
Example 56 ) 3F 818
Ref nce 1 8C0: . . TRGACURE
Reference | oy 9904 gz | BIEEOAtL e o 5 CMADAR g 1 0.1 A 0.5 | Tan 10 16
Fxample 57 3F 819
Referenc - Biscoat . } TRGACURE
GTELEREE L m-7726 49 o 45 | gmMA| 5 | DEaEMAL 1 1 0.1 \ 0.5 | Tan | 10 18
Example 58 3 . B19
R C o . Biscoat . . . . IRGACURE .
eference | o 4996 17 Hoend 45 | BRMA| 5 DEAEMA| 3 1 0.1 - 0.5 | TAR| 10 18
Example 59 R T T 819
; IR o Bi . N . . IRGACURE
feference | oy 9906 42 1RCoatl us | pmmn| 5 | pEaEMA| 8 1 0.1 ALY 0.5 | TAA | 10 16
Example 60 3F 819
Reference Biscoat TRGACURE
N FM—777¢ 49 45 EHMA 5 BA 1 1 0.1 .5 TRAA 1 18
Example 61 ’ 6 3F - 816 v -0
Refer : ) . Biscoat . . . TRGACURE . -
CETErARCS |l me7726 | 47 SO s | Emal s Y 3 1 0.1 : 0.5 | TAA| 10 18
Example &2 3F 619
Ref > . Biscoat IRGACURE
Reference | .y 9726 4z HEeea 45 | BHMAL S BA 8 1 0.1 ACREL g5 | e 10 16
Example 63 3F 819
Reference N Biscoat } IRGACURE - )
BEONCE L mM-7726 g9 | T1Eo0A a5 | Emnl 5 MAR 1 1 0.1 0.5 | TRA| 10 18
Example 64 ] 3F 819
ferer —— _ Bisceat . ; TRGACURE
Reference | oy 9926 47 FECOAT L 45 ! EEMA 5 MAR 3 1 0.1 - 0.5 | TAA 10 18
fxampie 05 3F 819
ferenc Blscoat TRGACURE "
Reference | oy 9726 gp | Biscoa 45 | EHMA 5 MAA 8 1 0.1 HGRCUR 0.5 | TaA 10 16
Example 66 3F 819
Ref S ] . Biscoat } . IRGALURE _ ,
©RELSNCE | pMg-R3l 50 PSR 4 wn 3 - - 1 0.1 0.5 | TAA | 10 19
Example 67 3E 819
Reference Biscoat IRGACURE )
M~7726 50 . 46 BMA 3 - - 1 0.1 0.% TAA 10 )
Example 68 ' 3F 819 1

$01



Component!  Pol ization .
Camponent. A Component B Component. C Component C Compenent C omfg * ‘ iy:lietrilaflo; ! Soivent
e : i i atom
Ultraviclet Colorant content
Parts Parts Parts rarts absorber Uniblue A Parts Parts (¢ b
Name by Name by Name by Name by RUVA-93 T Name by Name by y
. . (Parts by . welght)
weight weight weight welghti (Parts by weight) welght welght
welght) e
anee His - TREACURE ) .
Reference | o ooer, o | Biscoat 46 MIA 3 - - 1 9.1 = 0.5 | TAA 10 19
Example 69 E N R R T e e 819
eference Riscoat ) ) IRGACURE
Reference | ny 9726 50 | PEOORRL 4 | waa 3 - 1 - - 2 TAA | 10 19
Example 70 3 819
Reference ) Biscoat ‘ TRGACURE }
DMS-R3 5 4 1 - - 1 - 2 T 1
Example 71 DMS-R3E 0 Ap & MMA 3 819 AR 10 g9
Refe - Biscoat ] IRGACURE
CTeTence | pMg-R31 50 PEEOSE 46 | maa 3 - - 1 - B 1 AR | 20 19
Example 72 3F 1850
fere ) iscoat IRGACURE . i ‘
RELersnce | us-r3l 50 | PR s | e 3 - - 1 - Bl oozs | el 20 19
Example 73 3r 819
£ gt 1 at, IRGARCURE
Reference | o w726 5 | Prsceat a6 MMA 3 - - 1 AURE gzs | Tan 20 19
Example 74 3F 819
° c Biscoal , IRGACURE . . .
Reference | o, g6 | so0 eeatl e | Mua 3 - - 1 - 0.25 | TAn | 20 19
Examplie 75 3F 8§19

[ 0185

901
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DMS~-R31: Compound of the formula (M2), Mw 30 kD, Mn 13 kD, Gelest,

FM=-T7726: Cqmpound of the formula (M2), Mw: 2% kD, Mn: 2¢ kD,
CHISSC CORPORATION
FM-772¢L: Compound of the formula (M2), Mw: 31 kD, Mn: 20 kD,
CHISSC CORPORATICN
X-22-164C: Compound of the formula, {(M2) Mw: 7.2 kD, Mn: 4.8
kD, éhinwEtsu Chemical Co. Ltd.
DMS—-RZ22: Compound of the formula (M2}, Mw: 8.3 kD, Mn: 7.4 kD,
Gealest, Inc.

In the formula (M2), n represents the number of repaating
units and is determined by the molecular welght of the compound.
[ 0184

[ Chemical Formula 4]

Me Me
O\/\\/S!‘{O Si W/K (M2)

Biscoat 3F: Trifluorcethyl acryvlate

[ 0187]

MMA : Methyi methacrylate

EHMA: Z-ethylhexyl acrylate

DMAA: N,N-dimethylacrylamide

DMAEA: N, N-dimethylaminoethyl acrylate
DMAPARA: N,N-diethylaminopropyl acrylamide
DEAEMA: N,N-diethylaminoethyl methacrvlate

TAA: T-~amyl alcohol
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AR Acrvlic acid
MAA: Methacrylic acid
Reference Example 48

Polydimethylsiloxane having a methacryloyl group at both
ends (FM7726, CHISSO CORPORATION, above-mentioned compound of
the formula (M2), weight average molecular weight of 29 kD, number
average molecular weight of 26 kD) (4% parts by weight) as a
component A, trifluorcethyl acrylate (Biscoat.EF,ésaka&)rganic
Chemical Industry Ltd.) (40 parts by weight) as a component B,
Z-ethylhexyvli acrylate (5 parts by weight) as a component ¢,
N, N-dimethylacrylamide kl part by weight) as a component C, an
ultraviolet absorber having a polymerizable group (RUVA-93,
Ctsuka Chemical Co., Ltd.) (1 part by weight) as a component
C, a colorant having a polymerizable group [ (Uniblue R,
Sigma-Aldrich Corporation, formula (M3)] (0.1 part by weight)
asacomponent ¢, apolymerization initiator "IRGACURE®™ 819 (Ciba
Specialty Chemicals Inc., G.75part by weilght) and t-amyl alcochol
{10 parts by weight) were mixed and then stirred. The mixture
was filtered through a membrane filter (0.45 um} to remove
insolublematters, and thus a monomer mixture was obtained. This
monomer mixture was charged in a test tubs and degassing was
carried out under reduced pressure of 20 Torr (27 hPa) while
stirring using a touch mixer, and then the pressure was returned
to atmospheric pressure using an arcon gas. This operation was

repeated three times. Inagloveboxunderanitrogenatmosphere,
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the monomer mixture was iniected into a mold for contact lens
made of a transparent resin {(poly-4-methylpentene-~1l) and then
polymerized by irradiating with light (8,000 lux, 20 minutes)
using a flucrescent lamp ({(Toshiba Corporation, FL-6D,
guasi-daylight, 6W, 4 lamps) . After polyvmerization, the whole
moid was immersed in an aqueous 60% by weight isopropyl alcohol
sclution and a contact lens-shaped molding was removed from the
mold. The chtainedmoldingwas immersed ina large excess amount
of an agueous 80% by weight lsopropyl alcohol solution at 60°C
fcr 2 hours. Furthermore, the molding was immerssed in a large
excess amount of an agueous 50% by weight isopropyl alcohol
soluticnatroomtemperature for 30minutes, followedby immersion
in a large excess amount of an agusous 25% by welight isopropyl
alcohol seolution at room temperature for 30 minutes, and further
immersioninalargeexcessamountof purewateratroomtenparature
for 30minutes. Finally, themolding immersedinclean pure water
was put in a cleosed vial bottle, and then autoclave sterilization
was carried out at 121°C for 30 minutes. The cbtained molding
had a water content of less than 1%, Using two glass plates and
a gasket as a mold, a film-shaped sample measuring 60 mm = 60
mm *x 0.25 mm was obtalned.

[ D188}

[ Chemical Formula 51
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[ 0189)
Reference Examples 4% to £9

In the same manner as in Reference Example 48, except that
the components shown in Table 10 were used, contact lens—-shaped
moldings, and film-shaped samples sach measuring €0 mm »x 60 mm
* 0,25 mm were cbtalned. The reference sign “-" in the table
means that the component is not used.
£ G1906)]
Examples 15 to 183, Comparative Examples 10 to 30 and Control
Example 1 and 2

The moldings or commercially available contact lenses
obtained in the respective Reference Examples shown in Tables
11 to 16 were immersed in a first sclution shown in Tables 11
te 16 for 20 minutes and then respectively immersed in three
pure water baths for L minutes. The moldings or commercially
avallable contact lens were immersed in a second solution shown
in Tables 11 ro 16 for 30 minutes and then respectively immersed
in three pure water baths for 5 minutes. The above-mentioned
operations were similarly repeated with respect to thirdto £ifth

soluticons. Theevaluation of the obtalned lowwater content soft
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contact lens was carried out. The results are shown in Tables
11 to16. Thereferencesign “-" in the table means that a coating
cperation using a sclutieon is not carried cut, or the evaluation
is not carried ocut.
[ 0121]

Corntrol Examples are commercially avallable silicone
hydrogel soft contact lenses and have a probliem that.wearers
often feel dry, while other physical preoperties are almost

satisfactory. Therefore, it is preferred that the ectiv

-
@
|
]

1y

b

physical properties of the low water content soft contact lense

ot
7
i

of the present invention are equal or supericr to those of Control
Exampies.

[01s2]



[ Table 11-1]

Fvaluation results

Molding ‘
y tJd First Second P Dynamic Bdhesion
subjecte . ; ot Thira solution contact |Friction | tubricit ~ 7 |Adhesion
to coatin solution solution Wettability } . of mucin L
ing angle (gf) Y -~ |ef lipid
g/ om;
(Acvance)
Example Reference PAR PET solution
) - B 60 61 C 2.7 —
15 Example 46 sclutlon A
Example Reference PAR PET solution )
) ) PRA solution A 36 42 C 3.4 D
16 Example 46 solution bl
Example Reference PAA FET solution ]
. : ) CPDAsolutionB B 34 22 A 6.0 -
17 Example 46 solution &
Example Reference PAR PEI solution ) .
. CPDAsclutionA B 32 20 A 1.8 =
18 Example 46 | solution A B
Exanple Reference PAA PETI solution .
i CPRAsolutionC C 39 46 B 2.3
19 Example 46 solution A
Example Reference FAA PET solution . o B
‘ CeDAsclutionD C 41 25 A 3.1 -
20 Example 46 | sclutlon A
Example Reference PAR PET solution .
) ] CPDAsclutionk . 24 29 A 3.2 -
21 Example 46 solution A
Example Reference PAA PEI solution .
. ) CPDAsclution¥ A 29 14 A 3.0 —
22 Example 46 salution A
Example Reference PAR PEL solution ) i .
) : ) CPhAsclutionG C 52 18 A 3.0 -
23 Example 46 solution A
Example Reference BAR PET sclution ) .
) ) CPDAsolutionh B 20 16 A 3.3 -
24 Example 46 | sclution A

il



Evaluation results
Moldin : :

b t‘gd First Second it soluLs Dynamic Adhasion
supjecte 11t o pirdsolution -ontact |Friction | Lubricit| _ aAdhesion
to coatin solution solution Wettability contact : “lof Mucin a :
C ATLNG angle (gi‘) Y 2 cf _]_;Lpld

(advance) /)
vance
Example Reference PAA PEI solutieon . ‘ _
- 3 o CPDAsolutionlI A 16 14 A 3.9 -
25 Example 46 | solutlon | B
Example Reference PAM PEL sclution ‘ . )
) ) CPDAsolutionJ C 4z Z3 A 3.5 0 -
26 Example 46 solutlion A :
Example Reference PARL PEI solution S )
. L . Crhasolutionk C 31 19 A 3.4 -
27 Example 46 solution A :
Example Reference PAA PEI solution ‘ ) ~
. . CPDAsoluticonl A 16 19 A 3.9 -
28 Example 46 | solution P .
Example Reference PAA PEI sclution ) o .
B ) AP solutiocn A B 26 55 C 2.4 -
29 Examcle 46 sclution B
Example Reference PAR PET seolutbtion . _ X
] _ ) AP solution B B 25 53 C 2.3 -~
30 Example 46 sclubion A
mxample Reference PAA PET solution , - ‘
‘ . ) AP solution C B 22 47 - C 2.6 -
31 Erample 46 1 solutilon A
Example Reference PAA PEI solution . )
_ o ] AP sclution D A 41 6l C 3.1 —
3z Examplie 46 solution A
Example Reference PAD PEI sclution i ] .
. . AP solution B A 25 71 C L.9 -
33 Example 46 | solution A
Example Reference PAR PET solution ) . . i
. AF solution F B 57 57 C 2.7
34 Example 46 ! solution A




BEvaluation results
Molding I
‘o First Second —— Lynamic Acdhesion
subjected solution solution Third solution I contact |Friction | Lubricity — —  |Adhesion
to tin Wettability ~ off mucin o
o coating angle (gf) N ., jof lipid
' (g /om?)
(rdvance)
fxample Retference PAA PEI scluticn o i
o ) AP sclution G B 53 63 C 2.8 —
35 Example 46 solution A
Example Reference PAA FEI solution ) . .
o i AP solution H R 50 49 C 2.9 —
36 Example 46 | solution L I T, I X
Example Reference PAA PET solution ) .
~ ) ) AP solution I A 47 55 C 2.5 —
37 Example 46 sclution B
Example Reference PAA PET sciution . .
o PVP scolution 5 53 57 D 2.7 -
38 Example 46 | solution B
Example Reference PAR PEI sclution . ] R
) ) ) YVAG4 solution o 83 56 o 3.0 -
39 Example 46 solution A
Example Reference PAR PEI solution . »
} i POMAA solution C 49 66 [N 3.8
40 Example 46 solution A .
Example | Reference PAR PEI solution ) L
L PACMO solution A 45 29 B 3.8 -
41 Example 46 salution A
Example Reference PAR PET solution )
o PDEAA sclution C 66 60 D 4.4 -
42 Example 46 | solution A
wxangple Feference PAA PET solution o . ; i )
) ) PMMAA solutlion C 85 14 D 3.6 -
43 Example 46 solutian A
Examplie Reference PAA PEI solution )
) PHMAA solution B 59 - 69 D 3.2 -
44 Example 46 | solution A




Molding

Evaluation results

First Second Dynamic adhesi
subiected Third solution b St g L epp CESLION .
77 ]J ‘ solution solution Wettability contact |Friction Lubrlc1L<Of Mucin Adhesion
to coating - angle (gf) v o jof lipid
] g /om’)
(Bdvance)
Example Reference PAR PEI solution ,
- o PNVE solution A 37 68 D 3.2 -
45 Example 46 | sclution 2, B T R
Example Reference PAA PEI solution . )
) PHEAA soluticon B 51 73 D 3.9 -
44 Example 46 | solution A
Example Reference BAA PEI scluticn CPDEAC
i . B 60 63 o 3.4 -
4 Example 46 solution A solution
Example Refaerence PAA PEL sciution CPACDM ) o
) ] A 26 64 D 3.7 -
48 Example 46 selution A sclution
Example Reference PAR PET solution CPDEDM X
i ) ‘ C 76 54 D 3.7
49 Example 46 solution A solution
Exampls Reference PAA PET solution CPHEDM _
] ) ] A 52 72 D 4.3 -
50 Example 46 solution A soluticon
Examgle Reference PAA PET solution ) .
o - B - 61 5 3.0 E
51 Example 46 solution A
Example Reference PEI _ )
. . PAA sclution - A - 38 C 4.4 -
e Example 46 | splutionh
Example Raeference PET CPDA c ;
— — p—. 3 -
53 Example 46 | solutionA | scoluticn &

[ 0193




[ Table 11-2]

Evaluation results

Molding = ‘ Dynamic
) b-l ected First Second Third * g Adhesion
- solution solution solution Wettability contact Friction | Lubricit of mucin Adhesion
to coating angle (g y 5 of lipid
‘ (1g/cm’)
{Advance)
Comparative | Reference
- ! . - - - E 113 60 E 2.6 D
EFxample 10 | Example 40
Comparative | Reference Pl
: - S - - D - E 2.2 -
Example 11 | Example 46 | solutlion A
Comparative | Reference PAA o . 5 5
gxample 12 | Example 46 | solution ) ’
Comparative | Reference CEFDA B .
Example 13 | Exanple 46 | solution A B
Comparative | Reflerence PVP .
— — " — — E — —
Fxample 14 | Example 46 solution
Comparative | Reference VAaGd . .
Example 15 | Example 46 sclution | ' ,
Comparative | Reference PDMARA . .
Example 16 | Example 46| solution -
Comparative | Reference PET PET c )
— —_ — E — —
Example 17 | Example 46 | solutlon A} solution A
Comparative | Reference PAA PAA ;
— " — 2R i
Example 18 | Example 46 | sclution | solution ' '
Comparative | Reference FAA CPDA = )
- 3 - - E -
Example 19 | Example 46 | soluticn | solution A
Comparative | Reference ACOH PET c
: : : - - £ -
Example 20 | Bxample 46| sclution | solution A




BFvaluation results

Moldin . .
o tg‘ First Second Third Lynamic Adnesion
subjected . ) ) e L n ]
. solution | solution | solution | yettapility contact | Friction| Lubricit of Mucin Adhesion
to coating angle (gf) v 5 of lipid
{ug/om)
(Advance)
Comparative | Reference DEA PAL -
- - _ _ E _ _
Example 21 | Example 46 | solution solution
Comparabive | Reference AcOR DEA PAD .
‘ _ B & _ _
Example 22 | Example 46| solution solution solution
Comparative | Reference AcOi DEA DEA .
‘ _ X - - E - -
Example 23 | Example 46 | solution solution solution
Comparative | Reference DEA AcOH AcOH .
| Example 24 | Example 46 | solution solution solution
Contrel - :
. SHG-A - -~ - B 38 38 B 2.5 D
Example 1
Control ~
SHG-B - - - A 38 - C 4.6 A
Example 2
} Reference PRA, PRI PAR
Example 54 . . i . A 44 46 C 2.7 -
Example 43| solution | solution A| solution
Reference PAA PEI CPDA
Example 55 i i i A 32 24 riy 5.4 —
Example 431 solution | solution A solution B
Reference PAA PEI CPDA ]
Example 56 L o ] A 26 20 A 1.4 -
Example 43} solution | sciution A soclution A
Reference PAl 298] CPDA ]
Example 57 . ) L o A 40 35 A i.6 ~
Example 43| sciution | sclution Al sciution C
Reference AR PET CPVEA
Example 58 , L _ B 59 46 B 3.8 -
Example 43 1 solution | solution Ajsolution C
Reference PR PEI CPVPA
Example 59 B . ) ) . i B 60 43 B 3.4 -
Example 43 ] solution ! solution A sclution D

{ 0194)
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SHG-A: Commercially avallable silicone hydrogel sofft contact lens A

SHG-B: Commercially avallable silicone hydrogel soft contact lens
[ 5195]
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[ Table 12)

Evaluation results

Molding
. ) L ) Second ) ]
subjected to | First solutlon B Third solution
coating solution Transparency | Coloration | Wettability | Lubricity
B o Reference ) )
mxample 60 ] FAZ sclution | PEI solution Aj PAA solution A - A C
Fxample 44
) Reference . ) . .
Example 61 PAR solution | PEI solution A | CPDAsciuticnB A ¥y A
Example 44
] . Reference ) i _
Example 62 . PAA solution | PEI solution &) CPDAsclutionh A - A B
uuuuuuuu Example 44
Raference . . . )
Example 63 PAR solution | PEI solution A | CPDAsclutionC A - A A
KKKKKKKKKK Example 44
Reference ) ] . CPVPA solution
Example 64 PAA solution | PEI solution A A - B B
Example 44 C
. Reference . . CPVPA solution
Example €5 . PaA solution | PEI solution A A - B B
Example 44 D
rReference ) ) . ]
Example 66 PAA solution | PEI scolution A CPDAsclutiond 2 A A
Example 45
. Reference . . . .
Example &7 . P&A solution | PETI scolution A CPDAsclutionh A - A A
Example 47
N Reference . i ) _ ] )
Example 68 PAA solution | PEL solution A | CPHAsolutionh A A B B
Example 48
N ) Reference ; . B . _ .
Example &9 PAA solution | PEI soluticon A | CPHAsolutionh A A B B
Example 49
) Reference L i . .
Example 70 PAR solution | PEI solution A CPHAsolutiond B A B B

Example 50




Evaluation resulis

Molding
. » ) ‘ Second oo )
subjected to | First solution . Third sclution
coating solution Transparency | Coloration | Wettability | Lubricity
. Reference ) . . .
Example 71 PAR soluticn | PEI seolution &1 CPHAsclutionA C A B B
Example 51
) Reference ] o ] o
Example 72 PAA scoluticn | PEI selution A | CPHAsSolutionh A A B B
Example 52
o Reference . ) . ] . ]
Example 73 ] : PAR solullon | PEI solution A} CPHAsolublonA J A B B
Fxample 53 }
] . Reference . : i -
Example 74 PAA solution | PEL solution A | CPHAsolutionAd c A B B
Example 54
) . Reference ; ) o L )
Example 75 ) PAR solution | PET solution & | CPHAsolutionA A A B B
Example 55
Reference . ) ) . . ) B
Example 7¢ i PAA solution | PEI solution A | CPHAsolutionhA B A B B
' Example 56
- . . Reference _ . ] ) i i
Example 77 . PAA scolution | PEI solution A | CPHAsolutiond C A B B
Example 57
) . Reference ) . : ]
Fxample 78 . PAA solubion PEI solution A CPHAsolutionA P A B B
Example 58
. Reference . . ) o .
Exampie 79 N PAA sclution | PEI sclution A | CPHAsolutioni B A B B
Example 59
] ) Reference ) ) ) )
Example 80 . PAA solution | PEI solution A CPHAsolutionh C A B B
Example 60
) Reference ) . . o ] ] )
Example 81 PaA sclution | PEI scolution A CPHAscolutiond A A B B

Example ©l

Al



Molding

subjected to

First solution

Second

Third solution

Evaluation results

coating solution Transparency | Coloration | Wettability | Lubricity
Reference - o ) . . ) )
Example §2 o PAA zolution | PEI scluticon A | CPHAsolutliond- B a B B
BExample 62
Reference ‘ . i ) i )
Example 283 PAR solution | PEI sclution A | CPHAsolutiona C A B B
Example ©3
Reference ) o o i ) o
Example 84 BAA solution | PEIL solution A | CPHAsolutionh A ;) 8 B
Example 64
Reference ) i . o ]
Example 85 PAA solution | PEL solution A | CPHAsolutionA B A B B
Example 65
Reference ; . . ) . .
Example 86 . PAA soluticn | PEI solution A CPHAsolutionA C A B B
Example 66
_ Reference ) . ) i
Example 87 PAA solution | PET solution A CPHAsolutionA A E B B
Example 67
Reference . . ) ] .
Example 88 ] PAR solutlion  PEI solution A | CPHAsCIuLlOnA A E B B
B Example 68
Reference ] ) ) .
Example 89 . PAA solution | PEI sclution A | CPHAsolutionA A E B B
Egample 69 | 0y
Contrel
SHG-A - - - A A A E
Erample 1
Control
SHG-B - - A A A C

Example 2

[ 019¢]



[ Table 13

Molding subiected to i ) X o . Fourth Fifth
coating Firsr solution | Second solution | Third solution colution solution

Control Example 1 SHG-A - = - - -
Control Example 2 SHG-B - -~ - - —
Comparative Example 25 | Reference Example 70 — - — — -
Comparative Example 26 | Reference Example 70 PAX solution - - -
Comparative Example 27 | Reference Example 701 PEI sclution A - - — -
Comparative Example 28 | Reference Example 70 | CPHA sclution E - - -
Comparative Example 29 | Reference Example 70 | CPDA solution A - - - —
Comparative Examplé‘SO Reference Example 70 | CPEA solution A - - - -
Example 390 Reference Example 70 PAA solution PET scolution A - - -
Example 91 Reference Example 70| PEI sclution & PAA solution - - —
Example 92 Reference kxample 70 Pah solution PEL solution A rar sclution - -
Example 93 Reference Example 70 PAA solution PEL solution A | CPDA sclution A - -
Example 94 Reference Example 70 PAR solution PEI solution A | CPFHA solution E - -
Example 95 Reference Example 70 | CPHA solution E | PEI solution & | CPDA solution A - -
Example 96 Reference Example 70! CPDA solution & PEL solution A | CPHA solution E - -
Reference Example 70 PAR sclution PEL solution A *1 - -

Example 97




Fourth

Molding subjected Lo ) ) . . i ) )
coating First solution | Second solution | Third solution solution Fifth soluticn

Example 98 Feference Example 70 PAR solution PEI solution A | CPHA solutlon E{ PEI solutiona | CPRA solution A
Example 92 Reference Example 70 PAA solution PEI solution B CPDA soluticn A | PEL solutiond | CPHA solution E
Example 100 Reference Example 70 PAR solution PET soluticn A | CPHA soluticon A = -
Example 101 Reference Example 70 PAA solution PET solutlon A | CPHA scolution B -
Example 102 Reference Example 70 PAA solution PEI solution A | CPHA solution C - -
Example 103 Reference Example 70 PAA solution PET sclution A | CPHA sclution F - -
Example 104 Reference Example 701 PEI solution A | CPDA solution A - -
Example 10% Reference Example 70 PaA sclution PEI solution A | CPHA solution A - -
Example 106 Reference Example 70| CPDA solution A | PEI solution & | CPHA solution A - -
Example 107 Reference Example 70 PAR solution PET scilution A *2 — -
Example 108 Reference Example 70 PAR solutlion PET soluticn A | CPHA sclution A | PEL sclutionA | CPDA solution A
Example 109 Raference Example 70 PAM solution PET solution & | CPDA sclution A | PEIscluticnA | CPHA solution A

£Cl



Fvaluatlon results

Example 30

Artificial
- | Aadhesion | lacrimal . Scrukbbing | Scrubbing
3y o Lubricit _ . Boiling )
Transparency | Wettability . of mucin fluid ‘ resistance | resistance
Y 5 i . resistance
(ug/cm®) | immersion A B
test
Control
A A B 2.5 B A B B
Example 1
Control
, A A - 4.6 B A B B
Ixample 2
Comparative .
A E E 3.9 C E E E
Example 25
Mol cative
Comparative A D £ 3.6 D E D D
Example 26
Comparative N
A D D 3.1 E D 1] 5
Example 27 '
Comparative
P P\ B E 3.5 B — - —
Example 28
Comparative .
wonp A E E 5.1 2 E E D
Example 29
Comparative
v A E E 3.9 D B E g

Pl



Evaluation results

Artificial
Adhesion acrimal Scrubbing | Scrubbin
Transparency | Wettability bubricit of mucin lz;i;ijﬁ Béi%ing resistan;i r@siﬁiangl
¥ (ug/cm’) | immersion restETance A R
test

Example 90 A B C 2.0 E B B B
Example 91 A A C 8.2 E A A A
Example 92 A by B 7.5 B A A A
Example 93 A A Jiy 2.5 D A A A
Example 94 A C C 2.9 E — - =
Example 95 A B A 2.4 B - - s
Example 96 A C C 2.3. C - - -
_Aﬁxample 97 A B A 3.1 C - - -
Example 98 A B A 2.9 C - = -
Example 99 A C C 3.0 D ~ - ~
_Example 100 Fi\ B B 2.3 C B B B

A



Evaluation results

Artificial

L Adhesion lacrimal . Scrupbing | Scrubbing
. L Tubraicait i Borling i
Transparency | Wettability of mucin fluid . ’ registance | resistance
Y > ] ] resistance
(pg/cm®) | immersion A B
test

Example 101 B B B 2.8 - - - -
Example 102 A C B 3.7 C — - -
Example 103 A C B 2.3 C - — -
Example 104 A I A 2.5 E B B B
Example 105 it B B 2.9 C B B B
Exampie 106 A C B 2.6 C C C C
Example 107 A C A 3.3 C C C <
Example 108 B B i\ 3.2 C B B B
Example 109 A C B 2.4 C C C C

f

L
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*1: 1:1 {weight) mixture OF CPHA solution & and CPDA sclution A
#2: 1:1 (weight) mixture of CPHA solution A and CPDA solution A
[ 0198]
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[ Table 14]

8Tl

Molding subjected to First Second o , }
. ‘ _ Third sclution
coating scolution solution

Contrcl Example 1 SHG-A - - -

Control Example 2 SHG-B -
Example 110 Reference Example 72 | PAAsoluticon | PEI selutionh | CPHA solution A
Example 111 Reference Example 73 PAAsolution | PEI solutiond | CPHA solution A
Example 112 Reference Exampie 74 | PAAsclution | PEI solution A | CPHA solution A
Example 113 Reference Example 75| PAAsclution | PEI solutionA | CPHA solution A

Evaluation results
Water Tensile ,
rat Lens te Elongation
: Transparency conient L zlastic \
Transparency . molding ) at break
{(Projecton) . modulus N
(%) ratio (%)
{kPa}

Control Example 1 A A 19 - 2000 240
Control Example 2 A A 37 - 850 240
Example 110 A B Less than 1 0.917 ] 410
Exampls 111 A B Lessthanl | 0.916¢ 740 320
Example 112 A A Lessthan il | 0.939 820 320
Example 113 A C Less thanl | 0.905 630 300




Evaluation results

Wettability

Lubricity

Boiling
resistance

Scrubbing
resistance A

Scrubbing

resistance B

Control Example A C B B B
Control Example 2 A B A B B
Example 110 B B B B B
Example 111 B B B g B
Example 112 B B B B B
Example 113 B B B B B

[ 0199




F'Table 15]

Evaluation results

Molding ‘ ) )
piacted € First Second Third
subjecte o ) ) o 25 7 N
] solution solution solution Transparency Folding Wettability babricit
coating resistance ¥
Control )
, SHG-A - - - A A A C
Example 1
Control i
i SHG-B - A PSS A B
Exampie 2
Reference o . CPHA soluticn ]
Example 114 PAaA solution | PEI solution A ] A A B B
Example 1 A
N Reference . . CPHA soluticn
Example 115 FAA solution | PEI solution A A A B B
Example 2 A
_ Reference w } CPHA solution
Example 116 . PAA solution | PEL solution & A ¥\ B B
Example 3 o A
) . Reference » ) . CPHA solution )
Example 117 PAA solution | PEL solution A ] iy A B e
Example 4 A
) Reference o ) CPHA solution )
Fxample 118 _ PAA solution | PEIL selution i B I 5 B
Example & A B
. Refaerence ) . , CPHA solution
Examnple 1109 PAL solution | PEI solution A c A B B
Example 6 - A
' reference , ] CPHA solution
Example 120 PAL sclution | PEI sclution A C A B B
Example 7 A
) ] Reference ‘ L i CPHA solution
Example 121 PAA solution | PEI solution A C A B B
Example 8 A
Reference w N ) CPHEA solution
Example 122 PAA solution | PEI solution A C A B B
Example 9 B
) ) Reference ] i o CPHA soclution
Example 123 PAA solution | PEI solution A C A B B

Example 10

A

0¢l



Evaluation results

Molding ) )
" : 4t First Second Third
supjected Lo Toep s < - Foldin Lubricit
) solution solution solution Pransparenc +hg Wertapilit .
coating PAYEREY L esistance | T heY y
] Reference ) N . CPRA solution
Example 124 . PRA solution | PEI solutionA I A B B
Example 11 A
i Reference ) i CPHA soluticon
Bxample 125 PAA sclution | BPET solution A C B B B
Example 13 A
Reference . ] CPHA solution )
Example 126 } PAA sclution | PET solution A A B 3 B
Exampie 14 A
) Reference . i CPHA solution
Example 127 PAA sclubion | PEI scluticn A A B B B
Example 15 A
Reference . . CPHA sclution
Example 128 } PAA sclution | PEI sclutionA A C B B
Example 16 A
Reference . ) . . CPHA sclution i
Example 129 y . PaL solution | PEI solution A A E B B
Example 17 A
] Refarence . . . CPHA solution
Example 130 ) . PAA solution | PEI solution A A E B B
Example 18 7 A
Reference . B . CPHA solution
Example 131 } PAaRA solution | PEI scolution A . A E B B
Example 18 ¢+ A
Reference . . . ) CPHA solution
Example 132 - 2aR seolution | PEI selution A ) A L B B
Example ZO A
] . reference , ) ) CPHA solution
Example 133 " PAR solution | PET sclutionA I B B B
Example 21 A
, Reference . } ) CPHA sclution )
Example 134 BAA solutlion | PEI solution A A D B B

Example 22

A

[el



Evaluation results

Moelding . .
biected t First Second
subjected to ) ) o et 3 g
- solution solution sclution Transparency Folding Wettability bubricit
coating resistance Y
Reference . . CPHA solution
Example 135 R PAA solution | PEI sclution A A D B B
Example Z4 A
i Reference ) . . CPHA solutlon
Example 136 PAA solution | PET sclutiond A E B B
Example 25 A
_ Reference ) ) ‘ ) CPHA sclubtion )
Example 137 . PAA sclution | PET sclution A A o B B
- Example 26 A
] ) Reference . ) i CPHA scluticn
Example 138 FAA sclution | PEL solution A B D B B
_ Example 27 A
A Reference ) o CPHA scolution
Example 139 PAR soluticon | PEI soluticon A E E B B
Example 28 A
Reference . ) . . CPHA solution )
Example 140 ) P4AA sclution | PEI solution 2 ) D L B B
Example 29 A
Reference . _ ‘ i CPHA soclution ]
Example 141 PAA solution i PEI solution A D [ B B
Example 30 A i
Reference ) . CPHA soclution
Example 142 pAR solution | PEX solution A B D B B
Example 31 A
. Reference . _ . CPHA solution
Example 143 . PAA solution | PEI solution A B A B B
Example 32 A
Reference , .| CPHA solution
Example 144 ; PAEA solution | PEI selution A B A B B
Example 33 A
3 Reference . ) CPHA solution
Example 145 Pad solution | PEI solution A it 23 B B
Example 34 A

el



Evaluation results

Molding )
brected - First Second Third
subijacted Lo o & e e et r
. solution solution soiution Transparency olding Wettability Lubricit
coating © | resistance ' y
. Reference , i ) CPHA solutiion :
Example 146 PalA solution EI solution A A A B 2]
Example 35 ’ A
. o Reference . o CPHA solution )
Example 147 ) . PAA solution | PEI soilution A B A B B
Example 36 A
) Reference i . . : CPHA solution
Example 148 BAA solution | PEI solution A D B B B
Example 37 A

[ 0200]
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{ Table 16]

Evaluyation results

Molding subjected to First Sacond Third solution . o
coating solution solution Transparency -o‘,ading Wettability tubricit

resistance ¥
Example 149 Reference Example 1 PAA solution | PET solution A CPDA sclution A A A A A
Example 150 Reference Example 2 PAA solution ! PEL solution A | CPDA zolution A A ., A A
Example 151 Reference Example 3. PAA solution | PET solutien &A1 CPDA sclution A A A A A
Example 152 keference Example 4 PAL solution ; PET solution 2§ CPDA solution A A A. A A
Example 153 Reference Example 5 PAaA scolution | PEI solution A | CPDA solution A B a A A
Example 154 Reference Example 6 | PAA solution | PEI solution A CPFDA solutiion A C A A A
Example 155 Raeference Example 7 PAR solution | PEL soiution A | CPDA solution A C y A A
Example 156 Reference Example 8 PAA solution | PEY solution A | CPDA soluticn A C A A B
Example 157 Reference Example 9 PAR solution | PEIl solution A | CPDA solution A C A ) A
Example 158 | Reference Example 10 | PAA sclution | PEL solution A | CFDA solution A c A A A
Example 159 | Reference Example 11 | PAA scluticon | PEI sclutien & | CPDA solution A D a A A
Example 160 | Reference Example 13 | PAR sclution | PEL solution A | CPDA solution A C B A A
Example 16l | Reference Example 14 | PAA solution | PET sclution A | CPDA solution A A B A A
Example 162 | Reference Example 15 | FAA solution | PEI sclution A | CPDA solution A A B A A
Exampie 163 | Reference Example 16 | PAA sclution | PEIL sclution 2| CPDA solution A A C A A
Example 164 Reference Example 17 | PAA sclution | PEL solution A | CPDA soluticn A A E A A
Example 165 | Reference Example 18 | PAA solution | PEI scoluticn A | CPDA solution A A E A A
Example 166 | Reference Bxample 19 | PAA solution PEI. solution A CPDA solution A | A 5 A A

123!



Evaluatlon results

Molding subjected to First Second "y e
coating solutiecn solution fird sotution Transparency Félding Wettability bubricit

resistance Y
Example 167 | Reference Example 20 | PAR solution ! PET sclution A} CPDA sclution A A [ A A
Example 168 Réference Example 21 | PAA solution | PEI sclution A CPDA sclution A B E A A
Example 169 | Reference Example 22 | PRA solution | PEI sclutien A CPDA solution A A & A Fiy
Example 170 | Reference Example 24 | PAA solution | FEI solution A CPDA solutlon A A D B &
Example 171 Reference Example 25 | PAA solution | PET solution A | CPDA sclution A pis o A by
Example 172 | Reference Example 26 | FAA solution | PEL solution A} CPDA solutlon A A D A A
Example 173 | Reference Example 27 | FAA solution | PEI solutlon A} CPDA solution A B D A A
Exarple 174 | Reference Example 28 | PAA solution | PEL sclution & | CPDA soluticn A B E A A
Example 175 | Reference Example 2% | PAA solutlon | PEI solution A | CPDA solution A D D A B
Example 176 | Reference Example 30 | PAA solution | PET solution A | CPDA solution A D D A A
Example 177 | Reference Example 31 | PAA solgtion FEI seolution A CPDA solution A B D A a
Example 178 | Reference Example 32 | PAA solution | PEI solution &) CPDA scolution A B A A P2
Example 179 | Reference Example 33 | PAA scolution | PEI solution A | CPDA solution A B A A A
Example 180 | Reference Example 34 | PAA solution | PEI solution A CPDA solution A FiA A A A
Example 181 | Reference Example 35 | PAA solution | PEI solution A1 CPDA solution A by A A A
Example 182 | Reference Example 36 | PAR solution | PEI solution A! CPDA solution A B B A A
Example 183 | Reference Example 37 | PAR solution | PEI solution & CPDA solution A D B A A

[ 0201]

Lsd
h
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Example 184 <Measurement of Oxygen Transmission Rate>

2 film (having a thickness of 0.1% mm) produced in the same
manner as in Example 62 was cut into size of Z0 mm x 20 mm, to
obtain samples. Using an oxygen transmission rate analyzer,
Model OX-TRANZ/21 {Hitachi High-Technologles Corporationy,
oxygen transmission rate was measured. A mixed gas of nitrogen
(98%) /hydrogen (2%} was used as a carrier gas, and a mixed gas
of nitrogen (79.3%) /oxygen {20.7%) was used as a measuring gas.
Fumidification of the gas was not carried out. The oxygen
transmission rate of the sample was 390 x 107 (em®/sec)
(mLO>) / (mL-hPa). Theoxygentransmisslionrate of agaspermeable
hard contact lens “Menicon® 2” manufactured by Menicen Co., Ltd.,
measured by the same apparatus under the same conditions, was
150 % 107 {em’/sec) (mLOs)/ (mL-hPa), and the oxygen transmission
rate of a gas permeable hard contact lens “Breath-o Hard"”
manufactured by Toray Industries, Inc. was 120 x 1074 (cmz/sec)
(nLOz) / {mL-hPa) .
[ 0202]
Examplie 185

Subjects A and B wore the low water content soff contact
lens produced in Example 93 for 6 hours. Both subjects A and
B did not feel dry during wear, and felt comfort without feeling
sticky to the cornea.
[ 0203]

Example 186
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Subjects A and B wore the low water content soft contact
lens produced in Example 100 for 6 hours. Both subjects A and
B did not feel dry during wear, and felt comfort without feeling
sticky tec the cornea.
[ 02043
Comparative Example 31

Subijects A and B wore a commercially available silicone
hydrogel soft contact lens C {water content: 46%) for & hours.
Bothsubjects AandB felt dryness of eyes anddidnot feel comfort.
They did not feel sticky to the cornea.
[ 0203]
Comparative Example 32

A contact lens produced in accordance with Example 6 of
Japanese Unexamined Patent Publicaeticn {(Kokai) No. Z002-080538
was subjected tc the same ceoating operation as in Example 93.
The obtained siliceone hydrogel soft contact lens (having water
content of 40%) exhibites transparency (A), wettability (A) and
lubricity (A). Subjects A and Bwore the silicone hydrogel soft
contact lens for € hours. Both subijects A and B felt dryness
of eyes and did not feel comfort. They did not feel sticky to
the cornea.
[ 0208)
Comparative Example 33

Subjects A and Bwore a low water content soft contact lens

{having water content of less than 1%} in accordance with Example



1 of Japanese Unexamined Patent Publication (Kokal) No.
2002-3113%%. Both subisects R and B felt sticky to the cornea
witnin 20 minutes and stopped wearing.
[ Industrial Applicability]
[ 0207

The present invention relates to a low water content soft
lens for eve, and 1s useful as a lens for eye, such as a low
water content soft contact lens, an intraocular lens, an
artificial cornea, acorneal inlay, a cecrneal onlay or a spectacle
lens. The low water content soft lens for eye is particularly
suitable as a low water content soft ceontact lens.
[ Reference Signs List]

[ 0208]

i

Artificial leather
2 Sample film
3: Rubber plate

4: Plastic container containing iron balls



[CLATMS]

1. A low water content soft lens for eye, comprising a base
material, a layer made of an acidic polymer and a basic
polymer being formed on at least a part of a surface of the
base material, wherein water content of the lens is 1% or

laess.

2. The low water content sgoft lens for eye according to
claim 1, wherein the base material contain, as a main
component, a polymer of the following component A, or a
copolymer of the following components A and B:

component A: a polysiloxane compound which has a
plurality of polymerizable functiocnal groups per molecule, and

also has a number average molecular weight of 6,000 or more,

and

component B: a polymerizable monomer having a fluorocalkyl
group.
3. The low water content soft lens for eye according to

claim 2, wherein the component A is a polysiloxane compound

having two polymerizable functional groups per molecule.

4. The low water content soft lens for eye according to
claim 3, wherein the component A is a polysiloxane compound
represented by the following formula (AL):

[Chemical Formula 1]

RS R 1 { 3 1 R7
i
XLt~ Si-0—8i-0 Si-O— Si—i 2—X? (A1)
LR | R, R
a b

wherein X' and X° each independently represents a polymerizable
functional group; R' to R® each independently represents a

substituent selected from hydrogen, an alkyl group having 1 to
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20 carbon atoms, a phenyl group and a fluorcalkyl group having
1 to 20 carbon atoms:; L' and L? each independently represents
a divalent group; and a and b each independently represents the
number of the respective repeating units.
5. The low watey content soft lens for eye according to clalm
4, wherein X' and ¥? in the formula (Al) are (meth)acryioyl groups.

6. The low water content soft lens for eve according to any

o

one of claims 2 to 5, wherelin the base material contains 5% by
weight or more of silicon atoms.

7. The low water content scft lens for eve according to claim
2, wherein the compcnent B 1s a (meth}acrylic acid flucroalkyl
ester.

8. The low water content sofft lens for eye according to any
one of claims 1 to 7, wherein the layer made of an acidic polymer
and a bas:c polymer includes one or more lavers mads of an acidic
polymer, and one or more layers made of a basic polymer.

9. The low water content soft lens for eve according to any
one of claims 1 to 8, wherein the layer made of an acidic polymer
and a basic pelymer is composed of one layer made of an acidic
pelymer and one layer made of a basic polymer, so two layers
in total.

10. The low water content scoft lens for eve according to any
one of claims 1 te 8, wherein the laver made of an acidic polymer
and a kasic polymer 1s composed of one or twe layesrs made of

an acidic polymer, and one or two layvers made of a basic polymer,
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so three layers in total.

11. The low water content soft lens for eye according to any
one of claims 1 to 8, wherein the layer made of an acidic
polymer and a basic polymer ceontains two or more kinds of

acidic polymers and one or more kinds of basic polymers.

12. The low water content scoft lens for eye according to any
one of claimg 1 to 11, wherein at least one kind among the
acidic and basic polymers is a pelymer having a group selected

from a hydroxyl group and an amide bond.

13. The low water content soft lens for eye according to
claim 12, wherein at least one kind among the acidic and basic

polymers is a polymer having a hydroxyl group.

14. The low water content soft lens for eye according to
claim. 12, wherein twoc or more kinds among the acidic and basic
polymers are polymers having a group selected from a hydroxyl

group and an amide bond.

15. A method for prcducing a low water content soft lens for
eye, which comprises the following steps 1 to 3 in this orxder,

wherein water content of the lensg is 1% or less:

<Step 1=

Step of polymerizing a mixture of a component A which is
polysiloxane compound having a plurality of polymerizable
functional groups per molecule, and also having a number
average molecular weight of 6,000 or more, and a component B
which 1s a polymerizable monomer having a fluoroalkyl group,

to obtain a lens-ghaped molding;
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Step of bringing the molding obtained in the step 1 into
contactwithabaéicpoiymersolution,andthenwashingthemolding,
to remove the surplus basic polymer sclution; and
<Step 3>

Step of bringing the molding obtained in the step 2 into
contact with an acidic polymer solution, and then washing the

molding, te remove the surplus acidic polymer solution.



