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Description

The present invention relates to hydrophilic colored contact lenses.

U.S. Patent No. 4,668,240 (Loshask} discloses colored contact lenses produced with a lens polymer
that must, in its preferred embodiments, contain one or more of the functional groups -COOH, -OH, or -NH-
R, wherein R is hydrogen or C; to Cy alkyl. At least a portion of the surface of the lens is coated with a
color coat comprising at least one pigment, binding polymer having, in the preferred embodiment, the same
functional groups, and an additional compound having at least two groups per molecule selected from at
least one of -NCO and epoxy. The lens and binding polymers are then bound to each other by the reaction
of the groups -GOOH, -OH, or -NH-R in the lens and binding polymers with the groups -NCO or epoxy. In
another embodiment of the Loshaek patent, the lens polymer contains one or more of the functional groups
-NGO or epoxy and the binding polymer contains one or more of the functional groups -GOOH, -OH, or
-NH-R. The lens and binding polymer are bound to each other by reaction of the functional groups.

However, some hydrophilic contact tenses do not contain one or more of the functional groups -COOH,
-OH, -NH-R, -NCO, or epoxy. Typical of such lenses are those disclosed in U.S. Patent Nos. 4,158,089
(June 12, 1979} and 4,182,802 (Jan. 8, 1980). The lenses disclosed in the latter patents are produced by
polymerizing hydrophilic monomers (typically N-vinyl pyrrolidone) and hydrophobic monomers (typically
alkyl esters of acrylic or methacrylic acid or styrens). The rasult is a hydrophilic lens that does not contain
the functional groups -COOH, -OH, -NH-R, -NCO, or epoxy.

This invention is predicated on the surprising discovery that a color coat described in Loshaek's U.S.
Patent No. 4,668,240 forms an excellent bond with hydrophilic lenses that do not contain significant
amounts of (i.e. are substantially devoid of) the functional groups -COOH, -OH, -NH-R, wherein R is
hydrogen or C; to Cg alky!, -NCO, and epoxy. With this invention it is possible to color coat lenses made of
polymers that are known to produce very high water contents upon hydration, such as N-vinyl-2-pyrrolidone,
yet lack the aforementioned functional groups. When this invention is practiced, the advantages of the
colored hydrophilic lenses in accordance with the Loshaek patent are retained. That is, the lenses may be
prepared with or without an optical prescription for correcting visual defects. The lenses may contain an
opaque color coat which can bring about a fundamental color change in the apparent color of the wearer's
iris, for example from dark brown to light blue. Alternatively, the color coat may be transparent, in which
case the apparent eye tint may be enhanced or the apparent color of light-colored eyes may be changed,
for example, from light blue to green. Not only is it possible to choose from opaque or transparent color
coats, but it is also possible to color selectad portions of the lens. Moreover it is possible to color the lens
in a pattern that simulates the fine structure of the iris, using more than one color if that is desirable.
Alternatively, it is possibie to deposit an opaque pattern over the iris portion of the lens in a manner that can
change the apparent color of the iris, but allows visualization of the structure of the iris, as described in U.S.
Patent No. 4,582,402 (Knapp). The lenses are quite durable and retain their color upon prolonged use, even
though subjected to the usual disinfecting and cleaning procedures. The pigment used in the color coat
nead not be reactive.

The present invention comprises a method for making a colored hydrophilic contact lens comprising the
steps of:

{a) providing a contact fens constructed of a hydrophilic polymer that is substantially devoid of the
functional groups -COOH, -OH, -NH-R wherein R is hydrogen or C1 to Cs alkyl, -NCO, and epoxy,

{b) coating at least a portion of a surface of the lens with a color coat comprising at least one pigment, a
binding polymer having functional groups selected from at least one of -GOOH, -OH, and -NH-R, wherein
R is hydrogen or Cy to Cs alkyl, and an additional compound having at least two groups per molecule of
-NCO, and

{¢) subjecting the coated lens to conditions which cause the color coat to adhers to the lens.

A second aspect of the invention comprises hydrophilic colored contact lenses made by the inventive
method. ,

Contact lenses colored by this invention are made of hydrophilic polymer that is substantially devoid of
the functional groups -COOH, -OH, -NH-R, wherein R is hydrogen or Ci to Cs alkyl, -NCO, and epoxy.
Typical polymers of this type are produced by copolymerizing a hydrophilic vinyl heterocyclic monomer,
such as N-vinyl pyrrolidone, N-vinyl succinimide, N-vinyl-e-caprolactam, vinyl pyridine, or N-vinyl
glutarimide and a hydrophobic monomer such as styrene or Gy to Cg alkyl esters of acrylic or methacrylic
acid, e.g. methyl methacryiate, ethyl methacrylate, methyl acrylate, etc. The lens polymer is typically cross-
linked with a cross-inking agent such as diallylitaconate, allylmethacrylate, or ethylene glycol
dimethacrylate. Typical hydrophilic lenses devoid of the groups -OH, -COOH, and -NH-R, -NCO and epoxy
are described in U.S. Patent Nos. 4,158,089 (Loshaek), 4,182,802 (Loshaek), and British Patent No.
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1,395,501 (Nationa! Research Development Corp.).

Lenses colored by this invention are preferably formed from monomers comprising N-vinyl pyrrolidone.
The amount of N-vinyl pyrrolidone in the lens is preferably from about 50 to about 80 weight percent, more
preferably from about 60 to about 80 weight percent and most preferably from about 65 to about 75 weight
psrcent.

Producing the lens by polymerization and shaping is well known in the art and is not a part of this
invention. Any of the well known techniques may be used, for example those described in U.S. Patents Nos.
4,158,089 and 4,182,802.

The color coat that is coated onto the lens comprises at least one pigment, a binding polymer having
functional groups selected from at least one of -COOH, -OH, and -NH-R, whersin R is as defined previously,
and an additional compound having at least two groups per molecule of -NCOQ.

The term polymer means a material formed by polymerizing one or more monomers or a blend of such
polymers. The functional groups of the binding polymer project from the polymer backbone or from another
group that projects from the polymer backbone. For exampie, polymerized hydroxyethyl methacrylate (with
the repeating monomer unit shown in brackets} may be represented by:

Polymer C— CH Polymer
Backbone [ 2 Backbone

I pu—

The hydroxyl functional group in this example is at the bottom of this representation.

Examples of suitable monomers that may be used for providing the functional groups in the binding
polymers include but are not fimited to acrylic acid; methacrylic acid; hydroxy Ci 1o Gs alkyl esters of
acrylic and methacrylic acid, such as hydroxysthyl methacrylate, hydroxypropyl methacrylate, hydroxybutyt
methacrylate and hydroxyethyl acrylaie; amino C; to G alkylesters of acrylic and methacrylic acid, such as
aminoethyl methacrylate, aminooctyl methacrylate, N-methyl aminosthyl methacrylate, N-hexylaminoethy!
methacrylate, and aminopenty! acrylate; glyceryl esters of acrylic and methacrylic acid, such as glyceryl
mono methacrylate, glyceryl mono acrylate, and combinations thereof. Of course commercially prepared
polymers with suitable functionat groups may also be used as the binding polymer, e.g. Gantrez™ resin
made by GAF Corporation, which is a methyl vinyl ether-maleic anhydride copolymer, which, on hydrolysis,
provides -COOH groups.

In addition to the above required functional groups, the binding polymer may also contain copolymeriz-
ad monomers not having the functional groups, for example, N-vinyl heterocyclic monomers, such as N-
vinyl-2-pyrrolidone; Cy to C¢ vinyl ethers, such as vinyl ethyl ether; Ci to Ce¢ alkyl ester of acrylic or
methacrylic acid, such as methyl methacrylate and propyl acrylate; Ci to Cs alkyl styrene, such as t-butyl
styrene; vinyl monomers such as vinyl chloride and vinyl acetate; diene monomers, such as isoprens; and
C1 to Cs alkoxy Ci1 to Ce alkyl esters of acrylic or methacrylic acid, such as ethoxyethy! methacrylate or
methoxypropyl acrylate.

A preferred monomer for making the binding polymer is hydroxyethyl methacrylate.

More preferred binding polymers contain 75 to 100 weight percent hydroxy straight-or-branched chain
C2 Cs alkyl monoester of acrylic or methacrylic acid (preferably hydroxyethyl methacrylate), 0 to 20 percent
C2-Cs alkoxy Cz-Cs alkyl ester of acrylic or methacrylic acid (preferably, e.g. sthoxyethyl methacrylate) and
0 to 4 percent acrylic or methacrylic acid (preferably methacrylic acid).



10

15

20

25

30

35

40

45

50

55

EP 0 319 760 Bt

To produce lenses in accordance with the invention, at least a portion of the surface of the lens is
coated with a color coat comprising at least one pigment, binding polymer which has the functional groups,
and an additional compound having at least two groups per molecule of -NCO (preferably two -NCO
groups). Suitable additional compounds include hexamethylene diisocyanate (OCN-(CH2)s-NCQ), 2.4-
toluene diisocyanate, and bis{isocyanato phenyl) methane.

Either the front or rear surface or both may be coated. The coated lens is then subjected to conditions
which cure the color coat. If the pigment is opague, then only the portion of the lens corresponding to the
iris is usually coated, leaving the pupil section clear. For lenses that are larger in diameter than the iris, the
porticn of the lens extending beyond the iris may be left uncoated.

The most preferred method of carrying out the coating step is with a mixture comprising pigment,
binding polymer, isocyanate compound, and a solvent, which is coated onto the lens surface or a portion
thereof. Of course other coating methods are believed operable, e.g. first coating the lens with a mixture of
isocyanate compound and a solvent and in turn, coating the first coating with a mixture of binding polymer,
pigment and solvent, or first coating the lens with a mixture of binding polymer, pigment and solvent and
coating this first coating with a mbcdure of the isocyanate compound and solvent.

The binding polymer is preferably prepared by polymerizing monomer in solution so it can be used
directly for coating formulations without need of dissolving the polymer. In addition, solution polymerization
as carried out hersin, preferably in combination with a molecular weight modifier, produces polymer of
controllable molecular weight and viscosity. However, binding polymers prepared in other ways such as
bulk or suspension or emulsion polymerization can also be used provided they can be dissolved in solvents
used to prepare the coatings of the invention and otherwise provide the proper physical and rheological
properties to the coating. To prepare binding polymer in solution, a solvent or combination of solvents for
the monomers and polymers which are formed, a molecular weight modifier and a polymerization initiator
are placed in a stirred and heated reaction vessel and heated for a period sufficient to achieve a satistactory
amount of polymerization; usually some residual unreacted monomer remains. The control of molscular
weight and amount of cross-linking, if any, helps to maintain a usable solution viscosity during the
polymerization and provides a polymeric binder with the proper rheological properties for application of the
coating to the lens.

The molecular weight modifiers of the binding polymer, if used, are chain transfer agents well known in
the art. Examples of soma suitable chain transfer agents include 2-mercapto ethanol, 1-dodscyl mercaptan
and other alkyl mercaptans. The amount and type of solvent used in the solution polymerization also
influences molecular weight. Increasing solvent and modifier amount causes molecular weight 1o decrease.

Suitable polymerization initiators include free radical initiators such as 2,2-azobis(isobutyronitrile),
bsnzoy! peroxide, t-butyl peroxybenzoate, and t-butyl peroxide. Ultra violet polymerizatin may also be used.
The exact method of polymerizing the binding polymer is not critical.

In making the color coats of the invention, it is convenient to combine the polymeric binder in solution
with the other ingredients. Such other ingredients usually include additional solvent or combinations of
solvents which may be the same or different than that used in the solution polymerization.

Suitable solvents include athyl celiosolve, cyclohexanone, cyclopentanone, ethanol, t-butanol, acetone
and other aliphatic and cyclic ketones. A combination of solvents may be used. Ethyl lactate is a good co-
solvent and under some circumstances water may be used as a co-solvent. Monomers, such as those used
to make the binding polymer, e.g. hydroxyethyl methacrylate and sthoxyethyl methacrylate, may be added
and these act as a solvent and may also polymerize. The preferred solvent for solution polymerization is
cyclopentanone and for making the color coat it is a corbination of cyclopentanone, ethyl lactate, and
monomers. The binding polymer solution and pigment are milled to ferm a colorant paste.

If the binding polymer, pigment and isocyanate compound are to be applied in one step, the colorant
paste, isocyanate compound and optional additional monomers are bisnded to form an ink, paint, or other
applyable color coat which is coated onto the lens. If the applyable color coat is to be stored for long
periods of time, it should be prepared without the isocyanate compound, which can be blended with the
applyable materiai just prior to its being coated onto the lens. f solvents containing reactive functional
groups, e.g. -OH groups of alcohols, are present in the coating, the isocyanate may be excessively
consumed by said groups and not be available for reaction with the functional groups of the binding
polymer. Thus, with such coatings, it is preferred that the isocyanate compound be added just prior to
application. Usually, the solvents evaporate rapidly after the material is applied to the lens so their functional
groups are not available to consume isocyanate after application. The useful life of the applyable color coat
depends upon the reactivity of the isocyanate compound with the functional groups of the binding polymer
and functional groups (if any) in the solvent and the temperature of the material. The life of the appiyable
coating can be extended by cooling. The suitability of any solvent sysiem and related procedures can
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readily be determined by examining the quality of the final product.

The choice of pigments is quite flexible, since they need not necessarily contain functional groups. The
pigments may be any coloring substance or combination thereof that provides a desired color, Preferred
pigments include (C.I. is the color index no.) for a blue color, phthalocyanine blue (pigment blue 15, C.I.
74160), cobalt blue (pigment blue 36, C.I. 77343); for a green color, phthalocyanine green (Pigment green 7,
C.l. 74260) and chromium sesquioxide; for yellow, red, brown and black colors, various iron oxides, for
violet, carbazole violet. Of course, blends of such coloring substances are used to achieve the desired
shade. To produce an opaque coating, titanium dioxide is a preferred opaquing agent. Opaquing agents,
which are considered to be pigment within the present specification and claims, are blended with the other
pigments into the colorant paste.

Hexamethylene diisocyanate (OCN-(GHz)s-NCQ) is the preferred additional compound. However, use of
any isocyanate having the formula RY(NCO), whersin n is greater than or equal to two, (preferably two) is
within the scope of this invention. R' may be a di- or greater valent organic radical such as aliphatic,
alicyclic, aliphatic-alicyclic, aromatic, or aliphatic-aromatic hydrocarbon. Thus, examples of other suitable
isocyanate compounds are 2,4-toluene diisocyanate and bis(isocyanato phenyl) methane.

The coatad jens is then subjected to conditions which cause the color coat to adhere to the lens,
thereby entrapping the pigment within the binding polymer in a manner which forms a very stable, durable
cotored contact lsns. After coating the lens, it may, for exampls, remain at ambient room temperature where
most of the solvents are dried off. Typically, the lenses are then cured in a vacuum oven for about two
hours at 90*C. Nitrogen gas may be used to purge the oven and to maintain an inert, reduced-pressure
atmosphers. The above procedures can be varied such as to exclude the use of vacuum or nitrogen or to
change oven temperatures and time. The suitability of any curing cycle is best determined by testing the
adhesion of the coating to the lens as described later hersin. Of course any conditions that bring about
adhesion of the color coat may be used. Catalyst to speed the reaction of the isocyanate compound with
the binder polymer may be added to the ink immediately prior to its being coated onto the lens. Such
catalysts include tertiary amines, such as triethylamirie, benzyl dimethylamine, dimethyicyclohexyl amine;
and metallic catalysts such as stannous octoate and dibutyltin dilaurate. The above conditions are illustrative
and not intended to limit the scope of the invention. Time and temperature can be optimized for any
combination of materials.

The cured lenses are hydrated by methods commonly used for uncolored hydrophilic Jenses.

The following table shows the desirable amounts of ingredients used to form inks in accordance with
the invention.

WEIGHT PERCENT OF COMPONENTS IN INK

INGREDIENT BROAD RANGE PREFERRED
RANGE

Binding Polymer (including any residual unreacted monomer) 10-40 13-26
Isocyanate Compound Amount Functional” 0.5-10
Opagque Color Substance {if opague color is desired Functional Amount(" 0.5-20
Transparent Coloring Substance (if transparent color is desired [Functional Amount(|Functional Amount("
Polymerization Initiator'? 0-1.0 0-0.3
Additional Monomers Amount Functionai( 0-30
Solvent® q.s. ad 100%® g.s. ad 100%

) "Functional Amount” means the amount which an experimenter, skilled in the art, would use to
achieve the desired resutt.

@ Includes solvent from binding pelymer sclution and solvent used in pigment grinding.

@ g.s. ad 100% means quantity required to produce 100%.

@ Normally used only if the ink contains additional monomers.

The following examples are intended to illustrate, but not limit the invention. In the examples the
following abbreviations are used.

HEMA is 2-hydroxyethyl methacrylate

EOEMA is 2-ethoxyethyl methacrylate

MAA is methacrylic acid

AIBN Is azobis(isobutyronitrile)

HDI is hexamethylene diisocyanate
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VP is N-vinyl-2-pyrrolidone

MMA is methy! methacrylate

DAl is diallyl itaconate

IBA is isobutyl acrylate

DEH is 2,5-dimethyl-2,5-bis(2-ethy! hexoyl| peroxy) hexane
TBP is t-butyl peroxy benzoate

PREFPARATIVE EXAMPLE NO. 1

CLEAR CONTACT LENS

COMPONENT | WEIGHT FRACTION

VP 0.7071
MMA 0.2625
IBA 0.0248
DAl 0.0016
DEH 0.0030
TBP 0.0010

1.0000

Procedure:

The ingredients were degassed at about 150 mmHg for about 15 minutes in a flask, then placed in a
glass tube. The filled tube was capped and placed in a water bath for 72 hours at 20*C and then for 98
howrs at 30* C. The ingredients solidified during this time. The glass tube was removed from the water bath
and subjected to the following treatment In an oven: 24 hrs. at 50°C, 4 hrs. at 70° C and 24 hrs. at 110° C.
The polymer was then removed from the glass tube and heated for 2 hrs. at 140° C. The polymer was
formed into contact lenses by conventional methods as described, for example, in U.S. Pat. Nos. 4,158,089
and 4,182,802.

Preparative Example No. 2

BINDING POLYMER SOLUTION

COMPONENT WEIGHT FRACTION

HEMA 0.3743
EOQOEMA 0.0420
MAA 0.0087
Cyclopentanone 0.5695
AIBN 0.0021
2-Mercapto Ethanol 0.0033
Hydroquinone Monomethyl Ether 0.0001

1.0000

*0.0023 of this was in the HEMA supplied by its manufacturer. 0.0064 of
this was added to the solution.

To produce the binding polymer solution charge all ingredients except hydroquinone monomsthyl ether
to a three neck flask. Place flask in 40°C water bath and agitate slowly under nitrogen. Gontinue stirring
until the viscosity is between 20,000 and 40,000 when measured on a Brookfield Viscometer with a #16
spindle at 3 RPM. Stop the polymerization by adding the hydroquinone monomethyl ether, remove the flask
from the water bath and allow its contenis {o cool to room temperature.

6
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PREPARATIVE EXAMPLE NO. 3

INK

COMPONENT ’ WEIGHT FRACTION
Binder Polymer Solution (from Preparative Ex. No. 2) 0.5095
Ethyl Lactate 0.1635
Phthalocyanine Blue 0.0027
Titanium Dioxide 0.0558
HEMA 0.2136
EOCEMA 0.0243
MAA 0.0050
AIBN 0.0012
HDIt 0.0244
1.000

Because this color coat is intended to be applied to the lenses by printing, it is referred to as an ink.
However use of other types of color coats applied by other means is within the scope of the invention.

A paste is made by grinding the ethyl lactats, phthalocyanine blue (Pigment Blue 15, C.l. 74160) and
titanium dioxide in a ball mill containing aluminum oxide ball media, for about 72 hours, until the particle
size is less than 5 microns as measured on a Hegman grind gage. The paste is then mixed with the binding
polymer solution. The ink is completed by mixing in the remaining ingredients just prior to use, so that the
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HDI is not excessively consumed prior to printing the ink on the lens.

PREPARATIVE EXAMPLE NO. 4

CLEAR CONTACT LENS

COMPONENT WEIGHT FRACTION

VP 0.7056
MMA 0.2643
iBA 0.0248
DAI 0.0016
DEH 0.0030
TBP 0.00086

1.0000

The polymerization and lens shaping procedure of PREPARATIVE EXAMPLE NO. 1 was repeated to

vield a clear contact lens.

PREPARATIVE EXAMPLE NO. 5

BINDING POLYMER SOLUTION
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COMPONENT WEIGHT FRACTION
HEMA 0.3776
EQOEMA L 0.0416
MAA 0.0064
Cyclopentanone 0.5699
AIBN 0.0022
2-Mercapto Ethanol 0.0022
Hydroquinone Monomethyl Ether 0.0001

1.0000

The procedure of PREPARATIVE EXAMPLE NO. 2 was followed and thereafter the resulting binding
polymer solution was difuted with an equal weight of methanol and mixed. This mixture was added dropwise
to ten times its weight of ethyl acetate to precipitate the polymer. The precipitated polymer was collected
by vacuum filiration and dried over night in a vacuum oven. The dried binding polymer was then dissolved
in sufficient cyclopentanone to produce a 43 weight percent solution of binding polymer, that is substantiaily
free of unpolymerized monomer.

PREPARATIVE EXAMPLE NO. 6

NK

COMPONENT WEIGHT FRACTION

Dried Binder Polymer in Cyclopentanone Solution (from Preparative Ex. No. 5) 0.4922

Ethyl Lactate 0.1758

Phthalocyanine Biue 0.0029

Titanium Dioxide 0.0601

Bis(2-methoxyethyl)sther* 0.2445

HDI 0.0245
1.0000

“This solvent, which is free of functional groups reactive with HDI, was used to adjust the
application properties of the ink.

The grinding and mixing procedure of PREPARATIVE EXAMPLE 3 was repeated to yield an ink that is
believed to be free of unpolymerized monomer.

EXAMPLES IN ACCORDANCE WITH THE INVENTION

Example 1

A colored contact lens was prepared using the jens of Preparative Example No. 1, which is a
hydrophilic polymer devoid of the groups -OH, -COOH, -NH-R, -NCO, and epoxy (whetein R is as
previously defined) and the ink of Preparative Example No. 3 which contains HDI and a binding polymer
having the groups -OH and -COOH. P

COLORED LENS PREPARATION

Unhydrated lenses were printed with an annular paitern by the procedurs described in U.S. Patent No.
4,582,402 (Knapp). Briefly a gravure metal plate having etched depressions in the annular pattern is inked.
The excess ink Is removed by a doctor blade. A flexible pad is passed against the plate to transfer ink from
the depressions in the plate to the pad.

The pad, now carrying the inked annular pattern is pressed against the lens surface to complete the
printing. The printed lenses are stored for a time at room temperature and thersafter placed in an oven. The
oven is purged thres times by afternately pulling 500 mm of water vacuum followed by filling to 130 mm of

8
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water vacuum with nitrogen. All valves to the oven are then closed and the temperature is raised to about
90° C and maintained for about two hours,

The printed lenses are hydrated for 2 hrs. at about 98°C immersed in a 0.9% by weight, borate-
buffered saline solution at pH of about 8.

ADHESION TESTING PROCEDURE

The hydrated lens is mounted 4" from an air brush connected to a methanol reservoir. The printed side
of the lens is sprayed for 30 seconds with methanol pressured at 40 psig with nitrogen. The lens is then
placed in pH 8, 0.9% saline solution for 2 to 3 minutes.

The lens is considered to fail the adhesion test if any coating comes off during the iast saline-solution
treatment or at any other time during the test. i no coating is so removed, the lens is considered to pass
the test.

RESULTS
Five out of five lenses passed the adhesion test.
Example 2

The procedure of Example 1 was repeated using the lens of PREPARATIVE EXAMPLE NO. 4 and the
ink of PREPARATIVE EXAMPLE NO. 6. All 5 lenses passed the adhesion test. This example proves that the
color coat need not contain unpofymerized monomer.

The above Examples are in accordance with the invention. The lens polymers are hydrophilic and
devoid of the functional groups -COOH, -OH, -NH-R, -NCQ, and epoxy. In addition to pigment, the color
coat comprises a binding polymer having functional groups selected from at feast one of -COOH, -OH, and
-NH-R, and an additional compound having at least two groups per molecule of -NCO.

In view of the teaching of Loshaek's U.S. Patent No. 4,668,240, it is very surprising that the lenses
produced by the above example passed the adhesion test. The Loshaek Patent teaches that, for the binding
polymer and additional compound used in the ink of this example, the lens polymer rmust have functional
groups -OH, -COQOH, or -NH-R, or the functional groups -NCO or epoxy. Yet satisfactory ink adhesion to a
hydrophilic lens was achieved without these functional groups previously believed necessary.

COMPARATIVE EXAMPLE

Example 1 (and Preparative Examples 1, 2, and 3) were repeated except that no HDI was added to the
ink. All 5 lenses failed the adhesion test.

While the invention has been illustrated in terms of its preferrad embodiment, it is intended that the
invantion cover all other embodiments encompassed by the appended claims.

Claims

1. A method of making a colored hydrophilic contact lens comprising the steps of:
{(a) providing a contact lens constructed of a hydrophilic polymer that is substantially devoid of the
functional groups -COQOH, -OH, -NH-R whersein R is hydrogen or G to Cs alkyl, -NCO and epoxy,
{b) coating at least a portion of a surface of the lens with a color coat comprising at least one
pigment, a binding polymar having functional groups selected from at least one of -COOH, -OH, and
-NH-R, wherein R is hydrogen or C; to Cs aIkyI and an additional compound having at least two
groups per molecule of -NCO, and
{c) subjscting the coated lens to conditions whlch cause the color coat to adhere to the lens.

2. The method of claim 1 wherein the additional compound in the color coat contains two isocyanate
groups.

3. The method of claim 2 wherein the additional compound is selected from hexamethylene diisocyanate,
2,4-toluene diisocyanate, and bis{isocyanato phenyl) methane.

4. The method of any one of claims 1 to 3 wherein the lens polymer is formed from monomers
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comprising at least one monomer selected from N-vinyl pyrrolidone, N-vinyl succinimide, N-vinyi-e-
caprolactam, vinyl pyridine and N-vinyl giutarimide.

The method of claim 4 wherein the lens po!ymer is formed from monomers comprising MN-vinyl
pyrrolidone.

The method of claim 5 whersin the lens polymer is formed from monomers comprising from about 50
to about 90 weight percent N-vinyl pyrrolidone.

The method of claim 6 wherein the fens polymer is formed from monomers comprising from about 60
to about 80 weight percent N-vinyi pyrrolidone.

The method of claim 7 wherein the lens polymer is formed from monomers comprising from about 65
to about 75 weight percent N-vinyl pyrrolidone.

The method of claim 4 wherein the binding potymer is formed from monomer comprising at least one
monomer selected from acrylic acid, methacrylic acid, hydroxy C; to Cs alkyl ester of acrylic and
methacrylic acid, amino-Cy to Cg atkyl ester of acrylic and methacrylic acid and glycerol esters of
acrylic and methacrylic acid.

The method of claim 9 wherein the lens polymer is formed from monomers comprising N-vinyl
pyrrolidone.

The method of claim @ wherein the binding polymer is formed from monomer comprising 75 to 100
weight percent hydroxy straight or branched chain Cz2 to Ca alkyl monoester of acrylic or methyacrylic
acid, 0 to 20 weight percent Cz-C: alkoxy Cz-Cs alkyl aster of acrylic or methacrylic acid and O to 4
waight percent acrylic or methacrylic acid.

The method of claim 11 wherein the lens polymer is formed from monomers comprising N-vinyl
pyrrofidons.

‘The method of claim 11 whersin the binding polymer is formed from monomer comprising 75 to 100
weight percent hydroxyethyl methacrylate, O to 20 weight percent ethoxyethyl methacrylate, and 0 to 4
weight percent methacrylic acid.

The method of claim 13 wherein the lens polymer is formed from monomers comprising N-vinyl
pyrrolidone.

A colored hydrophilic contact lens made by the method of any one of claims 1 to 14,

Revendications

1.

Méthode de production d'une lentille de contact hydrophile et colorde, comprenant les étapes de :

(a) produire une lentille de contact construite d’un potymére hydrophile qui est sensiblement exempt
des groupes fonctionnels -COOH, -OH, -NH-R ol R est hydrogéne ou alkyle C1 2 Cs, -NCO et
Spoxy ;

(b) enduire au moins une portion d'une surface de la fentille d'une couche de couleur comprenant au
moins un pigment, un polymére de liaison ayant des groupes fonctionnels choisis parmi au moins
I'un de -COOH, -OH et -NH-R, ol R est hydrogéne ou alkyle G & Gz et un composé additionnel
ayant au moins deux groupes par molécule de -NCO et

(c) soumettre la lentille enduite 3 des conditions qui forcent la couche de couleur & adhérer 2 la
lentille.

Méthode de la revendication 1, ol le composé additionnel dans la couche de couleur contient deux
groupes isocyanates.

Méthode de la revendication 2, ol le composé additionnal est choisi parmi 'hexaméthyléne diisocyana-
te, le 2 4-toludne diisocyanate et Ie bis(isocyanato phénylyméthane.
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Méthode selon I'une quelconque des revendications 1 & 3, ol le polymére de la lentille est formé de
monoméres comprenant au moins un monomére choisi parmi la N-vinyl pyrrolidone, ie N-vinyl
succinimide, ls N-vinyl-e-caprolactame, la vinyl pyridine et ie N-vinyl glutarimide.

Méthode selon la revendication 4, ol le polymérd'de 1a lentille est formé de monoméres comprenant ia
N-vinyl pyrrolidone.

Méthode de la revendication 5, ol le polymére de la lentille est formé de monoméres comprenant
environ 50 & environ 90 pour cent en poids de N-vinyl pyrrolidone.

Méthode de la revendication 6, ol le polymére de la lentille est formé de monoméres comprenant
environ 60 & environ 80% en poids de N-vinyl pyrrolidone.

Méthede de la revendication 4, ol le polymére de la lentitie est formé de monoméres comprenant
environ 65 & environ 75 pour cent en poids de N-viny! pyrrolidone.

Méthode de ia revendication 4, oll le polymére de liaison est formé d'un monomére comprenant un
monomére choisi parmi I'acide acrylique, I'acide méthacrylique, un hydroxyalkyl ester Cy & Cs d'acide
acrylique et méthacrylique, un aminoalkyl ester Ci a Cs d'acide acrylique et méthacrylique et des
glycérol esters d'acide acrylique et méthacryligue.

Méthode de la revendication 9, ol le polymére de la lentille est formé de monoméres comprenant la N-
vinyl pyrrolidone.

Méthode de la revendication 9, ol le polymére de liaison est formé d'un monomére comprenant 75 2
100 pour cent en poids d'un hydroxyalkyl monoester C. & Cs & chahe droite ou ramifiéed'un acide
acrylique ou méthacrylique, 0 2 20 pour cent en poids d'un alcoxy C;-Ci alkyl ester Co-Cs d'acide
acrylique ou méthacrylique et 0 & 4 pour cent en poids d'acide acryligue ou méthacrylique.

Méthode de la revendication 11, ol le polymére de la lentille est formé de monoméres comprenant la
N-vinyl pyrrolidone.

Méthode de la revendication 11, ol fe polymére de liaison est formé d'un monomérs comprenant 75 &
100 pour cent en poids d'hydroxyéthyl méthacrylate, 0 4 20 pour cent en poids d'hydroxyéthyl
méthacrylate et 0 & 4 pour cent en poids d'acide méthacrylique.

Méthode de la revendication 13, oll i8 polymére ds la lentille ast formé de monoméres comprenant la
N-vinyl pyrrolidone.

Lentille de contact hydrophile et colorée produite par la méthode selon {'une gquelconque des
revendications 1 & 14.

Patentanspriche

1.

2,

Verfahren zur Herstellung einer geférbten hydrophilen Kontakt-Linse, umfassend die Schritte
(a) Bereitstellen einer Kontaktlinse, die aufgebaut ist aus einem hydrophilen Polymer, dem im
wesentlichen die funktionstien Gruppen -COOH, -OH, -NH-R, worin R Wasserstoff oder C1- bis Ce-
Alkyl, -NCO und Epoxy ist, fehlen;
(b) Beschichten wenigstens eines Teils eingr Cberfliche der Linse mit einem wenigstens ein
Pigment umfassenden Farbliberzug, einem bindenden Polymer mit funktionellen Gruppen ausge-
wihlt aus wenigstens einem von -COOH, -OH und -NH-R, worin R Wasserstoff oder Ci- bis Cg-Alkyl
ist, sowie einer zusétzlichen Verbindung mit wenigstens zwei -NCO-Gruppen pro Molekll; und
(c) Unterwerfen der beschichteten Linse Bedingungen, weiche Haftung des FarbUberzugs an der
Linse bewirken.

Verfahren nach Anspruch 1, wobei die zusétzliche Verbindung im Farbiiberzug zwei Isocyanat-Gruppen
enthilt.
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Verfahren nach Anspruch 2, wobsi die zusidtzliche Verbindung aus Hexamsthylendiisocyanat, 2,4-
Toluoldiisocyanat und Bis(isocyanatophenylymethan ausgewihlt ist.

Verfahren nach irgendeinem der Anspriiche 1 bis 3, wobei das Linsen-Polymer gebildet wird aus
Monomeren, die wenigstens ein Monomer umfassen, das ausgewdhlt ist aus N-Vinylpyrrolidon, N-
Vinylsuccinimid, N-Vinyl-e-caprolactam, Vinylpyridin und N-Vinylglutarimid.

Verfahren nach Anspruch 4, wobei das Linsen-Potymar gebildet wird aus Monomeren, die N-Vinylpyrro-
lidon umfassen.

Verfahren nach Anspruch 5, wobei das Linsen-Polymer gebildet wird aus Monomeren, die etwa 50 bis
etwa 90 Gew.-% N-Vinylpyrrolidon umfassen.

Verfahren nach Anspruch 8, wobei das Linsen-Polymer gebildet wird aus Monomeren, die etwa 60 bis
etwa 80 Gew.-% N-Vinylpyrrolidon umfassen.

Verfahren nach Anspruch 7, wobei das Linsen-Polymer gebildet wird aus Monomeren, die etwa 85 bis
etwa 75 Gew.-% N-Vinylpyrrolidon umfassen.

Verfahren nach Anspruch 4, wobei das bindende Polymer gebildet wird aus einem Monomer, das
wenigstens ein Monomer umfaBt, ausgewihlt aus Acrylsdure, Methacrylséure, Hydroxy-Ci- bis Ce-
alkylestern von Acryl- und Methacrylsdure, Amino-Cs- bis Cs-alkylestern von Acryl- und Methacrylséure
und Glycerinestern von Acryl- und Methacrylsédure.

Verfahren nach Anspruch 9, wobei das Linsen-Polymer gebildet wird aus Monomeren, die N-Vinyipyrro-
lidon umfassen.

Verfahren nach Anspruch 9, wobei das bindende Polymer gebiidet wird aus sinem Monomer, umfas-
send 75 bis 100 Gew.-% slnes linearsn odaer verzweigt-kettigen Hydroxy-Cz- bis Cs-Alkylmoncesters
von Acryl- oder Methacrylsiure, 0 bis 20 Gew-% eines Cz~Ci-Alkoxy-Gz-Cs-alkylesters von Acryl- oder
Methacrylsiure und 0 bis 4 Gew.-% Acryl- oder Methacryls#ure.

Verfahren nach Anspruch 11, wobei das Linsen-Polymer gebildet wird aus Monomeren, die N-
Vinylpyrrolidon umfassen.

Verfahren nach Anspruch 11, wobei das bindende Polymer gebildet wird aus einem Monomer,
umfassend 75 bis 100 Gew.-% Hydroxysthylmethacrylat, 0 bis 20 Gew.-% Ethoxyethylmsthacrytat und
0 bis 4 Gew.-% Methacrylsdure.

Verfahren nach Anspruch 13, wobei das Linsen-Polymer gebildet wird aus Monomeren, die N-
Vinylpyrrolidon umfassen.

Gefirbte hydrophile Kontaktlinse, hergestellt durch ein Verfahren nach irgendsinem der Ansprliche 1
bis 14,
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